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.olation.. Th. BJ.rraa pot.ntiometric method w•• a••d to d.t.rmin. tb. 

con.t.nt•• 

The r ••alt. indicat•• g.n.r.l d.cr•••• in .t.bility witb iacr••• iag 

ch.in l.ngth. Th. N-t.tr.metbyl .ab.titat.d diaain•• b.v. b••n d.­
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IIftODICTIOI 

Na.y .tacliu b... b... perforaa' iD tb. put 60 year. foe..iDI 

.poD ca.pl.a iOD foraatiOD ••••tability. AltboQlb tb••••il.bl. '.t. 

i. pl••tiful. tb.r••r. "Dy .tacli•• whicb b••• Dot b••• p.rfor.a'. 

t.bl. I li.t••~ of tb••••il.bl. '.t•• 

Tbia r ••••rcb proj.ct foe DpoD tb. Ca.plaUtiOD b.b••ior of 

copper (II) ioa vitb l.)-propyl i..i ' ••·-t.tr tby­

l.tbyl....ia.iaa••Dd •••••• •• '-t.tr...tbylpropyl....i••taa i• 

....0.. parcblor.t. ioa .0lDtioaa. th. Bj.rraa pot••ti_tric ..tbo' 

v...... to '.tarai.. tb. foraatioa .acI at.biUty COData.ta. !!l• 

• ff.ct. of Ch.DI•• iD iODic .tr...tb .D' t • .,.r.tur. apOD th. foraatioD 

.D' .t.bility COD.t.Dt. w.r••tudied. Al.o. th••t.ric .ff.ct. of 

..tbyl &roap•••Dd ch.l.t. riaa .i•••pOD coapl.a .t.bility v•• iD•••­

til.ta'. 

1
 



.•~,,,>,, 

Tau: 1
 

Po~tioa COD8taota for S.1.ct.d Copper-Dia.ia. Syat... 

Lis·ad LoS 1t1 LoS 1t2 LoS ~ hf. 

Blat_ia. 9.60 6.49 16.09 a 

tra..-l,2cyclo­
Haptaa.dia.i.. 11.04 10.11 21. 75 10
 

M-3'-pyridyl..thyl 
.tbyl...dia.1De 9.0 6.90 15.9 a 

cia-l,2-cyclobazaaa­
dia.ia. 10.72 9.40 20.12 10
 

2-a.iaCMIthyl
 
paridiaa 7.54 5.64 13.18 11
 

l-pb.ayl-l,2
 
atbyl...dia.iaa 8.72 8.36 17.08 14
 

a Cb..ical Soci.ty, Londoa, Stability Coaataata of "-tal loa Coapl...a,
 
Spacial Pablo Mo. 17, 1964
 

N 
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POIHATlOlf AIID STABILITY CORSTAlITS 

Wh.a ...t.l ioa coordiaat•• to two or .or. li••ad. ia the fora­

.tioa of • co-plez ioa, it viII '0 .0 .tepvi.e. (1) D8ria. the .tepvi•• 

proc••• iateraedi.te e~aili~ri. will ~. pr.eeat.(2) The re.alt.at 

.t.pvi.e fo~tioa coa.t.at. ia'ic.t. the dear.e of .t.~ility of the 

ca.pleze. foraed ia e.ch iateraedi.te e~ailibri... The l.r.er the 

foraatioa coa.t.at, the .or••t.~le the ca.plez. 

St.bility coa.t.at••r. iadic.ti98 of the .t.bility of tke 

ca.pletely ••tar.t.d ca.plez ioa, th.t i., it iadic.t•• the .t.~ility 

of tke ca.pl.z ioa ••• whole. Tha .t.bility coa.t.at i. tke prodact 

of e.ch iater..di.te foraatioa cODataat. It i. defi..d •• 

It : kl • k2'" k. 

vbar. IT ia the .t.bility CODat••t, kl , k2 .ad k. the i.teraedi.te 

foraatioa CODat••ta ••d • the aazt.aa aaaber of li••ada ca.plezed. 

The l.r.er the .t.bility cODat••t, the .ore at.ble the ca.plaz. 
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Stepvi.e Por.-tioa of C~le~. 

The c~lez iDa i. tbe •••.-bly of ...t.l ioa. ..d ODe or .or. ion. Dr 

~l.cale. c.lled li•••d•• Li•••d••re el.ctro. doaor•• (Lewi. b•••• ) • 

••d ..t.l ioa. .r. electroa .cceptor•• (Lewi••cid.). (3) 

I••~..oa••olatioa. tb...t.l ioa i. c~lezad ., w.t.r .alecal••• 

tlae .ol".t.d ..t.l io. i. iueU • c~lez ioa. I. cc.pleuUoa r ••ctioa. 

w.t.r -alecale••re repl.ced by otb.r li•••d.. W.t.r r.pl.c....t occar. 

bec...e w.ter cc.pl.za....kly witb ..t.l ion.. ADy .tron.ly coapl.zin. 

~l.cal•• will repl.c. w.ter in tb. coordination .pb.r•• 

Aa .t.ted e.rlier, li•••d. doa.te electrona to ..t.l ioaa. Li••ad. 

c.a be ••io... tb.t i •• De••ti"ely cb.raed. or li••ad. c•• b. Deatr.l 

~l.cale.. Li••ad. tb.t co.,lez to ..tal io•• tbroa.b _ doaor .t_ 

.re c.ll.d .a.od••t.t. li•••d.. Tho.e li•••d. tb.t co.,l.z tbroa.b two 

or .are do.or .tODa .re c.ll.d polyd••t.te li•••d.. lide.tete li•••d. 

i•••peci.l cl••• of polyde.t.te li•••d. lid••t.t. li•••d. cc.plez to 

..t.l io•• tbroaab two do.or .t~. Etbyl•••di••i.e.Dd .11 etber di••ia•• 

• re of tb. bide.t.te cl•••• 

The foraaUoa of tbe tatn._iDe copper (II) cc.pl.z io. i."olv•• 

foar di.ti.ct .~ailibri•• (4) 1••iDDi•• witb the .ol".t.d copper (II) io., 

tb. foar .~ailibri. c•• be r.pr••ent.d by tb. followi.. cb..ic.l e~Datioa.: 

2· 
Ca(BZO)4 + °3~ Ca (B20)3(1IB3) ... HZO (1) 

Z·
Ca(BzO» (RB3) .. 1IB3 ~ 

Zi' 
C. (8Z0>Z (RB3>Z + HZO (Z) 

Z· 
Ca(HZo)Z(WH3)Z + 1IB3 ~ 

Z· 
Ca(HzO) (RB3)3 + HZO (3) 

1.~Ca(HzO) (Inl3)3 t 0 3 
1t

~C·(RB3)4 ... HZO (4) 

••d tbe over.ll e~nilibri.. i.
 

Ca(HZO)42• i' 411B3 ~ Ca(1Il3)42t.. 4 HZO (5)
 

Applyina the l.w of Ma•• Action, the followi.. ezpre•• ioa••re obt.i••d: 
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1'1 • JCII(B20>, m3)2~] 1.66 z 10• (6) 
[CII (H20 ). +] [RR31 • 

2+] : 3.16 z 103 (7)k2 • 
[CII(H20 )3 (RH3) ~ [1IB31 

k3 • JCII(K20) (R113h 2+) • 8.13 z 102 (8)
 

[CII(H20 )2 (RR3)22t] (RR3]
 

~. • 1.51 z 102 (9)~
[CII(H20 ) (RH3)lj[1lB3] 

aad tbe o.erall ezpreaaioa ia 

Ca(llB3).2t • 6.58 x 1012 (10)Is: 
[Ca(H20).2t] [a3) 4 

IxpreaaioDa k1 to k. are ealled eODeeDtratioa eqailibri.. eoaateata 

or for..tioa eoaataata. The expreaaioa Is ia ealled tbe eo.plezity or 

atability eODataat. The ..,aitade of eaeb for.-tioa eoaataat ,i.ea aD 

iadieatioa of tbe de,ree of atability of eaeb DeW eo.plez. The ,reater tbe value 

ef t~ for.-tioD eODstaDt, tbe ~re stable tbe eosplez. Thua, k1>k2>k3)k•• 

Izpreaaioa k 1 iadieatea tbat tbe firat ..-oaia .aleeale ea.plexed ia beld 

.are tiabtly tban tbe tbree aaceeedia, a.-oaia .aleeulea. 
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Copper (11) 100 

Th. copp.r (II) ioo will oor.ally coordio.t. foar dooor .te.e. 10 

.ae.ptioaal c••••• copp.r (II) ioo will Ce-pl.K .iK doaor .te... S.v.r.l 

li,••d. th.t for•• iK-coordiaat. ce-pl.ze. with copp.r (II) io••r. Dot.d 

i. the lit.r.tar•• (5) 10 the c••• of di••iDe li,••d•• copper (II) ioo will 

coordiaat. two dleaiDe aol.cal••••• ily•••d • third di••i•• 11l.ad w••kly. 
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HoDod.at.t. .. Ch.l.t. Li••ad. 

Co.pl.... of eh.l.tia. li••ad••r., ia ••aer.l, ~••t.bl. th.a 

tho•• of .a .qaiv.l.at aa.b.r of .oaod.at.t. li••ad•• (6) Ch.l.tia. 

li••ad••r. ~l.eal•• th.t fora ria•• apoa eo.pl...tioa with ..t.l io... 

Th••Db.ac.d .t.bility of eh.l.tia. li••ad. i. e.ll.d the eh.l.t••ff.et. 

The eh.l.t••ff.et .t.t•• : Th. r ••etioa of eopp.r (II) ioa with • .-oai. 

~l.eal•••hoald b. th.r-odyaaaie.lly 1••• f.vor.bl. th.a it. r ••etioa 

with .thyl.a.di.aia. ~l.eal••• 

Th. eh.l.t••ff.et i. .a .atropy .ff.et r.th.r thaa .a .l.etroaie .ff.et. 

Th••l.etroaie .ff.et. of ..-oai••ad .thyl.a.di.aia••r. pr.etie.lly 

id.atie.l.(7) Th••1ail.rity ia .l.etroaie .ff.et. i. dae to th. f.et 

th.t both ~l.eal•• po••••• tb..... doaor .t~, th. aitro••a .toa. 

Ia ..aye•••• th••t.bility of the eh.l.t. li••ad v. the .oaod.at.t. 

li••ad diff.r by oae to two p~ aDit•• (6) T.bl. 2 li.t. th. foraatioa .ad 

.t.bility eoa.t.at. for .-.oai••ad ••v.r.l eh.l.tia. li••ad.. Th. d.t. 

iadie.t.. th.t the .thyl.a.di.aia. ~l.eal. i. ~r••t.bll th.a thl aoa­

ria. fOrDia., ~aod.at.t. l.-oai. ~l.eal•• 

Th. iaer••••d .t.bility of eh.l.t. li••ad. i. dae, ia p.rt, to th. 

li..ad'••bility to r ...ia eo.pl...d to th...t.l ioa daria. r.aetioa. 

