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The system 2-thtnoyltriflunroacetone (HTTA), 

1-(2-PyTidyIazQ)-?-~Hp~~hol (Hr~~), Co~pcr (JI) wes 

studied by spcctrnphotometry, in methanol-benzene mixtures 

5 0 ~ 0 d ha ~ . at l C., ~5 c. an 3~ C. l\lgebra1c equations were derived 

in arder ta calculatB the apparent molar equilibrium cbn­

stants KI' and K2 ' of the chaIat8 cxchange T~8ctions 

Cu (rTA) 2+' HPAN::;::::: Cu (TTAPAN) + HTTA ?nd Cu (TTAPflJJ) + IWAf'J~ 
Cu (PM·.:) 2 + i-lTT/\ in tlw s t~ G 01 ven 1'8. Th u t emp era t ure d rpe nd enc e 

of thuse constants ~as aiso d~i~rmin8d. In bpllzene KI' was 

900 and this value dacreascd ta 250 in pure mcthanol. In 

benzene K~' was 0.007 and it incr8ased ta 0.600 in puru 
L 

rnethanol. These changes in thn values of KI' and i<2' with 

change in methanol content of thu r;"]ethanol-b[~nzcnc rnixture3 

are discussed in terms of the a~tivity coefficients, and 

the'fact that thu HTTA exists as enol, kcto, enolate ion 

and ~olv~t~s in the solution~ ét~qui~ibrium. 
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l - In trad llC Lion 

The spectrophotometric titration of a metal chelate 

1n an organic solvent by a standard solution of R chclat­

ing agent also in an organic solvent was first proposed 

cl d l d b - ,.. 28 Th ]' d th h d an eve opC:! y bray anu L8VP. • ey app .1e . c met 0 

to the detcrmination of micro gram amounts of the dithi~ 

zonates of Ag, Pb, Cu(II), Cd, Zn, and In 1n chloroform, 

by titratioG with a standard solu~ion of sodium diethyl­

di thiocarbilITI":te in ethanol. They 01:::0 derr.onstratr::d 29 its 

use in th;:; dt2tr:rmi~ation of some r:wtal 8-quinolinates in 

benzenc, by titration with a standard solution of dithi­

zone in benzene •. 

As PQrt of his investigation, Grayl s.howcd that th~ 
titration rcaction oc~uired in simultaneous steps. For 

example, . tht:: tf tri-Jtion .in alo,,!"'-dielectric solvent of the 

chelato· ofa !Jiv;:Jllm"t metal, MX
2

, by i3 cheleting agent HV 

occurred as follows: 

1(1 
r"IX + HY r'lXY + HX 2 

In sOllle cases, adducts I:JEre also fOJ:I!iCO. ThGy measured 

the values of KI ~nd K2 b~ usine a spedtrophotom8tric 

method. 

G 1 r 2 (l , 29 ',.J' h . -ray anG ~ave ca~_8u ~ 13 o f vol u ril8 tri c 

analysis chelatc;-exchange titrirnutry. Tt has sOille speci1'Jl 

3dvantag:~s. Thu~, a v'~ry li1rgc riu:!lber of chel'3Ling agents 

are at th~ disposal of th~ analytical chemist. Until now, 

thr'ir uSe has besn li;~li.ted to 'JravÏl:18tric and colorirne:tric 

analyses. The concept of using thEm as titran~s incr9Bses 

i. 
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their usefu1ness. Further, che1ate-exchange titrimetry 

can be accurat.o and pr~c:i.sr:, for· very 5ma11 anlounts of 

rneta1. 

Che1ate-exchange titrillietry hé::ls beem extended by 

d'Amboise 3 , to includc a study of thc,tit~ation of the 

2-thenoy1trif1uoroacetonates of sorne metals by pyridy1-

azonaphthol as titrant. The respective chelating agents 

are: 

(HTTA' ) 

and 

O\~ 
~ .. ~. 
~N)-·· N - N---,-{-,'l 

.... H-· 0 .. , 

(HPAN) 

HO'J:evé::r, HTTA exists as cnol, keto, and solva"tcs. 
'J 

D' t'n,boise..J studied the che1atc-é::xchanse r8actions 

(PI ) 
K 

Cu (TT,') 2+ HP,'\;~ =1, Cu (TT,!'!, P/\Î~) -1- HTT,~ 

(E) 

for microgram amounts of copper. He d~tBrrninnd the apparent 

equilibrium constants for reactions (A) and (D) in bBn­

ZEn',; and i;, i"t(~thanol by é:J spGctrophot.of.1C!tric rnc!thod, and 

uscd a nov~l method of truating thG deta. He found thet 

th s val u e 0 f K l' \-! a s ~ Cl Gin bEn Z E: ne, a fi è 25 c: in ni E! th a n 0 l ; 

and th~ VQlu8 of K2 ' was 0.007 in benzene and O.GOO in 

ri18thancl. It I;JiJS in fact an apparent cquil iLrium constant 

(l" , and . '1 
~/ ') " ., 

t:... 
rathur than a truc equilibrium constant 
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(KI :md f~2 )chG t t'.'élS iilc~aSIJ.rc,'d. Tllis I1liJtü:r is c.L:n'i fiE:~~ 

in th,,, Discu:?si.on ~~'~ction of thf: pr::s[::rd. thesis. 

fastEn' in l~icti1CJnol then in benzt=ne. From El kinetic poi-It 

of ViP.\"1 tfoc:n, flwth:::mnl I,'JDulc1 bc; the: bcttt::r sol vent fGr 

the:; detL:rminé!tion of Cu(II) at trace lcv~ls,. !!Cl\,'v'Evcr, frrJI01 

an cquilibr:i.ullI poiid, of vi[:~J, b:':nZ[~nf:' is tht-: betti:J: soIvenl. 

l n 1"1 D t il :J n 0 l, r~ 'J' i s !; u f fic i C:. ri t l Y 1<,:-~ r; -L 0 C El us r'; XE:: a c t ion ( jJ ) ,. 
-Co occur to 3 signi,fi.cant d:~:;re:.:: curins théé t.:!,traLi.on; é:nd 

1/ , J' C,' '"'II aIl'" r L r"l-' "1 i', ~ '" ~ Il l1 C - Z " n ., r, l . .;;)" 1 .' ' L..I _ 1.. .c _.c ' 1 1 _ t! , .• As a rcsult, th~ 

The pre sen tin \) est i (] a t i 0 Il 2 r Cl s,:! f r 0 on t il e s e Li. fi cl i n 9 ~ 

of d'l\mboisc, on th8 ufL3cts of Golvents b8nzene cJncl 
" 

Hl t:; t h a Tl cIo n t il E.! C fi ~; l c:: t e -::; xc h é3 n S ~ r c=: rJ ct :{ 0 Il S ( fi) and CC). 

It V,Jas Decidee! ta fllf:aSUrc KI' and ~(..,' of thu;e "t:,vCl rcactions 
. L 

in thr-; mix,:::d solv::r.l bcnzenc-lilr::l,!lanc:l, for various l,Iole 

frac t ions of i;lr~thanol. ThE p urpos es ~.' (~rc: to s tlJdy pree is c­

ly hm·! ttw v"lucs of !~l' anel :<2' changcd \'JiLh th!:., mole 

fraction of m~th3nol, and ta cxplain as far es possible 

thf' trf;n~s in !(1' ane K
2

' \'Jith chan'Jc in so.1.v(;nt composition. 

From this study, it ,',BS horee! ·th[jt é.! p:r,sctical choice' of 

the h cs t sol vf;nc coulc.i be IElUe. 

1\ s tuày of m~.xcd sol v'.:nts :in chnL·I.tl:!-S ;.:c han g8 t i tr i­

ml': t r y ha s n 0 t ;-' rL~ V i u u s l y b i;, {3 n iI'!;:: cl e a n a il y 5 Y s t ë; ln s. Th [; 

prl:sent iqlié)stiÇ]ation 15 :::ln C)<r1or;:jtory one, intendcd ta 

:)f the filct.ur5 that affr.c t !~.' and 
1. 

K ' éJ [1 d -1- 0 C" '" '" C 1: r \f ,., ',? ' 2 ' - - ,_.. .J ,.1 .' l. factors nC2d study, 

b " "'~, E' 'iO C'-l Cl)l .4-,,~' al-cl f' ·'l'I''III~'-''~ "1"'" '-' C"JLJ.L - Loo _o... .-,,.j y'-4' 1'1 1 ~ -'2 t.. 1 .• _ ...... ..1- ... . ,.:.1. 

3 



, 

i\ pur Il 0 S G 0 f -:. i 1 (; P :r. r; S l: n tin v 8 s t i 9 ,) t ion Ifl êj S the 

f_~vC:llu:1tion and intcrpr<:tcètio[j of th,; apr1i:1T(;nt liiDlélT cqui­

Iibriunl constfJnts KI' and K
2

' of TC.:Jctions (r,) and (D) 

K 
(A) C LJ ( TT A ) 2 -1- fi P I\l'~< ____ ~ C 11 ( T T."I r!\fJ ) +- H T TA 

K.., 
( R) r:u(T-I-'\rJ'~'· \·-'--llp·,r.: .. --'=-['I(-t'A·') -~- uTT,·~ .......- ... ,: \ I"J J t 1 1 \ 1 ..: •••• ;:-- _.- • L.. 1". 2' fl .. \ 

in r.IEth<:Jl101-~lcnzf:n:_; SCllutiDris, by a ;:,pr;c"tz'ophotoIl1!3tric.: 

method. Ilcr-e , K.l' = KIf Ir, and f~2' = f\zLf'/p, \"IIhnn·~ lf is 

a fun ct ion \·:h ich t ël k es in to é3CC 0 un t t:1'w Vi1r io LIS spcc iCG 

of IHP, in equiIibriul:q one p élnd rare activity-cor3fficient 

quotients. 

Th lé i cl f~ n tir i ca t i 0 fi 0 f t h 1.0 fl a 2: tic i pot i ri g S pcc i es, and 

the calculation of Ki 
puru b~nzuns and )Jurs 

') 

by d' ;~i;d,;oise";. 

- .- r' '/' r. f 
cJ.JQ "2 ., 

iilC' chanu.!., 

r :.; a c t. i. 0 Il S (il) a n cl ( B) l n 

fiS Lj firG:: sxplora ~(H':'.' sb-cp, '3 study ~'Jas i71é:lce of t.h8 

chelë:tr. -'''cll'''ng' 1: ·t· '--rl r"(l-T~') ~ /, J 1 Ü ~ . L: -.:~' L ::: • \_~..... ,\ 2 DI1C; HPM, accnnHng to 

rt.;action (/\). This \':a~3 'rl!;Qded in order -La uet,-!rminc \-Jhctnt:r 

ur no t T'::; a ct i 0 Il ( D) 0 r: c ur r c; (~ t 0 (3 sig nif i c L:J n t cl (J urt:; 'J C l~;':- i r. ; 

this step (ruaction 

t h 8 f! X t l.! n t t 0 v! il i c Il 

( ,. , 
1\ 1 ), ::Jlîd perticulE~rly 

I::L: tin:-; 01 c un tent of 

tü detL.!rlllinu 

the r.lcthanol-

LJ l~ n zen e mi x tUT E; S él f r c c 'C t.: cl t 1; [:; ri ~"J r c:: t Cl v: il i ch r ,: a ct i Cl n (I::) 

occurTo::d. 

Ace 0 rd in 9 l Y , ~ I~ ;:: C t r (];-, 110 L c r~:,; tri c t i 't: rat ion:.:; c feu ( TT r, ) ") 
'-

i n t h c, S p. S CI l v t:.' n t:J 'II r r '::. car .r i ~ (~ Cl Li t \".' i t il 2 ~"t éJ r~ 0 a r d S 0 _;. LJ t ion 

4 



The first SPt:ctrcr-:lHJtm,:c-, Lric ,i,cthudLricd Îor thf.; 

e v a ~ U ;:, t ion 0 f i,,' é! n c: f(.,' 0 r :r:; cl c Ua;: G p.) (-; Il G (n) r e s -
L 

pectiv:::ly, cOfléi::;tcd in rL:cGrdinc; ç.;b~-;orb;:lIlc,_~ values of 

t:ioluLiCJ;iS, in \:Jhich Lill; c:o"cLi,t:r~tinrl of Cu(TTJ\)2 v:as \cpt 

constélnt "lnu th~ concrrltration of Hf).!'.,["; addl~d t'WS varied. 

Absurb~nC8S ~8r~ rccorded at 5 n~. intervaJs, over 

the spiôctrEll rang:: <1er' nm. to :J7iJ n;;:. FY'om th,-~sc srE;ctr2l 

da ta, 3 7 fl b sor bar', cee .:-; u :; t 2, a fi El è": r. r t:' f c: r r;', u 1. a t cd. The S l! Co: ct u a -

t i 0 ri S, ~: 0 r::: (: t l1 <.;:;:' ,', i t !: th L. :r:' C l (; van t ; CI:.!:" S - b ü 1 an c!' c q LI a t ion ~ , 

\·.'L:::-U nGrr;;31izcd bJ .!..J.:ast-squiJr:.s, ariri solvc>u for the; un­

~nO\"Jn conccntrè.ttinns. Tl.is nlcthcd provi3ô to bL- ur.sûtisfac-

t 0 r y for t il c r 81 i a r 2, :, cal cul a t i 0 ;1 0 r f( l " bec ù use i t s va 2. u p. 

was too high for th~ ~~thod. 

HO\:Jevor, 2: reéJson::JLly 

alld i t I(Jas uscd as 2 GUiUl~ 

goDa v~lue of K~' was o~tain~d, 
(-

fur the r ESt of t Il (" \'jQ r k • 

Tl·'c <"['cori" '1,r:,;,hu~1 L'C'!''''' ·fclr +~1'7 c'·.l' cu' '·":']·on or. K ' " W J .... J ., .... 1,., ..... j.:J~U - •• I.J ~ .... u~ .. l , 1 

i'Uld }(")' C"H1Si~:-t·"d in sp8cl.rC'p!-,c:toi,ctric211y fo11m6ng 
'-

t h 8 8 'l u il i b :r i u r'1 C c: r. c (; nt; ra '-: ion S 0 f C LJ (ï T i\ P f\ ri) El n cl / 0 r C u ( r /\ :.) ) 2 

in ruaction~ (A) ~nd (~), dt room te~peratur~. 

ThUG, s·:::ts of 501.l:J tio;'1:::; in ri"2tiwnDl-b8nz;::ne mixtu:::,cs 

V:8rc pr!;:?pcred, in which ti'l" initial conc0ntr:-;tioll of 

Cu(TT.;P/\;.) ':;as kert cons'cant, and ",,;l1c initial concuntretion 

of HTTf\ ur HI1,\iJ \:J.:12 'ch"H1S::;o. Trw i:Jbsorua;lcLs of thcsc so­

lut i 0 f1 S i Il th () " 1,1 c; c t :r Ci l r cJ li !J C 5 :~ 0 ri fil. t 0 5 ::J C n rr.. w e r e r tJ -

te ,_ .. , 1::.:..·., " , 
l.ou_CL,_,,~...; r'l c, n cl r( ')' \': t.: r r' 

'-

d C: r i v '_: d, i Il [J rd l) r t 0 t r [; c'~ th::; ~j e ':::::J "; 0 r b Q n C c: L~ 3 ta. ,\ c.1 d i ~c ion -

al i"fo:::-illr-lLior-, J~l.;LjuiJ:t;r. \-;ü::: (i) the:! initü3J. absor!.:.o'Jrlcc 

~.rl1u·.;ions; (ii) t!l,~ ,~i:JL:::r ?bé,~)rptivi.~~il.;s of '::u(TTilril".J) 

and uf :U(PI\")~ in inë.;~h~nQ~-!L'\?::.r,',:; mixLun;~, in the, 
L 
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lll) 

. r (TT"[""') 'l,,,,,'r' ",... .. ,. J.1l ~U 1 h 'IIi. iin'.; ,11 Il', ur flf'n:', J..r1 Ofl'': 

~·I-IO"·" ,-l,.,rcrit,·,c' ",1 • ..",,-, 'I~or 'Jr.;°C \~ 1 w L; ,-, '.~ .... ' __ ...... " nU LJ V ~ '- .... • 

~"8rc a.l:~o rJCrfC;::II'::cJ :J-C J.SOC. iJnd 35°C., in pur'.: ;ô,l;i.haflOJ., 

PU:Ct; bt.;IIZtèn r-: ~r;cJ if! 110.9 1;IO.n'~ I.,C'dI21l0.1. in Lt:flzcnc. The 

purpos~; \'!ëi~ 1.0 ohs,~rvt: thl': v,jrii~ticn of til,:.: t;quilibriulll 
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was 

3 - Expcrirr,ental 

3.1 Apparatus 

3.1.1 Spectrophotometcrs 

a) Beckman M6del D.U., and titration assembly 

The titration aS5smbly used in the present work 

designed and describcd by Grayl. A synopsis of his 

description follows. 

The conventional c8ll compartmsnt of the Dcckman 

r'1odel D. U. spectrophotOlllcter was rE.!placed by a special 

non-magnctic compartment, which cculd accomodate El rcc­

tangular G5-ml . glass cell flanked by 'two rectangular 

copp8r tanks through which constant-t8mp~ratur8 watsr 

was circulated. Into th~ centGr of the removable lid of 

the comnartment, a l-in.xl/8-in. disc of silicone elas-

tomer' was countersunk. 

A calibrated I-ml. Koch nicroburet with El 60-ml. 

r8ssrvoir, two-w~y Teflon stopcock, detachable tip and 

a Luer joint at this tip wes uSBd for the delivery of 

titrant to the analyte in the celle However, it was 

modified 85 follows: 

A pl<'ltinulil-rhodiu f :1 hypodcrrnic needl!;: fitted 'J!ith a 

Kel-F Lucr joint (2 in. long and 22 standard gaug8 bore) 

replac8d the glass cé~pillary tir nornally supplicd \vith 

the buret. In use, th~ hypodermic ncedls was insert8d 

through the silicone disc in the lid of the phototube 

7 
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compartm~;nt, and ttw tip "!2S i]l~·!ays ir:lmersud in "the 

solution to ~c titratRd in the celle 

The 8eckman phototubu compartment was isolated 

from organic solvent vapuurs by a thin fused-silicA 

pla te, p .1 ace d 0 ver the f"l h LJ t t E! r 0 ;J P n i n 9 . 

A conventional magnetic stirrer was placed directly 

under the cell cornpartmr::nt, in cruer to allo',J stirrinIJ 

of th~ solution during titrations. A ~mall Teflon-coated 

magnetic stirrinG bar i.rJas llsed in the cclI i tsel f, to 

stir the solution therein. 

The cell com~artment and the Koch microburet are 

illustrated in plate 1. 

b) DBckman Model D.n. spectrophotometer, coupled 

to a Saraent Madel SRLG n~cordpr, with a IO-rnv. 

span. 

c) Unicélm sr 50C) manual spectrophotometar, '",i th 

thermostat for t[~perature control of the 

sol u t. l'o n s • 

['latched l-col. silicé.l cells, labi:.:lled 5 (sampid 

and D (blank), ware used in aIl investigations with the 

Beckrnan D.D. and Ui'li.ce.ITl S.P. 500 spectrophotometr.rs. 

3.1.2 Th~rmostats 

a) Sargcnt-W81ch Th~rmost~tic ~ater Bath (cat. ~o. 

5-04810), control to ± 0.01° C; thermistor con­

trollcd (Célt. r~o. 5-82052). 

b) Sargent-';!elch Thc:rmostatic: "/"'Iter Bath (cat. t·Jo. 

S34UBD) for 8xtcrnal circulation, control ta 

-1: 0.1
0 

C. 
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:'LAT!=" l 

SP[CTRCrHOTnf·r-TEIC TITfi!\TICf! 

APPMU, TUS 

A - Cc: Il c 0 I~·. P a:r t ni (:.' n t lj ~) (; c f D r s p ::.. ct r Cl li h 'J t C 1f1'? tri c 

titrëtt~c.'ilS, ,-:ith ·the foch llicrobur:;t 

positicn.:cJ 

I3 - ~:. c tEl n GU.1 d :r -t i 1. r cl t .:L :)1"1 Ct! 11 i il C [; 11 

C oliq.J:3 rt !iH; n t 
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3.1.3 Filtration Apparatus 

It was rBquirEd tD prepare saturated solutions of 

the copror chclntes in bcnzene and methanol. In order to 

separate the solid metal chelates from the saturated so­

lutions a special filtration apparatus was used. It con­

sisted of a separatory funnel specially adapted to a 

filter tube with a B 14/2.3 ~round glass joint. The filter 

tube assomb1y, ~·Jhich h '8S first describud and user.; by 

Khin2, was adaptcd to a filtratR-eol18ctor reservoir, 

with a E 19/26 ground glass joint. 

This apparatus is illustrated in Plate 2. 

3.1.4 Glassware 

The special pro~edure used by Gray for cleaning 

glassware was also used in this work. Thus, aIl volumetrie 

flasks, scparatory.funnels and beakers were first rinsed 

with acetone followed by tap wator. Then they werc filled 

with a warm 4:1 (V/V) mixtur8 of eoncentrated sulfuric , 
acid and concentrated nitric aeid', and then allowed to 

stand for one hour. After that th~y were rinsed five 

tirnes IIJith tap water, five titoes "dth distilled "'Jater, 

and finally with deionizod water. 

The vo1umetric flasks wore dried in an oven at 

1300 C. b~·'for8 u"'e. Th t~ 1 . è 'th '- '" e 0 11Rr g aSSIlJarc '.tJas rl.nse IIJl. 

absolute aleohol and storcd in a dust':"free cabinet. 

AlI 01assware prcviously clcaned and dried as des­

cribcd above, was rinsed with methanol and/or benzune 

just before use. 

S~bstitutiDn of a warm saturated solution of disodiurn 
ethy1en8diaminet~traacetate (henceforth abbreviated to 
EDTA) for this acid rüxture I.JrOVE;d' to bc satisfactory. 

11 



A) FilLration Apparatus 

A.l Filter tube 

A • 2 Fil t n ras !=; ::: Jil b l Y 

13) Colulltrl containing i'l rnixed-bed 

ion-exchango rcsin 
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The pipc;ts ~'!t"rr:~ kept immerscd in a 1';~ solution of 

EDTA prior to use. They were then thoroughly rinscd 

wi th tap \:!atE'r, dcionized t'mteT and finéJlly v-Ji th é'lbso­

lute cthanol and dried by flushing them with dry nitra­

gen just bofore use. 

3.1.5 Miscellaneous 

a) Potontiomet8r, Leeds and Northrur Co. (cat. ND. 

8687). 

b) D2cklJlan Zcrornatic II, pH mat;:~r. 

3.2 Reagcnts 

3.2.1 fVlethanol 

Fisher spoctranalysocl ,grade rI:ethanol Irlas transferrcd 

tu a stopporcd container which conté'lincd activated 

mo18cula.r-sieve granules (Linc8 type 3.f1., 1/16 in.), and 

é'lllm'lcd to stand for thrE)o wecks in orcJ~r to refilove 

water. Just boforo use, the rosulting dried methanol 

~'Jas pass cd th rC'u 9 h EJ col ullln c on ta in in <J a mixed -b8d ion-

h . 19 Th ' 1 9' 1 d 3/4 . e x c a n 9 e r 8 S J. n • 8 cou ni n t'li a s J. n . 0 n 9 :::1 n l, n • 

in d ialllot er and is il1 us tra ,tt~d in rI at 8 2. T he hm res in s 

used were: (i) Fisher certified research-gracJe Rexyn 101 

(H), organic strong-acid cation exchange, mesh size 16-50, 

IrJith a total exchange capacity of 4.7 mg./g.; (ii) Baker 

AnalysecJ analytical grade ion exchangc strong-base resin, 

grade A, mesh size 16-50, with a total oxchangc capacity 

of 3.2 mg./g. Half-inch layers of each were interleavecJ 

throughout the 9-in. cC'lumn. 

D'Amboise 3 had shown that spectrana1ysed grade 

14 
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mcthanol contains significant amounts of tracs mataIs, 

and t ha t trEJa tmE:!n t of the' metlJanol \.Ji t'h mol cc ular sie ve 

granules incrcased thE trace motals content. Ther~fore 

it was essential to Bliminate these trace mctals bcfore 

using thE:! met han Dl for ch81atc-exchange titrations. 

The mixed-bed ion-exchange rosin described above suffi­

ciently removed these trace metals. [ach resin had been 

prcviously vacuum dried over P205 for thr80 to four days. 

The column wes then prcpared by intcrleaving the rosins 

as described ~bova. Approximatcly 5 1. of rnethanol, 

prcviously dricd by molecular siuve granules, was then 

poured throuç,h the mixec1 bf,d in ord[-;r to rCl,lOve the trace 

mataIs. 

A special dithizonc test was uscd in order ta 

confirm that t~e purified methanol was in fact fr~e from 

trace metale. This dithizune test is dCGcribecl in Apren­

dix T. 

The content of water in the methanol aftcr drying 

it with the molccular sieve was found to be 0.27 mg. of 

water per ml. (Karl Fiecher titration). This value did 

not chang8 ,,..,hu"Il the methanol \r:as rassf~d threugh the mixeci­

bed ion-axchangs resin. 

Henceforth wh~n8v8r methanol 1S refcrred ta it is 

this puri fieu p rod uct tha t ~'Jas us eel. 

3.2.2 Bcnzenc 

Fisher spectranelYHed grade b8nzenc wns used without 

further purification eXcBpt that a sufficient amount of 

the activated molecular sievo granules (Lind8 Typo 3A, 

1/16 in.) was ~ddcd te ench bottle, in order to dry the 

benzene. 
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Thr} \"<'11.:01' content of thi:> drÏl::d bcmz('!n[! \;8S dr.ter­

mined by l<irchncrova 4 • She used a convuntional Karl 

Fischer titration, an~ found the water contpnt to be 

0.035 mg. of ~at~r peI' ml. of b~nzene. 

The dried benzene was found to be· free of metallic 

impurities. The test used was the same as that described 

in Appendix l for bcnzene. 

Hcrceforth when8ver benzenc is refsrred to it is 

t Il i s d d. L! cl b c. n z f~ n [:) t Il a t I;J a ::3 u G e d • 

3.2.3 

4,4,4-Trifluoro-J.-(2-Thicnyl)-1,3-:<utanedione 

(2-Thenoyltrifluoracetone) 

2-Thenoyltrifluoracetone, hereinafter referred to 

as HTTA, was Daker onalysed reaocnt grad8, further pu­

rified as described below. 

HTTA is a pale straw-yellow colourcd solid, mole­

culaI' weight 222.19, m.p. 42.5-43.2 0 C6 . It is very 

soluble bath in benzene and in mc·thanol. 

