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The mixed ligand ternary systems Cu(l1)-valinato ion-glycinate ion and Cu(l1)-v:ilinate ion-lcucinate ion 
have been studied polarographically at 35 * 0.1 'C and at ionic strcngth 1.0 mol I-', adjustrd with sodium 
perchlorate. The formation of the mixed complcxcs [Cu(Val-)(Gly-)] and [Cu(Val3(hu-)J have been veri- 
fied, with stability constans f i t1  = (4.6 t 0.2) . 10" and f i t1  = (7.2 t 0.3) . IOt5, rcspctivcly. 

One of the most intcrcstiiig proccdurcs currcnlly followcd to invcstigatc the structurcs 
and functions of coiiiplcx niacroiiiolcculcs is to cxaiiiinc siniplcr iiiolccuIcs that present 
similar properties to those charactcristics of thc aiacrotiiolcculcs. As the niodel 
conipounds are noriiially casicr to study, the informtion gaincd ran be cxtrapolated to 
the niacroniolccu les. 

Frcenian' has shown the uscfulncss of the inforination obtiiincd froiii a study of sonie 
siniple co~iiplcxcs i n  undcrstanding the structurc of Ihc activc sitc of e;irboxypcptidase. 

Likewise, diversc obscrvations have Icd to thc study of tlic limnation of metal-ion 
coniplexcs of low molecular wcight sincc this is the way i n  which the IIiCtiIl ions are  
mobilized during prolongcd periods of total pi~rcnt~riil nutrition. The rcliubilily of the 
stability constants valucs of siiiiplc and iiiixcd coiiiplcxcs with amino acids is 
important, since they rcprcsent the niain fonii of adiiiiiiistratiori i n  the nutritive niixture 
or the forni of excretion. Thus, the rcinvcstipttion of thc coordiniitcd systciii Zn(I1)- 
cysteinate-hystidinatc2 has lcd to a rcduetion of the iiiitiill cstiniation of thc daily dosa- 
ge of zinc from 38 nig to 32 nig i n  soiiic nutritive niixturcs studicd. 

The systeiii Cu(I1)-valinate ion-glycitiatc ion has rcccivcd ccrtain a t t ~ n t i o n ~ ' ~ ,  and 
diverse methods havc bccn applicd i n  its study. A grcilt part of thc cvidcnt dispersion 
of the results obtaincd, Pl1 = (1.15 - 10) . loi5, pcrhaps can bc ntlributcd to this fact. 

No data for the Cu(I1)-valinatc ion-lcuciniitc ion systcni wcrc found i n  literature. 
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As the cupric ion forms with the ligands L-valiii;ite (Val-), glyciniite (Gly-) and L-leuci- 
nate (Leu-) ions (as the syriibols Val, Gly, Leu are reserved for unionized aiiiino acids, 
charges are includcd into the abbrcviirtion) the parent coiiiplcxcs with one or two 
ligands, it can be expected that the Sch;rap and McM;istcrs' Fo0 function' presents the 
following developnicnt: 

If the ligand Y' concentration is ni;rintained constant, the teriiis in brackets are also 
constants and the F, and Fl0 are: 

F, = A t B[X-] + C(X-]', (2) 

Thus, the C values will coincide with Pz0, and those for B will result i n  the stability 
constant PI, deterniiniition, if pl0 is known. 

EXPERIMENTAL 

Each of the i-E curves was plotted with a Metrohm I506 polaropraph with an E505 polaropraphic stand, 
equipped with thermostated cell (25 t 0.1 *C). 

Metruhm EAB5 platinum electrode, Ingold 303 NS saiuratrd calomel reference elccirode and DME (r = 3 s) 
were used. Ionic strength was adjustd to 1.0 mol I-' by thc addition of sodium perchlorate. 

Cupric perchlorate was prcparcd from rupric oxide and pcrchloric acid (both Mrrck). Glycine (Merck), 
and L-valine and L-leucine (Sigma). Chemically trcated mercury was distilled thrce tinics under reduced 
prwure  before us.  All the reagents used were of a.r. grade. 

RESULlS AND DISCUSSION 

The experiments were carried out iiiaintaining constant the tol;iI concentration of one 
aniino acid, and the pH by the addition of dilutcd NiiOH or HCIO, solution. Suitable 
volume corrections were niade for cvcry solution. 

The dissociation constants of the tlniiiio iicids, and the stiibility constants of the 
parent coiiiplexes obtained under the siliiic cxperinicntill coiiditions are shown in 
Table I. 