For .zaapl., whla oa. of th••thyl.aadi.aiae aitro.la .t~ diaaociatl', 

thl ~l.eall r ... iaa att.eh.d to the ..t.l ioa throaab th. a.eoad aitro••a 

.to.. Th. diaaoeiat.d aitro••a atoa e.a oaly ~v. bat • fev Aa.atroaa 

away froa th. eopp.r (II) ioa, aad the prob.bility of ria. r.foraatioa 

ia .ood. Ia oth.r worda, it ia th.raodyaie.lly f.vorabl. ia t.raa of 

aatropy .ff.et.. OD thl oth.r haad, the diaaoei.tioa of a.-oai. ~l.eal•• 

fro. the eopp.r (II) ioa r.aalta ia a low probability of the • .-oai. 

eoapl.a b.ia. r.foraad. ODe. dia.oci.t.d a.-oai. ~l.eal.a .r. aw.pt 

eoapl.t.ly iato .olatioa .11owiDa for li••ad r.plae...at aad a-.oaia 



PoraatiOD C-.ea.ea for Alipbatic Die_illaa, 
a.d ~ia vitb Ca(ll) 100 

Ligand Lol k1 Lol k2 Log k3 Lo, k4 Log\t.r laf. 

~nia 4.15 3.50 2.89 2.13 12.66 7 

l,2-etbylanadi..tae 10.72 9.31 20.03 17 

l,3-propylanedi..tae 9.62 7.00 16.62 9 

l,2-propylanedi..tae 10.58 9.08 19.66 2 

OIl 
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iIIatabUity. 

(8)
It b.. b••a r.port.d, baa.d OD .athal,ic data, that th. aaiu 

aitrol.U OD th••thyl.a.d1aaia. _l.cal. fora very atroal boada with 

Iaydr.ted copper (II) ioaa. 1D th•••• r.port, ._ai. _l.cal•• w.r. 

foaad to liy. aotic.bly a..ll.r .atb.lpy y.l... , taf.rrial w••ker boad 

.ttr.ctioa. Th• ..-ll.r .atb.lpy y.l... for •.-oai. ia •••lid iadic.tiOD 

of hiab .atropy .ff.cta (prob.bility) .ad iacr••••••t.bility of .thyl...• 

.i..ia. _l.cal••• 

5Db.tit.tioa of .-.oai. with .tbyl.a.di..ia. prodac•••a iacr•••• 

ill the r••ctioa .atropy. Th. r.pl.c__at of .-.oai. (_ao...t.t.d lil.ad) 

with .thyl...di.aia. (ch.l.t. lil.ad) prodac•••a iacr•••• ia th. aaab.r 

of p.rticl•• ia th••y.t.a. Ia oth.r word., two _l.cal•• r••ct, bat 

thr•• _l.cal•••r. prodac.d. Thi. ph.a~aoa i. illaatr.t•• b.low 

.0.­C.(HH3)42++ (.a) -, ca(RB3)2(.a)2t + 2WH3 (11) 

".r. (.a) i. th••thyl...di.ai.. _l.cal•• 



10 

Rial 5i.. of Bi'.at.t. Lil.a' 

Ia I.aer.l, fly.-.._erad .la.i.. rial .y.ta...r. -r••t.bla th.a
 

tha IOTralpndlll1 ailE-..IIb.r.' riq .y.t.... (4) S.yaral laftatil.ton (6,9)
 

h•.,. .tadi•• aa' e~.r.d the .t.bility of t,2-.thyl.aa.i••iaa .0' 1,3­

~ propyl...di••ia••• li,.a'. vith copper (II) ioa. Each taft.ti,.tiOD i1ldi­

e.t.d th.t the l,2-.thyl.aadi••taa li,.a' po••••••• ar••t.r .t.bility. 

!h. -al.cal.'. ,r••t.r .t.bility v•• ia'ic.t.' by l.rl. for-atiOD COD.t.at., (6,') 

aDd f.yor.bl. th.r.o'ya••ic p.r.-t.r•• (9) 

B.rt.ch .0' •••oci.t•• (lO) ..d••0ia d.pth ceap.ri.oa of l,2-.tbyl... ­

die.ia••ad l,3-propyl."'i.aiD••t 10·, 20·, 30- .a' 40· c, .ad ••ro ieaic 

.traalth vith eopp.r (II) ioa. !hair f1a.ial. corra.poa'.d vith tho•• of 

pr.Yiou r••••rch.r•• 

Iroaically, the .ath.lpy ••1Da. fn~ ',3-propyl...di••ia. iudic.t. th.t 

the -al.eal••hoal' b. -are .t.bl. th.a 1,2 .thyl.na'i••ia•• (9) th. l.rl.r 

••th.lpy .al....r••ttrib.t.d to tb. Ir••t.r b•• icity of the l,3-propyl.a. ­
(10)

di••i... Cottoa .ad Barri. fOall' th.t iacr.a.illl prOtOD .ffiaity occarr.d 
(6)

with iacr.a.iq eh.ia l...th. th••ab.ac...at of protOD .ffiaity r •••lt. 

1a .tro...r .cid-b••• iat.r.ctioaa (Lavi••ci'-b••• iat.r.ctioa.). Stroal 

acid-b••• iat.ractiona .r. r.fl.ct.' by tb...,aitad. of .ath.lpy y.t.... 

th. 'uaiai.h.' .t.bility of l,3-propyl•••'i••ia. c.a, .ccor'ia, to
 

Schw.r••ab.ch(7) .a' oth.r., b. trac.' to .atropy 'iff.r.ac•• b.tv••a the
 

two -al.cal... Cona.CI...atly, the for-atioa of aiK-....rad rial .yat_
 

prodac. iller••••• rial .tr.ia apoa ch.latioa, .ad leu favor.bla .aUopy
 

.ff.eta. (10)
 

Bol....a' Willi... (ll) .tadi.' the coapl.KatiOD b.h••ior of 1,2­

.thyl.a•• i••ia••0' l,3-propyl.a.'i••ia. ia .30M perchlor.t. ioa .t 25·C.
 

Aca.pari.oa of tr.ad. ia '.t. coll.ct.d by oth.r ia...ti,.tioaa .a'
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tho,. of Bol....nd Will i ... indic.t. Ireatar 1,2.thyl.nadiaaina .UbiUty. 

Alao, Bol•••nd Willi•• ' d.t. iadic.ud 10-207. Ir••tar bond .traalth. 

for fi..--..b.r.d rinl .y.t... , .ad th.t ••• ily protoDlt.d lil.ad. ar• 

.ar. difficalt to ch.lat•• (12) 

It h.a b••n r.port.d (9,10) th.t ••v.n-"'.r.d rinl ayat•••r. 1... 

at.bl. th.n au-..abar.d rinl ayat... with copper (II) ion. Th. chelation 

b.h,vior of 1,4-batyl.n.diaaina haa b••a iD..'tisat.d by r••••rch.r., .nd 

concr.t. d.t. ha. b••n aa.tt.iDlbl.. Acid di,.oci.tion cODIt.nt. h... 

b••a the only data coll.ct.bl.. Th••cid di.,oci.tion cODlt.nt, coll.ct.d 

follow pr,viona ob••r ••tion, th.t .aaily protonat.d .p.ci.a (lonl ch.in.d 

• ilainaI ar. aor. difficalt to ch.l.t.. roraation conatanta w.r. anatt.in­

.bl. d.. to pr.cipitation of coapl.... darinl inv.atilation. 

ID..,til.tora h... raia.d the q..ation of ..thy-aabatitation and it. 

,ffact	 on u ..t.ae coapl.ntioa with copper (II) iOl1. IJarr. and La_(S) 

condactad inv.'til.tiona nains the ..thyl-.ab'titat.d a..ani., ..thyla­

mina. Th.ir inv••tilation indic.t.d th.t ..thyl..ia.' ••cid di,.oci.tion 

cODltant wa. tw.nty ti•• larl.r th.n .amoni.'.. Thi. f.ct indicat.d • 

bilk.r .tability for a.-oaia. Sab••qaaat inv•• tilatio.. by Spike and 

Parry(S) .. inl 1,2 .thyl.a.diaai.. with zioe (II) aad cadai. (lI) iona 

indic.t. th.t the ..thyl poo.,. had no iadactiv••ff.cu on their coapl.It... 

In oth.r word., the ..thyl aroap. woald t.nd to prodne. 1••• f••or.bl• 

• tability ia t.raa of .atropy .ff.ct••nd .t.bility cODltaat v.l.... aDd
 

the .aba.q..at .ath.lpy vala., woald b. of l.rl.r "Iaitall•••
 

1"010(13) conduct.d .n iD d.pth .tady of ,t.ric hind.r.ac. aeinl
 

C(l,2)-_thyl .ab.titat.d ethyl.a.di••ina•• Th. d.t. li.t.d in T.bl. 3
 

indic.t.d th.t .tbyl ,ab.titation .ad the po•• ibl. iadacti...ff.ct.
 

b•• a .iai..l .ff.ct on coordia.tion b.h.vior. 



ro~tioa Coaetaata of CaCII) loa with C~.2)-Sabatitatad 
1.2·athy1aaedi.-iaaa 

Lt••ad 

1.2-ethy1aaadi••iDe 

rac-2.3-baty1a..d1aa1Da 

"-ao-2.3-baty1a..dt ••t .. 

2-..thy1-1.2-propy1a..diaaiae 

2.3-dt..tbyl-2.3-baty1a..­
db.iaa 

b raf. 13 

I • .'OM N03- • 2~C 

Lo. k1 

10.76 

11.39 

10.72 

10.'3 

11.63 

Lo. k2 

9.37 

9.82 

9.34 

9.0' 

10.24 

Loa "'r 

20.13 

21.21 

20.06 

19.'8 

21.87 

...
 
N 
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Tbar.od,a.aic .tadi•• (14) p.rforaad ia percblor.t. ioa .olationa 

uilll C(l)-.alt.titatad .tbyl...di.aina. iadic.t•••UFt d.cr•••• ia 

.tabiUty witb iacra.aiaa 8Gb.Ut.at cbaia laqtb••ad a__r of .tbyl 

aroap. oa tb. C (1) c.rbon. t.bla 4 u.u tb. p.rUDaat d.t.. th. 

d.t••1.0 iadic.t.d .a upw.rd tr.ad i••atropy .ad .t.bility conat.at 

v.l... vitb iacr••• iaa ionic .tr.aatb. 

th••ffact of .tbyl.tioa on .ia-..ab.rad riaa .yeta. v•••tadiad 

.y Bar•• (9) ia. liait.d i.ve.tia.tion. tha d.t. li.tad ia tabla 5 

ladic.t•••a iacr••• iaa .t••ility for tb••thyl d.riv.tive. fbi. 

bct lad Bar.. to coaclada th.t .olveat iatar.ctiona tlitb .thyl aroap. 

produc.d f.vor.bl••atropy .ffact•• 

th. aff.ct of ~ao-.ab.titation of th••aina .itrolaa v•••tadi.d 

.y ' ••010 .ad Mur_. ia 1952. (15) th. d.t. collacted 18 U.ted ia 

t ••l. 6. Upon iaapectioa. tb. d.t. iadic.t••• aotic.bl. d.cr•••• ia 

the .t.bility of the coapl.a iOll ••• faDction of .ab.tit.at cb.ia 

1.llItb. tb••ac.ptio. b.i.a tb. B-a-batyl d.riv.tive. ' ••010 coaclad.d. 