Usually p-diketonss hava buen purified by vacuum 

sublimation. Howcver, in the present work recrystalliza­

tian prov8d to be satisfactory. Thus, reagcnt-grade HTTA 

was dissolvcd in a mixture of benzcnc and acctone (9:1 

V/V). The acetone was A.C.S. r8ag~nt ~radc used without 

further purification. The resulting solution was hC8ted 
. 0 to approxJ.l!1atc-;ly 40 C., then 3 sI isht <;xcess of a satu-

rated solution of cupric acetate in water was stirrcd in, 

whcrcupon a pracipitatc of Cu(TTA)2 was formed. Approxi­

matcly 90% of the SLJ;Jf.!rnflhmt liquid ~,/as th en evaporatE;d 

16 
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Id. th Cl LJ t fi r::; t rr: i~J 0 V i r. 9 th!:: P :;- ~ r: i pit. 3 te. The b ~ n zen (; 

that had evaporatcd was +.hc:m r~placed, and the mixture 

a 9 d i Il f~ V El par a tr.; cl, th i s t i Ifl [; t l1 ab 0 lJ thé) l fit s va J. U J;J::~ • 

The mixture was then caoled and filt~r~d en a sintered-

glass filtcr. Thl! solid product \rJas \'laShEd ':1ith hot v-Jater 

in order to remove the cupric aeetate. The product was 

then dissolvcd in ben7ene; the benzenc was then evapo­

rated to about half it5 volume. The ~esulting mixture 

was eoolecl, filtered, and wash~d as before. The result­

ing product \'Jas aguin d.i~,solved in bE:flZ(-;nc.o. This benzene 

sol ut ion \-J a s t Il c n s ha 1; e Il '.,r i t h éH] U [! 0 usD. IN. ,~ r. l, and the 

b (·m Z E) J l P. P h El set il c n sep El J'éJ t ~~ dan ri c v <::1(-' (.1 rat r; dL' :: L. ~: LI t a 

tcnth of its original volume. Reagent-grad8 heptanc was 

then c::clcl[!c, é'lncl the mixture E!vù;Joratc-:d to au out one­

tenth its original volume. At this point erystals of HTTA 

had sBflarated. The container V/as then irnrnersèd in fln 

ic e-,'18 t cr bat h. Th e e rop of liTT 1\ C J'ys tElls, app roxima t cly 

5 grams, was filtered anto a fJ'itted-glass dise, and 

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

Asse\! of th:;) lJurified HTH,. 

The volu~ctrie ffiethod of Reid and Calvin 7 was used. 

Thus, a \tleighed 8mClunt of HTTI\ l-JaS dissolved in r.1cthancl, 

a mcasured amnunt of aq~8ous 0.1 N NaOH was added, and 

th8 exeess NaUH was baek-titrated rotcntiometrieally with 

aqueous 0.1 N Hel. 

The reaetian 7 \ .. ,:as: 

° 0 [L0 [LI Il li - - 1 1 Il 
C -cH-C -CF + OH ~ CF; cao + "S C-CH 3 S ~ 3 

17 



The assay of the purificd solirl HTTA was found to 

be loo.l±n.5 (n=5) by this method. The figure 0.5 is 

the standard dt')vié'ltion. The Iflelting point of this puri­

fie d sol id \'" as fou n d t 0 b e 4 t1 ± l 0 C. ( lit. val ur.: 42. 50 C . -
o 6 43.2 C. ). 

3.2.4 Standard aqueous solution of cupric 

nitrate 

A standard aqucous solution of cupric nitrate wes 

use d in 0 rue r t 0 s t a ri ri a r cl i z e b e:: n zen c and ln e t li 8 n (') l sol u -

tions of the copper chelates and of onc of th;::; chelating 

agents used in th~ present investigation. 

This standard aqucoLJs solution of cupric nitratc 

was prcpared frOl1l a IfJeighed amount of rcagr:.:nt-grade 

copper motel, which wes considercd as the primary stan­

dard. The pro~cdure is described in Appendix IV. 

3.2.5 

l-(2~pyridylazo)-2-naphthol 

1- (2-pyriOdylazo) -2-naphthol, herdonaftcr roferred 

to as HrAN in its molecular form, PA~ in its aniqnic 

form, and (H2PMn in its cationic form, Vias Fisher cer­

tified reagent, and \-:as usod \i:ithout further purification. 

HPAN was first prcparcd by Chichibabin and Rjasan­

zewO. It is a bright-orange coloured solid, molecular 

weight 249.28, m.p. 1370 CIO. The mclting point of the 

Fisher certified ~cBgent used 1n the present work wes 

l36±10 C. HPAr-J has a tridentate ligand; it forms com­

plexes with most metals jointly through its ortho­

hydroxyl group, its azo nitrogen nearest to the phenolic 

ring and its h8tcrocyclic nitrogen atom 9 • 

18 



HrfH~ is ~;oluble ~n alcohol, benzcne, and in strong 

aqueous solutions of acids (pH 2) and all<lies (pH 12)10; 

but il is practically insoluble in water and in dilute 

aqueous solutions of acids and alkalies. In aqueous so-

l t · th " 'l'b' 10 u ~ons, e spec~es ~n. equ~ ~ r~um are 

O~N=N '\ 
H-O/ 

2) nlolc:cular forrn (HPA[,j) 

0":::: 
lNh .......... . 

"N==N 
+ 

1) ca t ion i c ~ 0 rrn (H 2 r f\f~ ) 
3) é'lnionic form 

(PMJ) -0 
HPAN has been recommendeJ as a complBxometric 

indicator in direct titrations of metal ions in aqueous 
. Il 12 solutions, by standard aqueous solut1ons of EDTA ' • 

The dir8ct titration of copper with EDTA, by using 

HPAN as indicator, has bEen widely used ll ,13,14. 

Shibata15 has proposcd the followinç structure for 

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

solution: 

N-0 
/; /Nd 

t·~\ / 
" 1 , 

(n-2) 

-
1 
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HP!\r·! rU2cts slov;ly \:ith r.1003t mataI ions in aqu(~OUS 

solutions. Btüm'J pH 8 i t fo:cms al: l cOInpl ~x \·Ii th copper 
l? 

(II), but above pH lU it forlils ë:l J.: 2 cOfilplex -

even 

13 0 t Il 1/ PM.] ,m dit s ,C 0 P P ë r che lat e a rl~ very s ta b l f.~ , 

in dilute Ethanol solutions l6 • 

Pr8parAticn and stnnrlardization of solutions 

of H r M'l in ben zen P. a n cl r.J t::. t han 0 1. • 

Solutions of HPAN in ~enzcne or ethanol wer~ fru~hly 

prepared bcfore use. They warD standardizcd against a 

standard aqueou3 solution of cupric nitrDtc as d~5crib8d 

in section 3.2.4. The standardization procedures are 

given in Appendix III. Bri8fly, one ml. of the ~tandarrl 

Cu(N0 3 )2 solution was diluted with approximatcly 50 ml. 

of methanol in the 65-ml. glass titration cclI of the 

titration ass'umbly df)Scrib8d on pagE 7. 

solution was thon titrated with the benzcns methanol so­

lution of HPAN ta be standarrlizcd. It was titrated sp~c­

trophotometrically. 

3.2.~ Copper Chelates 

i) Preparation and purification of the solid 

a) Bis 8,4,4-Trifluoro-l-(2-Thienyl)-1, 

3-butanedionat~ Copper (II) 

Copper (II) i5 coordinated with two TTA ligands by 
17 four ligand oxygo" atr)ms, in "ihat has b8ôn r<=Jported 

to be a nearly square planer arrangement as fo1lows: 

11 ~c~ ) 
C--o o--C 

/ 
- ~ / ~C-H 

CU / 
H-C~ /~_ "'c __ 0 O __ C 

r1~C0 
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HLrcinaft(~r, -'.:h8 symhol Cu(TTf'\)2 rcft;r~ ta this 
. 17 square planar compl~x. Ho~cvcr, proof was not provided 

that only on~ isomcr ~xi~ts. 

The preparation of th8 Cu(TTA)2 used in this work 

has been described on p~ge 16. The product was kept over 

silica gel in a dcsiccator for one week, then it was 

stored in the dark in a well-stoppered hottls until re­

quired for use. The melting point of this product was 

found ta be 241± 2°C. 

b) [1- (2-pyridylezo) -2-naphtholJ 

~,4,4-Trifluoro-(2-Thienyl)-1,3-butanedionat~ 
C 0 pp:) r (1 l ) 

D'Arnboise 3 
h3S shovm thet in uenzene th(j first 

1 i g a n cl ex c Il a n 9 e r e a c t ion b e hw e n C u ( TT A ) 2 a n cl HP MJ i s : 

K 
A) Cu (TTA) 2 -t- HPMJ ~ Cu (TTAPMJ) + HTTA 

where KI is the rnolar equilibrium constant: 

3.1 K1 = ~u (TTA) (PM.]] {H TTti] 
~u (TTA) ~ (fi P.t\;~ 

liE further showed that this mixed complex undprgoes 

a second exchange reection as fol1ows: 

B) Cu (TTAPJ\i~) + HPAr'J Cu(PM.J)~+ HTTA 

where K2 i5 the molar equilibrium constant, 

3.2 K2 = [Cu(PAfJ)2] ~{n,~ 
f u ( TT /\ P Ai'J8 [H r 1\ î~ 
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. Hm·:r:::ver, D'rHr.bois[~':; hus also shol-Jn that ,-!hfo,!l benzene 

i s th (, Ei 02 ven t, th", r ,-j tic f( l t 0 K 2 i S 0 f t Il e 0 r cl 8 r 0 f 

lOG. Therf~forc, when cquilflo.lar arnounts of Cu(TT'\)2 end 

Hr:M.J an:: mixed in bLJnZl~n~?, 8ppro>:i::l~t81y 99. e;/, of the 

copper 1JI'~:~sC'nt in the s·ystern i8 as Cu (TTAPArJ). Since 

HPM.! and HTTA are rnuch Inore soluble; in benzenc than are 

the copper cheJates, the Cu(TTAPAN) can be obtainod free 

frorn HTT,\ and 11r/\rJ by sevr:ral recrystallizations frorn 

bcnzen8. This was tho rn8thod dcvis8d by D'~mboisc3 for 

the pr~rari-Jtior: of salid CU(-j·T.".::'Aj·J); tht, dctaileu pro-

cedurc i8 givcn in Appondix V •. 

Solid Cu(TTArA~) was a dark-brown colour. Mcthanol­

benzene solutions of it werc violet, and rroved ta bo 

ve ry 5 t :1ble b 8CflUS e thl~ re 1-:8S na chan ae in abs orbanc8S 

of the solutions Guer a t;.·JQ-Inonth p[;riod. Th::; mel tinÇ} 

point of the puri fied dried solid \t:as found to be 250 ± 2 o
C. 

':1 

(n'Amboise found 25ùoC. for his proc!ucts'"'). 

The solubility of Cu(TTAPAN) in b~nzene was found
3 

to be app roxima tc.ly 13 x 10-4 FI, and in methanol i t l-:a5 

approx ima tcly 2 >: lO-tl Ï'1 • 

The dricd rurified C~(TTAPAN) was anAlysed for 

copper content and HPfdJ content by :l18thods dcscribed 

on PSf]7] 27. The: results of those anRlyses are as follo't1s: 

Copper 11. 99~ (exp8ctL-~d 11. 9 3~~); PAiJ 46. 80r;:~ (expected 

46.59~). 

The absorpiion srectrum of Cu(TT~PAN) in a bcnzenc­

methanol mixture that "as 35.4 i1ial.r,f, in n:8thF.lnol ~JflS re­

corded in the rangR 400 am. ta 600 nm.; it ia ruproduced 

in Figure 1. The ~olar absorptivitics in this wavel~ngth 

range are tabulated on page 1~9. 
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FIC: ur. E ~. 

The ilIolar absorptivicy curves 

of 'Cu(TTAPAN), Cu(PAN)~ and 
L 

HPA;~ in 35. 4 Inol.~~ rnr.tll:->:lOl in 

br3rlZcrH::, in trw spC';ctral range 
o 

LIDO mil. ta (.CHl rlri., at 20 c. 
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c) Bis~-(2-pyridylQzu)-2-nilphtholat~ Copp~r (II) 

The Cu(PA~)2 uscd in the prcs~nt work was prcpared 

d . .r' d b d 1 r ,- L • 3 f l J an purl.1 l.[; y :\oIll10J.se, as 0 .O':JS: 

A solution of HPAN in m8thanol was preparcd by 

disso10ing 3 g. of the Fisher certifjed rcagent in 100 

ml. of lficthanol, prcviously heated to approximat81y 

50 0 C. A second solution \.'8S prepared by dissolving 1. 2 g. 

of rengent-grade CuUW3)2' 3"20 in 50 ml. of a 1:1 (V/V) 

methanol-watcr mixtur~. The t~mp8raturc of this ~olution 

was raiscd to 50oC., and slowly added tu the HPAN solu­

tion in methanol at 5UoC. Aftcr cooling the mixture to 

room temperaturc, the rcsulting precipitate was filtered 

onto a sintercd-glass filter. The resuiting crystals 

were then dissolved in about 250 ml. of a 1:1 (V/V) 

benzcne-hexane mixture, whic!l was then allowed to eva­

porate at rooin temperaturn ta appruxirnatcly hal f of its 

initial volum~. The resulting product was filtcred as 

above and stored in a desiccator over P205' in the dark. 

ii) 

The prcpa-ration of standard solutions of the three 

copper chelates in methanoi and bcnzcne. 

The copper chelate (Cu(TTAPAN), Cu(TTA)2 and 

Cu(PM'':)2) and the solv~nt (bcnzsnc or ITIEthanol) were 

put into a dry volu~et~ic flask. The contents werD then 

shaken by attaching the stopp8r<;;u'volumctric flask to a 

Eu r r e Il "'J r i ~J t - a G t ion s ha k e r, a ri d s ha k in 9 t h C! ,. for a p e rio c! 

of up ta forty-ei;ht heurs, dcpending on the solubility 

of the complexe In this way, solutions were obtained 

uhich ~-Jer[: aImas t sa t ura t8d. Th 8 10'-"J::8 t con cen trat ian 

was thet of Cu(PAN)~ in methanol, 5 x 10-5 M. The solu-
(-

tians of Cu(TTArAN) and Cu(TTA)2 wcrc more conccntrated. 

25 
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Thé mixture in thE: vul urnetr-ù; fJ.as~ UélS them fil-

tered in the special filtration apparat us shn~n in 

Plate 1 which W8S driod jU5t befare USD. The filtrate 

wes then stored in n stoppcred flssk. 

Prior to using Bach solution prcpared in this way, 

th~ concentration of its metal chelate wes determined by 

a spectrophotornetric titration with a standard aqueous 

solution of EDTA. The details of this procedure are in 

'Appendix lIT. 

Dri[~fly, <J l-r.11. éJliquot of thn. rnctill chelate in 

e i ther b en zeno a rmet han al irJBS t ra ns ferred ta th r:; 6 5-~1. 

titration cell described in connettion with the titration 

assembly on pag~ 7. Ta this l ml. were added about 50 

ml. of mcthanol. A stand~rd aqucous solution of EDTA was 

then titratad into this anQlytc, and th~ end point deter­

mined by spcctrophotometric mnans. 

iii) 

Hethods of Assay 

The purity of the three copp8r complexes, namely 

Cu(TTA)2' Cu (TT!J,pfI.r'J) and Cu(P/HJ)2' \,'!:JS dstermined hy 

determination of the copper content, and in the case of 

Cu(TTArA~) and Cu(PAN)_ by detcrmination also of the 
Co 

ligand (PMJ) content. For the case of Cu(TTI\)2 and 

.Cu(TTAPAN), tho assay m~thod consisted in preparing a 

standard solution of the complex Bither in benzene or 

in methanol, and thon assayinC] this standard solution 

for copper; the standard solution of Cu(TTAPAN) was aIs a 

a s s a y e cl for t h El 1 i 9 a n c.! H P /\ i~ • l n t h Po cas c 0 feu ( P Ar ~ ) 2 ' 

the solubility in the organic solvant \\'as too low ta 

permit the pr8paration of a standard solution by weighing 

the Cu(PA~)2. Thûrefore, for this copper chelate the 
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pro c e dur 0 us 13 cl con f;; ü; t 8 d in pre p Po r i n 9 an fll m 0 s t s a t LJ r é'l t 8 d 

solution and assaying it for copper and for th8 PAN 

ligand, ~nd to r~ly on the ratio of thesB two consti­

tuents as proof of f-urity. r!O\'!E~ver, in addition to this 

ratio it was possible to confirm purity by a dctermina­

tion of th~ melting point, as previously described. 

a) 

DeterminAtion of thB copper content of the copper 

chelAte. 

1\ rn~F.lsurcc flliqLJot of the: stëlndard so.lution of the 

copper chelate in benzene or methanol was diluted by the 

addition of approximately 50 1111. of mcthanol in the 65-ml. 

spectrophotometric titration cell. The rcsulting solution 

vJas titrated spectrophotOiJ:ctrically by usi:1g a standard 

aqueous solution of EDTA that had bepn standardized 

against m~t21lic copper. Details of the proc8curc are 

givcn in Appcndix III. 

b) 

Determination of thn PAN content of Cu(TTArAN) and 

Cu(PI\N)2" 

This detcrmination was carricd out by two different 

procedures, as follows: 

bl) One of the standard solutions in methanol, used 

for the determination of the copper cOnt.ent of the che­

late, was also used for the detBrmination of the PAN 

content of Cu(TTAPAN) and of Cu(PAN)2' Eight aliquots 

of this standard solution were diluted ~ith mcthanol, sa 

as to provide eight solutions, ~hich rangcd in concen­

tration froln 4 x 10- 5 I·i to 5 x 10-6 ',j. 
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The nbsorbance of c~ch solution was measured in a 

l-cm. cclI at 560 nm., against"mBthanol as the sp~ctro­

photometrie blank. The molar absorptivities of the copper 

compl(~x in Illethanol \"IIerc calcul;:)tcd frorn thCS8 data. The 

values are entered in table. 16. 

To each of the eight solutions "a few milligrams of 

EDTA powd8r were added. The resulting mixtures were 

shaken in order to ensure essBntially complete disnlacR­

ment of the liçond PAN from ~hc copper chelate. In order 

to ensure that clisplacemcnt was in fact essentially com­

pl ete, the abs 0 rbancu 0 f eac h sol ut ion IrJas th en Incas ured 

nt 560 nm. where Cu(TTAPA~) and Cu(PA~)2 are known to 

abs orb and \'I!herl: H PAN i ts el f do es Ilot a bso rb. In aIl 

cases the absorbances at this wavelength wero negligibly 

small, thereby proving that displacement of the PAN 

from the copp~r chelate was Bss~ntially complete. The 

HPAN remained in solution; the corpcr existcd as the 

Bolid EDT A cOlTlplex alon 9 wi th the excess CDTr\ pm,)der. 

HPAfJ i tsel f absorbs wi th the peak at 460 nm. There­

fore the HPAN content of the 8ight solutions ~as maasurod 

et 450, 460, 465 and 470 nm. The moler absorptivitics 

of HPA~ itself in methanol had prcvioucly been mcasured 

from standard solutions of HPAN in methanol. These molar 

absorptivities arc reportcd in Table 1. These values werc 

used in order to calculate the free HPAN concentration 

in each of the cisht solutiuns, which in turn gave the 

H p M~ co fi t e n t 0 f th 8 0 r i gin aIs cl id. ThE: r (3 sul t s arc en -" 

tered 1n Table 2 for Cu(PAN)2 and in Table J for Cu(TTAPAN). 

b2) r\liquots of a stendard solution of Cu(TTr,\P,\iJ) 

in benz~n8 previously analysed for the coppar content 

\:ere transferred to a set of 25-ml. volumetric flasks 

and diluted to volume with benzEne. Ta each of thes~ 
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Tablp. 1 

Spe~trophotomctric data and absorptivities of HPJ\U in: 
1) ~ethano1 at 450 run., 460 um., 465 nrn., and 470 nm. 
2) Benzene saturated with water at 460 run. 

Spectrophotometer _ Unicam . S.P. 500 

Cells -- sil1c8, l-cm. light path 

Tempersture = 25± 2°0. 

1) Solvent - methanol 

Soln. [IiPJd Absorbance 
No. 1~xICj5 450nm 460nm 465nm 

1 7.109 1.17~ 1.250 1.247 
2 6.219 1.036 1.0~8 1.095 
3 5.331 0.905 0.g52 0.950 
4 4.443 0.'742 0.787 0.785 
5 3.554 0.602 0.635 0.634 
6 2.667 0.450 0.475 0.475 
7 1.777 0.302 0.319 0.319 
8 0.889 0.153 0.160 0.15~ 

-

470nm 

1.226 
1.075 
0.930 
0.772 
0.1)22 
0.466 
0.315 
0.157 

\olavelength, 
nm. 

450 
460 
465 
470 

2) Solvent __ benzene saturated with water 

1.~ea:n. !I!oler 
.i;.bsorptivi-
ty* x 10-4 

1.656 
1.756 
1.752 
1.718 

std. Dev. 
(n=8) 4 
xlO-

0.010 
0.007 
0.007 
0.005 

Soln. [HPAN 
Mxl05 

Absorbance Hean 1!olar Ab- Standard Devia-
No. 460nm sorpt i li ty** tian (n=6) 

x 10- x 10-4. 
1 4.548 0.786 . 
2 3.7$0 0.660 
3 3.032 0.525 1.726 0.006 
4 2.274 0.397 
5 1.516 0.253 
6 0.758 0.134 

* Mean of eight determinations, on solutions 1-8 in methano1. 

** Mean of six determinations, on solutions 1-6 J.n benzene. 
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Table 2 

Analysis of Cu(PAN) 
2 

('Ihe semple was di 5601 ved in meth~mol prior to analysi s) 

SoIn. Concentra- Ahsorbance of solu- Concentration of HPAN, 

No.* tion of tion efter remova1 ca1culated from cols'. III-V 
t . 

Cu(PAN)2 in oi Cuby 'EDTA. and mo1ar ab so rptivit y 

methano1* (see Table 1), M x 105 

M x 105 

460nM 465nm 4'70nr.t 460nM. 455nm 47Cr.r. mean for 3 wavelengths 

1 1.015 0.350 0.350 0.341 1.993 1.998 1.ge4 1.992 

2 2.200 0.763 0.,761 0.745 4.344 4.34[, 4.341 4.343 

3 1.862 0.646 0.646 0.634 3.6'(8 3.688 3.68~ 3.685 

4 1.523 0.528 0.525 0.516 3.005 2.997 3.003 3.002 

5 0.846 0.292 0.290 0.?25 1.653 1.555 1.659 1.659 

6 0.677 C.236 0.235 0.229 1.34~ 1.342 1.333 1.340 

7 0.508 0.176 0.176 0.173 i.e02 1.005 1.007 ] .005 

8 0.423 0.149 0.147 0.143 0.848 0.839 0.832 O.8~0 

-- ---

/--' 

- - ---

P.atio of PA;.'i to Cu 

in samp1e 

(Col. IX ,/ Col. II) 

.l.9S 

1.97 -

1.93 

1.97 

1.96 

1.98 

1.~8 

1.99 . 

mean ratio = 1.97 

* Solutions 1-8 were prerared froFl. aliquots of a stock stanôard solution of the Cu(Pn.L"J}2 to he 
~r.a1ysed. The stock standard solution WeS prepared as described in Section 3, Subsection 3.2.ô(ii). 
lt was ana1ysed for Cu by spectrophotometric titration ltlith EDTA, and found to be (4.231±0.017)xl0-5M. 

! ~'he llbsorb::mce W:3,S due to liberated HPAlT. 
-----------
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Table 3 

Anslysis of Cu('l'TAP.iŒ) for Cu and PAl"t by solution of a weighed èmount of the sol1d in netho.no1 and 
deter.oination of both Cu and PAN content (see procedurp. bl on page 27) 

-----_.-

.'-...... 

SoIn. Concentration Absorbance of solution after Concentration of llP...ilJ, ca1- Ratio of (PAL"t) 
~~o. * 

1 
2 
3 
4 
5 
6 
7 
8 

of Cu(PA.;.'{) 2 
in met~ano1 * 
}~ x 10 

5.472 
4.eô4 
4.256 
3.648 
3.040 

' 1.824 
1.216 
0.608 

removal of Cu by EDrA culated fram Cols.III-VI, to (Cu) in , 
and ~olar ubsorptivity. scmu1e • . 
(::?ee 'l'able 1) 11 x 105 (Col. VII/ Co~.II) 

45Cnln 45Conm 4ûBnr.l 470 mean for 4 wavelenuths 

0.892 O.S44 0.944 O. r.20 5.354 0.93 
0.7r2 0.f'.3F O.f,38 0.818 4.7ÔO O.~S 
0.G9C 0.733 0.731 0.718 4.1'78 0.98 
0.592 0.525 0.622 0.h12 3.562 0.S8 
0.4~6 0.522 0.51~ 0.510 2.975 o.sa 
0.29~ 0.318 0.315 0.312 1.808 0.99 
O.U'? 0.210 0.210 0.2011 1.198 0.99 
o.osn 0.106 0.)05 0.104 0.602 0.99 

mean ratio = 0.98 

Concentration of the stock Cu(TTAPJU~) solution in methanol (M x l04) 

From the w~ighed solid 
(theoretical) 

1.513 

From spectrorhotometric 
titration with EDTA (n=3) 

1.520±0.002 

From the nean ratio given 
in Col. VIII 

1.494± 0.008 

Comparison of the results Cu% Theoreticel: Il.93 
P.H!~ 'Iheoretical: 46.59 

Found: 11.9S 
Found: 45.94 

* Solutions 1-8 were prepared by di1uting aliquots of a stock stsndard solution of Cu('ITAPAN) 
10-fold. This standard solution was prepared from a knOVIn weight of the solid (to give 
1.513 x 10-4 M), end standerdized with ED~ to give Col. II. 

~ The absorbance was due to liberated HPAN. 

VJ ..... 
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flasks, 6 ml. of aqu80US 0.1 ~J HCl t'llr.re added after 

first removing G ml. of th:; ;;;t;:ndard solution in ben­

zene. The hlO~pha!3c ~y!..,tclll l'JaS ther. cr-luilibrated by 

shaking at room t8~reraturn, and the two phases were 

then allowcd ta sepnrate. Dy this step, the copper was 

qu~ntitatively tr2~Gf8rrcd to ~he aqueous phe~c and the 

HPM.J and HTTl\ \"ere quanti tativ!:üy Ipft in the cenzenr:: , 
phase.' The absorbancc of the benzune phase wes then mea-

sured et 460 nn. (t.·:hich is the peak of HPAj;J in benzeno). 

The concentration of HPA~ in the 'benzene phase wes then 

calculated by means of the followina formula, which has 

besn dcrivcd by Galik16 : 

3.3 A - fi. • R = 460 ~(;O 

a.. 'Hpt r
' 460 .\I~ 

fi. 
560 

+CL 
560CuTP 

\-Jhere: 

9: C uT P = mol a rab sor p i:; i t Y 0 f C u ( TT A PA fJ) 

at \'lRv81ength À 

,A.">.. = absorbance at wavelength Jl 

1601IPM.] = the rnolar absorïJtivi ty of !-IPAN 

at 460 nm. in benzenc saturated 

with aqucous 0.1 N HC1. This 

value ia givcn in Table 1, and 

wes determinod indepondently by 

measuring the absorbances of 

stand9rd banzons solutions of 

HPAN in benzene. 

