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Niti3 

Thermodynamic stability constants of gadolinium(lll), 
dysprosium(liIj, erbium(ii1) arid ytterbium(W) complexes 
with tyrosine 

Tyrosine is a biological important substance, Complexes of lauthanons with 
amiu0 acids have been extensively studied’ l ?, but little work appears to have bee? 
reported with Qrosines7. in this note, thermodyuamic $tability constants of Gd3+, 
Dy3+, Er3+ and Yb3+ with tyrosiue are being reported. 

Standard carbonate free potassium hydroxide was u&l for pH metric titrations. 
AU metal nitmtes were of AnaIaR grade and their solutions were &miardized- by 
EDTA method. The lig&d’~oIution was prepare&in CO, free conductivity water 
immediately before use. The foliowing two solutions (total volume SOml) ~enz 
titrated against standard alkali at 35+,0.1"6 in a thermostat b&h-(A) 20 ml of 
O.62SxlO-2Mligaud;and(B)2Oklof0.625x1O-2Mligand+5mlof1x10-1M 
metal nitrate, Au ionic strength of 0.1,0.2 and 0.3 M was maintained by the addition 
of a ca?culated amount ofpotassium nitrate solution (I M). The pH was measured on 
a Photovolt Digicord pH meter having a sensitivity of _CO.O02 The plots of pH versus 
the volume of alkali added were piotted. The shapes of the titration curves were as 
ustkil. In the calculations, the concentitions were corrected for changes in volume 
produced by the addition of alkali during titration. The calculated error in-stability 
coustants is to.01 log K. 

. 

RESWTSANDDhON 

The proton&on co&ant and su azessivc formation constants were determined 
by the Calvin-Bjerrum pH titration technique8.g, using reI&ionships derived therein 
and employing various computational methodslo. The values of the protonation 
constank of the ligand and metaUigand stability cons&r& at dilE+ent ionic strengths 
are summarkd in Table 1. The values of ii obtaiued are of the or&r 2 between pH 

range 6.5 to 8.0. This suggests that Gd3+, Dy3+, Er3+ and Yb3+ form two types of 
kmplexes in the proportion lrl And 1~2 with tyrosine. Most amino acids_ are present 

k a single protonated form HL in the pH range 2.7 to 8.5. A few amino acids ocbr as 
. 
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TABLE I 

VALUES OF THE PROTONATlON CONSTANTS AND 
STAB-. CONSTANlS. AT 35°C 

Carion COllSRVIf p=O.I p=o.z p=o.3 

IogK.7 9.20 9.18 9.45 
<axlinofuwrionalgroqJ~ 

Gd=+ Iog & 4.92 4.84 4.77 
log& 4.43 4.38 432 
Iog 82 9.35 9.22 9.09 

Dp+ log KI 5.w 4.96 4.88 

Iog K2 4.57 4.51 log I32 - 9.61 9.47 _, z 

Ep+ Iog Kx Ii.15 5.07 4.99. 
Iog K2 4m 4.75 4.70 
Iog 82 9.95 9.82 9.69 

Yb” Iog KI 5.35 5.27 s-19 
Iog K2 5.00 4.94 4.88 

Iog I32 10.3s IO.21 10.07 

TABLE 2 

VALUES OF THERMODYNAMIC STABILlTY CONSTANTS 

Iog Kf=O 5.00 5.12 5.22 5.43 

log Kf=O 4.49 4.63 4.85 5.06 
log /3f’O 9.48 9.75 10.08 10.49 

H&, H,L+ form over the whole range. This is true for tyrosine where protons of 
phenolic groups are not released. A comparison of metal-&and stability constants 
values of tyrosine with those of serine permits the concIusion that the unionised 
hydroxy group is not participating in the complex formation4-11-12. The co- 
ordination appears to be only tbrougb ammo uitrogen and carboxylic oxygen. The 
difference in log K1 and log Kz is less than 1.5, indicating the simultaneous formation 
of two types of complexes; The value of step formation constants at various ionic 
strengths, extrapolated to zero ionic strength gave step thermodynamic formation 
constax~~~~. Likewise the vaIues of overall thermody&mic stability constants were 
obtained and are summarized in T_abie 2. The values of log KX, log Kt and log flz 
decrease with an increase in ionic strength. The order of overall stability constant for 
these complexes is Yb3+>Er3f>Dy3+>Gd3+ as expected from their electronic 
con@uration. 

_ 
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