(•• oth.r r ••••rch.r. b.d(8.9.13.14» th.t the d.cr•••• i••t.bility 

.Dd .lilht i.cr•••• for N-a batyl d.riv.tiv., v.r••ttribat.bl. to 

.atropy.ff.ct•• Mclatyr.Cl6) perforaad • aiaUar .tady uial 1.2• 

• thyl.a.di.aia••ad N-.thyl .tbyl.Dadi.aiDa, .ad arrived .t the ••• 

coacluion. 

It v•• r.port.d ia 1953(17) tb.t tb. N-di-.alt.titat.d .tbyl.nadi.­

ai....zbibit.d the .iail.r tb.~,a.aic .ad coapl.aatioa b.b.vior •• 

tb. N-80ao.ab.titat.d ~l.c.l... T.bl. 7 i•• li.tial of the d.t•• 

lar•• r.port.d(lO) the ia.t.bility of N-i.opropyl .ad •••·di.tbyl-l.3. 

propyl.nadi.aia. with copper (II) ioa. Pr.cipit.tion occurr.d vitb 

botb aol.cal... la.t.bility v•••ttribat.d to aaf.vor.bl••atropy .ff.ct., 



For.atloa COData.t. of C. (II) to. .l~ C(l)-....tlt.t.d 
l,2-.thY1...d~..ac 

I • .20M C104­ , 2'·C 

Lisa.d Loa k1 Loa k2 Loa K.r 

l,2-.thy1.nadiaaiD. 10.76 9.37 20.13 

1-..thy1-1,2-.thy1...dia.iaa 

1,l-dt.ethy1-1,2-.thy1enad 1.-j-. 
10.56 

10.18 

9.02 

8.92 

19.'8 

19.10 

1-.thy1-1,2-.thy1...dia.tDe 10.49 9.12 19.61 

c ref. 14 

...
 .... 



Uaand 

1.3-propy1ooedia.tDe 

2.Z-di..tby1-1.3­
propy1ooedia.ine 

d ref.9 

Por.atioa Caa.t••t. of CD (II) loa vitk 1.]-~OPYI0Dedi••lDa ... 
Motby1 Deriv.ti_ 

30·C. I. 1.OM 1103­

Loa k1 

9.62 

Loa kz 

7.00 

Loa kr 

16.6Z 

9.94 7.45 17.39 

~ 

YO 



r~t101l CoutaDta of CD (11) with .-A1ky1etby1e_diaai_e 

I • .50M N03-. 2~C 

LiaaDeI Loa 1<1 Loa I<z Loa K.r 

1.Z-etby1e_e1iawdDe 10.76 9.37 ZO.13 

N-..tby1etbyleDeeliaat_ 10.55 8.56 19.11 

N-etby1etby1e_e1laaiDe 10.19 8.38 18.57 

R-D-propy1etby1e_e1i..iDe 9.98 8.16 18.14 

e ref. IS 

...
 
'"
 



porwaeloa Coaaeaae. of Cg (11) vl~ 

•••• - DlAlkylathyleaediaataaf 

1 • .'OK M03" • 25·C 

Ligand Lol kl Loa k2 

1.2-ethylenedlaaina 10.76 9.37 

R.N'-diaethylathyla..diaaiae 10.47 7.63 

H.N'-diathylathylanadiaaine 9.30 6.32 

R.N'-di-a-propylatbylenediaalae 8.79 5.55 

Lol I':t 

20.13 

18.10 

1'.62 

14.34 

f ref. 17 

...
...
 



18 

lDcr••••d eb.l.t. rioa .i•••ad 

aitros·a. 

tbo•• pr•••at ia tb. lit.r.tar••r. vary iDC~1.t•• (18) 

..tbyl .ab.titatiaD aD tb•••ia. 

laport. of r ••••reb perfor..d vitb N-tri .ad t.tr•••b.titat.d 

.tbyl.a. ••d l,3-propyl.uedi..ia•••r••e.re. ia tb. lit.r.tar., .ad 
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Perchlorate Ion 

The perchlorate ion ia a very poor 1iiand. Perchlorate ion aaaoc­

iation in c~lez ayate.. eziata when the ca.p1ez in queation ia weak 

itaelf. (19) Thna, perchlorate ion anociaUon ia a ponibility in the 

caae of weak ca.p1ez foraation in perchlorate ao1atio.a. 

In thia inveatisatioa, the effect of chelation and aabeequent 

entropy inf1uencea will poaaib1y ..sate any perchlorate aaaociation. 

The preaence of perchlorate ion aboa1d have aone influence on atabi1ity 

i. terww of the ca.p1ez ion'a ch..ica1 enviro...nt. (20) 
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EIl'RDlBIlTAL 

"alaat. aad Eqaipment 

Tha ch..ical. a.ad in thi. inva.tilation vara of analytical raalant 

arada. Daioni.ad watar wa. aaad in dilation.. All YOla.atric pipat. 

and barat. vara calibr.tad bafora aaa. Cla.avara va. of CIa•• A Irada. 

"alanu 

liar illlli',.rchlorata. aahydroaa. .od illlll parchlorate. hydrate, and 

coppar parchlorata. hauhydllate wara parchand fro. tha C. Fradarich 

S.ith Cha.ical Coapany. 

Tha 1.2-athylaaadia.iaa. 98.'~ vaa obtaiaad froa tha 'i.har Scian­

tific Coapany. N,R,N'.NLtatra..thrpropyla..diaai... 99-1•••••R· ,R'· 

tatr...thylathylanadia.ina. 991. and 1.3-propylanadia.ine. 981 vara 

obtainad froa tha Aldrich tha.ical Coapany. Thay vara aaad a. obtaiaad. 

Parchloric Acid, 7O'L. wa. obtaiaad fro. tha Malliackrodt tha.ical 

Coapany. 

lIaffar pH 4.00 t .01 va. obtained froa tha Carth Matha•• 

Sciantific. lac. Baffar pH 8.00 t .02 va. obtainad froa tha Fi.har 

Sciantific Coapany. 

Praparifiad nitrolan laa va. obtainad froa tha Linda Div.--Union 

Carbida Corp. 

Eq8i.-nt 

'or ta.,aratara control a 'or- raap. Jr •• Modal 209'-2. rafrilarated 

and haatad circalatinl vatar bath. and Maaai Whirl coaatant teapar.tara 

be tb wara and. 
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'or pot.ati~tric ....ar...at••a Hori.os EcoloaY pH ..t.r, Mod.l 

599S-10 .qaipped vith • 'i.h.r r.f.r.ac••l.ctrod••ad • '.rkia Il..r 

Tri-parpo•• al••• al.ctrod. v.r. aa.d. 

t • ..,.ratar•• v.r. Wlaitor.d _iaa • S.ra.at G th.~t.r, r.aa. 

lS-31- C, .ad • U.her Sci.aUf1c 15-ooA, reaa. 10-51·C. 

w.t.r ••th t • .,.r.tar. 

'or.. t • .,. Jr. coa.caat t..,.r.tar. b.th v.. c.Ubr.t.d to viChia 

1 .Ol-C of d.aired t •..,.retar.. A S.ra.at G th.~ter v.. aaecl for 

t •..,.ratar•• 20· .ad 30·C. rt.her Sc1eat1fic 15-ooA v...... for: 40-C 

dat.raiaatiosa. t • .,.r.tar••qailibr.tion r.qair.d 1-1.5 hoara. "-aai 

Whirl v.t.r b.th ".. c.Ubr.tecl to vithia t .10·C. 

CaUbraUOIl of pH Meter 

Horiaoa pH ..t.r .... c.libr.t.d a.iaa at.ad.rd pH 4.00 t .01 .ad 

S.oo ! .02 baff.r.. Baff.r .olation. v.r••llow.d to .it ia th. coa.t.at 

t •..,.r.tar. b.th for Oil. hoar to .1I.ar. t •.,.r.tar••qaiUbria. lef­

.r.lIC••ad pH .l.ctrod•• ".r••llow.d to .it ill • coat.taer of d.ioai••d 

v.ter at t ....r.tar. of ia".aUaatioa aatU aa.. Tbia .uar.d 

t..,.r.tar••quilibria throalbout th. ayat••• 

Prep.r.tiou of Solationa 

Acid-El.ctrolyt. Solatioaa 

Solatioaa v.r. pr.par.d froa. atock aolutiou coat.iaiaa • 100M •• {CI04)2 

.a••0'S3M HCI04' Stock aolation v•••a.lya.d for acid coat.at aeiua 

at.ad.rd ...lytic.l ..thoda. All aaba.qaeat aolatioaa v.r. pr.p.r.d 

froa thia atock .olution. 
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Acid-Met.l ion Solution. 

Solutiona were prep.red from ••tock .olution cont.ining .1402M 

Cu(C104)2 .nd .1018H RC1~. Stock .olution w•••n.ly.ed for copper 

cODtent u.ing .tomic .bsorption. Stock .olution w•• prep.red for .n.ly.i. 

by diluting vola.etric.lly • 10 ml .liquot to .pproximetely 7 ppm copper 

St.nd.rd. were prep.red by diluting volumetric.lly ••t.nd.rd 

.tock .olution of copper to 1,5,10, .nd 25 ppm. St.nd.rd .tock copper 

.olution w•• prep.red by di••olving one gr•• copper wire in 5 ml. concen­

tr.ted nitric .cid, .nd diluting .olntion to 1000 ml.. St.nd.rd••nd di­

luted .tock .olution were rOD .nd .b.orption spectra obt.ined. Spectrsl 

points were gr.phed using a.witt P.ck.rd computer .nd plott.r, .nd • l ••• t 

.qu.re. plot progra.. • 

Acid cont.nt w•••naly••d naing st.nd.rd qu.ntitative methoda. All 

.uba.quent .olution. were prepar.d from this .tock aolution. 

I ••e Solution. 

All b••• aolutiona were prep.red by diluting conc.ntr.ted b.s••olution. 

with d.ioni••d w.ter. The molority of concentrated b•••• w•• c.lcul.t.d 

n.ing percent by weight and d.naity v.lue.. Conc.ntration. of diluted 

b••e .olution. were .naly••d u.inl .t.nd.rd quantitative method•• 

Proc.dur. 

Th. procedure th.t w•• u••d for the Bj.rrum potentiometric d.t.rmin.tion 

of formation con.t.nt. i. a. follow.: 

Two .olution. were pr.p.red from ••t.nd.rd .tock .olntion. Th. fir.t 

cont.in.d .001H B.(C104)2 .nd .002H aC104 • The .econd cont.in.d .001MCu(C104)2 

.nd .002H HC104 • Conc.ntr.t.d perchloric .cid w•••dded to .dju.t .cid 

donc.ntr.tion to .002H HC1~. 