The dissociation constant pf H~PA~+ in water hes been re­
portee! to be lx10- 3 lq The, distribution ratio of HPAr'.; be­
b!f,:ot:rr c3:r:bcn'~et'I'i3chloridc a'nd Jjurc ','.·atr;r' has be~~n ruportf.:d 
ta bu lxlC4 10 It scems reescnablc to SU~pOG~ that th8 
distribution cocfficisnt b8twecn b~nzcn8 end ~ator 18 not 
'v"'r" d';.t:'.t:'r·I"-r'lJ.. .f:'r'or'r tir'-'r L) .l."p"_ c-'~'·or.+"'+T·~ctllr",'idf'" <>nd ..... :1 ..LI 1 ... t! ... 1 . 1 :1 .. L. t; ~",· .. :"'-II (~ __ .J • y: ........ "_ ... _ ... r:,J 

VJab~r. Ly USiliS thF.:.;!:; data, it ic r:::edily shovm that the 
HPAN romains quantitativnly in the benze~c phase. 
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The molar absorptivitics of Cu(TT~PAN) in b8nzcne 

at 1\60 nm. and üt 56D nm. hi.:ld alrenc!y ucc:n r:leasured by 

d l Amboise 3 , and his VAlu~s w~rB userl in the prQssnt work. 

The values of the ncccsGa~y measur~d absorbances. 

are reportecl in Table tl, ta gst h ~~ r ~·!i th t he conc~l1t ra­

tions of HPMJ in aIl the solutions, calculated frorn 

these absorbances and equation 3.3. From these concen­

trations and the wcight of the solid uSBd in the pre­

paration of the stancl.::Jrd soJ.ution, the PM,; contc:nt of 

the Cu(TTAPAN) was calculated, and these values are 

entered in Table 4. This Table also cantains the values 

found for ~he coppcr content of tho Cu(TTAPAN), as de ter­

mined by the previously described srcctrophnto~etric 

titration with EDTA. 

An alternative procedure uns also used as a check 

to onsure that in the above-described 'procodure for the 

de"termination of PAr~ in Cu(TTi\P/\f".J), the HPArJ rernained 

in the bcnzsne phase after equilibration with the 6 ml. 

of aqueous O~l N HCl. Thus( a 5C-ml. aliquot of the 

standard solution of Cu(TTAPAN) ~n benzcne was trans­

ferred to a separatory fUrlnel and equilibrated ~.Ji th 20 

ml. of an aqucous solution of 0.1 N HCl. The aqu~ous 

phase was then quantitatively transferrcd ta another se­

paratary funnel which contained about 40 ml. of benzene. 

The two p has r-;s IrJere then equ il ib ra ted. If any HP ll,N had 

remained in the aqueous phase, so~e would b~ ra-extracted 

into the benzene. The two benzene extracts of HPAN were 

then cambinod in a lOO-ml. volumetrie flask and diluted 

to volume. 

To an aliquot of a standard aqueous solution of 

Cu(N0
3

)2 in the 65-ml. cell, 50 ml. of methanol were 

added. The benzcne extract of the HrAN was then titrated 

33 



( 

Table 4 

Analysis of Cu(TTAPAU} for Cu and PAN, by dilution of a weighed amount of 

solid in benzene, end determinetion of the copper content by spec-

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

Soln. Concen.tration of Absorbance of solution Concentration of HPAN, 

No.* Cu(TTAPlioN) in after removal of Cu calculated from the data , 
benzene* by 0.1 N HC1' in Cols. III and IV, and 

li1 x 10
5 equation 3.3 

560nm 4ôOJlIll Mx 105 

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 " 0.022 0.783 4.649 
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 'r 0.072 0.746 4.600 
15 " 0.018 0.788 4.653 
17 " 0.021 0.778 4.609 
18 " 0.021 0.778 4.n09 

mean value = 4.640 
st .dev. = 0.030 

Analysis of Cu(~APAN) from Cols. II and V, and amount of Ou(TT.\PAU) 

taken: 
Cu: 11.8g% (theor. 11.96%) 

,PAN: 47.35% (thp.or. ,46.59%) 

34 

'" Solutions 1-18 VIere prepared by dlluting 10-fold a stock standard solution 
of Cu(TrAPAN), 'V!hich was prepared from a known weight of the soUd 
(to give 4.565 x 10-4 M), and standardized with EDTA to give Col. II. 

~ The absorbance was due to liberated HPAN. 
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into this copper solution, at, df.:'scrih~d in I\JJP~ndix III. 

The values obtainod for this particular procodure are 

as f 0 11 m" ,:;: C u 12. 0 e 'i~ (e x p ~ c t 8 cl 11. 9 2 i~), HP MJ 4 7 • 12 ~ 

(oxpccted 46.59%). 

35 



( 

4 A Prcliminary 5tudy of the Chelate Ex­

changs DRtwccn Cu(TTA)2 and HPAN in 

~cthônol-D~nz~ne Mixtures. 

The p urpos e of t Il.::: pres en t in V(JG t iga t ion \-ms the 

eVôluation of the equilibrium constants Ki and K; for 

t Il (} f 0 Il a IrJ i n 9 r e a c t ion s 

Hrllr'J C u ( TT II P M~ -) + H T T A 

1<2 
( B ) C u ( TT A P M·J) + Il PM'; ~-=::. C u ( P MJ ) 2 + H T T A 

in mcthanol-benzene mixtures, by a spectrophotomctric 

method. 

D'Amboise 3 has already shawn th~t in benzen~ the 

ratio K~/K; i5 of the ord~r 105 . ~hBn Cu(TTA)2 in benzene 

i3 titrated with HPAN by the present. spsctrophotometric 

method, one break i5 observed in the titration ~raph, 

and i t carres pond s ta the for:l;lf.l t in n of Cu (TT ,\ PM·; ). The 

for:nation of Cu(Pf\r~)2 i5 nr:ver senn in this titration 

graph because of the extr8mely small value of K2 • How­

evor, when methanol was the solvent, d'Amboise had shawn 

that the ratio Ki/K~ was of the arder 500. In that case 

the titration graph might be curved due ta the formation 

of a significant 8m8unt of Cu(PA~)2' Accordingly, spcc­

trnphotor:ietric titrations of Cu(TTA)2 in benzens-wethanol 

mi x t ure s ~;/ e r e car rie d 0 U t ~'J i t h a s tan d a r d ~ 0 lut ion cf 

HPA~, by using the ti~ration a~paratus shown in Plate 1. 

The titration procedure i8 describud in Appendix VI. 

Results of titrations of Cu(TTA)2 with a standard solu­

tion of HPAN in benzene, in severel bcnzenc-methanal 

mixtures, ar8 given in T8bl~ 5. The Cu(TTA)2 solutions 
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Table 5 

Spectrophotometric Ti trat ion of Ou(TTA} 2 in methanol-benzene mixed sol vent s, wi th a stendard 

HPJU~ solution in benzene. 

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

Oell: 65-m1. glass cel1 with 5-cm. light path . 

Wave1ength: 560 Dm. 

Temperature: 25± 200. 

Methanol-benzene Initial concentration of Ou(TTA}2' U x 105 

c'ompo si t ion, From weight of From standardization against From titration ageinst EPAN, 

moL% methano1 Ou(TT.A)2 taken E~~. using procedure in using ~rocedure in 

Appendix III Appendix VI 

8.4 3.151 3. J.60± 0.008* 3.125+0. C25 -
-16.0 1.700 + -1.699-0.009 1.702+ 0.020 

25.1 " 1.694+ 0.005 1.703+ 0.022 

33.4 " 1. 696± 0.006 1.7CS+0.037 

45.3 " 1.6S'7!0.OO7 1. '701 ± O. 024 

54.7 " 1.GS7± 0.007 1.696 ±0.031 

68.7 " + 1.69'7 - O. oes 1.731 ±0.011 

79.'7 " 1.692-10.006 + 1.761-0.022 

.. The ± values are stunàara deviations for three sanples. 
______________ ._.4 _________ . _____ . ___ . ___ ~ 
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froiil these ucigh;·"rJ ;-)r~ounts of C~ (TT/\)2' The; solutions 

were thun scp~rately standardiz~d for copper, egainst 

a standard solution of EDTA, as d8scribed in App8ndix.III. 

The resul ts ar~ in Colurnn 3 of Table; 5. F:'nally, the 

salnl~ solutions \'Jl~re st2nderdizeJ BQainst the sta;1èard 

solution of HPAi'J, t~S specified in l\ppcndix VI. The re­

sults arc in Column 4. Typical titration graphs are 

shown in Fisure 2. 

l~.l - Spectrophotolm:tric ebsorption data 

for Cu(TTA)2' 

HTTA and Hp,l\r~ 

mixt.ures •. 

CU(TTAr:~'-,) C (P~'·I) _ 1 fllt'll, U ill" 2' 

in benzcne-methanol 

A knowledge of the absorption s~actra of the cha­

lating agents and the copper cholates wes necessary in 

or cl e r t ose l E C t the 0 p t i rr, U III '.r) a v ~:l e n 9 t h for use. The r e­

levant data have been collected to~ether in Table 6. 

4.2 - The absorption spectra of benzene­

methanol solutions of mixtures of 

Cu(TTA)2 and !-IPAi'J, in thE: range 400 nm. 

ta 570 nm~ 

These absorption data were required in order ta 

estimate the values of KI and K2 for the twn reactions 

writtun on page 36. 

Stock standard solutions of Cu(TTA)2' HPAN, 

Cu(TTAPA~) and Cu(PAN)2 in benzene were preparedJand 

standardized as described in Appendix III. 

Aliquots of these stock standard solutions were 

38 
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Typical titr~tion gr2phs of the 

sp::cttO[Jhotolii·.::tric ti.tration of 
o 

Cu ( TT j\ )., 2 t 25 C., VJ i t h HP 1\ Nin 
(. 

thE ~;ollJcnts: 

a) B.4 mol~ methanol 

in benzene 

b) 54. 7 mo]..'{, rTIp.thanol 

in bf:nzene 

39 
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Table 6 

Gpectrophotometric 8b~orption data forUl'TA., HPA..~, CU(TTA)2' Cu{''ITAP;Ù{} and Cu(PA.~)2 in 

benzene, methano1, metbano1-benzene mixtures, end other solvents. 

Compound 

HTTA ° H20 

HI'TA (eno1) 

TTA- (eno1ate ion) 

LlTTA 

HTIA (enolate ?) 

Cu (TTA) 
2 

HPAN 

Cu(TTAPAN} 

Cu (PAN) 2 

Solvent 

Aqueous acid 

benzene 

equeous alkal1 

benzene, methano1 

benz9ne-methano1 

(1:1 V/V) 

benzene, methanol 

benzene, methanol 

benzene,metbano1 

benzene, methanol 

~bsorption maxima (nm) Ref. 

260, 270 18 

325 18 

340 18 

no absorption greater than 400 .3 

338 18 

345,360 (shoulder); no This 'work 

absorption greater than 400 

}see fig. l 

This work 

This work 

This work 

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

---

-1=" 
~ 

J 



1 

~, 

( 

pipettcd into 25-1:11. 'voluln,tric fJ~:!';l.:-;, , l ,,' t 11 P a p pro-

printl: br:nzcne-'liothiJnol mixture ," ... as addc;rJ. Hw compo­

sitions of t~8SC variouG sets of solutions are given in 

Table 7. 

t\fter the solutions had been prepared they 1,-:ere 

allmJed to s tend for h.'o Jays in s toppc;rcd vol ume tric 

flasks in the dnrk, in order to allow the establishment 

of equilibrium. D'Amboise had prev~ously shbwn that 
~ 

l!quilibriurn ~'Jas 8sté'lbli::ohed vJithin an hour. ~ 

The spectral transmission curves of aIl solutions 
"'OoC 0 thon recorded at L • ln a silica cell with al-cm. 

path length, by usina the Eockman DB spcctrophotometer 

couplcd to a S~rgent recordèr. The coll housing of the 

spectrophotometer was thermostatcd by circulating through 

itG ~atcr-jacket of const~nt temparature water from a 

Sa:q.mt-\i!clch thermostat control to ± O. Dl oC. The spcc­

tr~photometric blank "'Jas 35 mol.% mothanol in benzene. 

4.3 - Experimental resul Cs and treatment 

of the spectrophotometric data. 

From the measured absorbances and concentrations 

of the solutions specified in sets l tD 3 inclusive in 

Table 7, the molar absorptivities of Cu(TTAPAN), Cu(PAN)2 

and HPAN were calculated at 5 nm. intervals ovcr the 

range 400 nm. to 600 nm. The calculation of these ab­

sorptivities wes made as follows: the absorbanc8 value 

wes plottcd against the concentration. In each case a 

s'craight lil1e l'Jas obtained, \:Jhich shmoJ8d that Baer's 

lait! l-JaS oboYE:!d for these three compounds, over the con­

centration range studied. The least-squares straight line 

was calculated (seG Append~x VII). The slope of this 
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Table 7 

Composition of solutions of Cu(~TA)2' Cu(TTAPAl~), Cu(Pi~~)2' and IIPAN in bp.nz~ne-methanol mixtures, 

for spectrophotometric measurements. 

Set No. b enzene-methanol C OIilpO und Initial conc~ntration range Nu."lber ot solutions 

mixture in set 

1 8.3 nol~ methanol Cu (TTrlP AN) 4 x 10-5 M-3 x 10-6 M 8 

35.4 Il " 

2 " Cu (PAl·n 2.5 x 10-5 U- 3 x 10-6 M 8 
2 

·12 " HPfJ, 6 x 10-5 11 - 8 x 10-6 ~I 8 v 

4 " Cu(':-TA)9 3 x 10-5 1;I usu:üly more 
r------~--- -- -- - ------_._- ---

rr.PJÙ-.r' 8 x 10-5 M-2 x 10-6 M than 15 

5* ft· Cu(TTA)2 6.4 x J 0-5 il-none usually more 
------------- - - - - - - - - - - - - - - - - - - - _. 

BPrl!'1 none-6.4 x 10-5 1,r than 15 

* In this set the total initial Cu(TTA)2 added plus the initial HPAU edded wes kept constant. 

- --~ -------, ---.--._-----_.----
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1 L: a s t - ~J quo r c s fit 'J a v eth c;; rn c IL., r au,; 0 q; t i vit y. Th::; s c 

V <J lu L~ S for the sol ven t 3:::i. <1 m 0 1.% rn eth anD 1 in ben zen e are 

given in Appcndix VIII. 

The abuorbances of thB solutiuns of sets 4 and 5' 

list8d in Table 7 W8re also mBdsured at 5 nm. intervals 

and are pr~sentcd in Table B, togcther with the initial 

concentrations of Cu(TTA)2 and HPAN. 

For cach solution in sets 4 and 5 of this Table, 

an attampt w~s made ta calcula te from the Bbsorbance 

data the equilibrium concentrations of the compounds 

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

fi ) 

B) 

Cu (TTA).j + HPAf,J 
Kl 

Cu(TTAPAN) + HTTA ----....--
<-

Cu (TTAP/\fJ) + HP i\ rJ 
K2 Cu(P/\î:)2+ HïTA --'" ...---

Let Cu be the initial malar concentration of 
o 

Cu(TTA)~, and let (HPAN) be the initial ~olar concen-
L 0 

tration of HPAN. Let square brackets; [ J, denote molar 

concentration. 

The mass-balance cquations for r8Bctions A and B 
are: 

4.1 ~u (TTAPArJ ~ + 

4.2 

4.3 2Cu o = 2 ~u (TTA) ~+ ~TT~ + ~u (TT/\PANj 
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of molar concentrations, i.e., 

K '"' 1 r,. (T fi' " 
L'-u TI\'.,J 

'-

[HTTAJ 

r,J f)(!lI'.!l 
1 •• ,.~ 

Thus, th~ ~res~nt dcrivation is a simplified one, 

in that aIL activity coefficients arc considered ta be 

unit y, and no tautomeric forms, solvates or hydrates 

of the specifi8d perticipating spesi8s are considered 

to co-e>:ist. 

F ro:n Bee r's L. ;J IrJ : 

4.,1 Ai,À= ~HPMJ ~lPM;J + 9':UTP [çu(TTAPA['nJ ~I-
a C IJ ~ C LJ ( P MJ ) 2J + TI 
j'- u 2 -

AAi = absorbance of solutïon i st 

':J a 'J C le n 9 t h .A 

9-CUT~ = malar absorptivity of Cu(TTAPAN) 

i] t vi a v 81 en 9 t h Jl 

(' .leup 
A 2 

= mo13r absorptivity of Cu(PAN)2 

élt IrJeVlüength Ji 

B - a fit parameter. Idea11y, it should 

bg zero. 

The method devcloped by d l Amboise 3 was used. Thus, 

for cach so1u~ion specifiud in Table 7, a set of thi~ty-
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four Equations was obtain~d by applying to e~uation 4.4. 

the absoruance datn given in Tab18 8, at 5 nm. 

intcrvals in the regian 400 to 570 nm. 

These equatio~s were then normalized by least­

squares regression analyses, and solved both for the 

e~uilibrium concentrations and their standard deviations 

(Appendix VII). The parameter n appeared naturally as 

an indication of the goodness of the fit. 

From these calculations , it was found that the 

values of KI could nat be calculated, because the equi­

librium co~centrations of Cu(TTA)_ were tao low; in 
c:: 

fact, tht=y \rJcrr. of the sarne oreer of magni tudt" as the 

standard deviations of Cu(TH,PAj'J) and HPMJ. For example, 

in one solution the relevant equilib~ium concentrations 

\rJere: 

~ u (T T A PAN Ù = (2. 5 52 + O. 0 Il) x 1 0 -
5 ~1 

~PA~ =(1.429 + 0.004) x 10-
5 

M 

[Cu(TTA)~J."-' 10-7 ~1 

. However, the values of K
2 

could be calculated by 

using the seme technique as that d8scribed above for 

KI' by usin 9 th8 data fer thos e solutions in b1hich 

HPAr~ \rJas in large excess. In calculating the:: value of 

K2 in this way, use was made of the followin) informa­

tion: 

i) With HPAN in large excess the equilibrium con­

centration of Cu(TTA)2 was sufficiently low ta be neg­

lected in the following mass-balance equations: 
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Set 4 

Set 5 

_ ... -_. 

hbsorbancc of sclwtionE nr sets ~ and 5 listod ln Table 7, 

nt 5 nm. inteT~als in th8 range 400 nm. to 570 nm. at 20
0

C. 

47 
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Sol. Initial conc ~;n- Initi'll cor.ccn- f,bsorbance x HJ'" 
r.' ~) • tration of Çu(TTA)? tration CJf HPA~: ~.! a v'.; l L: n 9 th, nr.l. 

Î': x 1 r: :J '- " X ' n5 ,.; .L ,. 
. r,- 1 I!--~ 

L l-':Û 1 .: t...;:J {;10 .HS 420 

l 2.694 0.248 561 " C 43 38 ~r.: 
~, l..i - .' 

2 " 0.1;96 7 f]! G3 5S' 55 ! 53 
3 " 0.910 0": B 7 86 041 G3 .1 t:. 1 . 

t1 " 1.150 F~ l' F'~ lC2 1021101 ,-. L l ,-,. 

c; '1 1. 407 IlP\117 l' p 120:119 ... '-
6 " 1.6!J5 132 132 134 1:3[;:130 
7 " 2.069 153 1 1S6 161 167 167 
8 " 2.317 1 7~ 1, ~., lE2 1GB 192 ~. •. 1 .j 

9 " 2.565 157 192 201 210 213 
10 " 2.7:10 ;?(1ù ?C5 215 224 22G 
Il " 3.061 22C 2 1 " ~ù 2t1G 259 265 
12 " 3.227 2'l'J 

~..J 251 265 ?nr.: (_ ..... 0 283 
13 " 3.475 265 276 ?~[! 303 311 
14 " 3.7~3 2GO 3~2 31C 333 340 
15 " 4.302 3411 3GrJ137~ 39G 406 
16 " 5.130 420 Ll·12 tl66 488 502 

1 

1 6.062 0.673 102 80 7[3 70 63 
2 5.389 1. 345 132 122 118 113 110 
3 5.052 1. 686 140 140 139 130 137 
4 4.715 2.018 16J 161. 161 161 159 
5 4.370 2.358 1 n f' _ut....J 181 133 105 183 
6 4.042 ? "'0-_ •• U,·.L 197 1~9 203 206 2eE 
7 3.705 3.031 2IC 215 2211 232 235 
8 3.368 3.371 ., '1 ' 2391250 262 265 ~-..I.l. 

9· 3.021 3.704 269 ~. ?nt:: 30;:; 316 r.:8o ~"J 

10 2.694 4.052 310 324 342 358 365 
Il 2.355 ~.376 3t.9 367 3[0 405 L\lB 
12 2.021 ,:1. 717 389 411 i~ 3t4- 45:; 463 
13 1. G84 5.01\9 tl30.456 r:1f:2 505 521 
14 1. 347 5.390 .'1 'rc 1501 531 55.6 575 
15 O.67Li 5.062 551,,593 GJI !662 6G5 
16 0.337 6.395 59GI643 682 717 745 

•.. -



Tnb.le fl (cantinuod) 

1 sal.l i\bsorbancc x 10
3 

; rlD....-r-· -----------------~i-:.;vi!yrrïrTh nm -----------
___ ---!-.--l.:.L 425 ' 430 :·435T44~c:·Jt;;S 1,j450 455 L1GO 4G5 47e' 475 
----- ... ---...... -.-- .. -.-.--.............. ---... -.. --.---.-... -.. --- -----.-.------.. +----j----t--+----

1 33 31 30 20 26 24 21 le 17 17 17 
2 51 49 40 47 44 38 32 27 25 25 26 
3 Dl GO 78 77 72 63 53 44 4G 41 43 
4 9B 90 97 95 89 76 G5 5~ ~9 5g 52 
5 lIB 115 114 113 105 93 77 65. 5B 58 73 
6 13G 133 1:33 131 122 107 90 75 1 67 67 83 
7 165 164 163 HiO 1::0 1 132 III 94 03 C'4 90 
Û 190 leu lll8 leG 174! 154 130 les 97 97 103 
9 211 210 210 200 197 174 140 12e! 114 114 122 

10 227 216 227 224 212 190 163 142 i 130 131 138 

Set 4 

11 264 265 267 267 ;::56 1 235 1 210 19G i 180 100 100 
12 1 2G3 205' 256 2BG 2 7 7 2513 23·'1 21"~ 1 2C5 2Q6 214 
13 1 313 315 310 319 310 293 1272 255 1 247 248 255 
14 . i 344 346 352 35<'1 432477 330 ,1 1'.~1wn~ 295 1 291 2~3 300 
15 1 412 41 i3 42 7 li 31 41 5 . '-' 3 9 2 1 3 9 0 J 9 3 39 e 

-=-___ 1-1_6 __ .. d 511 1 522 1 535 [) t1 4 1 542 1 5:3 6 53 U 52 D ! 532 1 536 5 tl2 
---.. . --'-1""',:':-'"7'.'5'6 "r-c~~'- ::-~;3--r=--=;1 -r Il-=' r -/)0'- 32 ="-:-'::::2=9=fi=2=9~1==30==4==3=2== 

2 l' lOG 103 101 9G. °1 79 63 53 j 51 1 51 56 
3 130 129 127 124 11i5 IDe 1 BD 66 i ""3 ' 63 70 
4 1 155 15~ 151 1,~9 1137 110 1 96 BD! .~61 77 81 
5 181178'1781731160 J.37·111 92/00190 96 
6 205 1202 1202 199: 184 Hill 130 107 j lOI! 101 110· 
7 232 230 230 227 1211 IG3 1 15.2 126 1113: 113 122 
B 264 1263 12G5 260 i 21.15 217: 184 159 1 146! 148 15B 
9 i 317 319 323 322 1312 2911266 245 1236! 239 247 

10 1 372 1 379 1386 38G! :302 369 i 354 3t11 339 i 341 347 
11 1 425 434 i 445 L~53: t152 4Ln 441 I.! 39 440: 443 448 
12 i 480 1493 ! 508 520 1523 i 525 529 535 541 i 547 551 
13 l' 537 554 1 571 5t37 l' SQ7: 6GB 621 636 1 648 '1 6511 656 
14 593 615: 637 655 1671 1 690 713 737 756, 764 763 
15 1 710 740! 770 797 823'-" 8591903 946 9761 983 978 
16 i 7 7 3 0 CU l 8 !13. 8 73 9 LJ 7 1 9 52 10 C 6 le 5 li 1 091 11100 1092 

Set 5 

" 

( 
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'Set 1.1 

Sot 5 

~ a 1.11----------1-'\ I_J'3_-0-=-~'b a~ c (;' 'x" 1 0 3 
l, o. _ \'! f1 V r: 1:::, n 9 t hr--r. nrn. 

4CC ; !;f35 1 4:::0ti:S5 i -3~(]- ::05 S"ïo r51 

1 
2 
3 
!; 

5 
6 
7 
8 
9 

10 
11 
1 " 1 

i __ ~ 

! 13 1 

1 î~ . 1 

_~ ___ , ____ 1 
1 
2 
3 
4 
5 
6 
7 
6 

9 1 10 
Il 
12 
13 

1 14 
15 
16 

1(3 - 20--21 - 22l2-S- 29 3-3:3 
29 32 36 ~1 47 54 60 6 
in 5:3 60! CS!. Lr; S:4 105 1.1 
5El G5 74 i J6 11r.e; 11e 1:31 il": 
69 78 90 1 lC4 : 121 It1G 1,159 l' 17 
,- no') 1 0 5 ' 1"'" 1 ' , /1 , 1 " r: lIn -- ...., n dL.' ';J '- : _ c.: ,..1. 4.,...L U .] \ .. tJ i c.. I.J 

100 11 < , -;;0 i lr::f'1 : 1"6 2 n /i "'13' '-:5 ~ ~...; - i ..j ... il, -- '" " l_ Û 1 .:. 

5 520 1 S25 

5 3J 1 41 
5 l;~ l~~ r-
~ 

5 15::; 
1

172 
::J 192 

1 ~10 
5 1 -, ~ -- ,~ L/15 -'- ..... 

5 ? 7~ 13~2 
5 312 1J.4 

133 
150 
200 
225 
2G7. 
:UO 
4l]9 

120 l'r: i 16,n 'ln'r "1"81"~g l "r> _ _ ... J 4.J, ..J:; ~.~ r. L , ~ ,-) _ 1 L u 

1 ;';'~ 1 7 ,-, Ile A : "'1 ') ":' ') r.: 5 2 r.
L

" '7/ l ':lI 1 
_ ..... LJ _ U ..; ;; u , .:. '- c_ (- :J 1 ..... 