The polarogranis show good syninictry and rCgUhir outlinc. Thc plots of log 
[ ( T d - T ) / T ]  vs -E indicate that in the prcsence of l i pnds  dischtirge takes place in a 
two-electron and reversible process, i~llowing direct dctcriiiination of reversible balf- 
wave potentials, E; . 
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TABLE I 
Dissociation constants of the amino acids and stability constants of the parcnt complexes with Cu(l1) 

Amino 
acid K.1 Ref. BlO B20 Ref. 

~ ~ ~~~ 

8 1.8. 108 1.7. 10” 11 10-236 
GlY 

9 1.2. loe 1.8. 1015 12 Val  10-235 10-9.62 

Leu 10-237 10-962 10 1.8. 108 3.6. 10” 12 

Coordinated System Cii(II)-L-Viilinnte Ion-Glyciniite Ion 

The polarograiiis werc rccordcd under the following condilions: ~ ( C u ( C 1 0 ~ ) ~ )  = 1 . 10” 
niol I-I, a t  pH 2.9 i n  the absccncc of ligands, and at pH 9.18 i n  thc prcscncc of ligands. 

The total ariiino acid concentrations c (Y) or c (X) and the coiiccntrations of their 
anoinic foriiis ([Y-] or [X’]) during thc expcriiiicnls arc: 

1 Va l  Gly 0.02 5.262. lom3 (1.98 - 7.41). (0.586 - 2.16). 

2 GlY Val 0.02 5.813. (2.47 - 6.41). lo’* (0.657 - 1.75). loe2 

Figure 1 presents the plots of Fo0 and Flo fuiirtions vs conrcritnition of the ligand 
indicatcd. The linearity of the depcndcnce of F l o  function on Gly- concentration 
confirms the validity of the expression (3). The valucs obtaincd for B and C are: 

Set B . c . 10-15 

1 2.388 t 0.088 1.49 t 0.060 
2 2.743 t 0.122 2.32 t 0.094 

The C values are i n  acccptabhlc iigrcciiicnt with thosc obtiiincd for thc rorrcsponding 
stability constants of the parent coniplcxcs [CU(GI~‘)~) and  [Cu(V;il-),]. 

Substitution in  the B definition cquiition (I) Iciids to f i l l  = (4.54 0.17) . 1015a~~d PI, = 
(4.72 t 0.21) . 1O”which enable to propose the following iIVengC viilue for the stabi- 
lity conslant of the complex [Cu(VaI-)(Gly-)]: [jI1 = (4.6 t 0.2) . This value is in 
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agreement with those of Pctit-R;iiiicl and Piiris3p4, aiid with thiit obtiiilicd theoretically 
from the Wa Item’ equa t io~i’~:  

pll - 2 p,”a pg - 2 (1.8. 1015)M (1.7. 1015p - 3.5. 1015. 

Coordinnted System Cii(Il)-~- Viilinnte Ion-L-Leucinnte Ion 

The experiiiieiital conditions were: ~ ( C u ( C l 0 , ) ~ )  = 1.5 . tiiol I-’, a t  yH 3.5 in the 
absence of Iigands, and at pH 8.82 and 8.87 i n  thc prcscncc of ligaiids. The total 
concentrations of the atiiiiio acids were c(Val-) = 0.015 iiiol I-l, c(Lcu-) = (0.994 - 
6.43) . iiiol and the cotirclltriltiotis of tlicir atiioiiic fortiis wcrc as follows: 

1 8.82 2.0% . (1.360 - 8.798). 10” 

2 8.87 2247.10” (1.486 - 9.709). lo-’ 

0 1 2 0  1 2 
rny-~.~d, moll’ 

Plot of the functions Fm and Flo vs [Gly’] 
PKi. 1 

0 4 8 0 4  8 
[ L d l . l ~ d I - l  

Flu. 2 
Plot of the functions Fm and F I o  vs [Leu’] 
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Linearity of the plot of F,, function vs L-lcucinatc ion coiiccntration (Fig. 2) 
confirms the validity of the cxprcssioii (3). From this plot the ~ollowing data are obtained 

Sct B . 10-13 c . 10-15 

1 1.418 t 0.032 2.50 t 0.058 
2 1.683 t 0.054 2.40 t 0.087 

The C value is also in acceptablc agreciiiciit with the stability constant of the 

As shown above, from the I3 dcfiiiitioii cqu;ition PI ,  = (6.96 t 0.16) . 10”and = 
(7.49 t 0.24) . 1Ols rcsult ciiiibliiig to propose thc rollowilig Vi l lUC for thc stability 
constant of the complcx [Cu(Vd-)(Leu-)]: P I ,  = (7.2 t 0.3) . 10”. This value is in 
agreeiiient with that found thcorcti~i~lly by applying thc WilIICS’ cquiition: 

[cu(Leu-)2] complcx. 

PI, = 2 fl$ P$j = 2 (1.8. (3.6. - 5.1 . 10”. 
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