Two .ddition.l .olution. were pr.p.red by dilution of 50 ml .liquot. fro• 

••ch of the previou.ly pr.p.red .olution.. Th. fir.t .olution cont.in.d 

.0001H B.(C104)2 and .0002H 8C104• The ••cond .olution contain.d 
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.0001. CaCC10.)2 .a' .OO02M IelO.. So.i-. p.rcblor.t. va. a".' to .11 

.olationa to a'ja.t iODic .tr.altb. 

B.tw••a 200 aa' 225 .1. of .acb pr.Yioaaly pr.p.r.' .olatioa v.r. 

pl.c.' iato 250 .rl.yaa.ayar fla.k•••• pl.c.' ia coa.ta.t t • .,.r.tar. 

b.tb. A .iai..- of two boar. v•••llow.' for tb.raal .~ailibr.tioa. 

Nitrog.a g•• v•• babbl.' iato tb•••cb fl••k for .pproaiaat.ly tw.aty 

.iaat•• , to aap.l CO2 .a' 02. E.cb fl••k v•• th•••topper.' DDtil a••' 

for tb. titr.tioa. 

'ifty .1. of .olatioa v•• pipltt.d froa fl••k iDto • 150 .1 b••k.r 

vbicb v.. p.rti.lly .abalrl.d ia tb. coast.at t •.,.ratar. b.tb. S.v­

.ral .iaat•• v.r••llowed for tb.raal .qaiUbri... 

B.ri.. percblor.t. 101atiODl v.r. aa.' to '.t.rai...cid di••oc­

i.tioa coalt.at. of tb•• i••i••••••d tb. Ca(CIO.)2 .olatioaa v.r. 

a••d to d.t.rai.. foraatiOD coaat.at.. Botb of tb••••olatioaa v.r. 

titr.t.d vitb .~Qloaa ••ia••olatioaa. Aft.r ••cb ••i.. vol...."itioa 

o.e .iaat. v•••llow.' for tb.raal .qailibriaa. Th. pH of tb••olatioa 

v•• r.cor'.' .ft.r th.raal .~ailibri.. v.. .tt.ia.'. 1a tb. c... of 

H••••' .N' '.t.tr...tbylpropyl....i ••i.. ap to five .i.at•• v•••llow.' 

for th. r ••ction to r ••cb .~ailibri .. b.for•• p. r ••'i.1 v•• t.k••• 

Nitrol.a I •• v•• babbl.' .lowly iato .olatioa 'ariag titr.tioa. 

I

Th•••ia••olatioa. v.r•••••• vitb • c.libr.t.d 10 at Cl••• A 

bar.t vitb .05 ml gr.'uatioa•••a' Epp.a'orf pip.t••dJaat.' to ••1iYlr 

.005 •••• 01 .1. of .olatioa. Tb. pi ..t.r v•• r.c.libr.t.' .ft.r ••cb 

titr.tioa. Ioaic .tr.altb. a••' v.r. 1.0•• 50••30 .a' .10 M. T•.,.r­

.tare. aa.' v.r. 20·. 30· .a' .O·C. 

, ­
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D.t.r.ia.tiOD of Acid Di••oci.tiOD COD.t.at 

Th. b••••tr.alth of • b••• i. iayer••1y r.1.t.d to it••cid di.· 

.oci.tioa coa.t.at. Th. two .r. r.1.t.d by the ...r ••• ion 

(1)Iv : IttJ . I.. 

9019i...~..tiOD (1) for r... the fo11owial ...r ••• ion i. obt.ined. 

Jr., (Z)I.. :
 

Ib
 

wh.r. IV 18 the ioaia.Un .onataat of w.t.r. Ib the b... conat.ac 

.IUI I.. the .cid di••oci.UOD cODat.at. 

Th••cid di..oci.Uoa cODet.at 18 for the followiq .~"UOD.tA •• -""-­ A + (3) 

wh.r. AIr i. the b••• C.tiOD. A ch. aD,rotOD.c.d b••••ad B-th••cid. 

Th. fo11oviq ...r ••• ion c•• ba d.ri••d 

[A) [81I.	 • ~ r.. (for b••• ) (4) 
[A Bt

) 

wher.	 r.. i. the .cid di••oci.tioa CODat.at. 

!qaation (4) i•••1id for • woao-b•• ic wo1.ca1.. Whea the wo1.ca1. 

i.	 di-b•• ic ••ach •• di••i•••• th. fo11owial .q..tio•• hold trDa 

A 8+ -.... A + 8+ (5) -
Zt	 ""- +A H ARt at (6)Z 

wh.re ARZt i. the ••coad b••• woi.ty. 

Th. fo11ovi.1 .xpr••• iODa c.a be d.riyed fro. .q..tioa. (5) .ad (6) 

[A) [Bt ) (7)1.1	 • 
AlIt 

• [Ht 1	 ~'] (8)r.Z 

[~fJ 

wh.r. 1.1 i. the fir.t .cid di••oci.cioa co••t.at .ad ~ i. th•••coad 
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acid dil.ociatioD coaataDt. 

It i. a ..tter of cODveDience to expre•• ~l aDd 17 iD ter.. of 

101 valae.. Tbe folloviDI e.,re'lioD. caD be derived by takiDI the 101 

of ~ eaprellioDa 

[AJ (9)101 ~l. 101 [B"J t 101 

[AB" ] 

MaltiplyiDI both lidel of eqaatiOD (9) by Degative ODe, we olotaiD 

(I.] 
- 101 1.1 = - 101 [B·] . -101 (10)

[AB'tJ 

whicb livel 

P~l • pH - 10 1 (1.1 
(Alt ] 

(11) 

EqaatiOD (11) il a variation of tbe HaDderloD • Halelbacb e~aatioD. If 

11 liveD the .a_ treat_Dt, we obtaiD~ 
,. [AB·]_ (U)

p~Z pH - 101
 

[ ABZ 
Z·]
 

E~aatiODI (11) aDd (lZ) ware aald to calcDlate the acid dillociatioD 

coaataDtl for each dia.iDe. Coapatar progrl" were writteD to help 

facilitate the calcalatioD of each pI. valae. 

DlteraiutioD of Por..tion CODltaDt 

The followiDI .... aCfiOD eapre•• ion. are valid(l) 

[ca A
Z 

]
kl • (1) 

[caZ.] [A 1 

rca I.zzt]
kZ • (14)

[ca A 
Zt

] ~] 



--
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wh.r. [AJ i. the di••iDe coac.atr.tioa. E~aatioa (13) .ad (14) .r. 

d.rhed fr_ the fallovial compl.xatioa .qail1bri_ 

Ca2+ ~ A CII AZ+ (15) --
Ca AZt + A -,.. Ca ~+ (16) 

Coaat.at. kl .ad ~2 .r. c.ll.d cone.atr.tioa con.t.at•••ad .r. DOt 

tr.. th.rwodyaamic coa.t.at.. To b. trae th.rmodyna.ic coaat.at•• the 

.ctivity of ••ch .p.ci•• De.d b. f.ctor.d iato ••ch .~aatios. How.v.r. the 

.ctivity co.ffici••t of ••ch .peci•• c.a b.......d to b. COD.t.at wh.a • hiab. 

coaat.at ioaic .tr.alth medi_ i. employed. 

Accordial to Bj.rr_.(2) the conc.atr.tioa coa.t.at••r. formatioa 

coaat.at.. Th..... t.raiaololY will b. aa.d h.r.. Th...xtaaa aa.b.r 

of lil.ad. coapl.xed to copp.r (II) ioa i. two; oaly th••••qaatioaa 

will b. d.v.loped .ad aa.d. To d.t.raia. the formation cos.t.aU. the 

t.ra a ... t b. kaOVD. Th. t.ra il 18 d.Uaed •• 

[MA] + 2[MAa1 + ... R [MAN]ii • (17) 

[M] + [MA] + [~ + '''[~1 

wh.r. R i. the ..xi._ aamb.r of lil.ad.. For copper (II) - di..ia. 

coapl.x•• of R • 2. .ad the t.ra 11 b.co... 

~ .. 2 rCaA2
2+JL-_....,.. (18)

ii " 
[CIIZ·] .. [CaA2·] t [CaA22~] 

Th. t.ra i i. d.fia.d •• the •••r.l. aa.b.r of lil.ad••tt.ch.d to the 

copper (II) ioa .ad .apr••••••a aD8.bilaoaa r.l.tioaahip b.tw••a i 

.ad the fr••••in. coac.atr.tioa. 
~) 

Sab.titatial .~aatioa. (13) .ad (14) 

iato (18) .ad .li.inatial [CIIZ+] Ii••• 

Zkl rAJ + 2 klk2 [A]I-__i • (19) 

1 + kl [AJ + klk2 [A]Z 
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vhere kl ead k2 are coaeldered UDkDowu ~Daatltlel. "erreale..at 

of e~a.tloa (19)(22) ead co.b1a1al terwa 11vel 

ii + (I -1) kl [A1 + (ii - 2) klk2 [A]2. 0 (20) 

ead lolvlal e~DatlOD (20) for eech ladlvldaal forwatloa coa.taat 11vel 

1 i
kl : - • (21) 

[A] (l-i) - (2 - ia) tA1 k2 

1 iii
• (22)k2 = - +(.-1) 

(A] kl [A1 

Before actaal coalteatl caa be calcalated a let of approK~te coaltaatl 

kl aad k2 maat be deteralDed.(21) 

The 1Dver.. of [A1 at half i Valllel VII lIIed al aa approKl..tloa 
(21)

of the forwatloa coaltaat. Dol81 10 relaltl la 

1 
(23)k -­

1 - [A1 II : .5 

1 
k2 : (24) 

(AJ 1I = 1.5 

There eKiltl e~aal allODDtl of ca2+ aad CaA
2
• for kl at D • .5, 

2· 2·aad of CaA aad CaA2 for k2 at a • 1. 5. Sabltltatloa of e~aatloa 

(23) lato (21) aad e~uatloa (24) lato (22) 11ve. 

kl : 1-­ 1 (25) 

[Alii • .5 1 - 3 k2 [A] il. •. 5 

k2 • 
1 

1 - 3 (26) 

[A] Ii = 1.5 kl [A1ii. 1.5 



8Z
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a..alta 

Tabl. 8 coat.iaa tb••cid di••oci.tioa .ad fo~tioa coaataata
 

of 1.3-propaa.dia.ia. witb copp.r (II) ioa .t 30
p 
C.
 