16G 186 212! 2~O 273 3C4 1 33U 1 359 ::lG7 

, 3j9 
5 344 37.1 

215 235 257 223 310 335! 3S6 JCC j 1.105 
2 ~ 0 2 5 B 2 G 0 30 J 2. '2 7 3 l~ 9 1 ::; 6 E 3 9 0 ,H 3 

i 262 "ll.JO; :J13 ! 327 356 372 13G7 L103 425 
, 325 '1 3iiÔ Il 357 '371 J(?J :'9L1 i 403 416 435 

1121 4 3 3 Il L; 2 i Li 47 4 I~ 5 442! 44 C 41.12 LI 5 LI 

~_Li 9 _' ~5_0 1 ~65 1 56 S i 55!: 5 35 5,~.L:.~~_~~ __ ~fJ 0 

36 1 40 45 '1 5~l Cl 70 80 58 95 105 
62 71 62 9C 115 133 151 168 183 201 
79 9 0 l 0,4 1 122 14; ,1 6 7 1 190 l' 21 0 2,3 [j 2 52 
93 lC6 123! 144 169 1 198 1 2?4 2~,1 275 300 

100 123 1~3 IG8 197 1 232 1 26:3 ?J3 320 1348 
122 l~C 163 191 22S i 266 : 299 3:10 3G3 J9G 
1 39 1 L 8 1 e 2 2 Il; 2 52 1 2 9 4 Il 3 3'2 :3 6 9 t. 06 4 {\ 1 
172 '193 221 251 1'071329 3G7 4e21' 437 473 
261 ! 2713 i 298 321! 3~J ! 369 390 412 432 1461 
3 57! 369 : 3 0 3 39 5 4 051<1. 09 1 410 1 41 3 420 i 4 34 
Ll53 ! 462 1 470 471 i 463 tr401 430 412 '1402 ! 405 
5511 : 556 11555 5,~7 525 409 450 l' ~13 1 3CS 1378 
655 '652 646: G25 ' 586 1 5271 46E ~12 1 372 li 348 
759 1751 737' 705 '649 567 .11.39 1 412 354 318 

530 

1.4 
04 

1.49 
109 
228 
268 
330 
370 
407 
422 
437 
4115 
4St! 
463 
476 
496 

114 
220 
278 
328 

1 383 
! 433 
1 484 
i 519 
i 496 
1 460 
! 420 
1 382 
~ 341 
1 300 

208 
168 

96~ ~49 91G i 862 1 772 6 /17 522 406 312 2/~9 
11172 10·~7 10~)91 r;L;~ ! 027 677 525 277 1202 

========-±'.=-==-=--==-===-'----------------~------~----==========================~===== 

ï 
'i 
,1 

.1 
~l 

.1 
'1 

il 
J ., 
1 

1 

1 

1 

1 , 
1 
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Tiil.J2.i..' [; (r:ontinut;~) 

====;== .. = .......... -- ...... _._.... . ....................... _-
J sc~r ,;b5CrbônC8 x lC

J ---- -_.Rg-~.~j=--'-~~~~~='1=H·--~~~~~~r1: 1_S' n lt.h~ __ -',.;';"'._!.''''';m:;;;;''.:'''-7--~:-;::--=--;::;-_-_-_-_-__ 

-------; ----:~-tJ--:i.~- ·l~·"o~~-;~fl:~~···· ·]~·l~~-rl~·l~~ . 5~~ 
,. ~,~- ..... , .. u' .. 'J _JI - 115 
3 162,172 ],83 i lS:l. lS'C 2ClG ,211 210 
4 2031 210 231 Il ;;/12 252 2Gl 1267 267 
5 2 L'l 6 1 ? (; ,1 2 [] C 2 ~ 5 3 C 6 :: 1 7 :;? Il 3 2 5 
6 2 c; Cl l' 31 [! :1 2 9 ' :3 ,1 5 :: 5 9 3 71 3 :: 0 3 (3 0 
7 358 ~·J3 .:105 .i?G ,1 Il 5 LiGO 471: 1,7: .. 

Set 4. G 400 i .430 11155 460 500 5I8 532 535 
9 t1,~O ! 471 1 ::00 525 51,8 567 5C2 584 

.1.0 455 1 f;!38 1 SIE 54!; SC,6 587 GOl 602 
Il .17r i SOtl 'l' 534 i 5GCl : 585 ,(,05 619' G2f.1 
12 /:75 i 500 537 i 55,~ ! S!:)C li 610 i G25 i 627 
13 :1831516 SiHi' 573 : 598 618 i (.32 : 631 
14 ~192 1 523 551! 572 1 Gn2 1 623 1 C35 ;634 

i~ l ~i~ 1 ~~~ ~~~! ~~+ 1 ~~g , ~~6 1 ~.~~ II~ ~2~ 
== =-=2~_:==CC::~::~~;:~=-(~_~:·r-C~Tt+.?~::7;C~=l·~2~·~3.~~=ll~C ~ n5 ~,J~'''7~~ -,1 ~51- =~ ~11·=l==:-=.J 6==== 

t:.. _~ ,. ~ :J ::l _ ~ • <.: .., c.. .7 .J ,,:J, "". ~ 311 
3 3CC 320 339 355 371 38] [ 391 1 390 
4 355 381 t.OJ i124 1441 ! ;;5G : ;'6511,65 
5 ;'J.5 442 460 49~ 515 1532 541 51.2 
6 469 583 535 563 58C 1 GOG 62.1' i 620 
7 525 563 598 630 1 65f1 ! 604 697'-i 697 

Set 5 0 56C 1 590 636 G7C, 6QC 1723 742 i 744 
9 532 i 56El 1 GCCl 631! G5C i G30 697! 69S 

Hl ·1 e 9 . i 514 1 5 il 2 5 70 594' C 1 5 6 32 : 6 34 
11 430 ! 460 '1 !;C3 50L1 525! 5~3 556 i 556 
12 375 i 410 ~2f3 4.15 463 .177 ~ElO j 1107 
13 346 1 356 1 363 302 356 40C t.15 l 413 

1 14 296 ! 201 1 30f3 320 329 33f3 444 1 441 
1 15 190 101 10'J 183 127 191 191'1186 ---.... -----t-.~.-- 123 110 103 103 102 103 103. 90 

( 
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t1.6o t1ri\f'lJo = ~~Po;~J + ~u(TT:~prdJD 4-
2 tU (r),I\ r.J) 2J 

4. 7 [HrT!~ = ~-lPJ\f~ 0 - ~PA~ 

These cqu~tians for us~ in calculating K~ are 
.:. 

the counterpart of those of cqu~tions 4.1 ta 4.3 used 

for the calc~latinn of KI. 

ii) In additiun, the absorbance equation was 

used: 

4.4 Aj = ~HPI\l\: ~IPi\[~+ ~UTP ~u (TTf.\PM.l~ 
0Cup fu (PAI.;)~ .+ B 

2 

Thon for·each solution specified in Table 7, a 

set of thirty-seven equations was obtained by applying 

to equation ~.4 thE absorbances givon in Table 0 at 

5 nm. intervals in the range 40C nm. to 570 nm. As be­

fore, this treatment lad ta values of equilibrium con­

centrations with their standard deviations for HPAN, 

Cu(TTAPAN) and Cu(PAN)2. From the three standard devia­

tians, namely those for HPAN, Cu(TTArAN) and Cu(PAW)2' 

the percentage standard deviation was calculated by the 

formula 

%E.= x 100. 

x 

The lowest % e of the three concentrations was then 

noted bj inspection, and the particular compound it 

corresronded to was used for the further calculations. 

The concentration found for this particular compound 

51 
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wes then substitutpd into cquations ~.5, 4.C And ~.7, 

tog~thcr with the dota for Cu and HPAN , and these 
o 0 

thr88 equations were thcn solvcd for the cquilibrium. 

concentrations of HPAfJ, Cu(TTAPM,j), Cu(pJ\r'J)2 anù HTTA. 

Therefrom, a value of 1(2 v~as obté.3ined. 

In this way D value for K2 was obtained for each. 

of th8 solutions specified in Table 7. These valups of 

K2 are tabulated in Table 9. Fron the seven values of 

K2 in that table, a mcon value of 0.101 wes obtainod, 

with a standard deviation for six degrecs of freedom of 

0.029. These values are for the particular benzene­

methanol mixture having 35.4 mol.~ of methanol at 20°C. 
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Table 9 

Molar equilibrium concentrations of Cu(TTAP~}, Cu(P~~)2' HPJûl and HT~ for the solutions having an 

initial molar concentration of HPAN in excess, and the values of K
2 

calculated therefrcm. 

Solvent: 35.4 mo~ of methano1 in benzene. 

Temperature: 200 0. 

Cuo [HrAN] 0 Equilibrlum concentrations, ~ x 105 K2 
t---

M Je 105 M Je 105 HTTA Ou(PAN)2 Cu ('ITAPAN) St. Dev. HPAN St. Dev • 

2.694 4.052 2.799 • 105 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 0.086 

2.694 5.723 2.800 .106 2.588 0.016 .926 - 0.081 

" 4.302 2.835 .142 2.552 o.oil 1.466 - 0.093 

ft 6.123 2 .. 868 .174 2.520 0.013 3.255 - 0.164 

;:::::> 

VI 
W 
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5 - Th!.:: chelate !',xchr'::ng" rCélctiù:.s of 

Cu(TTAPi\r,:) ';:ith liTT" and Hf'M-·] in 

rnr. thanol-bcllzene rnixtures. 

5.1 - Introduction 

,A. In eth 0 d \\! hic h .... JO u l ri 311 m'j L h c e val ua t ion of K l 

and K2 for renctions A 

tures ~aG dcv~loped by 

and D in mathanol-benzene mix­
~ 

d'Amboise~, and it was applied 

in the prE,sent investigation. 

The method consisted of spcctrophotometrically 

follov:inl] th,~ f)quiJ.ibriurn concentrations of Cu(TïAPAI\J) 

and/or Cu(rA~)2 in reactions A and B, namely: 

K- l 

1\) Cu (TTAPMj) + HTTA~.L.. Cu(T!A)2+ HPMJ 

D) Cu(TTAPI\N) + HP/IN 

Thus, sets of solutions in mcthanol-benzene mix­

tures W8re prepared, in wbich the initial concentration 

of Cu(TTAPAN) was kept constant, and the initial con­

centration of HTTA or of HPAN wes ch8nged. 

The method requires that: i) only Cu(TTAPAN) and 

Cu(PAN)2 absorb at the wavelengths selected for the 

absorbance measurements; ii) both Cu(TTAPAN} and 

Cu(PAN)2 in methanol-benzcne mixtures obsy Eeer's law 

for the range of concentration studied; iii} the arder 

of magnitude of the molar absorptivities of Cu(TTAPAN) 

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; oth~~r; iVl in r8clcting Cu (TT/\rMl) '.:ith flTT,~ in 

HI eth a n 0 l - b [; n z ["; n r~ rn i x t ure ~, El cern' d i n 9 t 0 !' e é1 c t ion (A) 

the flP/\fJ forl1'led clid not react significantly \>'Jith 

Cu(TTArA~) present in equilibrium in the solution, to 

forrn Cu{PAN)2 according to reaction B; v) in reacting 

Cu{TTAPA~) with HPAN in methanol-benzHnc mixtures, the 

HTTA formed did not react significantly with Cu{TTAPAN) 

presont in equilibrium in solution, ta form Cu(TTA)2 

acco rd in 9 to reac t ion (A). 

These various requirements werc met in the present 

investigation. Thus, in Section 4 it was shown that 

Cu (TTf\PMJ] and Cu(PI\N)2 in 35.1', lfIol.% of methanol in benzene 

obey Beer's law in the range of concentrations used. It 

is shown later in this section that these complcx8s also 

obey Beer's law for aIl methanol-benzene compositions 

invcstigated. 

The spectral range 540 nm. to 580 nm. wes selected 

for the absorbance l7leasurements because in this range only 

Cu(TTI\PAN) and Cu{PAN)2 absorb significantly (sec Figure 1). 

Furthermore, in this range the molar absorptivities of 

the two complexes in methanol-benzenc mixtures were found 

to be Different cnough to permit quantitative observation 

of one in the presence of the other. 

D'Amboise
3 

had prcviously shown t~at requirements 

(iv) and (v) are met. He did so by using his values of 

Ki and K2 for reactions A and B respectively in pure 

mcthanol and in pure benzene, to calculate the cquilibrium 

~oncentrations cf the species that co-exist where 

Cu(TTAPMJ) is allowed to react with HTTA or HPI\f~ in these 

solvants. These conclusions by d'Amboise have been con­

firmed in the present work. Thus, the values of Ki and K~ 
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found in this work arc uscd in 
5.3. ,1 

Section ta show that 

r e qui r e 111 e n t s (i v) and (v) \'J cre Ifd·1 tin the pre G en t 

systems. 

5.2 -- Procedures 

5.2.1 -- Proparation of stock standard solutions 

of [u ( TT A P Arl ), Cu ( r M J ) 2' H T T 1\ and HP M: 

in benz~ne or mcthanol 

56 

The materials have already been desr.ribed in Section 3.2. 

Stock standard solutions of Cu(TTAPAN) and Cu(PAN)2 

in benzene or methanol, were prepared by equilibrating 

exccss solid with solvent and filtering with the apparatus 

illustrated in p~atc 2. Then, the filtrate was diluted 

with solvent to approximat81y twice its initial volume 
-4 ta yield a concentration of approximately 4 x 10 M and 

-4 2 x 10 M for Cu(TTAPAN) in benzene and methanol respec-
-4 -5 tively, and of approx :':1atp-ly 2 x 10 H and 4 x 10 r~ 

for Cu(PAN)~ in benzene and methanol respectively. Prior 

ta use, the solutions were standardized by spectrophoto­

matric titration with a standard aqueous solution of 

EDTA (Appendix III). 

Stock standard solutions of HPAN in benzene or met ha­

nol were prepared by dissolution of 0.01 gram of the 

solid in lOO-ml. volumetric flask, \1ith thE solvent. The 

resulting solution was thon standardized by spectrophoto­

metric titration against a standard aqueous solution of 

Cu(N0 3 )2 (Appendix III). 

Stock standard solutions of HTTA were prepared Just 

before use, by dissolution of a carefully weighed amount 



( 

of the pur i fie cl and d ri (; d sol id VJ i t Il ben z (~n (~ 0 r ru 0 th a n 0 l 

in a lOO-ml. volLJm(~tric flélsk, to yield :l concf:ntration 

of approximately 0.1 N. A second stock solution of HTTA 

in bcnzcnc or mcthanol was prepared by transferring a 

ID-ml. aliquot from this 0.1 M solution into another 

lOO-ml. volul;'letric flaek, ~'Jhich ~·J8S then diluted to vo­

lume with the solvent at 25°C. 

5.2.2 Preparation of solutions for determi­

nations of ruolar absorptivities of 

Cu(TTAPAN) and Cu(PA~)2 in methanol­

benzene mixtures, and for spectropho­

tometric investiuations on th~ chelate 

exchange reactions of Cu(TTAPAN) with 

HTTA or HPA~ in methanol-benzene mix-
o turee, at 25 C. 

The general procedure for the preparation of the 

above solutions has been given in Section4.2on page 38. 

Thus, aliquots of the stock standard solutions given in 

Section 5.2'.1 IrJere pipetted in 25-ml. volumetric flasks, 

and the appropriate benzeno-methanol mixture was added. 

The compositions of theee various sets of solutions are 

given in Table 10 (this table i5 the counterpart of Table 

7). The methanol-benzenc mixtures used in the spectropho­

tometric investigation of the exchange reaction between 

Cu (TTAPMJ) and HTTA at 25 ±2°C. 'tIere in mol.% of methanol: 

8.38, 16.0, 23.0, 35.4, 40.9, 55.2, 59.4, and 76.7; for 

the exchange reaction between Cu(TTAPAN) and HPAN at 

25±2oC., 16.0, 35.4, lil.o, 50.9,59.4,76.7, and 89.8 

mol.j~ methanol in benzene were used. 

After the solutions had been prepared, they wcre 

allowed ta stand for three days, in stoppered volumetrie 
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. Table 10 

Composition ot solutions in methano1, benzene, or methano1-benzene 
, 

mixtures·, prepared from the stock standard solutions ot Cu(TTâPAN), 

Cu (PAN) , HTl'A and HPAN in benzene or methano1, and used tor the 
2 

spectrorhotometric study ot the exchange reactions between Cu(TTAPAN) 

,and HPAN or HTrA, at 150 C., 250 C., and 35oC. 

Number ot 

Set solutions prepared Compound( s) Concentration range, M 

. 
app. 3 x 10-5 

A 10-15 Cu(TTAPAN) --- --- --- - -- --------- - - - -_ .. 
HTTA 1 x 10-1 to 1 x 10-4 

B 10-15 Cu(TTAPAN) app. 2.5 x 10-5 
f---------- ----------- - - - ---

HPAl'~ 2 x 10-4 to 1 x 10-6 

C 6-8 Cu(TTAPAU) -5 -6 4.5 x 10 to 5 x 10 -
D 6-8 Cu(PAN)2 2.5 x 10-5 to 2.5 x 10-6 

*E 3 Cu( TTAPAJ.~) app. :3 x 10-5 

~ 3 Cu(TTAPAN) app. 2.5 x 10-5 

t The methano1-benzene mixtures used in the spectrophotometric inves­
tigation of Cu('l'TAPAl~) with HTTA and HPAN have been given in 
Section 5.2.2. 

* The initial concentrations ot Cu(T~AN) in sets E and F were the 
sarne as in set~'A an~ B respective1y. 
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flasks in the dark, ~n order to allOl'; -the establishment 

of Gquilibriurn. 

The fact that three days were sufficient ta ensure 

cquilibriull1 wes proved in a sspé:lrate cxperimcnt as fol­

lows: spectrophotometric measuremants of solutions pre­

pared as described in set A of Table 10 werc made after 
being 

two days and also after stored in the dark for two months. 

The results are in Table Il. 

5.2.3 - SpectrophotomE:!tric r~8asurements 

The absorbances of aIl sets of solutions with com­

position listed in Table ID, were measùred st 25±'2oC. 

in l-cm. silica colIs, at the selected wavelengths in 

the spectral range 540 nm. to 5BO nm., by using the 

Unicam S.P. 500 spectrophotometer. The spcctrnphotometric 

blank was always the particular methanol-benzEne mixture 

used as solvent in the sample for measurements. 

5.2.4 Procedure for the tlpcctrophotometric 

investigation of the exchange reactions 

between Cu(TTAPAN) and HTTA or HFA~, 

in benzene, methanol and methanol­

benzene mixtures, at 15 0 C. and 35 0 C. 

The solutions w~re prepared as in Section 5.2.2, 

except that in the case of the chelate exchange reaction 

between Cu(TTAPAN) and HTTA the solvants used ware pure 

ben zen e and 4 0 . 9 m 0 1.'10 met han 0 1 in ben zen e, and in the cas e 

of the chelate exchange reaction between Cu(TTAPAN) and 

HPAr~ the solvants used \vere 40.9 mol.'{o methanol in benzene 

and pure methanol. The composition of the solutions used 

in this investigation are also given in Table 10. 
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Table Il 

Proof' of' equllibrium of solutions Cu(TTAPAN) and HTTA in I!lethanol-benzene mixtures st 250 C. 

Initial Concentration Absorbance
3
at Ratio -

Absorbance
3
ut 

560nm x 10 
Sol. Cu(TTAPAU) HTTA 550nm x 10 of Col.IV After After Ratio of 
No. Mxl05 NDCI03 After 2 days Ai'ter 2 months to Col. V .2 deys 2 months Col. VII/VIII . 

1 3.085 19.42 195 199 0.98 206 212 0.~7 

2 " 14.56 220 217 1.01 235 232 1.01 

3 Il 9.708 262 262 1.00 2~78 279 1.00 

4 ft 4.854 332 332 1.00 355 353 1.01 

5 " 3.883 356 358 0.9~ 380 382 O.gg 

6 " 2.912 382 389 0.S8 409 415 0.99 

7 " 1.942 421 434 C.97 448 461 0.97 

8 " 0.970 474 486 0.98 508 519 0.98 

9 ft 0.'728 491 496 0.99 526 528 1.00 

10 " 0.465 515 528 0.98 551 564 0.98 

11 fi 0.427 548 552 0.99 586 590 0.99 

mean= 0.99 mean= 0.99 

st.dev.= 0.01 st.dev.=O.Ol 
---

~ 

~ 
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The absorbanccs were mcasurLd as fu110ws: con~tant­

te m p e rat ure l'J a ter f r 0 rn a Sa r 1] en t - ~'J t-: l c h the r m DSt <3 t (c 0 n t roI 

to ±O.loC.) was circulated through the water jacket of 

th~ cell compartment of the Unicam S.P. 500 spcctrophoto­

meter. The temperature of the 1-cm. silica cell contain­

ing the sample of the solution whosc absorbanc8 was to be 

meas ured, \v8s Ineas u red by us in 9 a copp er-c 0 ns tantan the r­

m ° cou pIc. 1 t \1 a seo n nec t C! d t 0 the vol t P CI t e n t iJTI ete r Cl es -
o 

cribcd in Section 3.1 and with one end placed tightly 

between the ~ample-cell and the cell holder, and with 

the reference end immersed in an ice-water bath; repetitive 

measurenrents ~,-,ere marlt= during the cxreriments. 

The 25-ml. volumetric f1asks containing the solutions 

for measurements were immersed in the water bath of an­

other Sargcnt-Uelch thermostat (centrol to ±O.OloC., 

thBrmomonitor controlled), which was set at the same tem­

perature as the cclI compartm8nt of the spcctrophotometer. 

After allo~ing them to stand for four haurs, they were 

removed and quickly dried with absorbent paper. Immediate­

ly a sample of the soJution was transfcrrecl to the l-cm. 

sample-cell. The temperature was Ineasured after two mi­

nutes and then the absorbance was measured at ea~h selected 

IrJavelength. The spectrophotol:retric blank l'Jas alvJays the 

rnethanol-benzene Inixturc being used for the sample solution. 

5.3 --- Rosults and Treatment of the Data 

5.3.1 --- The oxchange reaction bûtween Cu(TTAPAN) 

and HTTA in msthanbl-benzenc mixtures, 

at 25±2°C. 

i) Equation to calculate KI for reaction (A) 

The species thet co-exist in the exchange reaction 
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of Cu (TTf,PAf\l) vJith HTTi\ in l:JethQrwl-benzcnc rIlixtures 

are: Cu(TTAPA~), Cu(TTA)2' HTT~ and HrA~. Of these 

compounds, only Cu(TTAPAfJ) ab=orbs in the spectral range 

used, narnely 540 nm. to 580 nm. (see Figure 1). Thus, 

if the kno .... m conc[mtration of the add..;d Cu (TT J\PM~) i5 

kept constant for aIl the solutions prepared as in set A 
and listed in Table 10, the Rxchange r~action can be fol­

lowed spectrophotomctrically by changing the initial known 

concentration of HTTA in these solutions. The molar ab­

sorptivi ty of Cu (TT,WArJ) in tlw IlIfJthanol-benzcne mixture 

at the chosen wavelengths was also required. 

The molar absorptivi ties of Cu (TTAPJ\N) in m~thanol­

benzene mixtures at the wavelengths selected, were deter-

mined by a leaot-squares fit of the data , from the 

measured absorbances and the known concentrations of the 

solutions of set C in Table 10. The values obtained for 

aIl methanol-benzene solvent mixtures studied in the spe6-

tral range given above, arc cntered in Table 12. Beer's 

law was obeyed for nll of these solutions in the range 

of concentrations studiedj a plot of absorbance versus 

concentration is given in Figure 3 for 35.4, 59.0, and 

76.7 mol% rnethanol in benzene. 

A rigorous equation is now derived, in order ta 

treat the absorbanc~ data in Table 13. Let round 

brackets, (), denote activi tics, and square brackets, [ J, 
molar concentration. Let rA d::!note the molar activity 

coefficient for species A. Then for reaction(A) 

(A) Cu(TTA)2+ HPAI\j ~ Cu(TTAPAN) + HTTA 

~u(TTAPM~] • (IHTA) x r 
Éu(TTA)~, ~1PA~ 
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Table 12 

Mo1ar absorpt1v1ty of Cu(T~A.~) in methano1-benzene mixtures, in the spectral range 540 nm. to 

580 run •• at 25 ± 200. 

The solutions used are set C of Table 10. 

Solvent; m01% Least-squares value of mo1ar absorpt1vity and st. dev., x 10 -4 

metbano1 1n 
, 

wavelength in nlll. -
benzene 540 550 554 560 564 565 

8.39 1.888 0.009 2.081 0.006 - - 2.215 0.008 - - 2.252 0.010 

16.0 - - 2.024 0.011 - - 2.150 0.013 - - - -
23.0 1.879 0.006 2.069 0.002 - - 2.204 0.006 - - 2.229 O.OlC 

35.4 1.841 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 0.006 - -
50.9 1.877 0.008 2.052 0.007 - - 2.174 0.007 - - - . -
55.2 1.877 0.007 2.055 0.009 - - 2.1 '78 0.006 - - - -
59.4 - - 2.088 0.011 - - 2.231 0.008 - - - -
76.7 1.895 0.005 2.079 0.005 2.123 0 .. 007 2.167 0.006 - - - -
89.8 1.913 0.004 2.091 0.005 2.147 0.006 2.174 0.008 - - - -

0\ 
lJJ 

J 
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Table 12 (continusd) 

-
Sol vent. mo:k% Least-squares value of mo1er absorptivity and st. dev., x 10 -4 

Methanol in wavelengths in nm. 
. 

benzene 566 570 580 N· 

8.38 - - 2.242 0.003 1.896 0.013 8 

16.0 2.182 0.013 2.152 0.013 - - 8 

23.0 - - 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 - - - - - - -
76.7 - - 2.013 O.OlO - - 8 

89.8 - - 1.920 0.011 - - 7 

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

r- ~ 
',-, 

: ,:.,.' .. , -:-"! --.... ~ ~- J 



FIGURE 3 

B8cr's law plot for Cu(TTAPAN) 

in (a) 35.~ 171017:. methanol, (b) 

76. 7 lliol;~ rnethflnol and (c) 59.0 

mol;,:;' Ine t hi3n 01 in benz en (;) 

N6te: (i) The concentration range for 

Cu(TTAP~N) in thesc solv8nts 
-6 was upproximatcly 5 x 10 M 

-5 ta 2 x 10 r-1 

(ii) Each of the thrce graphs on 

extrapolation passed through 

the origin. 
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T./ 
( 5 • 2) I;J h (; r e : 

r = _' ,:;:,C,:::u:...l,(...:,T...:,T...;..."...;.,' P_A...;.,f',:...! ):...-__ _ 

'rc U (T T 1\ ) 2 ' h P M~ 

Tt was shawn on page 62 that Cu(TTAPAN) obeys Beer's 

law in the bcnzene-methanol solvants. Further, the absor­

bancos in Table 13 are for Cu(TTAPAN). Therefore: 

(5.3) A = a' ~u(TTAPMJ] 

(5.4) Ao = a . [Cu (TTAPA[\j)] 0 

where a is the molar absorptivity of Cu(TTAPAN); and 

subscript ZBro 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 ) [HPAr~ = [C u (TTA ) ~ 

Then from Equations (5.1), (5.3), (5.4) and (5.5), 

(5.6) K A/a (HTTA) a -1.= 
r {[cu (ïT!,PMnJ a _ ~} 2 

(5.6)b KI = A!.fJ ,HTTA~ 

r Caa- Ar 
It is necessary to express (HTTA) in terms of 

~TT~T' the stoichiometric concentration of HTTA added, 
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sillet:; only the later velue is given in Table 13. fJow 

HTTA in solution is consid~r~d ta exist in several forms 

(7,2[J,21,22) 1 

enol, O OH 0 
, " 

5 -C=CH-C-CF 3 , d8noted hore by HTTA 

keto, O ~ ~~ . 
-C-CH ... C-CF , denoteo here by HTTA' 5 c. 3 

" , 
methan61nte, D e OH 

, -C-CH 2-C-CF , denated here by 
5 ,3 

hydrate, 

oMe HTTA'.S 

" , O 0 OH 

5 -C-CI1 2-C-CF 3 ' denoted here by , 
OH HTTA'.w 

" , O 0 OH 

The enol isomer -C-CH=C-CF is known ta be 
. 3 

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

In addition, the enol is a weak acid, dissociating 

to H+ and TTA-, with a dissociation constant Ka, depen­

ding on the solvent and the pH 22
• In dry benzene, 95~ 

7 20 of the HTTA is reported to exist in the enol form' , 

whereas in benzene saturatad with water 11% of the HTTA 
20 ispresent as ketohydrate . 

The methanol-benzone mixtures used in the present 

work a1so contained water in the concentration range 
-3 . -2 l x 10 M (for benzene) to 2 x 10 M (for methanol). 

24 Moreover, Adam .. and Larsen , who have studied the 

kinetics of ligand exchange between metal chelates and 

~-diketon~s, have shown that only the exchange of the enol 

form is important. 
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Let the Equilibrium constants bc 

(5.7) Kk = (HTTA') 

( 5 • 0 ) 

(HTTP.) 

1< = (HTTA'.S) 
s 

(HTTA') (S) 

where (5) is the activity of methanol in the benzene­

methanol solvant. 

(5.9) 1< ( H T Tf\ ' • \-J ) 
\tJ 

( H T T /\, ) ( ... 1) 

where (w) i5 the activity of the very low concentrations 

(approxirnately 0.02 H) of iI:ater in .the mixed solvent. 

(5.10) 

then since 

(5.11) 

Ka = (T T i\ -) (1; + ) 
(HTTA) 

~nTrJ i = U1TT.~ + ~nTA ~ + ~nTA'. ~ + 
[HTTA'.~ + [TTA]+ [Cu(TTA)~ 

where ~TTA]. is the initial stoichiometric concentration 
J. 

of HTTA. On Gubstituting 8quations 

(5.7)-(5.10), into equation (5.11), 

where 

(5.12) 
(HTTA) -

[HTT~T -~u(TTA)~ 

Cf 

(5.13) ~l r=· + 
DHTTA 

KI.; Kk K (5) 
~ _____ + s ~ 

~TTI\' ~TTA'. 5 

-, 
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then equation (5. G) b(~coITies: 

(S.lll) 
a 

r 

(5.14)b 

r 

( fi. / El ) • tl T T AJ i - [C u (T Tf, P Ml TI n + A / ~ 
~cu (TTAPAN) 0 A/a }2 

- A -A 
..B- ] 

From the data on Table 13, and the absorbance values 

ln Appondix IX, the R.H.S. of Equation (5.14) , i.e. 
a 

K Itf'/ r, was eval ua tcd for e.ac h eq u il ib r iurn 5 Dl ut ion a t 

oach wAvBlength. The results are reported in Table 13, 

and ruprEscntative sets of these data arc plottcd ln 

Figures 4 to 6. Inspection shows that thcse plots (and 

the data) exhibit a plateau, with abnormRlly high values 

of Kllf/r at the extremities, particularly et the 10"'J8st 

values of [HTT.~ i' The matter is deal t \-Ji th in the Dis­

cussion Section. 

5.3.2 - The exchange reaction boh/cen Cu(TTAPAr-J) 

and HPAN in methanol-benzenc mixtures, 

at 25+2
0

C. 

The ch 0 lat c ex cha n g ë r ù a c t ion (13) Cu ( TT.i\ r f'..f"J) + HP Ar J = 

Cu(PMnt- HTTA in benzonc-rneth3nol mixtures at 25:1:: 2°C. 

~,'as follm.led spectrophotolnctrically over the range. 540-580 

nm., in order to calculate the molar equilibrium constant K2 : 

( 5 .15 ) [C u ( P MJ) J . (HTT A) 

K2 = li i\l 
[Cu(TTAPA!~B 'LHTT~ 

x p 
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Table 13 

K
1 

y; 
Values of the function -;-' of equation (5.14)a, for the chelo.te exchange 

rellction in benzene-neth2no1 

Absorbance vo.1ues used are in Appendix IX. 

801vent; Initial conc. Initial stoichiome-

Sol. mo1% of Cu( TTAPAU) tric cone. of UTTA KltfJ/r 

No. methano1 M x 10
5 . 4 

Mx 10 wavelenBth, Dm. 

540 550 560 565 570 580 

1 8.38 3.085 388.3 798 788 ?S5 'i88 781 783 

2 " " 291.2 767 762 767 761 761 776 

3 " " 194.2 765 746 746 748 744 743 

4 " " 145.6 680 677 681 680 688 666 

5 " " 97.08 718 '717 714 714 '705 701 

6 " " 48.54 635 646 650 6M 556 654 

7 " " 38.83 637 649 652 648 642 641 

8 ft " 29.12 625 636 650 658 559 699 

9 " " 19.42 627 640 655 651 545 689 

10 Il " 9.708 615 641 61j3 670 577 593 

11 " " 7.281 599 611 636 653 536 625 

12 Il " 4.854 574 621 646 662 658 787 

13 " Il 2.427 584 639 660 693 650 773 

, 

( 
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Sol. 

No. _. 

1 

2 

3 

4 

5 

6 

7 

e 

9 

10 

11 

12 

1 

2 

3 

4. 

5 

Solvent: 

mOl,% 

methano1 -

23.0 

ft 

ft 

" 

" 
" 

" 

" 
" 
" 
ft 

ft 

16.0 

ft 

" 
" 
ft 

Table 13 (cont1nued) 

Initial oono. Ini'tia1 stoiohiome-' 

of Ou( TTAPAU) tric cono. of ETTA 

M x 105 U x 104 

3.085 2~1.2 

ft 194.2 

" 145.6 

" 97 .08 

" 48.54 

" 38.83 

ft 29.12 

" 19.42 

" 9.700 

" 7.281 

ft 4.854 

" 2.42'7 

3.166 277.3 

ft 246.5 

ft 184.9 

ft 154.1 

ft 123.2 

72 

K1~/r 

wave1ength, nm.. 

540 550 560 565 570 580 

542 531 532 536 535 548 

522 505 503 505 506 507 

504 490 489 493 501 505 

488 4'75 476 478 475 485 

466 456 463 466 47'7 492 , 

461 465 461 468 472 480 ; 

i 

471 4'72 473 489 485 511 
" 
, 

463 458 465 469 473 486 : 
, 

445 451 464 479 483 515 i 
: 

435 454 461 475 489 519 
i 
. 

437 448 480 505 516 589 , 

473 490 522 526 549 676 

550 560 566 570 

588 585 595 605 

591 594, 602 609 

574 583 599 613 

558 567 5'76 586 

521 529 545 555 



Table 13 (continued) 

, 
Sol vent: Initial cone. Initial stoichiome-

Sol. mol.-% of Cu(TTAPAN) trie conc. of HTrA K1\f'/r 

No. methano1 M x 105 M x 104 wave1en.gth, Dm. 

550 560 566 570 

6 16.0 3.166 92.44 539 551 556· 554 

7 " " 61.62 530 545 562 574 

8 " " 30.81 548 546 548 567 

9 " " 24.65 529 546 565 582 

10 " " 18.49 538 553 572 586 

11 " " 12.32 534 570 5A8 519 

12 " " 6.162 555 587 604 641 

550 560 565 570 
. 

1 35.4 3.165 277.3 3A7 393 390 398 

2 " tt 246.5 3e1 388 396 397 

3 tt " 184.9 375 384 383 390 

4 " " 154.1 383 378 383 392 

5 " " 123.2 357 378 379 383 

6 " " 92.44 357 357 370 375 

7 " " 61.62 354 369 377 383 

8 " " 30.81 356 374 380 386 

9 " " 24.65 351 373 378 387 

10 " " 18.49 355 373 378 382 

11 " " 12.32 350 382 390 399 
( 

12 " " 6.162 336 399 400 399 
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Table 13 (continued) 

. 
Sol. Solvent: Initial conc. Initial stoichiome-

No. mo~ ... % of Cu (TTAPAN) trie cone. of HTTA K1tf/r 

methanol M x 105 M x 104 wevelength, Dm. 

550 560 570 

1 35.4 3.754 420.1 435 433 445 

2 " " 280.0 419 422 435 

3 " tt 196.0 407 411 428 

4 " " 140.0 389 398 416 

5 " " 84.01 391 395 420 

6 " " 56.01 393 405 440 
. 

7 " " 28.00 413 427 482 

8 " ft 11.20 424 461 573. 

9 " ft 8.401 405 450 550 
, 

10 " " 5.601 443 472 575 , 

11 " " 2.520 505 589 A54 : 

1 

12 " " 1.400 594 725 ~.237 
, 

540 5501560 554 5'70 580 

1 40.9 3.085 194.2 430 410 400 405 399 396 

2 " " 145.6 411 391 388 389 388 390 

3 " " 97.08 401 385 376 378 3'73 381 1 

1 , 
4 " " 48.54 389 373 370 369 370 3'71 i 

, 
1 

5 " " 38.83 39'7 378 373 374 366 363 
( 

6 ft " 29.12 389 372 371 374 370 379 

7 " " 19.42 399 386 3'73 3'7A 371 387 
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Table 13 (continued) 

" Sol. Solvent: Initial conc. Initial stoichiome-

110. mol.% af Cu( TTAPAN) tric cane. of HT~ 'K1'f/r 
[ methano1 1.1 A 105 :M x 104 wave1ength, nIn. 

540 550 560 564 570 580 

8 40.9 3.085 9.708 403 391 392 395 390 403 

9 " " 7.281 402 383 383 385 375 382 

10 " " 4.854 409 392 387 402 399 418 

11 " " 2.427 429 414 402 409 419 423 

1 
540 550 560 570 580 

. 
1 55.2 3.085 194.2 332 321 323 322 305 

2 " " 145.6. 325 314 317 312 295 ,0 

3 " " 97.08 310 302 307 303 285 ,. 
: 

4 " " 72.80 309 301 301 297 280 

5 " " 48.54 306 299 303 302 280 

6 " " 38.83 308 301 303 296 275 

7 " " 27.91 303 300 303 301 273 

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 " " 4.854 342 339 359 374 311 

13 " " 3.641 323 340 349 361 291 

14 " " 2.427 340 346 392 406 318 
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Table 13 (continued) 

Sol. Solvent: Initial conc. Initial stoichiome-

No. mol.% of Cu(TTAPAN} tric conc. of HTTA K1lf/r 

r.tetr.ano1 5 M x 104 Mx 10 wavelength, run. 

540 ' 550 560 

1 59.4 3.646 147.5 233 229 233 

2 ft " 132.8 237 229 228 

3 ft " 118.0 233 217 220 

4 ft n 103.3 238 232 230 

5 If " 88.51 238 228 227 

6 If ft 73~76 234 232 233 

7 " " 59.01 240 230 233 . 
8 ,tt fi 51.63 232 236 230 

9 ft " 44.26 239 226 227 

10 " " 29.50 241 230 227 

11 " " 14.75 241 235 234 

12 " fi 7.376 210 243 237 

540 550 560 570 580 

1 76.? 3.085' 194.2 266 2511 255 255 248 

2 " ft 145.6 250 238 245 247 252 

3 " " 97.08 243 236 240 240 235 

4 " " 48.54 229 222 228 234 230 

5 " " 38.83 233 225 231 242 226 

6 " " 29.12 2211 221 234 239 238 
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Table 13 (continued) 

Sol. Solvent: Initial conc. Initial stoichiome-

No. mo1% of Cu(TTAPAl~} tric canc. of HTTA K~/r 
1 

M x 105 4 
Methanol M x 10 wavelen~th. Dm. 

540 550 560 570 580 

7 76.7 3.085 19.42 246 237 247 254 264 . 
8 " h 9.708 245 239 269 281; 291 

9 " " 7.281 242 233 261 273 269 

10 " " 4.854 233 233 266 290 269 

11 " \ " 2.427 247 243 292 307 292 

( 
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(5.16) 
p-

and where round brackets denote activity, and square 

brackets concentration. The initial concentration of 

Cu(TTAPAN) was kapt constant, and that of added HPAN 

wa s var i e d ( set TI, Ta b leI 0 ). H ml e ver, unI i k e r e a c t ion 

(A), the absDrbances of Cu(TTAPAN) and of Cu(PAN)2 had 

to be taken into account in reaction (E). Consequently 

their molar absorptivities had to be obtained. However, 

aIl the other information used in the derivation of the 

Equation ItJhich allowed the calculation of KI cp Ir is 

applied in the present case. 

The molar absorptivities of Cu(PAN)2 in the methano1-

benzene mixtures used were obtained as usual, from the 

concentrations and measured absorb~nces of the solutions 

prepared as in set D given in Table 10, ·in the spectral 

range selected, at 25± 2 0 C. These values are entered in 

Table 14. In aIl cases it was faund that Beer's law was 

obeyed. 

A rigorous Equation similar ta equatian5.14for 

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

(5.17) 

(5.18) 

and 

(5.19) [HTTAJT = (HTTA)'f = [Cu(PAN)~ 
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Table 14 

Mo1ar absorptivity of Ou(PAN)2 in methenol-benzene mixtures, in the spectral range 540 nM. to 

680 nm •• at 25 ± 20 0. 

The solutions used are set C of ~ble 10. 

Solvent; Least-squares value of mo1or absorpt1vity and standard dp.viation) 

mol~ me- x 10-4 

thano1 in wave1ength in nm. 

benzene 540 550 554 560 570 Nil< 

16.0 3.892· 0.008 3.945 0.007 - - 4.058 0.011 3.425 0.OJ.5 6 

35.4 3.858 0.035 3.9640.032 - - 4.044 0.028 - - 6 

41.0 3.880 0.011 4.008 0.011 - - 4.044 0.014 3.224 0.020 6 

50.9 3.865 0.007 3.995 0.010 - - 4.010 0.013 3.188 0.029 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 ô 

89.8 3.751 0.006 3.833 0.028 3.849 ·0.035 3.638 0.032 2.574 0.008 6 

* No. of solutions for least-squares fit. .\à 

J 
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whcr~ subscript i denotes initial concentration, subscript 

t donotcs total (stoichiornetric) concentration, and ~ 

is definod b~ equation (5.13). 

(5.20) A = aCu(TTAPMJ) ~u(TTAPAN] + 

aCu (rAr~ )2[CU (PArJ) ~ 

where A is the measured absorbance of the solution spe­

cified in set E of Table 10, aL denotcs the molar absorp­

tivity of species L, and A i5 th8 absorbance which a 
o 

given solution would have if HPAN had not basn added 

jset F of Table 10). 

Then it is readily shown that: 

(5.21) A - A __ __ __ ~o ________ ~ ______ ___ 

which for convenience i5 represented by fY 

Substitution of equations (5.17), (5.18), (5.19), 

(5.20) and (5.21) into equation (5.15) gives 

which may be rearranged to give: 

() 
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-= 
[Cu(TTI',P:\Ï'~i-& - 8 Cu (TTflPAN) 

p 

"Cu (PAin 2 -([HP~Jl _ ~ 

For each methanol-benzenc mixtur~ used as solvent 

for the cxchange rt3é1ction of Cu(TTflP!\i~) VJith HP;\;'J, listed 

on page 67, and for 88Ch wavelbngth sclected in the , 
spectral range 540 nm. ta 565 nm.·, the right-hand side 

of equation 5.23 was calculated for cach concentration 

of total HPAN added to the solutions in ~2t D of Table 10. 

The val u e 0 f ~ u ( TT A P 1\ [J 0 i VJ a s a 1 s 0 k n mm, the val u e S 0 f 

A and A were mnasured, and th~ values of the molar absorp­
a 

tivitics of Cu(TTAPI\N) and Cu(PAN)2 wer8 obtained from 

measured a~sorbances and concentrat~ons of solutions in 

sets C end D respectivGly (Table 10). 

The measured absorbances 1\ and A are given in 
o ' 

Appendix X. The nlolar absorptivities of Cu(TTAPAîn and 

Cu(PArJ)2 in the methanol-benzene mixtures used are given 

in Tables 12 and 14 respcctivl.,ly. Frai;] these data, a set 

of values of K2 ~ was calculatcd for 8ach wavclength. 

p 

These valu3s are enterAd in Table 15. 

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

Val u e s of t Il e fun c t ion K 2lf/ p of e qua t ion (5. 2 3 ) , for th 8 

chelate exchange reaction 

Cu (TTflPMJ ) + l-iPf\i.:::=: Cu (PArJ )2+ HTTA 

in benzene-methanol mixtures, at 25 ± 20 C. 

Absorbance values used are in Appendix X. 

Sol. Solvent; Initial conc. Initial stoi- K2'-P/p x 10 3 . 
['Jo. iIlo1.~ of Cu ( TT ,n. p M~ ) chiumetric 

rnethanol . [vi x 105 of HP MJ 
ltJavelength, nm. conc. 

" x 10 5 
1'1 

550 560 566 

1 16.0 2.652 12.16 56 62 38 

2 " " Il.30 48 52 31 

.3 " " 10.43 47 50 32 

4 " " 0.688 47 49 30 

5 " " 7.819 34 41 28 

6 " " 6.950 46 53 35 

7 " " 5.213 45 51 34 

0 " " 4.344 47 52 36 

9 " " :3. 475 51 56 39 

10 " " 2.607 35 38 25 

Il " " 1.730 58· 68 44 

12 " " 0.869 37 42 29 

540 550 560 

l 35.4 2.652 12.16 94 70 79 

2 " " 10.43 89 73 73 

3 Il " 8.688 90 75 79 

4 " " G.95o 83 75 BI 

5 " " 6.082 79 72 70 

6 " " 5.213 85 76 76 

7 " " 4.344 79 73 75 

8 " " 3.475 79 74 78 

9 " " 2.607 79 81' 82 

10 " " 1. 738 87 83 86 

Il " " 0.869 85 85 94 

82 
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Tab' r; 15 (cr)ntinucd) 

Sol. Solvent; ln i t'inl cone. Initiéü stoi- K..,tf/p x 10
3 

['.Jo. mol.~~ of Cu (TT.'\PMJ) chion:ctric 
,. 

methano1 je; X 10 5 con c. 0 f HP A Î~ v} a v (; 1 c n 9 th, nm. 

[.~ xIe 5 
540 550 560 

1 41. 0 3.032 11. 60 110 90 82 

2 II " 10.63 104 94 '86 

3 II " 9.668 107 93 90 
4 II Il 8.701 1U2 93 86 

5 II Il 7.734 100 99 92 

6 Il " 6.760 94 90 92 

7 II " 5.801 98 89 95 

8 II Il 4.034 103 100 97 

9 II Il 3.867 100 96 97 

10 II Il 1. 934 97 93 100 

Il II Il 0.967 104 105 116 

12 II " 0.677 97 1CO 110 

540 550 560 

1 50.9 3.032 11. 60 141 115 120 

2 II II 10.63 141 124 129 

3 II Il 9~668 128 113 114 

4 II Il 8.701 128 118 123 

5 " " 7.734 131 122 109 

6' II " 6.7G8 117 124 112 

7 " li 5.801 130 122 121 

8 " " 4.834 116 117 114 

9 " Il 3.867 113 119 119 

10 II Il 0.967 118 131 119 

Il II " 0.677 130 127 152 

( 
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Tübl.f~ l5 (ci)ntir:u!;d) 

Sol. Solvent; Initial·conc. Initial stoi- r:_ 'f/p x 10 3 

No. mol·'i~ of Cu (TTf,PAN) chiometric L 

methanol ~·1 x 10 5 of HP.l',~. 
~.! n v e 1 P. n 9 th, nm. conc. 

!'~ y , [15 

550 

1 5~.4 1.1322 10.99 193 

2 " " 10.08 159 

3 " " 9.162 1Ll9 

4 " " 6.246 1Ll9 . 
5 " " 7.330 145 

6 " " 6.413 150 

7 " . " 5.497 133 
.' 

0 " " 4.581 102 

9 " " 3.665 103 

10 " " 2.749 134 

Il " " 1.832 132 

12 " " 0.961 135 

550 

1 59.4' 1.E22 12.44 lIB 
2. " " 11.20 130 

3 " " 8.708 126 

4 " " 7.464 126 

5 " " 6.220 123 

6 " " 5.598 125 

7 " " 4.976 123 

0 " " 2.488 122 

9 " " 1. 066 133 

10 " " 1. 244 150 

Il " " 0.622 169 

( 

T 
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Tahlc 15 (continu8d) 

Sol. Solv::;nt; Init.l.al con~ .. Initial stai- l/ ~I 103 h2 / P x 
[,~ o. mol;~ of Cu ( TT ,\ f 'l\ j.J ) chiofnetric 

mcthanol [:: x 105 conCa of UPIHJ Vi a ve 1 en 9 th, nm. 

V y El:J 
- , 

540 5:JO 554 5bO 

1 76.7 2.110 11.71 374 311 295 320 

2 " " 9.760 340 ::10 209 '324 

3 " " 8.704 311l ""r.", Lu .... 257 3Ul 

4 " " 7.808 303 201 272 295 

5 " " 6.032 303 300 267 285 

6 " " 5.056 292 287 283 280 

7 " " 4.Buo 291 275 263 269 

8 " " 3.904 251 252 245 243 

9 " " 2.928 340 3Li8 331 361 

10 " " 1. 952 305 309 330 325 

Il " " 0.976 243 303 342 353 

540 550 554 560 

1 89.8 3.032 11. 60 ,W6 443 406 405 

2 " " 10.63 369 1\27 463 430 

3. " " 9.660 350 397 413 399 

4 " " 6.701 400 1l·53 455 t155 

5 " " 7.734 330 368 395 398 

6 " " 6.768 371 42e 416 429 

7 " " 5.001 339 386 397 431 

8 " " 4.634 353 400 363 39B 

9 " " 3.867 336 424 396 456 

10 " " 1.934 317 377 1116 419 

Il " " 0.967 292 535 417 407 

12 " " 0.677 318 398 417 482 

( 
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5. 3. 3. The ex cha n gc r e a c t i 0 fi 0 feu ( T Tf1 F MJ ) 

\-.tith Hf'M\ ?nn HTTA in mothanol, benzene 

and mcthanol-benzene mixtures, at 15 0 C. 

and 35°C. 

The ~quations 5.14 and 5.23, which allowed calcula­

tian of KI cp and K2 'f at 25
0± 2 0 C. for reactions (A) 

r p 

and (D), wero also uS8d to ca1culate these quantities at 
o 0 

15 C. and 35 C.' 

In Section 5.2. 4 , the procec!ures hav8 bean described 

for measuring the absorbances of these solutions at 15 0 C. 
o 

and 35 C., having the compositions specified in Tables 10, 

lB and 19. The known initial concentrations of the reac­

tants Cu!TTAPAN), HTTA and HrAN in these s~lutions w~re 
o for 25 C. HOI'!8Ver, it \:J8::.. unnecessary to correct these 

concentrations for the change in volume of the solution 
o 0 ~ 0 ° in goin9 from 25 C. ta 35 C. or From ~5 C. tD 15 Co, 

because these volume changes would equally affect the 

value both of the numerator and of t,he denorninator 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 absorbRnces at l5
0

C. and 35 0 C., 
o but the concontration of solute wes for 25 Co It was ne-

cessary to calculai!; thE molar ab.sorptivities in this 

way becaus~ corrections for change in concentration due 

to vol urne change witn ternperature had not been made for 

the other variables in equations 5.14 and 5.23, as ex­

plained in the preceding paragrapho These values of molar 

absorptivitie~, in the spectral range used, are entered 

in Tables 16 and 17, for Cu(TTAPAN) and Cu(PAN)2 respec­

tively. 

86 
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Table 16 

Mo1ar absorptivity of Ou(TTAPAN) in pure methano1, pure benzene and in 40.9' mol% methano1 in benzene. 

st 15°0. and 35°0. 

The solutions used are set 0 of Table 10.** 
---------- - - - ----------

'Solvent j Least-squares value of molar absorptivity and standard deviation 

T9IIlpe- moJ.% me- x 10-4 

rature thanol ir. wavelength in nm. 

oC. benzene 540 550 560 564 

0.0 1.907 0.024 2.127 0.020 2.243 0.006 -
15 40.9 1.~38 0.012 2.152 0.010 2.266 0.010 2.272 

100.0 1.985 0.007 2.146 0.006 2.186 0.007 -
40.9 1.883 0.013 2.084 0.009 2.188 0.011 2.182 

35 100.0 1.921 0.007 2.077 0.003 2.089 0.004 -
0.0 1.903 0.025 2.083 0.018 2.193 0.010 -

**The concentration of Cu(~AN) in these solutions was for 25°0. 

* NOe of solutions for least-squares fit. 

570 

- 2.301 0.006 

0.008 ' 2.198 0.015 

- 1.832 0.020 

0.006 2.097 O.OH 

- 1.735 0.010 

- 2.222 O.OCS 
, 

---

580 

2.046 0.013 

1.776 0.018 

- -
1.676 0.015 

- -
1.924 0.015 

N* 

7 

(3 

9 

6 

9 

'7 

1 

1 

~ 
1 

iJ 
i 
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Table 1? 

Mo1ar absorptivity of Ou(?AN)2 in pure methano1 and in 40.9 mo1% F.Bthano1 in benzene, at 15°0. and 35°0. 

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

Least-squares value of mo1ar absorptivity and standard deviation 

Temp. Sol vent; mo1% -4 x 10 ; wave1ength in nm. 

00. methanol in benzene 540 550 560 u* 

40.9 - - 4.0'56 0.013 4.092 0.015 
1500. 

100.0 3.523 0.023 3.?l5 0.023 3.400 0.021 7 

40.9 - - 3.986 0.012 3.186 0.012 
35°0. 

100.0 3.458 0.025 3.570 0.023 3.183 0.011 ? 

* No. of solutions for least-squares fit. 

** The concentration of Ou(PAN}2 in tbese solutions was for 25°0. 

~ 

J 
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f1eactions (fi) and ( B) 
·00 

at 35 C. and 15 C. were studied 

in the follo~ina solv~nts: for the exchange reaction for 

Cu (TTflPMJ) with HPM~ pure 8ethanol, and 40.9 mol'1o methanol 

in benzene were the solvents. For the exchange reaction 

of Cu(TTAPAN) with HTTA pure benzene, and 40.9 mol~ 

methanol ~n benzene were the solvents. The molar absorp­

tivities of CIJ(TTAPAN) and Cu(PA~)2 were of course also 

measured in these solvents. 

5.G.3(i) Calculated values of the function Kl~ 

r 

of equation 5.14, in pure benzene and 

in 40.9 mol~ methanol-benzene, at l5 0 C. 

and 35 0
C. 