T.bl•• 9 aad 10 coataiD tb. foraatioa coaat.at. for ••••R' •• '.
 

tetr...tbyl.tbyl.aedia.iaa aad R••,R'.R'-t.tr...tbylpropyl.aedi.a1ae.
 

r.ap.ctiv.ly witb copp.r (II) ioa. tabl•• 11 aad 12 ar. li.tiaa. of
 

tb. acid dia.ociatioa COD.t.ata for .,R.R'.R'-t.tr...tbyl.tbyl.a.dia.1ae
 

aDd ••••R'.R'-t.tr...tbylpropyl.aed1••ta•• r ••p.cti••ly. All d.t.
 

vera c.lcal.t.d witb a coapat.r prosr..... aaiaa tb. Ij.rraa pot.atioaetr1c 

..tbod. Coapater proan...re Uated ia App.adic.. A-D. T\. fo~tiOD 

coaat.at d.ta for R•• ,.' •• '-t.tra..tbylpropyl.aedia.iae w•• d.t.ra1aed 

ia .0001M co2+ .olatioa.. Pr.cipitat10a of coapl.z occwrr.d 1a .001M 

Ca2+ ••latioaa. .0 pr.cipit.t1oa occarr.d wb.a 1.3-propyl.aadia.ia. 

aad ••••• ' ••'-t.tr...tbyl.tbyl.ae.ia.ia. w.r. aa.d w1tb tb••001M 

Ca2• .01at10a•• 

Acid di••oci.tioa coaat••t. for 1.3-propyl.aed1••1De aDd •••••'.R'. 

t.traaetbyl.tbyl.a.dia.i•• w.r. d.t.ra1aed 1a .001M I.~ aolatioa•• 

aad tboa. for R••••·,R'·t.tr...tbylpropyl.aediaaiD. w.r. d.t.raiaad 1a 

.OOOlM la2+ aolat10a•• 

T.bl•• 13 aad 14 coataia tb.raodyaa.ic p.r...t.r. for •••••·.R'·
 

t.traaetbyl.tbyl.a.di••ia. aDd ••• ,.' •• '-t.tr...tbylpropyl•••di••iae
 

•• 11/2
coapl.Ke. witb cop,.r (II) ioa. A plot of la ~.. I or la ~
 

••d .ztr.polatiaa to ••ro ioaic .tr.a.tb live. the tb.raodyaaaic fora­

atioa coaataat. ~. Th••10,. of • plot of la ~ •• lIT i. r.lat.d
 

to AB· by:
 

.10,. • (1)-AH"/R 

wber. 6R- 11 the tb.raodyaa.ic .atbalpy t.ra ••d • 11 the ... 

CODat••t. Th••bo••••a.tio. i. obtaiaad froa tb•••a't Boff ••aatioa. 



DATA roll 1.3-PllOPYLENEDIAH1IIIl 

At 30° C 
Acid Di••ociatioa Conatant. FormatioD ConataDt. O.iDI Copp.r (II) loa 

KlLAll ~ -log 1:1 1:2 -101 1[2 III -log III II 2 101 112 
)laC10 

1.0 4.98.11- 11 10.30(.03) 1.92 • 10.9 8.72(.02) 3.95 • 109 9.60(.01) 1. 05.U171 J Oa(. 01) 

.50 5. 25xlO- 11 10.28 (.01) 1.82xlO·9 8.74(.01) 5. 19x109 9.71(.03) 1.77.107 17.25(.04) 

.30 4.42xlO-11 10.35(.03) 1.6,.10-9 8.77(.01) 2.31xlO 9.36(.02) 7.15.10$15.87(.134 

.10 4.10.10- 11 10.39(.02) 2.46xlO· 9 8.61(.04) 2.69xlO 9.43 (.01) 6.34.106 16.80(.05) 

StaDdard d.viationa in par.ntb•••• 

...
 
o 



T.., (OC) 

I20 

30 I 

M:lLAR 
HaC10.. 

1.0 

.50 

.30 

.10 

1.0 

.50 

.30 

.10 

rOIJlATIOR COIISTAIlTS or COPPER (II) lOR 
WITH ••R••·.R~t.tr...tby1.tby1...di••iaa 

k1 101 k1 

I 7 
7.94 (. 01)8.65dO 

I 
7 

3.72dO 7.57(.02) 

I 
7 

7.16 (.00)l.44dO 

2.22d07 7.35(.02) 

I 5.03d07 7.70(.00) 

I 4.78d07 7.68(.02) 

I 8. 96xl06 6.95(.00) 

I 1.05d07 7.02 (.05) 

k2 

4 
8.08dO 

4 
7.83dO 

4 
5.54dO 

2.45d04 

3.60z104 

5.55d04 

1. 72d03 

1. 15d04 

101 k2 

4.90(.07) 

4.89(.02) 

3.74(.00) 

4.39(.01) 

4.56(.02) 

4.74(.01) 

3.24(.00) 

4.06(.03) 

40 I 1.0 

.50 

.30 

.10 

I 3. 144d07 7.50(.00) 

I 1. 91d07 7.28(.00) 

I 
1.22d07 7.09(.00) 

2.11d07 7.33(.03) 

5.92d04 

6.77d04 

8.25.103 

2.95d04 

4.77(.01) 

4.83(.00) 

3.92(.03) 

4.47(.01) 

St.nd.rd d••i.tioaa in p.r.ntb•••• 

...... 



POIHATIO. CORSTA"TS OF COPPER (II) 10. 
WITH ••••• ' ••·-t.tr...tby1propy1.oed1••1oe 

T.ap (·C) K>LAII. 
II.C104 

"1 101 "1 "2 101 k2 

20 

30 

40 

I 

I 

I 

1.0 

.50 

.30 

.10 

1.0 

.50 

.30 

.10 

1.0 

.50 

.30 

.10 

I 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

1. 59z108 

6.81z106 

1. 53z106 

2.1Ox106 

3.03x107 

1.06z107 

1.08z107 

1.47z107 

73.04z10 

1.33z107 

4. 38z106 

3.7Ox107 

8.20(.02) 

6.83 (.00) 

6.19(.00) 

6.32(.02) 

7.48(.05) 

7.03(.02) 

7.03(.10) 

7.16(.11) 

7.48 (.07) 

7.12(.00) 

6.64(.04) 

7.56(.11) 

6. 94z104 

4. 912z104 

4. 56z104 

3. llz105 

5.17z104 

7. 25z104 

5. 36z104 

2.7Ox105 

6. 22z104 

"5
1.317z10 

8. 17z104 

2. 79z106 

I 

I 

I 

4.83(.13) 

4.69(.10) 

4.66(.05) 

5.49(.01) 

4.71 (. 05) 

4.86(.00) 

4.72(.07) 

5.43(.06) 

4.79 (. 07) 

5.13(.01) 

4.90(.15) 

6.421 (.18) 

St.Dd.rd d••1.t1oaa 1n p.r.ntb•••• 

.... 
N 



ACID DISSOCIATIOR CORSTARTS or R.R.R· ••·-t.tr...tbyl.tbyl.oed1..ioe 

T.... (OC) I«)LAR 

N.CI04 
~l 

20 I 1.0 I 2.36dO-1O 

.50 I 3.55dO- 1O 

.30 I 3.318dO- 1O 

.10 I 4.32dO-1O 

-log \(1 

9.63(.02) 

9.45(.03) 

9.48(.03) 

9.36(.02) 

~ -log \(2 

7
2.76dO 

-7
5.16dO 

-7
4.96dO 

7.15dO- 7 

6.56(.00) 

6.29(.01) 

6.31(.01) 

6.13(.02) 

-10 
30 I 1.0 I 3.80dO 9.42(.01) 

-10 
.50 I 4.93dO 9.31(.02) 

I 
-10 

.30 6.26dO 9.20(.01) 

.10 7.37dO-1O 9.13(.01) 

4.33dO· 7 

6.12dO- 7 

7.91dO- 7 

-61.14dO 

6.36 (. 01) 

6.21(.01) 

6.10(.01) 

5.95(.02) 

40 I 1.0 I 6.97dO-1O 

.50 I 9.04dO-1O 

.30 I 8.UdO-1O 

.10 I 1.01:1:10-9 

St••d.rd d.,,1.t1011& 1. p.r••th•••• 

9.16(.01) 

9.04(.01) 

9.09(.01) 

8.99(.02) 

9.3Ox10- 7 

1. 429dO-6 

9.81dO- 7 

1.21dO-6 

6.03(.01) 

5.85(.01) 

6.01 (.01) 

5.92(.01) 

...
...
 



ACID DISSOCIATION CO.STARTS or ••••• ' ••'-t.tr...thy1propy1.a.dt.a1ae 

T.-.p ("C) Jl)LAIl I: 1 - 101 1:1 1:2 -101 1:2 
N.C104 

-9
20 I 1.0 I 2.64xlO·1O 

9.58(.04) 8. 13xlO 8.09(.07) 

.50 I 3. 66xlO- lO 1. 52xlO·89.44(.04) 7.82(.09) 

-8
.30 5.601l10·1O 9.25(.02) 1.811l10 7.74(.01) 

.10 5.89xlO- lO 1.93dO-89.23(.05) 7.72(.02)I 
30 I 1.0 

.50 

.30 

.10 

I 

I 

I 

I 

5.47dO· 1O 

5.3h:10-1O 

4. 53dO- lO 

2.73dO- lO 

9.26(.02) 

9.28(.03) 

9.35(.04) 

9.57(.02) 

1. 531l10-8 

2.22dO-8 

1. 96xlO·8 

-81.6b10 

7.81(.02) 

7.65(.03) 

7.71(.02) 

7.78(.01) 

40 I 1.0 I 8.9Ox15-1O 9.05(.02) 3.63dO-8 7.44(.02) 

.50 I 4.06dO- lO J 9.39(.02) 3.13dO-8 I 7.51(.01) 

.30 I 8.07x10- 1O I 9.09(.01) 2. 55dO-8 I 7.59(.01) 

.10 I 4.24dO- lO I 9.37(.01) 1. 351l10-8 I 7.87(.05) 

St.ad.rd d••t.ttoa­ t. p.r••th•••• 

...
 
~ 
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TABLE 13 

Th•.-o
d

y
u••ie D

.t. o
f C

opper 
(11) 

lo
a 

w
ith

 .-
t.tr...th

y
1

.t.d
 D

i••la•
•
 

for fir.t fo
r.a

tio
a
 C

o
aat.at 

•••••·.·-
t.tr...th

y
l-

•••••• ••·-t.tr...thy1
• 

• thy1.aed
la

.i•• 
propy1.uedi••iu

. 

20·C
 

loS 
k1 0 

6.31 
5.36 

c. G
i (kea

l) 
-8

.4
6

 
-7

.1
9


 

A
ll· (k

eal) 
7.25 

24.34
 

0.51 • (e
a
l/d

·s) 
53.59 

107.56
 

30·C
 •

101 k1 
6.58 

6.77 

t:. G
1° (k

e.1
) 

-9
.1

3
 

-8
.0

0
 

A
ll· (k

eal) 
7.25 

24.34 

A
S1· (eal/d

.S
) 

54.03 
106.68 

40·C
 

0 

loS
 k1 

6
.6

2
 

6.42 

0. G
1° (k

eal) 
-9

.4
9

 
-7

.6
3

 

0.810 (k
eal) 

7.25 
24.34 

0.51. (eal/d
••) 

53.46 
102.09 



N.N •• '.N'-t.tr...thy1 
• tbylenediaailla 

40 

·c 

20, 

I 
30 I 

13.12 I -12.891 -8.46 I -21.351 67.48 I 42.57 I 110.0514.87 

Th• .-.od,......lc P.r._t.r. for Prot...... tlO1l of ••••• 

8.25 

AR~ 48: 6R: .. AG" ilG: 4G~. AS: . AS· 

8.25 4.87 13.12 -12.55 -8.21 -20.76 70.93 I 44.60 I 115. 531 

I 4.87 I 13.12 I -12.641 -8.24 I -20.881 68.91 I 43.24 I 112.1518.25 

8.99 I 5.91 

9. 35 1 6• 12 

9.12 15.94 

N.N ••·.N'-t.tr...thy1 
Propy1.lIadi••in. 