In Table 18 are entered the absorbances A and A 
5.3.1 0 0 ~ 

(defined in Section ), found at 15 C. and 35 C. for 

reaction(A~ The composition of the solutions are specified 

in Tables 18 2nd Hl. These absorbance values,· together 

with the molar absorptivities of Cu(TTAPAN) listed in 

Table 16, were used directly in equ~tion 5.14 in order 

to calculats KI ~ • The values 50 obtained are given for 

r 

each wavelength in Table lB. 

5.~.3(ii)Calculated values of the function K2~ 

The meas'ured 

[Cu (TTAPf.\N)] i and 

together with the 

p 

of Equation 5.23 in pure benzone and 

40.~ moL;:G methanol in benzane, at l5 0 C. 

and 35 0 C. 

absorbances of solutions of known 

Q'! P /\ N] i in set s Ban d F 0 f Ta b leI 0 , 

molar ab~orptivities of Cu(TTAPAN) and 

1 
r 
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Table 18 

Spectrophotometric data and ca1culated values of the tunction K1tJ'/r of equation (5.14) for the chelate exchange 
reaction 

Ou( TTA) 2+ HPAN::::'Ou(TTAPAN)-t- HTTA 
in pure benzene and in 40.9 mol% methano1 in benzene, at 15°0. and 35°0. 

Ternnel'A ;111"9 J5uc 
Sol ve nt Sol. [ou(~ITA.P~)] i [HTTAJi Absorbanc9 x 10;J K11.p/r 

Np.- Mx 10 M x 103 wave1ength. Dm. wavelerw.th. nm. 
540 550 . 560 5'70 580 540 550 '560 5'70 580 

Q) 
~ 1 4.548 864.3 266 297 318 326 287 1212 1214 1251 1248 1225 Q) 
N 2 " 648.2 305 338 361 370 325 1192 1175 120R 1205 11'75 ~ 
Q) 

3 " 518.6 338 3'75 400 410 360 1192 117e 1210 120'7 11'73 .0 
Q) 4 " 432.1 364 ·405 432 442 3Sl0 1183 1176 1210 1202 1180 
Fol 5 " 345.7 398 441 4159 478 422 119-0 116~ 1197 1176 1154 ;::j 
p. 

6 " 172.9 492 551 586 600 52li 1150 1157 1201) 1H5 1135 
7 " 129.6 530 592 62Ç ô46 5ô8 1150 1156 1195 1215 ]145 
8 " 82.11 582 652 6'32 '712 '127 1118 1142 1183 1200 1142 
9 " 64.82 609 1578 725 748 658 1115 1113 1209 1249 1173 

10 " 56.18 620 694 742 753 670 1084 n06 1208 1224 1132 
Il " 43.21 650 724 772 792 6ge 1131 1119 12]4 1212 1139 
12 " 34.5'7 668 748 796 815 716 1105 1138 1228- 1206 10<:8 
13 " 21.61 '700 782 840 865 755 102/j 1040 1253 1300 10eO 
14 " 12.91) 730 82f, 878 898 790 Ok'.) 1115 1262 1209 1057 •. v.~ 

15 Il 4.321 786 878 945 964 850 970 997 1620 13Ç5 1150 

r-i 540 550 5150 554 570 580 540 550 560 564 570 580 0 
~ 1 3.085 194.2 187 199 212 214 207 167 62ô 592 (;03 619 523 620 <0 .s:: 2 " 145.13 201 217 232 233 226 180 518 494 508 514 527 501 op 
Q) 

3 " 97.08 240 262 279 282 276 222 531 516 532 546 560 528 ~ 
Q) 

4 " 48.45 304 332 353 355 346 2'78 468 454 476 5E9 499 465 ~Ii!.. ~ 
riQ) 5 " ::8.83 328 358 382 385 375 298 505 473 501 515 548 508 o N a ~ 

Q) 6 " 2Ç".12 3."55 389 415 419 408 328 507 4eo 518 545 558 540 
Ol.o 7 " 19.42 395 434 46] 466 455 366 571 533 588 60? 6<4" 600 . vO o s:t 8 " 9.708 441 486 519 524 512 412 621 564 643 '705 637 675 ~..-t 

9 " 7.281 449 4SIj 5~..8 534 5~2 424 439 402 437 478 497 429 
10 " 4.854 480 528 564 56S 555 445 599 547 681 770 846 626 
Il " 2.427 503 552 590 597 584 470 456 402 510 543 652 521 \D o 

-.l 
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Te o Ira = t; 55"'0 

Solvent Sol. ~U(TTAPAli)] 1 LHTTAh 
No. 14 X 105 li! X 103 

1 4.548 864.3 
2 " 648.2 

CI> 
~ 3 " 518.6 
CI> 
N 4 " 432.1 
~ 
CI> 5 " 345.7 

,0 
6 " 172.9 ,CD 

J-t 7 " 129.6 ::s 
A 8 " 82.11 

9 " 64.82 
10 " 51>.18 
11 " 43.21 
12 " 34.57 
13 " 21.61 
14 ft 12.~6 

15 " 4.321 

1 3.085 194.2 
r-I 2 " 145.6 
8 3 .. 97.08 
II 4 " 48.45 
~ 
Q) 5 " 38.83 
S CI> fi " 29.12 
\.~ ~ 
r-I Q) 7 " 19.42 o N 
l'l ~ 8 " 9.708 

Q) 
cn,o 9 " 7.281 • 
'O~ 

..;If..-t 10 " 4.854 
11 " 2.427 

~! 

Table 18 (cont1nued) 

Absorbe.nce X 10~ 
wavelenF.th. nm 
540 550 560 570 580 

206 224 239 246 214 
~40 264 2'79 2F6 251 
2'70 297 315 321 278 
295 325 346 352 3œ 
328 362 385 3SC 339 
425 470 500 510 440 
462 513 546 555 478 
520 5'78 615 6H5 540 
548 609 650 660 568 
5135 526 672 680 587 
594 659 '702 '716 608 
615 684 728 742 636 
657 731 779 '(A9 573 
692 '772 F2e e38 715 
754 ?,45 8Çl4 908 7'72 

540 550 5;0 5ô4 570 580 
167 179 1~0 192 IP4 146 
180 194 205 205 198 157 
222 242 255 257 248 195 
280 305 325 3215 315 246 
305 334 355 357 345 272 
335 366 388 390 376 296 
376 412 448 442 427 338 
428 470 500 503 488 3R4 
436 478 500 510 490 385 
469 515 548 552 536 422 
495 543 578 580 560 442 

K1\.f/r 
w;:l'Uel ATI,O'th Tm 

540 550 560 

779 770 787 
757 763 768 
751 758 '76~ 

745 755 772 
74'7 760 7'78 
'720 742 '765 
69~ 733 760 
680 723 755 
670 717 764 
668 700 780 
661 ?l1 760 
643 7œ 758 
619 '700 '7?l 
555 674 816 
494 718 784 

5AO 550 560 
356 336 343 
307 292 295 

·314 304 307 
281 269 280 
292 282 293 
302 288 299 
326 311 368 
332 315 344 
282 264 287 
338 314 357 
301 2?0 320 

570 

808 
784 
778 
779 
7'77 
'781 
769 
'766 
7?2 
775 
790 
'788 
'769 
A07 
821 

5(;4 
351 
300 
313 
?fl5 
302 
308 
349 
365 
301 
394 
348 

580 

814 
803 
'778 
796 
784 
'772 
'755 
758 
750 
'763 
707 
738 
682 
692 
597 

570 
349 
300 
317 
290 
307 
311 
358 
390 
301 
439 
371 

580 
345 
295 
305 
2'71 
294 
294 
341 
350 
267 
37û 
313 

. 

\0 
1-' 



Cu(PM,J)2 at 15 0 C. and 35 0 C. givt:n in l"nbles 16 and 17, 

were uscd in cquatinn 5.23. rOT each ~olution composition 

in C LJ (T T,1\ P 1\[',,) and IIF l\ r·~, and for 8 a c h vi Ci v e le n g th, a val u e 

Î 

92 

of K 2'f / p vi a s cal cul Ci t e d. The S Po IJ a l u r-; s a r (3 en ter (3 d in Ta b l e 19. 

5.3.4. The disproportionation of Cu(TTAPAN) 

into Cu(TTA)2 and Cu(PAN)2' in methano1-

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 and Cu(TTA)2 are formed simul­

taneously on reacting Cu(TTAPMl) with HTTA or HPAN accord-

ing to reactions (A) and ( B ) • 

K-l 

(A ) Cu(TTAPArJ) HTTA J .... Cu(TTA)2 HP AN --= 

K 
(B) Cu(TTAPAN) HPAN 

2_ 
Cu(PAN)2 HTTA 

An ovcrall reaction is the disproportionation of 

Cu(TTAPAN) according to reaction (C). 

(C) 2Cu(TTAPAN) -- Cu(TTA)2 +Cu(PAN)2 .......... 

where 

= [C u ( TT A ) ] [C u ( PAN) 2J 
[Cu (TTAPAN)] 2 

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

' ... _ ......... l 
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Table 19 

Sp~ct=llphotolïir:;tric data anc calcula"tcci values of the 

function K2~/P of cquation (5.23) for the: che1ab-! exchange 

rcaction 
Cu (TT/\P/\i'J)+ HPM~ ~Cu(rAin'1+ HTTA 

L 

in pure methano1 and in 40.5 mo1~ methano1 in bunzene, at 

15 0 C. and 35
0

C. 

93 

Sa1vent Sol. 
No. 

i 1 [i1P/\i';] i r. : i,bsorbancE!!! 
H X 10";' x 10 3 

K?'-P /p 
~ x 10 3 

1 

'!! a v::; 1 ::; n 9 th, \rJ3 ve18n gth, 
..... . - . __ .. _ILrp ___ nm • 

a 540 550 TelTlp.=15 c. 540 1 550 
----

1 2 • .432 10.70 20U 1 202 710 575 

2 " 9.810 270 272 654 536 . 
') " 8.~i1e 270 272 73G 602 
.J 

4 " 0.026 '265 262 664 579 

5 " 7.134 258 258 G04 629 
pure 6 " 6.243 240 248 685 633 
me"tha-
nol 7 " 5.351 245 245 805 744 

8 " Il •• 459 226 226 750 698 

9 " 3.567 209 210 779 740 

10 " 2.675 107 190 833 e26 

Il " 1. 784 148 150 766 755 , 
12· " - 482 525 - -
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Table 19 (continued) 

Solvent [ ,l f~ -, "1 
SoL ç u ( TT /\ P MJ u· L.!:l P iI[:!J i 1\ b sor ban ce· • f~.., 'f / p 3 
No. M x 105 1 M x 10 5 x 10 3 ~ x 10 

-Ir-; a-v-e'l-s-n-g't"T, 1,-,--t-\o,J-a-v-e"'-18-n-g"'-t.r--h, --

no' nm 
T8mp.=15 U

C. 1550 560 ~50 560 
--'--1--r---3-.0-3-2~----'-1-3-.-1-B----~2-7-9--r~2-7-0---+--1-C-'5--r-1-1-0--

40.9 
mollfa 
met han Dl 
in 
benzene 

pure 
met han 01 

2 " 12.17 272 262 106 110 

3 " 11.16 262 255 105 112 

4 " 10.14 24C 241 100 106 

5 " 9.128 243 236 106 112 

6 " 8.114 228 224 1 102 III 

7 

o 
9 

10 

Il 

12 , 
13° 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Il , 
12' 

" 
" 
" 
" 
Il. 

Il 

" 

2.432 

" 
" 
" 
" 
" 
" 
" 
Il 

Il 

" 
Il 

I
l 

7.099 218 212 105 III 
6.005 202 197 1 103 109 

5.071 18S1 103 1 106 112 

4.057 1711167 1 108
1

116 

3.043 '153 150 1 117 126 

2.028 127 125 1 125 137 

1C.70 

9.810 

8.918 

8.026 

7.134 

6.243 

5.351 

4.459 

3.567 

2.675 

1.784 

631 670 

540 

272-

260 

250 

245 

242 

1

225 

i 222 1 

! 202
1 

i 1B5 
1 

i 168 

1 131 

1
458 

550 

262 

252 

248 

238 

234 

219 

216 

198 

102 

167 

132 

498 

540 

523 

470 

510 

464 

512 

Ll56 

532 

482 

489 1 

551 

479 

550 

502 

465 

Ll07 

465 

503 

460 

536 

500 

513 

601 

548 



95 

T~bl~ 19 (cont~nu~d) 

_. ----- .. _--.- .--. ,-' - -, ._- ---- --

~u (TT/\rAiil] j U-iP füJ i 
' , 

K2Cf /p 103 Solvcnt Sol. !I,bsorbanc~ 
.. x 

rJ 0 • ~1 x 105 f.i x 105 x 10 3 
~'Jc3v~length, Ir(avelength, 

lm . -0 Ter:1p.=35 c. 550 560 550 

1 3.032 13.18 260 24L! 93 

2 If 12.17 252 235 92 

3 Il 11.16 2Lil 227 90 

4 Il 10.14 228 212 86 

5 " 9.128 215 198 82 

40.9 6 Il 8.114 1204 191 81 1 

mol.~ 7 Il 7.099 192 178 81 I;lethanol 
in 8 Il 6.085 177 167 78 
benzeno 9 Il 5.071 ! 162 153 77 

1 
1 

10 Il 4.057 1149 140 82 
1 

! 11 Il, 3.043 .132 125 86 

12 Il 2.028 112 107 96 , 
13· Il - 619 654 -

! The absorbance values for this solution are A values. o 

!! The absorba,nce values given are ÂA = (A - Ad. 

nm 
560 

87 

85 

i 85 
i 79 
1 

j 74 
1 77 , 
1 

74 1 , 
; 

75 
1 74 1 
1 
1 77 

83 

96 
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has not boen added 

= [Cu ( PAN ) 2J 2 

The highcst value of 

present work was for 76.7 

which case a value of 1.3 

the ratio K2/Kl studieè in the 

mo15~ methanol in benzene, in 
-3 x 10 was obtained. In that 

case, for a solution of ClJ(TTAPI\f,;) in 76.7 mo17c methanol 

in benzene, 

= 0.036 
[cu (TTAPAN)] 

The mass-balance equation fa:::- .solutions of Cu(TTAPAN) 

to which HTTA or HPAN has not becn added, is 

(5.26) [cu (TTAPAN] . = 2 [cu (PMJ)~ + ~u (TTAPAN)] 
~ . ~ 

and Eeer's law for this solution i8 

(5.20) A =ClCU(TTAPAN) @U(TTAPANil+ 

+ 0. C u ( P Mn 2 [c u ( PAN) 2J 

in the range ~-Jhere Cu(TT{\)2 does not absorb, but Cu(TTAPAN) 

and Cu(PAN)2 dn ~bsorb. 

In the spectral range studied, o.cu(PAN)2 ,.....J 

2CEu(TTAPAN)' Therefore, for a solution of Cu(TTAPAN), 
equation (5.20) becomes: 

96 
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IrJ hic h ,on us in 9 e qua t ion ( 5 • 2 6 ), bec 0 mes : 

- ï 

(5.27) 'Cu(TTAPAN): . 
- ~ 1 

The ratio of the molar absr rp tivi ties. ~u (PAN)?/ 

o..Cu (TTl\PM~) in the spectral range· 540 nm. to 580 nm. is 

not exactly 2. From the absorptivities in Appendix VIII 

it is seen that this ratio varies with the wavelength; 

but in aIl cases it was in the range 1.8-2.2. The validity 

of equation (5.27) is shawn by the fact that the Eeerls 

law plots in Figure 3 are straight 1ines. 

NmJ in 76.7 mol.% methanol in benzene, the ratio K2/K l 
i s O. 036. Th us, C u ( TT A PA. ~) a Ion e in t h i s sol ven t \rJ i Il 

disproportionate tu the extent of 4%, into Cu(TTA)2 and 

Cu(PAN)2. However, Equation (5.27), together.with the fact 

that the ratio of absorptivity of Cu(TTAPAN) ta absorp­

tivity of Cu(PA~)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

vit Y of Cu(TTAP.'l.f~) at wavelengths where q..u(TTAPAN)/ 

aCu (PAN)2 ~ 2. The small error introduced into this molar 

absorptivity would bo important only when thE absorptivity 

is used in an absolute sense. It automatically is cancelled 

out when this molar dbsorptivity is used in arder ta cal­

culate KI and K2 • 
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6.1 

L'iscussion 

The variation of Kl~/r with concentration 

of HTTA 

Values of K{f/r for the system [u(TTl\PM~)-HTT;\ at 

25
0

C. aré givp.n in Table 13; th~ basic concentration and 

absorbance data for that table are in Appendix IX. 

In these e~periments, a somewhat wide range of ini­

tial concentrations of HTTA was used, in order ta study 

the effect, if any, of high and ImoJ concentrations of 

HTTA on the value of Kll{J/r. 

Inspection of the values in Table 13, and of figures 

4-6, does indicate a decided tendency for abnormally high 

value~~ of Kltp/r ta be obtained at the lOItJest and also 

at the highest concentrations of ~TTAJ i' Thi.s tendency 

did not depend on the wevelength, in the range 540 nm. 

ta 580 nm. 

D'Amboise has shawn very recently that the presence 

of dissolved \l'Jater in benzene produced values of K Lf/r 

that were measurably tao large when low (2-5 x 10-~ M) 

values of ~TT~ i were used, and that the effect varied 

with' the water concentration. A reason for this effect 

may be as follows: th~ addition of water to a benzene­

methanol solution of HTTA result~ in the formation of some 

keto-hydrate, with a resulting drop in the concentration 

of free HTTA. Since 

(5.~3) t.p =[ 1 
K, KkK (S) 

+ K + . s + 

OHTTf\ ~TTA' ~TTA'.S 
K,/ (w) 

+1/ Ka ) i' 2 • 
W . J OHTTA'w \( HTTA) 



( 
\ 

FIGURE 4 

The variation of K1<.(J/r with 

initial concentration of .HTTA 

in 16. 0 mol.~ methanol in 

benzene, at 25
0

C. 
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FIGURE 5 

The var i a t ion 0 f K Ilf / r ~"i t h 

initial concentration of ·HTTA 

in 55. 2 mol.~~ rnethanol in 
o benzene, at 25 C. 
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FIGURE 6 

Th~ var iation of K l\.f Ir ~Ü th 

initi~l concentration of "HTTA 

in 76.7 mol% methanol in benzene, 

at 25 0 C. 
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a drop in (w), the water 

produce a drop in Lf, and 

smaller, thc'larger the 

un k n m ... n for the pre sen t 

activity in the solvent, will 

50 in Y.llf!!r . .Ihis drop becomes 

value of IHTTAJ'" Since !<kl< is 
'~ W L 

solvents, ~uantitative tr3atments 

are not possible at present. 

In the present systems the initial water content 
-3 _2 

varied from l x 10 M for benzene, ta 2 x 10 - ~ for 

methanol. Handling of these solutions in undried air 

may have in~reased these values somewhat. Therefore the 

val u es 0 f KIlP Ir a t the l owes t concen tra t ions of ~-1TT ~ i 
are likely ta be in error due ta the hydrate formation. 

Furthermore, the term 

may affect ~significantly 

r ::1 .1.. 
!Ka/(HTTA)i 2 in equation (5.13) 
L -' ~ J at lOir! values of :HTTA ,. This 

i... ~ 
is especially ths case in high-meth~nol solvents because 

the enolization constant ~HTTA)/(IHTA')J is expected ta 

be low in methanol. The value of Ka in methanol-benzene 

mixtures is unknown, so quantitative treatment is not 

possible. However, the value of Ka in water has been re-
7' -5 7 ported ta be 5 x 10 ; and Kk in watar has been rep?rted 

to be 62.5. Then for water, the value of [Ka/(HTTAB~, for 

105 

-5 -2 (HTTA) = l x 10 M, would be 1.7; and for (HTTA) = 1 x 10 M, 
it would be 0.007. 

For these hJO known reasons for Kllf'/r being abnor­

mally high, namely hydrate formation and ionization of 

HTTA, it was considered correct ta reject those values of 

KlLP/r in Table 13, for solutions less than 0.485 x 10-3 M 

in ~lTTAJ i' 

Inspection of Table 13 also shows that the values of 

Kl~/r appear to be consistently high at the highest con­

centrations of ~TT~ i' To test this apparent trend, the 



values of KlLP/r in that table were aVl;ralJed for a given 

soivent mixture, ovor the s~veral wav8lengths and over 

aIl values of ~TTAJ . Except that those below 0.485 x 10-3M 
L. ~ 

were rcjected. Th~ resulting mean values of Kl~/r are in 

Col. 2 of Table 20. Col. 3 contains the value of Kl~/r 

at the highest value of ~TT~ i' which is listed in Col. 4. 

Adjacent columns contain the corresponding values, for 

slightly 10wer concentrations of ~TT~ i' 

The question now is whether or not there is a rea­

sonable basis for rejecting these apparently high values 

of KILf/r at the higher values of ~TTAJ i' First, for a. 

given solvent mixture, KI itse1f will remain constant 

with changes in ~TT~ i' Second, the systems were shown 

by the data of Table Il tri be in equilibrium, by compari-
o son of the absorbances at 25 C., .me~sured after two ~ays 

and after two months. Third, it has already been shown 

that aIl the requirements listed in Section 5.1 for the 

use of equation (5.14) to the present systems, have been 
. , 

met. The terms which must be significantly affected' by 

high values of [HTTAJ i are Cf and r. 

Now 

5.2 r = OCU(TTAPAN) 

((cu (TTA) 2 ~PAN 

In the present solutions, the initial concentration 

of Cu(TTAPAN) was of the order l x 10-5 M. Therefore the 

It is realized that terms affected by high values of 
~TT~ 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 [HTT~ i but 
negligibly 50 at lower values. 

--, 
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Ta.b1e 20 

Co~parison of average values of KI' with values for highest concentrations of ~~1. for the 'exchange react10~ 

Cu(TTA) ,,+HPAN:::::' Cu (TTAPAN) +HTTA in benzene-methanol mixtures et 2500 • ... 
Source of data: Table 13 

Sol. K,\f/r Higher [HTl'A] i KICf/r for second highest ~lV'/r for 3rd high- mo1.% 
Nos. Mean :fo r higliè S-C Mx 101 second h1ghest @Tl'A]f 3rd h1ghest est [F.TTAJ i lIeeR in 

[HTTAJi [HTTA] i 11 x 01 [H'rl'A] i 11 x 101 benzene 

1-13 686 788 0.388 767 0.291 751 0.194 8.38 

1-12 570 593 0.277 599 0.246 592 0.184 11}.0 

1-12 . 487 537 0.291 508 0.194 497 0.145 23.0 

1-12 1 3'79 392 0.277 390 C.247 363 0.185 35.4 

1-12 438 438 0.420 425 0.280 415 0.195 35.4 

1-11 387 407 0.194 393 0.146 382 0.097 40.9 

1-14 307 321 0.194 313 0.146 301 0.09'7 55.2 

1-12 . 232 232 0.147 231 0.133 223 0.118 5~.4 

1-11 : 246 .. 256 0.194 246 0.146 240 0.097 76.7 

b 
. -.3 



Ç!quilibrium concentrations o'f Cu (TTAPAr-:), Cu (rTA) 2' and 

HPAN wcre tao small for the value of r to be significantly 

different from unit y for aIl the solutions. 

Inspection of Equation (5.13) shows that the activity 

cor. f fic i e nt s , ( ~ .... ), a ri d' (H T Tf,) a Il a f f c c t <.p. For agi ven 

solvent, Kk , K and K will be constant. For the high 
s w 

concentrations of methanol uscd in the solvent mixtùres, 

(5) is also essentially constant.,The consequence of v~­

riations in (w) .and in (HTTA) have already been dealt 

with. There remain the activity coefficients. The value 
T 23 . of JHTTA has been reported 1n 

r; J. 7 20 ~TTA i exists as the 8nol' , 

benzene, where 95~ of the 

ta follow the relationship 

(6.1) ')( = 1 - 0.24 rHTTAl 0.48 
UHTTA ~ :J 

Their reference state evidently was an infinitely dilute 

solutd.on. 

Unfortunately, the activity coefficicnt~ of aIl the 

equilibrium forms of HTTA are not k~own in the mixed sol­

vents of the present work. However, it is considered ad­

visable on the basis of equation (6.1) to reject the va­

lues of Kl~/r, for values of ~TT~ i above 0.0154 M. 

After rejecting from Table 13 values of Kl~/r for 

values of ~TT~ i below 0.485 x 10-
3 

M, and above 0.0154 M, 

the remaining values of Kllf/r for a given solvent mixture 

were averaged over the several wavelengths, and over the 

remaining range of ~TT~ i values. These mean values and 

their standard deviations are in Table 21. They are the 

final values for the present investigation. 
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Table 21 

Final Mean values of Kl~averaged over aIl wavelengths, for the ex change reactlon 
r 

CU(TTA)~ HP.AN~Cu(TTAP.AN)+HTTA 

in methanol-benzene mixtures at 2500. 

Source of data: Table 13, with values of KI rejected when 0.~5 x 10-3 11:> '1JiT~ i > 0.154 x 10-1 M. 

Sol. Kl'P/r methanol, moJ,% K,"P/r [HTT!l i 
Nos. mean s.d. N in benzene J'lean fer I!ITT~J i s.d. N li x 10 

in Col. IX 

4-12 660 19 6 6.38 657 1)3 6 0.243 

4-12 562 20 4 16.0 5~7* 35 4 0.S16 

3-11 479 18 6 23.0 53g 72 6 0.243 

4-12 376 13 4 35.4 3e4* 31 4 0.616 

4-10 . 444 45 3 :!5.4 852 108 3 0.140 

2-10, 385 .8 6 40.9 416 10 6 0.243 

2-12 305 13 5 55.2 360 37 5 0.243 

1-12 . 232 .2 3 59.4 230* 18 3 0.737 
, 

2-10 . 245 10 5 76.7 276 29 5 0.243 

* These values were not âiscarded when celculating KI of Col. II. 

b 
\0 

J 
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As described previously, values of Kl~/r for values 

of [H T T Al . les s t han 0 • il 8 5 x l 0 - 3 ~.~ w e r e dis car d e don t h P. - ... ~ 
grounds of hydrate formation and ionization. For interest, 

Col. 6 of Table 21 cantains some of these discarded values 

averaged for a given solvent over the several wavelenghts, 

and Col. 9 contains the correspondîng values of O-lTTÀ) i. 

Comparison of Cols. 2 and 6 shows that indeed aIl the 

discarded values are higher than the final.means. 

Inspection·of the data given in Table 15 shows that,. 

unlike the case of Kl~/r, abnormally high values of K2~/P 
do not occur. The conditions that led to the high values 

for KIlP/r were absent in the case of K2'f'/p. Thus, in the 

exchange reaction of Cu(TTAPAN) with HPAN (reaction B), the 

concentration of HTTA formed was very small, much smaller 

than the concentration of watcr in "the methBnol-benzene 

mixtures. The value of (w) in the expression for ~ (equa­

tian 5.13) would then be essentially unaffected by the 

HTTA formcd. Moreover, the activity coefficicints of the 

several species of HTTA can be considered to·be equal to 

unit y, because of their small concentrations. There re­

mains [Ka/(HTTA~ t as the only term that could influencè 

the value oflP, and therefore of K2~/P. AlI that can be 

said at present is that Lp must change in value as [HPANJ. 

is changed. The reason i~ that for constant ~u(TTAPAN~ ~ 
an increase in [HPAr~J i leads to an increase in the valu~ 
of HTTA formed, which in turn leads ta a change in 

Ga/(HTTA~ t. However, this change is too small to observe 

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 me an value of K2~/P at 25
0

C. was 

calculated, the average being over aIl wavelengths used 

- J 
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nnd over all concentrations of 'LiHPAr-Jl . for a g~ven mr.thanol-... ~ 
bcnzene mixture. These grand means and their standard de­

viations are entered in Table ~. The standard duviation 

in cach case was calculated from the deviation of the 

grand mean fr6m the individual mcans for each 

each wavelength. 

From ths date givcn in Table 18, and for the soivents 

pure benzGne and 40.9 mol~ methanol in benzene, a mean 

value of KILf/r et 15(")C. and at 3SoC. IIJas calculated; these 

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

of Kl 'f/r for ŒfTTAJ i belmJ 0.485 j·1, and above 0.0154 IrJere 

rejected. 

From thB data given 1n Table 19, and for the -solvents 

pure mcthanol and 40.9 mol~ rnethanol in benzcne, e mean 
o '0 . 

value of l\21f/ P at 15 C. and et 35 C. was calculated. These 

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

Fin al me a n val u e s of K Ilf / r a ver age cl ove r a Il IfJ a vele n 9 t h s , 

for the exchangc reaction 

Cu (TT';) 2+ HPMJ ~ ~u (TT/\PMJ) + HTTA 

in benzene, and in 40.9 mol.cfa rnethanol i~ benzene, at 15 0 C. 

and 35°C. 

SoIn. 
r,J a • 

. 
7-15 

2-10 

Source of data: Table 18, vJÏ th values of K Ilf/r rej ected 

when 

o . 485 x 10-3 
IV·I > [H TT A] i> O. 150 x 10-1 M 

Solvent I(l~/r gt l:-°C K l \.f/r ?t 35°c. N _:J • 

.. r:1t;an s.ü. m~an s .-d. 

Pure 1154 41 720 34 5 
l.Jenzene 

40.9 546 35 314 10 6 
mol.% . 

methanol 
in benzene 
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Tflule 23 

Final mean values of K/'P/p ave1:'a ged over aIl \\iëwe1engths, 

for the ~xchance reaction 

Cu(TTAPMJ)+HrAi'~~Cu( PAN )2+HTTA 

in methanol-bcnzen e mixtures, a t 25 ± 2 oC. 

Sourcp. of data: Appendix X. 

SoJ.. Solvent; mol.~:; K2"P/p x 10 3 

No. methanol in 
benzene mean 

1-12 16.0 43 9 

1-12 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 Il 
1-12 89.8 402 36 

, 
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Table 24 

Final mcan values of 1<2lf/ p avcra'Jsd ovcr aIl ~Javelengths, 

for the ~xchangc reaction 

Cu ( TT A P f.\ [,J ) 4- HP l\;! ----">. Cu ( P Ar~ ) 2 + HTT f\ 
1 ...,.--

in mcthanol-benzene mixtures, at 15°C. and 35°C. 

Source cif data: Table 19 

Sol. 1 Sol vent 1· K/I'/p at ISoC. K2Lf/p at JSoC. 1 N 
No.! 1 

1 ------~!------------~----~--~--

1-11 pure 
rnethano1 

1-1"2 40.9 mo1:;b 
methano1 
in benzene 

i 
O.700±0.C34 

0.111± 0.003 

0.50o±0.003 2 

O.06l±O.004 2 

l 
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6.2 Thereasons for the variation af Kl'-P/r 

and K2"P/p ",Ji th the mol~ Iilethanol in the 

methanol-bcnzene mixtures. 

In sp ection of Table 21 s hO"'JS t ha t the val ue af K l\.f> /r 

decreases with an increase in the methanbl cantent of the 

benzene-metha~ol mixtures. This d9crease is shown gr~phi­

cally in Figure 7. Inspection of T~ble 23 shows that K2~/p 

increases ~'Ji th an increase in the methanol content af the 

benzen~-methanol'mixtures, and this increase is shown 

graphically in Figure 8. Explanations were saught for the 

decrease in Kl~ Ir ,and the increase in K2lf/p, wi th an in­

crease in the methanol content of the salvent. The values 

of Kl~/r are considered first. 

The values of KI for reaction A' at 25 0
C. in the 

methanal-benzene mixtures could nat be calculated, because 

~and r IrJere unknm·",. However, apprOximate' values of lf> in 

pure benzeQe and in pure methanol ,could be carcul~ted, be­

cause literature data were available for these twa solvents. 

In addition, the ratio r b Ir th' 1 (abbreviated enzene me ana 
rb/r

m
) wes ,estimated from solubility values measured by 

d'Amb~ise, of Cu(TTAPAN), Cu(TTA)2 and HPAN bath in metha­

nol and in benzene. These estimates of Lfand of rb/rm are 

now described. 

The function lf is 
( 5 .12 ) , as 

'-P = 1 

DHTTA 

+ 

defined in Equations (5.13) 

Kk KkK (w) 
1 + "" + -r-

DHTTA 1 ÙHTTA'. w 

= [HTTA;j -[Cu(TTA)zl 

(HTTA) 

and 

KkKS(S) 

[HTTA'.S 
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FIGURE 7 

The variation of r(lLP/r \rJith moJ.,% 

methanol in the r.1ethanol-.benzene 
a mixtures used 3S solvants, at 25 C. 

~J ot e: (i) The values of Kl~/r are. 

the final means, given in 

Table 21 

(ii) The values of Kl~/r in 

pure benzene and in pure 

methanol were obtained by 

d l Amboise 3 
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FIGURE 8 

The variation of K2lf/p with moL% 

methanol in the methanol-benzene 
. 0 

mixtures used as solvants, at 25 C. 

r,Jote: (i) The values of K2~/P are 

final means, given in 

Table 23 

(ii) The values of K2Lf /p in 

pure methanol and in pure benzene 

were obtained by d'Amboise 3 
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7 2C It has becn reported' that in benzene 9510 of the HTTA 

ex i s t sas the· en 0 l. Tho r è for e, in th a t sol ven t , t h c val u e 

of Cp \'Jill be approximatcly l/OHTTA. However, inspection of 

Equation (5.12) shows that as the methanol content of the 

mixed solvent increases, the value of l.[J IrJOuld be expect~d 

to increase due to the formation of the several species 

described in Section 5.3.1. For example, the formation of 

these species would automatically reduce the value of (HTTA) 

in equation (5.12) and therefore lP would increase. In ad­

dition, as the methanol content of the mixed solvent was 

increased, (5) and therefore <.p lrJould be increased. Further­

more, it has been pointed out 27 that while thore is internaI 

hydrogen-bo~nd formation in the enol form, the equilibrium 

from enol to keto, hctohydrate and ketometharnolate is shift­

cd towards these keto forms in sol vents which have ~ con­

siderable hydrogen-bond capacity, su~h as rnethanal; this is 

an addi tional reason for the increase in tptvi th an increase 

120 

in methanol content of the solvent. The ratio ~TT~ / ~TT~TOTAL' 
which equals It{p.OHTTA for a solution of HTTA in solvent, 

has been measured in several alcohols by Wakahayashi et a1 26 

They used NMR measurements on 0.5 M solutions of HTTA in 

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

obtain an estimate of thl~ value of [HTTA] / uiTTAl TOTAL in 

methanol, their values were plotted as a functian of the 

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

this graph was then extrapalated back to the alkyl group 

CH 3 0 The extrapolated value found was 0.2 for ~TT~ /~TT~TOTALo 
Therefore, the corresponding value oflf~TTA would be 5. 

In summary, it seems reasonable ta consider that in 

the present sy.stems \.fo;TTA IrJent from a value of approxi­

mately l in pure benzene to 5 in pure methanol. 

The next factor to be 'considered in the term K1lf'/r 



( 

was the value of r ih going from benzene through the mixed 

solvents to methanol. Tt was possible to obtain a crude 

estimate DT the value of the ratio r in benzene to r in 

methanol, as follows: 

Tt is readily shown for a saturated solution of solute 

L in benzene (subscript b) and in rncthanol (subscript ml, 

that 

. o-rJ nt 
(6.1) .0 

jJ- L,b 
_ lAo =_RTl1\O_l, b l, b 
1/"''-' l , m .y 1 

Dl, ln )111, m 

o 0 

\oJhere y...- L, b 'fol, m 

trYl. , iJr} 
'~,b 't..,m 

denote the chemical potential of L 

in its standard state in benzene, and 

in methanol rcspectively. 

denote the molal concentration of L 

in a saturated solution in benzene, 

and in mcthanol respecti~ely. 

denote the activity coefficient of l 

in its saturated solution in benzene, 

and in methanol respectively. 

By choosing for aIl solvents the standard state of L 

to be the conventional hypothetical l-molar solution of L 

in benzene, Equation 6.1 becomes 

( 6 .2) =1tLL.m 
/rrL.t, b 

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

Equation 6.2, 
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(6.3) rb = 
r 

m 

!litt Cu (TT r~ P Mn , b 

1]1Lc U (TT!I P"', [\1 ) • m 

IÎÎ'l C u (TT r~.) 2 ' b x I1flHP MJ , b 

1Î1tc u ( TT A ) 2 ' m /J14i P 1\ r~ , m 

The solubilities of Cu(TTAPA~), Cu(TTA)2' Cu(PAN)2 

and HPAN in pure methanol and pure benzenc have becn, 

measured by d!Amboise
3

, and they a~e given in Table 25. 

On using these data in equation (6.3), a value of 0.43 ~as 

obtained for the ratio rb/r • Aceordingly, the term r 
m 

would cause the funetion Kl~/r to decrease in value, on 

going from benzene to methanol. It is important to notice 

here that unlike the complexes Cu(TTAPAN) and Cu(PAN)2' 

t~e complex Cu(TTA)2 is much more soluble' in methanol than 

in benzene. This is in agreement with the fact that methanol 

can readily hydrogen-bond to the oxygen atom of the square 
21 . 

planar chelate Cu(TTA)2 • Therefore, while the complexes 

Cu(TTAPAN) and Cu(PAN)2 probably, due to steric effects, 

are not much more solvated in methanol than they are in 

benzene, the complex Cu(TTA)2 is expected to be more soluble 

in methanol than in benzene. Thus, a 'large part of the 

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, 

can lead only to a erude estimate of rb/r
m

, sinee the 

solutions are very unlikely to be ideal ones. 

The estimated values of the ratio (lf~TTA) b/llf~TTA) m 
and of the ratio rb/r for the two sol vents benzene and 

m 
methanol were ,then compared wi th the resul ts obtained for 

the function Kl~/r of equation 5.14 in the present systems. 

The values of this functio~ were determined by d!Amboise
3

, 
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Sol~bilitics of Cu(TTA)2' Cu(PA~)2' Cu(TTAPAN) and HPAN, 
o 

in mcthanol and benz~ne, at 20 C. 

'Compound 

Cu(TTAPAN) 

Cu(PAN)2 

Cu (TT A ) 2 

HPAf-J 

Sol u b il i t yin r:i 0 l s./ lit r e a t 2 oDe. ( 3 ) 

Solvant 

Bl:::nzene 1':,ethano1 

8.6 x 10-4 1.9 x 10-4 

~ r. X 10-4 6.6 x 10-5 
...J •• ,J 

1.8 x 10,:",2 13 .• 0 x 10-2 

2.0 x 10-1 2.L1 x 10-2 
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in pure uenzene and l.n pure methanol; he found th~ values 

900 and 250 respectively (see Figure 7). 

Therefore 

= 900 

Where2s a concentration 
r l r c K = L .J_ 

l [J [ 

quotient 

J 
] 

will change from solvent to solvent , it is supposed that 

aIl the fa~tors that produce this change have been account­

ed for in lf and r. 

Then, 

(6.4) .(~/~) 
= 3.6 

(rb/rm) 

124 

By using the above calculated estimates of (lF~TTt\) b/ (~J:TTA) m 

and of rb/rm, 

(6.5) (i~/ ~) x 

(rb/rm) 

o-;,TTA, b 

~TTA,m 
=1 x....l.-

5 0.43 

On substituting Equation (6.4) into Equation (6.5), 

(6.6) ~TTA,m 
Q.HTTA, b 

= 7.7 

The change in value of K2~/P (equation 5.23) on going 

from benzene to methanol was interpreted in the same way 

as the change in Kl~/r. Thus, the value of the ratio Pb/Pm 



( 

(with subscript b ddnoting benzenc, and rn methanol) was 

estirnatcd from the solubility data givcn in Table 25 to 

be approxirîlat[; 120. The value of th~ ratio LP b x ~TTA b/ 

~f' m x ~TTA,m has alr8ady becn estirnated for use in K1lf/r , 

ta be 0.2. Therefore, as a rough estimate, 

( 6. 7) ~TTA. b 

'frJTTA, m 

Now d'Arnboise 3 has found that 

Then, 

( 6.8 ) (K 2l{J/P)b 

(K
21.f/p)m 

on assul7ling that 

= 0.007 

0.600 

aIl the 

-L 
600 

factors that affect 

the value of the concentration quotient 

j 1 [ ] c K = [ J 2 r J 

on going from one solvent to another have been taken into 

account in c.p and r, 

( 6 • 9 ) .Y'b/1m 0.007 
= 

Pb/P m 0.600 

= 7. 

The solubilities of HTTA in benzene and in methanol 

have not been measured, and 50 a direct comparison of the 
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s, _u!.Jili.ty ratio \-'"ii;h the value 7 (for rcaction E)' and 

7.! {for reaction Al is not possible. The derived ratios 

(7.7, 7) suggyst tllat HTT,\ (enol forr~) Itlould be more 

solublE, and hence more solvated in benzene than in methanol. 

It is known 25 that in non-polar solvants the HTTA (enol) 

has an intra-hydrogen bond. 

,';- --H..::--O 
! 1 î" Il 

i,-)l--c~c/c ",-,: Fs 
"H " 

However, the estimate~ of rb/~m and of Pb/Pm' and there­

fore of ~TTA,m/ ~TTA,b assume that the solubility data 
in Table 25 can be used to estimate rand p. For saturated 

solutions that are very dilute, solubility ratios should 

give good estima~cs of activity-coefficient ratios. Eut 

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 ~TTA,m' 
\"lIhich occurs in the expression ~mOrtTTA,m is the activity 

coefficient of HTTA (enol) in a 0.5 molar solution in metha­

nol. The reason is that ~dkayayashi et a1 26 used 0.5 molar 

solutions in their NMR studies which led to the value of 

~HTTAJ / LHTTA] T' and therefore to ~ mOHTTA, m = 5. However, 
the HTTA solutions used in the present work were 0.04 

molar or less. 

Therefore the present discussions of Kly/r and K2~/P 
must be regarded as merely exploratory, insofar as actual 

v~iues of ~/r and Lf/p are concerned. 
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Claims to Original Research 

1) The apparent molar equilibrium constants KI' and 

K2 ' for reactions (A) and (E) 

(A) Cu(TTA)2+ HPAN~ Cu.(TTAPAN) + HTTA 

( D) C u (T TA PA f\ ) + HP fI[.; ~. C u ( PA rn 2 + H T T A 

in methanel-benzene mixtures were successfully evaluated 

by using spectrophot8matric data in conjunction with alg8-

braic equations which were durived for the purpose. These 

apparent equilibrium constants KI' and K2 ' were obtained at 
000 15 C., 25 C. and 35 C. 

2) The factors which caused KI' .and K2 ' not te be 

thermodynamic constants (KI and K2 being the thF.rmodynamic 

constants) were identified as the relevant activity coef­

ficients, and also the fact that the HTTA existed as enol, 

keto, ion, and solvates in tha solutions. 

3) The practical titration of Cu(TTA)2 by HPAN used as 

a volumetrie reagent in organic solvént, was studied in 

benzene, in methanol and in mixtures of the two. The end­

po~nt was sharp only in benzene. It became less distinct 

as· the methanol content '-'Jas increased, due to the increas e 

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

1) In this work it was found that in order to evaluate 

the thermodynamic equilibrium constants KI and K2 for 

reactions (A) and (E) 1n mcthanol, benzene or their mixtures, 

it ~"a;".1ld be necessary to calculate the terms lP, rand p 

for the solutes in these solvents. Investigation of aIl 

the chcmical species as weIl as the determination of "tbe 

relevant equilibrium constants involved are necessary, as 

weIl as evaluation of the various activity coefficients. 

2) It would be useful to study the present systems 

in a different solvent or mixture of solvants, in which 

the reaction of Cu(TTA)2 with HPA~J would be faster than 

in benzene and yet, the values of K2~/p would be too small 

to cause reaction (E) to occur to a significant extent, 

during titrations of Cu(TTA)2 with HPAN. 

\ 3) In Tables 22 and 24, it can be seen that both 

KI\f Ir and K2\.f/p increase IrJith 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 additional dat~. It 

could be of interest to investigate the dependence of KI 

and of K2 on tempcrature. 
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Aopendix l 

Dithizone Test for the Metal Content of the 

Solvents. 

i) M8thanol 

The dithizono used was reage,t grad8, and ~Jas ncit 

further purified. 

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

methanol was used. 

It had been observed that when dithizone solution 

wâs added to methanol that contained trace metals, two 

peaks were observed, one at 590 nm. end th~ other at 

450 nm. Dithizone alone hLs two peaks at these wave­

lengths. However, the ratio of the absorbance at 590 nm. 

to that at 450 nm. decreased with increasing concentra­

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

zone. Thes8 facts were used in order to test the puri­

fied methanol for the presence of trace motals. Thus, 

the purified methanol to be tested was treated with the 

dithiione 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 ratio of absorbances 

was again me8sured. 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. ta that at 450 nm. were tabulated. If the 

ratios remained constant for aIl dilutions of the ori­

ginal solution, the methanol was considered sufficiently 

- 1 
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free of trace motals to be used for chelate-exchange 

titrations. OtherwisB, it was recycled through the 

purification process. 

ii) Denzene 

The spectra of dithizon~ and its metal chelates 

in benzene have been studied by many authors15 • Dithi­

zone has two peaks, one at 618 nm. and the othar et 

450 nm. The metal dithizonates, however,havE Just one 

peak, betwcen 450 nm. and 550 nm., depending on the 

metal. Accordingly, a test for the presence of trace 

metals in benzene was ~arried out by performing dilu­

tions of a "solution of dithizone in benzene with the 

benzene under test, and measuring the absorption spectra 

of aIl these solution~. The benzene was considered free 

from trace metals.when the following. two criteria were 

met: (i) No band between 450 nm. and 550 nm. was ob­

served; (ii) the ratio of the absorbance at 618 nm. ta 

that at 450 nm. did not change with dilutions of the 

benzene solution of dithizone with more benzene. 
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"'rpentlix II 

General spectrophotometric-titration 

procedures. 

The spectrophotomctric-titration procedures used 

the apparatus described in Section 3.1.1. They have been 

described by Grayl • 

. Driefly, in using the Unicam S.P. 500 epectrophoto­

meter, a warm-up period of one hour for the spectrophoto­

meter and tan minutes for the tungsten lamp was necessary 

in order to ensure stable absorbance readings. The 65-ml. 

titration c~ll, cleaned and dried by the process described 

on page Il, was positioned in the cclI compartment. Ap­

proximately 50 ml. of methanol was then transferred to 

the c ell. The wavelen gth was set ei ther 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 aliquot 

of the solution to be titrated was then pipetted, into 

the titration celle The platinum-needle delivery tip was 

attached to the Koch micro-buret filled with the titrant, 

and was pushed through the silicone-rubber system. The 

tip of the needle was always under the surface of the 

solution. Then iricrements 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 unneccssary, and aIl experiments were conducted at 

room temperature. 
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The titration graph was a plat of the measured ab­

sorbances against ml. of titrant added, and the end point 

was determin~d by inspection, by extrapolation of th~ 

straight-line portions of the graph, to their intersection 

point. 
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Î,\Opendix II'! 

Standardization of stock solutions of 

Cu(TTAPAN), Cu(PAN)2' Cu(TTA)2 and HPAN 

in methanol or benzene by spectrophotometric 

titration. 

The general procedure given in Appendix II was' 

i) Standardization of stock solution of HPAN in 

methanol or benzene, against standard aqueous 

Cu(N0 3 )2 solution. 

The stock solution of HPAi'J in methanol or benz,ene 

was used as titrant in the buret, eyen though it was 

the solution te be stand1rdized. The concentration of this 
-4 solution was known to be approximately 5 x 10 M. The 

aliquot of the aqueous Cu(N0 3 )2 solution transferred ta 

the titration cell to be titrated with the HPAN contained 

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

In the titration, Cu(PAN N0 3 ) 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 ~ith 

addition of titrant. The end point was weIl defined, 

unless the methanol used contained dissolved trace metals. 

In that case the tit~ation 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 add~tion, prior to taking th~ 
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absorbance measurement. 

A typical titration graph is given in Figure 9. 

ii) Standardization of stock aqueous EDTA solution, 

against standard aqueous Cu(N0
3

)2 solution. 

The stock aqueous solution of EDTA to be standard­

ized was used as titrant in the buret. It was prepared 

by di8solution 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 into the titra­

tion celle This methanol was buffered to pH 10 by an 

ammonia-ammonium chloride buffer mixture, before adding 

the standard aqueous solution of Cu(N0 3 )2. 

The volumes of methanol and standard copper solution 

were such that the copper in the titration cell was ap-
-5 proximately 5 x 10 M. The wavelength was set at 560 nm. 

The spectrophotometer was then adjusted ta zero absorbance 

referred to the analyte prior ta its titration. 

Standard solution of HPAN in methanol was added, 

~ufficient to allow complexation of all Cu(If) present 

in the titration c~ll. This complexation consisted in 

the formation of Cu(PAN N0 3 ). 

Addition of increments of the aqueous EDTA standard 

solution (the titrant) resulted in the replacement of the 

PAN and N0
3

- ligands from the mixed copper complexe 

This displacement was followed spectrophotometrically 

by the decrease in absorbance at 560 nm., which was where 
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the Cu(PAN NO~) had a peak • 
..j 

The first titration ~es not counted. Thus, after 

its end point another aliquot of the standard aqueous 

solution of Cu(N0
3

)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 mcthanol and 

buffer solution used. The number of titrations performed 

in the same methanol solution wer~ th en only limited to 

the volume of the cell itself. 

An equilibration period of approximately one 

minute was allowed after each addition, prior to taking 

the absorbance measurements. 

P typical titration graph is given in Figure 9. 

iii) Standardization of Cu(TTAPAN), Cu(PAN)2 and 

Cu (rTA) 2 solutions in methanol or b"enzene by 

spectrDphotometric titration with a standard 

aqueous solution of EDTA •. 

The steps followed in the standardizations of 

Cu(TTAPAN), Cu(PAN)2 and Cu(TTA)2 solutions in methanol 

or benzene by spectrophotometric titration with the above 

standard aqueous solution of EDTA, were the same as in 

the standardization of this aqueous solution of EDTA 

itself with the standard aqueous solution of Cu(N0 3 )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 comple~es also have a weIl defined peak at 560 nm. 

(see Figure 1). 

An equilibration period of approximately one minute 
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was allowAd aftcr each addition, priar ta taking the 

absorbance measurement. 

A typical titratian graph is given in Figure9. 
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FIGURE 9 

Typical titration graphs for the 

chelate-exchange titration at 25°C. of 

a) Cu(N0 3 )2 in methanol, versus EDTA 

in water 

b) Cu(rJ° 3 )2 in lI1ethanol, versus HPAN 

in benzene 

c) Cu (TTAPMJ) in methanol, versus EDTA 

in water· 
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A pr)end ix IV 

Preparation of a stock standard aqueous solution 

of Cu(N0 3 )2 

The procedures for the preparation of stock stan­

dard solution of cupric nitrate used have been described 

by Grayl. 

Fisher certified A.C.S. analytical-grade copper 

metal was used. The stock standard solution was prepared 

by accurately weighing 0.166 g. of this analytical-grade 

copper metal into lCo-ml. beaker. The copper was th en 

dissolved in 1:1 nitric acid and the solution evaporated 

ta moist dryness. The residue was teken up with 5 ml. of 

water and the solution was evapora~ed as near ta dryness 

as possible without forming basic insoluble copper salts. 

The residue was then taken up in ~eionized water, quan­

titatively transferred ta a calibrated lOO-ml. volumetric 

flask and made up ta the mark. 

- _ .. ~ 
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Appendix V 

The Preparation of Cu(TTAPA~) According to 

the Method of d!Amboise
3

• 

A weighed amount of crystalline Cu(TTA)2' purified 

as described on page 20, was dissolved in benzene. An 

equimolar amount of HPA~ was added and th~ temperatur~ of 

the solution was raisedto 45 0 C. The solution was then 

thoroughly mixed. Half of the benzene was thsn allowed to 

evaporate et a tempcrature slightly above room temperature, 

and the solution was then placed in an ice-water bath. The 

resulting crystals were filtercd onto 8 sintered-glass 

filter and then dissolved in benzene, 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 P2 05 for '8 week, then transfer­

rad 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. spectrophotomcter, and 

titration assembly described on page 7 and illustrated 

in Plate l, 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 20. 

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 

aliqu~t of standard Cu(TTA)2 solut{on 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 Cu(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 aliquot 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 

l 
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needed in order to achieve equilibrium after each , 
a~dition of titrant.· In sol~Ents with a large con-

centration o~ mcthanol, 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 tho extrapolation 

of the two straight-line portions of the graphe 

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 periode 
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An[?~ndix VII 

1) REGRE 1: Least-squares fit for 

y = mx+ b 

2 ) PRAI3C5: Least-squares fit for 

Z = Alx l + A2x2 T A3x3 + B 

3 } SPECR3: Least-squares fit df· 

a Beer's Law plot 

( 
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!CPROGRAM REGR1-
IC THIS PROGRAM CALCULA TES THE REGRESSION COEFFICIENTS FOR A STAIGHT LINE 
'C y = MX + B IT GIVES MANO BAND THEIR STANDARD OEVIATIONS 
,C ~ (S THE NUMBER OF EXPERIMFNTAL POINTS. IT IS GIVEN FIRST IN A FIELD 
;C 3F (13). THE~ THE POINTS X(I), Y(I) ARE GIVEN IN FIELDS (S(2ES.3». 