20 

30 

40 

I 

I 

I 

-4.07 I 

-4.07 I 

-4.07 I 

-3.78 I 

-3.78 I 

-3.78 I 

-7.85 

-7.85 

-7.85 

I -12.311 

I -13.171 

I -13.401 

-10.241 

-10.731 

-11.181 

-22.551 

-23.901 

-24.581 

28.09 I 22.05 I 

30.00 I 22.94 I 

29.79 I 23.63 I 

50.14 I 

52.94 I 

53.42 I 

9.181 7.64 

9.4917.74 

9.35 17.80 

ABO .nd AG· are iD ke.1; 4 SO in eal/d••• 

w 

'" 



11.3
 

11.2 

11 .1 

11.0 

.; 10.9 
0: 
~ 

10.8 

10.7 

10.6 

Fiqure 1.	 Thennodvnamic Plot I)f Conper (I1) Ion !.lith 

II, N,rJ', 11'- tetramethyl nrooy1enedi ami ne 

..
 

10.5 I • •	 ... 
3.0 3.1 3.2 3.3 3.4	 .... 

l/T X 103, Kp 1vi n 



~ 

.>< 

<:: 
~ 

15.5 

15.2 

14.9 ~ 
I 

1'.6 f 

FiQure 2. Thermodynamic Plot 0f Copner (II) Ion ~ith 

N,N,N:N'- tetramethy1ethylenediamine 

• 

• 

I
 

I 

14.3 

14.0 L-L,-_ I , 1 , , _--..I
 ... 
ClCI3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 

3
l/T X 1u , Ke1 vi n 



Figure 3. K1 versus I~P1ot Of The 

Copper (II) - N.N.N~N'-

... 
'"1.20 

• 

1.00.80.60 

• 

1'"(lIaC104 ronc.} 

tetramethy1ethy1enediamine 

Syster At 20·C. 
• 

.40. 20 

18.5 

18.0 

17.0 

17.5 

16.0 

15.5 

15.0 

14.5 

14.0 0 --­

~ 16.5 
c:: ..­



Figure 4. k2 versus II<,. Plot Of The Conper (11)­

. . ~ 
o1.20 

• 

. ~ 

1.00.80 

• 

.. 

.60 

I V, (NaCl04 Cone.) 

N,N,N~N'- tetramethylethylenediamine 

System. At 20°C. 

.40 

.. 

.20 

I 
9.oL 

o 

9.5 

11.0 

10.0 

10.5 

11.5 

12.0 

~ 

c:: 
~ 



20.0 r 

19.0 

18.0 

17.0 r 
~ I 

""" I 
<:: I 
~ 

16.0 I 

15.0 l 
14.0 I 

Figure 5. tl versus I Plot 0f The CopDer (II) ­

N.N,W,N' - tetramethylDroDylenedlamine 

System !'t 20°C. 

I 

13.0 

.__.~''--_._--'' ~ 

12 . 0 tJ .20 ---:46 .60 .80 1.00 1. 20 ... 
(tlaCl04 Cone.) 



lZ.0 r 
Figure 6.	 kZ versus I Plot nf The Conper (II) ­

rl,N,N',N' - tetramethylpronylenediamine11.8
 
System .At ZO°C.
 

11 .6 

11.4
 

I1.Z
 
N 

""'" 
~ 11.0 

10.8 

10.6 

10.4 

10.Z 

10.0 b	 .20 N.40 .60 .80 1.00 
~ 

1.20 
~ 

(r,aC1n4 Cone.) 
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Th. th.r.odYII.,.ic .atropy v.lue, AS·,,,.. calcal.t.d by .olvial 

.'1aaUoa (2) for AS· 

.ac:. 4R· -"r II S· (2)" 
wh.r. 4 G' 18 th. th.r.odYllaaic fr.. .aulY t.ra .ad r 18 th. 

t.aper.tar. ia d.ar••• Kelvia. Th. th.r.odYllaaic fre••Mr.y t.ra 

w•• c.lcal.t.d aaial .'1l1atioa (3) 

lIGO ldO- 11' (3)" 
Maay of th. ar.ph. of lal: va I wer. aoa-lia.ar. T1118 an-lia.ar 

b.h.vior occan.d priacip.lly ia til. 30· -40· Cr•••••ad for th. 

co.pl...tin of th•••coad lil.ad to th. copp.r (II) ioa. Aa. 

r••alt, plot. of la~ v. I w.r. aaaa.bl. for k2 .t 20t , .ad kl .ad k2 

.t 30" - 40° C. 'i.ar•• 1-6 .r. plot. of .oa. of til. aa.bl. d.t•• 

I. th. coar•• of tlli. iav••til.tin, it w•• Mc••••ry to d.t.r ­

a1M th••cid di••oci.tio. coaat••t for ••ch di.,.iM. Acid di••oci.tin 

con.t.at. for R,I.I',I'-t.tr.aathyl.thyl.a.di.aia••ad I,I,I',R' ­

t.traaathylpropyl.a.di.aiae .r. 1••• b•• ic th.a the ...ab.titat.d 

lil.ad. TIl. th.r.odYllaaic p.r.aat.r. for l,2-.thyl.aadi.a1ae(10) .t 

20° C .r.: ARl .. -11.5 kcal, llR2 .. -10.3kcal, AGl 'Z -13.5 keal, 

/:IGi .. -9.4 kcal, 4 si" +7 cal/d•••ad U2· : ... 3 cal/d.1 

.ad tho•• for 1,3 propyl.a.di.ata.(lO) .t 20· C .r.: 
0 

ARl -13.3 keal, ABi • -13.9 kcal, AGi" -14.3 kcal," 
t:J.G2° .. -11.6 kCal, aSl

0 .. .3 c.l/d•• , .ad AS" .. -I cal/d••• 

Co.p.ri.oa of th. d.t. with 1'.bl. 14 r.ve.l. th. iacr••••d .cidic 1lItar. 

of the aathyl.t.d d.riv.tive•• 
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DiaclIII.iOll 

ID I.Der.l. fi..-..-b.r.4 ..t.l chalat. liland rial. ar• .or• 

• tabl. than .iz-..-b.r.d riaa.. Th••ff.ct. of .t.ric .tr.in 011 ••ck 

riaa .y.t•• accoaat. for the iacr••••d .tability of fi.....8bar.d 

rinl. o..r .iz-..~.r.d rinl.. Al.o. it ha. b••n r.port.i15 • 16. 17) 

that ..thyl-.ab.titation on the a.in. nitrol.n h•••0.- .ff.ct on 

coapl.z iOll .tability. 

Iaap8ctiOll of tb. foraatioa coaat.nt. in t.bl•• 8-10 indic.t. 

tb.t ..tbyl-.nb.titntiOll on the ••in. nitrol.n. can.....rk.4 d.cr••••• 

in coapl.z ion .tability. Th. data li.t.d in tabl•• 8 .D4 10 indicat. 

a .i&Dific.nt d.cr•••• in botk kl and k2 ••lna. for tk•••b.titat.d 

liland. 

A coap.ri.OII of d.t. for 1.3-propyl.n.di••iDe .ad •••••' •• '­

t.tr...thylpropyl.aadia.in. at 30 0 C (••• t.bl•• 8 .nd 10) indic.t. 

Ir••t.r ba.icity for the 1.3-propyl.n.dia.in. lil.nd. Accordinl to 

otb.r in•••ti.ator••(6) •• the protOll affinity of the li•••4 iacr••••• 

tb. t.nd.acy of the li.aad to f..ction ••• ch.l.t. lil.nd d.cr•••••• 

How•••r. the data in t.bl•• 8 .nd 10 indic.t. oth.rwi... Th. ao~. 

b•• ic 1.3-propyl.n.dia.in. v•• foaad to b. aor••t.bl. tkan it. N­

t.tra..tbyl.t.d d.rivativ•• 

It ha. b••n r.port.d(13) th.t coapl.z .t.bility i. rr••tly infla­

.nc.d by .t.ric hindranc•• that i •• th.raodya••ic.lly. the coapl.z iOll 

i. d•• tabili••d by aafavor.bl. entropy .ff.ct.. A ca.pari.on of d.t. 

" Har•• (9) for 1.3-propyl.n.dia.in. in tabl. 15. and the th.rao­

dyaaaic d.t. li.t.d in t.bl. 13 Ii.. an indicatiOll of the orilin of 

the •••••'.N'-t.tr...tbylpropyl.n.di..iDe li••nd'. i..t.bility. Accordinl 

to the lit.ratar.(t) fr•••aarlY .nd .nthalpy valna••r .....lly lover 

for Ii..... of lov.r b•• icity. Th••nth.lpy v.lna. for the two lil.nd. 

diff.r Ir••tly••n indic.tion th.t ..thyl.tion d•• t.bili••• the 



LiRaDd 

1,3-propyle..dla~· 

b1,2-ethyle..d f ..1.. 

H -_thylethyle..dhe1M 

k 
v.lae 

1 

2 

1,2 

COMPAIUOR or 'lJID)I)DYltAMIC DA7A 

c" B" 

-13.3 -14.0 

-9.7 -13.0 

-23.0 27.0 

1 -14.16 -8.6 

2 -12.43 -8.6 

1,2 -26.59 -14.2 

-

I
 

I
 

I
 

4So 

-3 

-12 

-15 
I 

ref. 

9 

21 

14 

35 

I 15 

1 1

2 

-13.89 -8.5 20 

-7.0 16 I 15-11.28 I 
1,2 -25.17 -15.5 I 36 

.'.'-dt..thYlethYl"'-~2 I -23.3 I -17.5 I 21 I 17 
dla.a. 

.aC" .ad AB" ere iD Icc.l; 4S· iD c.l/•••. 

e t ~ 30·C 

b t • O"C .. 
'" 
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ill t.r- of .Iltropy val.... II. IIDr••ulll•• 

~. 10lic De.d by CottOll(6) to .xpl.ill the iIl.t.llility of 

1.3-propyl di.aill. lil.ad C.1l b••"li•• to it. R-t.tr...thyl.t.d 

d.riv.ti Rilll clo.ar. OIl the R.R ••'.R'-t.tr...thylpropyl...di••ill.­

copper (II) co.,laz iOll b hillder.d .t.ric.lly by the ..thyl Iro.,•• 

Th. 101lier chaill 1.lllth of the UI••d ra.alta i. the ra~.ir_.t that 

the UI.ad 1I••d tra....ra•• 10Dlar dbullC. to cOllplat. rial fOr88tio•• 

Th. 101ll.r diaullc. ra~lIira...t d.cr..... the ,rob.biUty of rilll 

f0r88tiOll. I. U.1l of thb. via•• the r.~lIir.d di.taaco i. tra....raad. 

the ..thyl aro.,. will hiad.r ch.l.tio. by ,by.ic.lly DOt .11ovtDa the 

Ilitrol.1I d.ctr_ to .,proach clo••••0.lh for IIoIlUIII. I. COIIJ_tioa 

with thi•• the i.t.r.ctiOll of the ..thyl ••b.titllt.d ..i...itrol••• 

with the .ol...t will i.tarf.ra with ri.1 clo.ar.. 'or uu r...OII. 

l.rl. po.itiv•••tro,y v.l... war. ollt.i..d for the R••••',.'-t.tr.­

..tllylpropyla... i ..iu-coppar (11) • .,1.. s.cna. 
~. R•••R',.'-t.tr...tllyl.thyl•••di••i.. lil.ad .,oa ch.l.tioa b•• 

• •hort.r diau.c. to tr.....ra. for rilll clo.ar.. Aa r.port.d IIy 

(15 17)B••olo ' , ..thyl-••II.tit.tioa i.t.rf.r•• with til. cll.l.tilll 

.IIiUty of til. Ulnd (S•• f.II1. 15). Th. afor....ti_d ra.._ 

for i..t.llility .r••pplic.bl. h.r.. Al.o, •••010 folllld th.t illcr••••d 

..thyl-.....titlltiOll o. the ..i...itrol•• c..... • 1•••••i.1 of .t.bility 

ill t.r-. of ••th.lpy .ad fr•••1l.rlY val.....lId •••lIb.IlC....t of 

••tropy val.... Th••••ac.d ••tropy v.l... are .Urill.t.II1. to til• 

.ar. hydrophobic ch.r.ct.r of the co,per (II)-di••i.. c..,l.... for-d. 

th.t i., ••••c_llt i. d.. to .01..lIt i.t.r.cti_ witll tlla lil.lld. 

C..,.ri.OIl of f.II1.. 13 ••d 15 iadic.t. f.vor.II1. fr.....rIY ••d 

••th.l,y .ff.ct. for the aIIa.II.tit.t.d lil••d, .1Id .lIb••c.d ••tropic 

.ff.ct. for the .Ilb.tit.t.d li•••d. Th••Db.llc.d ••tropic .ff.ct. r.fl.ct 

f.vor.bl. illt.r.ctiOll. of the ••b.titllt.d lil.lld with the .ol...t. 
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13 

••••• ' ••-t.tr_tbylpropyl.u.iaatu-eopper (II) e-.l.z iOll. De­

.t.bili••tio. i. of .acb • "saitDd. tb.t tb••n.ain, r ••etio. b.eo.e• 

• "otb.raie (po.itive ••tb.lpy). 'i,ar. 1 ill..tr.t•• tb••ndotb.raie 

utar. of e-.l.uUo.. A e-..r18011 of fr....ulY ,,81... i. t.bl.. 

l' tadie.t. low.r .t.bility for tb••ab.tit.t.d propyl...diaal.. 

11' . 

Iucr••••d r.ndo.ae•• i••"id••t wb•••ntropy ".1....r. ea.p.r.d. 

Th. 1.3-propyl....i••i.. 11,..d 18 • w.n ord.red .y.t.. (..,.Uve 

••tropy) •••d tb••••••' ••'-t.tr...tbylpropyl.udiea1u li,.ad i • 

• vkol.ly di.ord.r.d .y.t.. (po.iti"••ntropy). th. di.er.p.ucy i• 

••tropy ".1... e•• b••ttrib.t.d to li,.nd int.r.etio. witb tk••ol...t. 

b.e..... i. t.rae of p.rtiel••dditio. to tb••y.t.....eb li'... •• 

cOIItribntiOll woald b••~ai".l••t. 

On tb. wbol•• tb. d.t. i..ic.t•• tb.t for tb. eopper (11)­

••M,.' ••·-t.tr...tbylpropyl....leai.. c-.l.x io••••tropy ••d ••tb.lpy 

.ff.et••r. worki., i. oppo.it. dir.ctioae. fbi. di.er.paacy i. tb.rao­

dyuaie p.r...t.r. i••n ia.ic.tiOll of tb••yet..'. i..t.bility. 

Th••••,.' ••'-t.tr tbyl.tkyl diaaiu li,... i. aor••t.bl. 

tb•• tb•••••• ' ••'-t.tr tbylpropyl di••tu li,••• witk eopper (II) 

io.. (s•• t.bl•• 9 ••d 10) the .t.bility iner•••• i.901"i.. tb• 

•••••' ••·-t.tr...tbyl.tbyl... diaai.. e•• b••ttribnt.d to tb. eb.l.t. 

riq 81... Th. ebel.t••ff.et 18 • tb.raodyu.ie ,b••o.ellO.. Th. 

tb.raodyu.ie d.t. in t.bl. 13 i.die.t•• tb.t over .11 tb. '.' •• ' •• '. 

t.tr...tbyl.tbyl.udi••i.. i. aor••t.bl. tb.raodyu.ie.lly. tb.t i •• 

tb•••tb.lpy ".1... of tb. li,." i..ie.t. tb.t tb. li,...... copp.r 

(II) iOll fora .trOll,.r bond••••d tb.t e-.l.utioa i••adotb.raie. 

(S•• 'i,ar. 2). 1.1.0. tb. fr•••••r,y ".1... i.die.t. tb.t tb• 

• Db.tit.t.d .tbyl...diaai•• i. aor••t.bl.. On tb. otb.r b.ad. tb• 

• ntropy ".1... indie.t. tb.t tb••Db.tit.t.d propyl.udi••iu .bonld. 
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F~ANKLIN N. RLSSELL 
p~C'RAr ~AS WRITTE~ .ANUARY. 1q~1. 

C
 
C
 
C
C
C
C
 

THIS p~aCRA" LSES THE AJE?~L1 POTE~TIO~ETRIC '~THOD Of FO~MA~JN
 

ANS STA8ILiTY (ONSTA~T DETER11NATro~.
 

1 i" IS PRa (,RAM r.r LL'l ~ lJSED roTI~fSCI'f-~CT:~"'r,~-~ril~G-D f4n-IrJCSTAilI­

C LITY ~ITt- COP FER (II) ION. 

Tt-IS C~Ct~AM uILL DO SO I~ 11?EE STAGES.
 
THIS P'<CCRAM t.Ih l'.:GH; .-,y ~~TA~nSHii'Grr::rIAL Acn-ANt;Tor;pu?
 
CO~CE~TRA'ICNS BEfO~E TITRATIO~ (AMI~~ A~DITIO~I
 

C
C
C
 

SECONOLY.THIS ~RObRAr ~ILL CALCUL'TE T1:' VARIOUS SG~iTANCE CONCEN­r

C TRATIC~~ 'o'(C(,f<;"h'~ 
• DLRING t,,;;:· TITRATION :lRO~nS'; --- ­
C THIRDLY. ~UANTITIES SUCH AS THE FRACTION OF A~INE NOT COMPLEX 

30UND Wt-ICt- F)IST AS F'<EE AMI~F. THE ~UM3Eh Of 4Y~ROGEN IONS 
NOT '1cLr,r Tn C0MFLEX-8,)u',t A~I"'E. T'"'E-Ci)j,C':"T~ATION OF frl:'~t~lr,,:. 

C
 
C
 
C
 A'J t I '":: FC? MAT I 0 ~ ,- U'" (T Hi I, ; ,= T,,0:: SYSTE·, • ,
 

POli\TS he ANL TH?~E kiLL 'jE CALCUL.>TED Ii'; A )0 v)CPC
C
 ALL THE ~80vn -C;UANTlTES u.ILL--1lr -PRINTi:::ll-olJr"3Y.JRlft STAEMEiIlTS 
C AT T~E ~~D Of THE CAL(UL~TIC~ SEQUENCE. 
C 

o '" 



C
 
C ThIS S~CTICN "'4DS I~ T~' ~( VALU~S ·O~ T~c DIA~I~L, THE VCLU1~
 

C OF SOLLTI<)t\ TO dETITRfTED, T-.,<:G;<,T~S OF coopt:" (OI'1POuND. ThE MOL.
 
C wT. OF THE COFPE~ COMPOUND, ThE: MCL~RIT1 OF TH~ CONC. tC:D. A~D
 

C THE A~I~E, RES~ECTIV£LY.
 

RE: AD( £, ~ [1 I PKA i-< T , ~ (AY ,Vo C~ 0 L. • ;~-:" Cu". X,,", C\! ;:J • V,) LA C • xi 0;l C • TOT VO L , X1" 0 A 1 
30 FO~rATlcF7.[) 

C THIS SECTION "ILL CALCULATL THE: MCLARITY OF CC"PE~ ANa A~I0 8EING 
C USED g un f[jE"Mnl\ir(p·i~--A~JllITIHLtCONVERT THE pCKAHVALUi:S 
C TO KAM vALLES. 

R~CAC=(VOLA(*XMOAC)/TOTVCL - .. - _. ---- - .. ­
R~CCP=("CUF/xr"CUF 

X(ArT=(:/( ](j,,,PKAhT» 
XKAr=ll/tlC.~P(AH)1 

w-~ I 1E Ii, ; 4 f PI( A"T-. FKA Fl, PM CAe."Mell P, XIC:; HT. x(AH 
4 FOR~AT( lX.2t3X,Fb.,I.Et3X,F6.51.213X.1PEla.bll 

N=l 
C 1 "J THE FCL LOii!It\~ j ~--L elY"; uA;rr iI E-S EAU"-l; 'JIi'ff -f;'~ fOP 'I ~ TI N-J OF 
C ~rl~ CCFPS;;:-A"lHE CO!1FL~X IHLL E CALCJL~TE" AT EACH 'JOLLI"'~ ('F 
C 4''H~~ ~crEC. 

to , -.=l,~ ­
r 
'- TMIS SECTION ~lLL RE~b IN TM~ ~OLUME OF AMI~E ~~D T.,E PH. 

R~Arl£.771 vOLAi1.Fh 
F0 R-riiA 1l ~ FH.0 j- --- ----­77
 

C THIS SEcncr-; ,ILL CALCLJLATE i"~ CC~CE~BAl1cr-J Of 'HDFCGtl" IC'f,
 
C AClt, TOTAL CC~PE~. A~D TJT~L Ar.I~E. ~~SP[CTIV~LY.
 

ChyDfi l~ 1111 ro",PiHT --- ~--- - --- ­
COt\AC=(~MCA(,VOLSCL)/tvOL;OL+VOLAMI
 

COt\CL·(RMCLr .... OLSCLI/(VOL~OL+VOLAMI
 
COt\ H1= I ii(,;LA-r. x~(fA-r f/('~ OC;;-I)C+,ih ;',~ 1-- -----­

c THl~ SECTION ~~LL CALCULATE THE ~"~CTION Of A~INE ~0T corPLEi­
c dOL"'D, ~HCf< tXIST AS f~EE 4"J 'I': T.... T~?'" CAL,'H>.. ..'"eALPHA;::rCXK AHTi Xl( A"'-T+lXK Arl T' C'1'1' 6-k II + I CMY 0~ I ~-,,21)
 

CALFH~=(tXKAHT'XKAHI/:JALPHAI·l00G0U.O
 

DALPHA=CAlFHA*C.[(OG1 



C THIS SECTION wILL CALCULATE T~E MEA~ ~U18E~ Of HYDPOGEN IONS ~OU~D 

C TO NOT-CO~PLE.-BOUND AMl~=; :~E TERM 9A~~A. 