DIMENSION X(lOO), Y(100) 
READ(5,1l N 

1 FORMAT( 13) 
READ(S,2) (X(I), Y(I), 1 = I,N) 

2 FORMAT(S(2ES.3» 
SUMX = O. 
SUMY = O. 
SUMXY = O. 
SUMX2 = O. 
SUMY2 =0. 
DO 3 1= 1,N 
SUMX = SU~X + X(I) 
SU MY = SUMY + Y«() 
SUMXY = SU~XY + (X(I).Y(I» 
SUMX2 = SUMX2 + (X(I>**2) 

3 SUMY2 = SUMY2 + (Y(I)**2) 
XM = SUMX/N 
YM = SUMY/N 
SX2 = SUMX2 - (XM*SvMX) 
SY2 = SUMY2 -(YM*SUMY) 
SXY = SUMXY - (XM*SUMY) 
SM = !')XY/SX2 
AB = YM - (BM*XM) 
SSD = SY2 -(BM*SXY) 
VARY = SSD/(N-2) 
VARM = SQRT«VARY/SX2)**2) 
STDVM = SORT(VARM) 
STOVa = SORT«SUMX2*VARM)/N) 
WR 1 TE (6,14) 

14 FORMAT(lHO,/125X,'SIMPLE' REGRESSION ANALYSIS',//20X,'EQUATION: y 
1 = MX + 3 ',//lOX,'EXPERIMENTAL RESULTS',//lSX,'Y',ISX,'X',/) 

WRITE(6,S) (Y(I), X(I), 1 = I,N) 
5 FORMAT(IHO,lOX,E12.4,SX,E12.4) 

W~ITE(6,17) OM, AB , 
17 FOR~AT(IHO,20X,'THE REGRESSION LINE 15 :',//3SX,'Y = (',ElS.6,').X 

1 (',EIS.5,')',//) 
WRITE(6,7) STDVM, STDVB 

7 FOR~AT(1HOtlSX,'STDVEV ON THE' SLOPE MIS: ·,E12.4,//lSX,·STD DEV 0 
IN THE INTERCEPT BIS: ',EJ2.4,//) 

WRITE(6,12) XM,SX2, SXY,YM,SY2, SSD 
12 FORMAT(IHO,20X,'XM = ',EI2.4,tOX,'SX2 = ',E12.4,10X,'SXY = ·,E12.4 

1,//20X,'V~ = ',E12.4,IOX,·SY2 = ',E12.4,10X,·SSD = ',E12.4,/) 
333 CONTINUE 

WRITE(6t11l) 
111 FORMAT(IHO,4SX,'END OF COMPILATION') 
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2. BRADes 

~.':,"A4"'_ 
C PRnGI~I\'-I T'.J CIÜ.CULAT'= THF RFGRI="SSION COEFFICIF\lTS AND THEIR 
C =: Q U~ TIC '1 Z = Al'" X 1 + A 2 :.1< X2 + A 3 "* X 3 + 
C \1 15 THF N!JMBER CF POINTS U5ED IN ONE SFT 
C ...., r 5 TH!:: NU-1RFR OF SFTS I1F DATA 

DI M r- Ne; ION Z ( 1 n ç " X 1 ( 1" ('), X 2 ( 100', X 3 ( 1 0 (' , 
~E A ~ ( 5 , ::» N, M 

2 F CJ~ MAT ( 2 13 , 

REAO(5.33' (XI(J), X2(1). X3(I), I=l,N' 
33 F~R~I\T(5Clr-~,~)} 

DO 1 9 J= 1. M 
R<:,AD(5.:', (Z(I', I=l,N) 

3 FOR'-1AT(2'-F4(13) 

SOXI ":" ('1'7 

S OX~ =1)0 

50X 1= <'(' 
S':JZ = O~ 

SfJ X 1 2 = ('.~ 

SOX22 = C'~ 
SClX 32 = (10 

sax 1 X2 = O~ 
S OX 1 X 3 = "0 
SnX2X3 = Go 
SoxlZ = "'0 
SnX2Z = 00 
SOX3Z = (1" 

SSD = Oc 
DO 4 t = 1. N 
50 X 1 = SO Xl + Xl ( 1 , 

SOX2 = 50X2 + X2( l' 
S 0 X 3 -= S Cl X3 + X:3 ( 1 ) 

SO 7. = SOZ + Z ( 1 ) 
50X12 = SOX12 + (Xl(I'**2) 
50X22 -= SOX22 + (X2{1'**2) 
e;ClX32 = SOX3? + (X3{I'**2) 
SOXIX2 = SQXIX2 + (Xl(Y)*X:?(I') 
SnXIX~ = 5DXIX3 + (Xt(J,*X3(I» 

SOX2X3 = SOX?X3 + (X2<I ,*X3( 1) 
S ax 1 Z = S I1X 1 Z + (X 1 ( 1 , * Z ( 1 , , 
SOX2Z = SOX2Z + (X2{I):!cZ(I)) 

e;OX3Z = SOX3Z + (X'"I(I'*Z(I)) 
4 CONTINUE 

XIM = SOXI/N 
X2 M = SOX2/N 

X3M = SOX3/N 
Z~ .. = SOZ/N 

5X12 = 50X12 (XIM*SOXll 
S)(22 = 50X22 (X2...,.SOX2' 
5X32 -= 50X32 (X3M=50X3, 

SXIX2 = snXIX2 - (X2M*50Xt, 
5XIX3 = 50XIX3 - (X3M*SOXt) 

SX2X3 = 50X2X3 - (X3M*SOX2' 
SZXl = 50XIZ (ZM:!cSOXl) 

SZX2 = SnX2Z (ZM*snX2, 
SZX3 = SQX3Z (ZM*SOX3) 

~ A'~ t A NC FI 

1 

1 

--------------------------------------------------------- -



- ( 

146 

?) PRAI3eS (continued) 

··--l'n - (S)(2? =-" S X3 2) - (SX 2 X 3 ** 2 , 
:")2 = (SXIX3*SX2X,)- (SX32*SXIX2) 
f) ~ = (S Xl X2 01t S )( 2 X 3' - (~X 22* S X 1 X 3 ) 
D = (1)1:"5X12) + (1)?>/:SXIX2) + (1)3*S)(lX3' 
: Il = 1) 1 /D 
C22,= «SXI2*SX~?) - (5XIX3**2»/0 
C33 = «SX12*SX2:') - (5X]X2**2))/D 
C12 = 02/D 
C13 = 1)3/D 

:23 :: «SXIX3*SX1X2' - (SX12*SX2X3)/D 
1\ 1 = CC1''''S7.Xl ) + (CI2*SZX2) 
1\2 = (C12*~ZXl) + (C?2*SZX2) 
A:1 = CC13:':SlX1) + (C23*SZX2) 
3 = n1 - (AP';Xl'·1) - (A2*X2M) 

+ (C13"'SZX~) 
+ (C23*SlX3) 
+ (C33*SZX3) 

(A3*X3M' 
5 CONTINUE 

DO 6 1 :: 1,N 
6 SSD = SSr) + «Z<I) -(Al*X1(I» - (A2*X2(I" - (A3*X3(I)) - 8'**2) 

7 

VAPr= = ~SD/(N-4) 

STOV~ = SQPTCVARE) 
V 4.':< A 1 = Cil *VARE 
V 4.Pl',2 = C"22*VARE 
V I\~ A '3 = C3?1*VARE 
::: DV12 = C12*VARE 
cnv 13 = C13*VARE 
C av? 3 :: C23*VARE 
ST')Al :: SQPT(VARAI , 
STDA2 = SORT (VARA2 ) 
5 T')A3 = SaRT( VARA3) 
V 4.R F.~ = VAPE/N 
STDt:I = SORT(VAR8) 
C:J'J TI NlJF. 
i'lRIT~(6,R' 

8 FO~MAT(IHl,4~x,'~aUATION Z = AI*Xl + A2*X2 + A3*X3 + B ',~ 

1//2'"X, '::)(PE~YMENYAL DATA' ,/17X ,'Z' ,2::3X,' Xl' ,22X, 'X2',22X,'X3', 
Wq 1 T E ( 6,9, (Z ( 1 ), X 1 ( 1 " X2 ( 1 " X3 ( 1 ), 1 = 1, N' 

9 FaR~AT(lHO,4(10X,E1204,3X)' 

'fi ~ Y T :: ( 6, 1 C , Al, A~, A3, 8 

le· FORMAT(1H ,2f'X,'CALCULATF.D RESULTS LEASTS SQUARES· FIT' ,///,15)(" 
l'Al = ',=12.,4,/15X,'A2 :: ',E1204,/15X,'A3 = ',E'1204,/15X,'8 = ',El 
2204) 
"'RIT~(6.11) SX12,5X22, SX32,SxlX2,SXlX3,SX2X3,SZXl,SZX2,SZX3 

Il F'J~"'AT(JH .3CX,'SX12 = ',E1204,4X,'SX2?' = ',E1204,4X,'SX32:: ',E12 
1.,4,//30X,'Sl(lX2:: 'tF1204,I~Xt'SXIX3 = ',EI204,4X,'SX2X3 = ',~1204, 
2//3':·X,'SlXl = ',E12-;-4,4X,'SZX2 :: ',F1204,4X,'SZX3 = ',E1204) 

WQITE(6,J2) Cl1,C22,C33,C12,C13,C23,Q 
12 Foq~AT(lH ,30X,'Cll = ',F12c4,4X,' C22:: ',E1204,4X,'C33 = ',E1204 

1,1'/30X,'C12 = ',::1204.4X,'Cl~ = ',EI204,4X,'C23 = ',E1204,//30X,'O 
2 = ',E12~4) 

l'JR.I T E ( 6 ,1 3 , SSD, VARE, STOVE 
13 FOR~AT(l~ ,4CX,'STATISTICAL DATA'/3nx,·sso = ',E1204,4X,'VARE = '. 

lEI204,4X.'STDVE = '.E12 0 4) 
WRYTE(6.14, VARAt ,VARA2,VAo.A3,STDAl,STOA2,STDA3,COV12,COVI3,COV23 

14 F!1R~4.T(]~ ,31:'X. 'VARAI = '.E1204,4X,'VARA2 = ',E12c4,4X,'VARA3 = ., 
lE12~4,/~~X,'STDAl = ',E1204.4X,'STDA2 = !,E12 0 4,4X,'STOA3 = ',E12e 

__ .......... ____ '_r _____ -

24,/30X.':::OV12 = ',E1204,4X,'COV13 = ',EI204.4X,'COV23 = ',EI2e4) 
WO ITE(6,t5) VARS, STD8 

15 FOR~AT(lH .3~X,'VAR8 = ',F12~4,10X,'STOB = ',E1204,////SOX,'END OF· 
] COMPILATION') 

19 C ON Tl NUE 
END 

------------------~~~ 
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3) SPECTR 3 

PRn"GR",\',,' SPfCTR3 
L IS THE NUMAFR OF SETS OF D~TA =IELO 12 
N 15 THE NU~q~R UF WAVELEMGTH5 U5ED TO CALCULATE THE SPECTRA 

--"-~ 

C M 15 TH~ NUMeER O~ CONCENTRATION JSED 
DaUULE PRECISION 

10), DERA(100, 
REAO(5,70) L 

C(lC), A(IOO,IO), LAMDA(100), AASO(100), AINT( lCÎi 
1 

1 
1 

70 FORM~T( 12' 
1) :J 7 1 J 1 -= l, L 
REAO( 5,1) N,M 

1 F :)RMAT (214) 
READ(S,2) (LAMDA(I), I=l,N) 

2 F n R '-1 " T ( 2 5 1 3 , 
f<EA,)(~,3) «A( I,J),J=l,M),I=l,N) 

3 F \) R.., A. T( 20 F 4 • 3 ) 
RE AD ( 5,4) (C ( J'), J = 1, M) 

4 FOR '-1 A T ( 1 0 ES. 3 ) 
S')MC = ,O. 

SO"'1CAR -= O. 
SUM = O. 
SOMAC = O. 
SOMAS = O. 
DO 6 J=l,M 
S OMC = S or..,c + C ( J ) . 

6 SOMCAR = SO"'CAR + (C{J)**2) 
D = (M*SOMCAR)-(SOMC**2) 
DO 7 l=l,N 
OOS'J=l,"'1 
SOMAo = SOMAB + ACI,J) 
Sor..4AC = SOMAC + (A(I,J)*C(J» 

8 CONTINUE 
A9S0(1) = (M*SOMAC-SOMAB*SOMC)/~ 

AINT(I) = «SOMAU*SOMCAR)-(SOMC*SOMAC»/D 
DO 28 J=l,M 

28 SUM = SUM + (ABSO(I'*C(J) + AINT(I) - A(I,J),**2 
SOMAS -= O. 
SOMAC = O. 
~RR = (SUM/D)**2 
ERR2 = SORT (E RR) 
PERA(I) = 10C.*(SaRT{ERR2»/ABS~(I) 

7 SUM = O. 
IF (Jl-l) 

gg CONTI NUE 
Wt<ITE (6,20) 

20 FORMAT(lH1,/11,15X,'EXPEPTMENTAL RESULTS',//) 
WRITE(6,22) (LAMDA(I), (A(I,J), J= 1,M),I=l,N) 

22 FOP~AT(lH ,10X,13,4X,SF10.3) 
WRITE(6,23) (C(J" J = l,M) 

23 FORMAT(lHO,///,8X,8E12.4,1/) 
100.WRITE(6.14) 

14 FORMAT(lHI,II/,15X.'CALCULATED SPECTRA',I//7X, 'LAMBDA A8S0RPTIV~ 
ITIES, INTERCEPT') 

WRITE(6,16, (LAMDA( I) ,Asson, ,PERA( 1" AINT( J). l=l.N) 
16 FORMAT(lH ,8X,13,4X.F6.0,3X,FS.2,7X.F8.3) 

------------_._~---,-'_.- ---..... ". ----, _· __ :·~~_ .. _---~-~~---_·-~------.I 
71 CONTINUE 

\'IQITE(6t17)' 

1 7 ~~~_~A~~~_H_,_/_/_I_'_/_._2_5_X_,_'_*_*_*_*_E_N_D __ O_=_C_O_MP, ILAT ION****' ) .--~J 

1 
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TabJe 26 

Molar absorptivities of Cu(TTAPA~:), Cu(PAN)2 and of HPAN 
in 35.4 mol~ ~ethanol in bcnzene, at 5 nm. intervals ~n the 

spectral range 400 n~. to 600 nm. 

The ~c. of solutions for th~ loast-squares fit was B. 

\'!ave­
lcngth 
in n~. 

400 
405 
410 
415 
420 
425 
430 
435 
440 
445 
450 
455 
460 
465 
470 
475 
480 
485 
490 
495 
500 
505 
510 
515 
520 
525 
53Cl 
535 
540 
545 
550 
555 
560 
565 
570 
575 
580 
585 
590 
595 
600 

L8ast-squar~s valuEs of molar absorptivity and 
r' t ri d ' . t· 1 ~ ~ an_2r CDV28 1on· 

6510. 
68070 
71740 
75180 
76460 
75840 
74910 
7535. 
74420 
59230 
60380 
50071) 
41160 
36761) 
37021) 
40221) 
45610 
52280 
51110 
71480 
8371. 
9795. 

11155. 
12344. 
136250 
148250 
16270~ 

175430 
188510 
20007. 
210470 
21990. 
22774. 
233130 
233070 
220720 
204120 
173590 
13771. 
11024 .. 

84700 

0075 
0027 
0.27 
0026 
0.18 
0.26 
0032 
0.28 
0030 
0044 
0.63 
0048 
0034 
0.24 
0031 
0035 
0026 
002.0 
0.38 
0040 
0.41 
0.28 
0.23 
0019 
0.13 
0017 
0.24 
0.26 
0020 
0028 
0027 
0.24 
0030 
0.31 
0.31 
0031 
0031 
0.30 
0.35 
0.59 
1.14 

136490 
14211. 
142480 
141010 
139260 
13784. 
13503., 
127490 
B 7910 
11029. 
10797. 
112740 
122310 
135880 
151441) 
169860 

1 191170 
215820 

1 239610 
26247. 
28293. 
30456. 
329410 
356350 
3B535. 

, 405970 

\ 41274. 
408250 
40222. 
400760 
406460 
41836. 
42659. 
41396. 
38120. 
308550 
25889. 
199480 
148020 
115750 
8719. 

0025 
0.26 
0.29 
0.23 
0036 
0044 
0.37 
0.44 
0064 
0068 
0.66 
0051 
0054 
0.36 
0.28 
0025 
0.33 
0021 
0.23 
0.25 
0015 
0016 
0.18 
0.24 
0.26 
0.29 
0.35 
0027' 
0.29 
0030 
0027 
0030 
0.36 
0.44 
0.63 
0.72 
0.61 
0.86 
0.90 
1.17 
1.37 

9542., 
1 J 2320 
1 0935 ~ 
114760 
11944 0 

124390 
130330 
13667., 
141890 
14794 0 

155330 
16504" 
173940 
179950 
181510 
179930 
176C5, 
17:1810 
16332 0 

150560 
13141"0 
104780 

71;3690 

1006-
0.12 
0017 
0014 
Coll 
0006 
Co14 
0018 
0017 
OolB 
CIo 13 
0019 
0027 
C023 
0030 
0030 
0032 
0035 
0,,45 
0038 
0049 
00 65 
0073 

5460" 1004 
344.30 Co 94 

33410 .. 2.82 
19210 1.28 
10370 1029 

5690 1062 
3160 2.98 
1810. 
1010 

610 
41. 

O'a 96 
2026 
3~ 86 
8.22 

Defined as .s/f.Jt x 100, where s is the standard deviation. 

;. 
.' 
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Tàble 27 

Sp~ctrophotometric data for thE equilibriurn soluticns of 

set A, usee in the calcul~tion of the function Kl~/r of 

cquation (5.14) at each wavelength, '3t 25 ±'2
0

C. 

Sol. 
_r\i~ __ 

1 

2 

3 

4 . 
5 

6 

7 
8 

9 
10 

Il 

12 

13 
, . 

The composition of each solution .has been given in 

Table 13. 

Solvent; moJ.% Absorbance x 10 3 

:nethanol in benzene ~-J a v e l e n ç th, nm. 
5110 555 560 565 570 580 

8.38 178 195 207 211 209 177 

" 202 222 237 240 239 204 

" 242 264 281 286 284 240 

" 259 28~ 304 309 309 258 

" 304 335 356 362 359 303 

" 356 394 42.0 428 426 360 

" 375 415 442 449 446 377 

" 396 438 468 477 475 406 

" 425 470 502 510 507 -433 

" 465 515 550 560 558 473 

" 478 528 564. 575 571 482 

" 494 548 585 596 593 500 

" 519 575 613 625 620 529 

" 574 636 678 690 686 583 

151 
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Tablë 27 (continued) 

Sol. SolvE'nt; ln oJ...,o6 /\bsorbance x 103 

, No. ITisthanol in benzenE: IrJavelenqth, nrn. 
550 560 56u 570 

1 16.0 202 214 219 218 

2 " 215 229 234 232 

3 " 243 260 267 266 

4 " 26C 278 284 282 

5 " 277 296 304 302 

6 " 312 334 340 337 

7 " 353 378 387 384 

8 " 422 440 455 452 

9 " 438 460 478 474 

10 " 462 493 503 490 . 
11 " 490 525 535 531 

12 " 532 568 570 573 
, 

" 645 606 695 606 . 

540 550 560 565 570 580 

1 23.0 168 183 195 196 195 163 

2 " 203 220 234 237 234 193 

3 " 228 248 264 260 266 220 

4 " 265 289 300 312 307 255 

5 " 327 358 303 380 385 320 

6 " 346 382 406 412 407 337 

7 " 372 410 437 445 438 365 

8 " 402 442 472 478 472 391 

9 " 445 491 525 533 526 437 

10 " 460 509 543 551 545 452 

11 " 480 530 568 577 570 475 

12 " 510 563 602 609 602 502 
, " 577 638 679 689 678 568 . 

• 

-_.--- -- ........ _._- -- .. - ._._------------_ .. _. __ ._~-_.-.... _ .. __ ._ .. _---------_.-- .... -.... ,,=~~~~_.-._" .. 



Sa1 .. Sa1vent; 
~J a . methana1 

1 35.4 

2 " 
3 " 
4 " 
5 " 
6 " 
7 " 
8 " 
9 " 

10 " . 
Il " 
12 " , 

" . 

1 35.4 

2 " 
3 " 
4 " 
5 " 
6 " 
7 " 
B " 
9 " 

10 " 
Il " 
12 " -.:",=~ , . - " . 

Table 27 (c~ntinued) 

maL10 Absarbance x 10 
in benzene \rJavrû en ath. nm. 

550 560 5G5 570 

162 172 173 171 

172 183 1B7 183 

200 213 215 212 

22~ 232 236 233 

242 250 261 256 

271 288 292 287 

315 336 342 336 

308 413 419 411 

L10S 435 441 433 

435 462 46f3 458 

467 498 505 495 

512 549 555 542 

1 

648 686 691 675 

550 560 570 

177 187 187 

220 234' 234 

261 27B 279 

299 320 321 

367 390 392 

419 44B 451 

504 538 542 

590 632 638 

608 652 655 
" ,: 

640 682 682 .. 

685 732 733 

710 758 758 

768 814 814 

153 
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Sol. 501vcnt; 
['Jo rnethanol 

1 40.9 

2 " 
3 " 
4 " 
5 " 
6 " 
7 " 
8 " 
9 " 

10 " 
Il " , 

" . 
, 

1 55.2 

2 " 
3 " 
4 " 
5 " 
6 " 
7, " 
8 " 
9 

, 
1 " 

10 " 
Il " 
12 " 
13 " 
14 " , 

" . 

Table 27 (continued) 

mo~% l',bsorbance x ~'03 
in benzene IrJavelcnqth. nm. 

540 550 560 564 570 ,580 

180 195 206 210 206 168 

203 220 235 238 235 193 

240 262 278 282 277 229' 

303 332 355 359 355 291 

325 356 380 385 378 309 

348 382 409 415 409 337 

352 421 L148 455 L1L18 370 

L129 474 508 515 500 418 

L1t.15 491 526 533 525 L131 

L1G6 515 551 560 553 455 

L195 548 586 594 588 482 

57S 635 675 682 669 549 

SilO 550 560 570 580 

160 172 183 177 137 

185 199 212 204 158 

220 238 254 245 190 

248 269 205 275 214' 

287 312 332 322 250 

309 336 357 34L1 268 

338 369 392 380 295 

351 382 407 394 305 

370 404 430 L115 320 

422 462 L192 478 372 

442 L182 513 498 392 

L168 512 5L16 532 416 

479 527 560 545 426 

498 546 584 568 445 

578 634 670 652 522 

154 
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! 
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Table 27 (continued) 

Sol. Solvent; mo~ ~ 3 Absorbance X 10 
f'J 0 • methan01 in benzene ~.! a v e 1 e net h , nm. 

570 550 560 

1 59.4 2')' ..JO 219 236 

2 " 252 232 247 

3 " 266 240 258 

4 " 287 265 282r 

5 " 300 283 302 

6 " 331 J09 331 

7 " 366 337 362 

8 " 380 358 379 

9 " 405 372 390 

10 " 460 425 452 

Il " 542 505 539 

12 " 598 57.2 609 
. 1 " 813 761 013 • 

540 550 560 570 500 

1 7.6.7 142 152 150 147 107 

2 " 162 173 :_03 171 128 

3 " 198 214 225 209 153 

4 " 261 283 290 200 206 

5 " 285 309 325 307 222 

6 " 310 338 358 335 248 

7 " 355 386 406 380 284 

8 " 410 448 476 447 332 

9 ." 429 468 496 464 343 

10 " 452 496 525 493 362 

Il " 490 537 568 530 391 
1 " 586 639 670 622 460 • 

! The absorbance values for this solution are Ao va1ues~ 

( 
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Table 28 

5pectrophotometric data for the equilibrium solutions of 

set A, used in the calculation of the function K2~/P of 

equation (5.23) at each wavelength, at 25 ± 2°C. 

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

Sol. Solvent; moJ..5; Absorbance x 103 

~ methanol in benzene IrJavelenqth. nm. 
550 560,566 

l 16.0 728 764 748 
2 " 711 746 731 

3 " 692 726 717 
4 " 704 7371724 

1 

5 " 668 708 1704 
6 " 677 71'5 709 

7 " 659 696 692 

8 " 651 687 686 

9 " 643 679 678 

10 " 616 652 652 

Il " 616 654 654 

12 ," 583 620 625 
, 

" 539 576 586 • 

157 

! 
; 
1 
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Table'28 (r.ontinued) 

Sol. Solvent;' moLi~ r~bsorbance x 103 

No. methanol in benzene wavclen qtll. nm. 
550 

1 35.4 

1 

559 

2 " 553 

3 " 547 

4 " 540 

5 " 531 

6 " 528 

7 " 521 

8 " 512 

9, Il 502 

10 II· 409 

Il' Il 475 

12 " 460 
, 

" 385 . 
540 550 560 

1 35.4 734 759 788 

2 " 715 74,2 770 

3 " 700 729 762 

4 " 676 712 745 

5 " 662 700 728 

6 " 655 692 722 

7 " 638 678 710 

8 " 623 665 698 

9 " 605 652 684 

10 Il 587 632 665 

Il Il 555 603 638 
, 

' " 489 540 574 • 



Sol. Solvent; 
rJ 0 • methanol 

1 41.0 

2 " 
3 " 
4 " 
5 " 
6 " 
7 " 
8 " 
9 " 

10 " 
Il " 
12 " , 

" • 

'1 50.9 

2 " 
3 " 
4 " 
5 " 
6 " 
7 " 
8 " 
9 " 

10 " 
Il fi 

, 
" . 

Table ?O (continued) 

mol.% Absorbance 
in benzene \\l2velcnath, 

540 550 56C 

044 875 894 

830 870 890 

823 860 885 

1308 550 872 

795 844 867 

778 825 855 

767 811 845 

755 804 832 

735 78.1 015 

685 736 772 

650 704 741 

633 6·88 725 

571 627 665 

540 550 560 

864 892 918 

855 890 915 

836 872 896 

825 865 892 

815 856 872 

792 845 862 

786 829 854 

762 810 835 
- 740 792 820 

691 746 772 

637 688 725 

569 622 659 

x 10 3 

nm. 

159 

1 
1 

1 

j 
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Tacle ?O (continur.d) 

Sol. Solvcnt; mo~ Absorbance x 10 3 

No. methanol in benzene IrJ a v l:' 1 F; n 0 t h t nm. 
540 550 554 560 

1; 76.7 678 690 709 698 

2 " 661 685 695 687 

3 " 64 -r 6(2 680 676 

4 " 636 663 675 667 

5 " 626 657 664 656 

6 " 612 643 656 646 

7 " 598 627 638 630 

8 " 573 606 618 610 

9 " 568 602 613 610 

10 " 534 568 1504 579 

11 " 495 532 542 542 
, 

" 403 4·:3 8 451 458 . 
, 

540 550 554 560 

1 89.8 948 9~0 992 952 

2 " 930 978 994 950 

3 " 915 9G2 975 935 

4 " 915 962 972 935 

5 " 085 936 948 915 

6 " B8C! 930 938 908 

7 " 855 905 918 894 

8 " 030 888 892 872 

9 " [no 868 875 860 

10 " 738 792 010 796 

11 " 681 745 754 747 

12 " 661 715 731 730 
, 

" 580 651 659 659 . 

( 
i 
f 
f 

1 
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