-XAF~A-" i XKAP *XKAH f + (X~ tif<T '(H-YD~+ (cHYP'f",~T­
CAP~A" IX(.~T'CnYCRl)+ (~'CHYD~Ixx21 

aA~~A~CAR~./X."N. 

( THts sYc nON ii!ILL-CALCDlA TE InCFO~M-AflU'if 'JNCTIO'lFO-ii THe SYSTEi1. 
t3Ai\t.~ (CONAr-( (CONAC-CHY,LU I/BARNA I I/CONCJ 

C THIS SECTION .lLL CALCULATE THE FREE AMINt CONCENT~ATION. 
- ~-AFcA~TliALFi;A1HA~r;AI~ICO"Ac~-c;jYD"I I -- ----- ---­

C T~lS SECTION ~lLL CALCULATE T~E Lu~ OF T~~ fREE A11~E CO'ICENT~ATIO~. 

P'3A~ALC(,lLJ (8ARO)x(-1.O) 
C iHIS-S-ECTrONwrLL ~RTt\TOTJi ALLOr THE .)OV::D v-.c'JE5:. 

WR 1 TE (b ~ 1 7) 
17 FORMATt2Dx. I x x • x •• x X x ••• * * • * •• * Ij 

-1iI~ITE(b-.8"j -\::'-!yj-Rr,CALoHA,'JA"'O,-~-PSA - - ~- ---­
89 F?F~AT( 3(1~:lc.61~E20.~1 

1IJ ~ I TE (6,3 5 I VOL AM. C0 NAC, ( ,\ 'i Cl • CO" A'1,0 H. " Afi -,.\';3 A" i" 

3 5 Fo R,1A T(:LX.fb.3 ,3l-=x ,nI. ill-,j"~n~,~X,f'-6-.::J. 3'(~F9. S ,­
~~N+l 

7 COr.TlIIlJE 
C HlIS- SECTIO~i EKD-S- h~ P"O(,~~~-.-

STep
 
E~ C
 

*i:ND PRlr,T1-'1-TCC5Rl}:;--­

VI
 
N
 



II nCWIddV 



4 

( THIS S~CTICN "[ADS l~ TH~ ACID A~D AMIN~ MOLA~ITI£S 

XI\d(:cG.C 
REA ~ I £.12) Acr I) ~TrMO ,Ii 

12 FORMAT(cFIC.O,I41 
C IHl~ SECTION ~.LL (ALCUL~T' TriE ~KAri FOi T-:' ~I~~[~:' 

'bo e. J~l-,,-N-' 

( TroIS S;:CTIor: :.ILL "(C- Ali THE VOLUM~ Of A'1lf;E ~tJj) ACIll,HJD -'-dE ;Jri 

RUDU,201 AMV,PH , 
2'J Fo,nllC:Fli:.GI ­
C THIS SECTION '!ILL DO THE CAl(UlAIlO"'S L~~,\_'~(, TO TCl,: ~K:'; 

HAMl~E=(AM~'AMMO)/(XIVAC+AMV) 

HACID: I XIVAC-ACMC )/(XIVA(+AMv) 
CRC=HA~I~E-~ACID 

U~rAl'INE-(f~O 

( THIS SECTION u,ILL CAL-C'f;';:PKArlU~~I,\C; '1~ '~c-";O~'-riASSEL"~("- EQUA 
C Ar>D IllR[E OLT THE VALU:' dH OTH~": I"PO~T;,:T [NFO 

~KAn=~~-"LCGICICRC/C~1 

I~R1 E Ib~ 16 I '.4 Mil ,p~ ,"HAM HI c, riA 1I j), CP 0, C": ,"I( Ad 
16 FOi"H T ( SX,F~.2,~X.FS .c,~( 3X,Fb.~), ~(3~,F7.61, SX ,F'. 0) 

!\ CO>;TIHE 
( Tf.Is'Er,])S Tro~ ~K-CG,,'Jr 

STOP 
EN D 

*0.1) PRl~T C3 ~ t COR'll;) 

.....
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C lHIS S~CTION F~ADS l~ lH~ ACID A~D AMI~E MOLA~rTIES 

XIItAC'EO.C 
. -R~ AD (~-~12) -~CMO, ArI'1C,,, - -- --­

, ;0 fCFMAlI2fl[.[,I41M" 

C lHIS SEC1ION ~ILL CALC THe P'AH2 FO. TrlE MO~O-A~D DIA~IJ~ 
to ~ J=r,~ -- -'-- ­

C lHIS S~C1IO~ ~EADS T~E VOLUME Of tMINE ~ND ACID,AND THE ~rl 

READIE,201 AMV,PH 
20 'F C"M AtT2F1 c: t j--- -- --­

C THIS SEC1ICN nCES THE CAL(UL~TIO~S L~'DI·.G TO ~~AH2 

AMI~E={AMV~AMMO)/IXIVAC+A'V) 

- -- AcT;)= (XIVAC.ACMOI!( xrv~AT'+AMVi 

CRTWO=ACID-AMI~E 

C~O~E~AMIN£-CRTWC 

C THIS ECTIO,," CALC rh~ -PKAei2-US-l~(; THe" "E'.D;,,:;j';-hAfSELRA'·='-I ':Q 
C Ai~D 11 ~lLL WRITE OLT lei:' ~ALu~ ~ITh QTrlE~ IM~OPTANT I~F) 

10K A~T=Ph-ALlGIO( CFC\:'/,'F T"IO) 
wf;llE (6'-~ 16 lAMv, p ~, AMI'. ~ • SCI D.C Pfu'-'), ("C-' E, P~ AHf­

16 fOR~All 5X,F5.J,3x,F5.2,2(3X,f7.~}.211~,F7.b). SX,f4.~) 

5 CCNTI~H 

C HIS E~DS THE'- ~ROGRAr 
ST (1" 

ENt 
-U,L PRHT' -':3REC6RD~ 

'"...
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C THIS PROGRAM tllo\S WlUtT£N APRIL.1o'l61.•.BY fRloNtLINfJi. RUSSUL.
 
C
 
C
 
C .THt PURPO.SE OtTHIS ~ROGRA" IS TO CALCULAJE. THC~UCc.E:SSII!£
 
C FORMATION CONSTANTS FOR COPPER IIII-DIAMIHE COMPLEXES
 
C THIS PROGRAM IS DESIGNED FOR MAXIMUM N VALUE TwO 121.
 
C
 
C
 
C THIS SECTION DOES THE PRELIMINARV CALCuLATIONS FOR THE BLOCK­

C MCINTVRE MITHOD.
 

N~]' 

RHONE=1.0
 
RN HIOs2. 0
 
DO 55 J=l. N
 
READ/S.30! BARNO~BARNT,BRACAO,8RACAT
 

30	 fORMAT 12Fb.0,2n_'.~.1 

KJOsIRNONE-BARNO)*IBRACAOI 
XJOPR=tRNONE-BARNTI*IBRACATI 
XJ..J=( RNTItO-BAlUtD I *1.8RAUO*,*2t 
XJTPR2(RNTWO-BARNTI*IBRACAT**21 
litH TEll..70 ) 

70 FORMAT (20)(. • *******~***",******************************'l 
WRITElb,5) BARNO,XJO,XJT 

5 fORMAT (5X.f5.3,2ISX,lPE12.411 
iIIRITElb.1111 BAKNT,.KJOPR~XJTPR 

10 FOR~AT 15X.FS.3,2ISX.loPE12.41) 
IIIRITE Ib,],2) 

12 fORMAT (20X. • ****~**""*****_******.****.*****_.****.* •• **·l 
C THIS SECTION WILL USE THE BJERRUM POTENTIOMETRIC METHOD OF fORM­ ...'"C ATleN CONSTANT DETERMINATION. 



',,,ii, 

• C ..- -­ ~ 

C THIS SECTION ~ILL DETERMINE 
C fOR lHE SYSTEM. 

R=l·O/BRA<~O 
S,.lo. O/BRAC AT 

C THIS SECTION ~ILL CALCULATE 
C _THL.JERM nONE. 

BR:l.O+13.0*S*BRACAOI 
YKONE:IR*C],.O/BRII 

C THIS SECTION WILL CALCULATE 
C THE TERM Y(TIiO. 

SR= I R*BRAC AT l 
_YUIIO= S*H3~QJSRI+]'.OI 

C THIS SECTION WILL CALCUlATE 
YKTOT:YKONE*YKTWO 

C THIS SECTION WILL CALCUlATE 

THE TEMPORARY FO~MATION CONSTANTS 

THE fIRST fORMATION CONSTANT; 

THE SECOND fORMATION CONSTANT; 

_ 
THE STABILITY CONSTANT FOR THE SYSTEM. 

THE LOG Of' ...EACH OF THE ABOVED CO/tSTANTS. 
C SEE REfS. 2. 7 AND 20 fOR SUPPORTIVE INfORMATION. 

BKONE=ALOGloO IYKO~EI 

BUlIIQ:ALOUO IYKTWOl 
BKTOT=ALOG10 IYKTOTI 

C THIS PORTION Of THE PROGRAM USES THE BLOCK-MCINTYRE METHOD OF 
C fORMATION CONSTANT DETERMI~ATION. _ __ _ 
C 
C 

SEE 
THE 

J. AMER. (HEM. SOC •• 75. 5bb7 1]'~531 fOR MORE DETAILS. 
DATA OBTAINED fROM THIS SECTION WAS NOT USED IN THIS INVEST­

CIGATION. _ _ 
XKONE=IIBARNO*XJTPRI-lqARNT*XJTII/IIXJO*XJTPRI-IXJOPR*XJTII 

uo..,
 



o '6> 

XPKO=AI.OG10 I«ONE) _ ­
XKTWO=(IBARNT*XJOI-laARNO*XJOPRII/I{aA~NO*XJTPRI-(8ARNT*XJTIJ 

XPKT=ALOG~O IXKT~OI 

XKTOT:XKONE-XKTWO 
XPKTOT~ALO'IO IXKTOTI 

C THIS SECTION WILL PRINT OUT THE DATA CALCULATED IN THE BLOCK­
( . IKINIYRE IIET fj OJ)•_ . 

WRITElb.lfOI lfO FORMAT 120X. • ·1 

IIlRlTE U.,2IXK0.'41 ,XKTll!O._~_TOT_,XPKO. )(PKT.XPKTOT 
2 FORMAT I1K.311PE12.lfl.SX.3IE11.lfll 
C THIS SECTION WILL PRINT OUT THE DATA CALCULATED USING THE BJERRUM 
C /lETHOD· __ _ 

WRIlElb,71 R.S.YKONE.VKTWO.VKTOT 
7 FORMAT 12X,5IE12.lfll 

WRIl(lb,31 BKONE.8KTWO~BKTOT 

3 FORMAT 12X.3IE11.lfll 
IIlRlTElb,201 

20 FORMAT (20l(, • '1 
N:N+ ], . 

55 CONl H.uE 
C THIS SECTION ENDS THE PROGRAM. 

STOP 
END 

*EN]) PRINT ao IliCORJ)S 


