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ABSTRACT 

The stability constants of many1 compIexes with threonine and hydrosyproline 
were studied in aqueous solution at 25 and 45°C by the Calvin-Bjerrum technique. 
Thermodynamic stabihty constants have been obtained by extrapo!ation of the v&es 
at various ionic strengths. The values of stepwise changes in AG, AH and AS have been 
reported. 

ISTFCODUC’I-10X 

Threonine and hydroxyproline are biologically important substances as these 
are essential for growth. Extensive data are available on their complex formation with 
transition metal ions. As uranium(YI) forms a part of radioactive fallout and is found 
to form stabIe compfexes, it can, therefore, affect the environment in which they 
interact. CompIex formation between the uranyl ion and some different amino acids 
has aiready been reported by the authors’~‘. No information is available on the 
complex formation of this ion with threonine and hydroxyproline. It was, therefore, 
desirabie to carry out investigations on the stabiIities of the uranyl ion complexes with 
these amino acids. The present paper deals with the determination of “practical” 
proton-ligand stability constants and thermodynamic metai-&and stability constants 
by the Bjerrum-Calvin titration technique3*J as adopted by Irving and Rossotti’ in 
aqueous soiution. 

The free energies of formation (AG), enthaIpy (AN) and entropy changes (AS) 
involved in the formation of UO, complexes with threonine and hydroxyproline are 
also reported at an ionic strength of 0.05 M KC1 at 25 and 45C. 

E__PERIMENTAL 

Materials 

Standard carbonate free potassium hydroxide6 was us~ti for potentiometric 
titrations_ Al1 inorganic salts were of AnaIar grade_ UOz(CzH30,),-2H,O was used 
for preparing the soIution. L-threonine and L-hydroxyproline were obtained from 
MIS E. Merck Lab., Ciiermany- All the solutions were prepared in doubIe gIass 
distilled water. 
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A -‘systronic” pH meter with a $ass and caIome1 electrode assembly was used to 
foIlow the change in pH durin, e the titrations which were done at 2550.1 and 
45-i-O I ‘C in a constant temperature water bath. - - 

The fotlowin~ mistures (total volume 20 ml) were titrated a,oainst standard 
alkali: 

A_ 2 m1 of HCI (0.005 M) 
B. -4 t2 ml of Iigand (0.03 AI), and 
C. BtZ ml of metal ion (0.01 ,M). 

An ionic strength of 0.1 M was maintained by the addition of calculated amount of 
potassium chioride. The plots of pH vs the volume of alkali required to reach the 
corresponding pH changes were plotted. The shapes of titration curves were as usual. 

REX-L-E 

The caiculations of the practicai stability constants of proton compIexes were 
done by piotting rim4 versus pH and then applying various computational methods’. 
The values of the protonation constants of Iisands at diKerent ionic strengths and 
temperatures are summarized in Table I. 

T_*BLE I 

PROTOX-LIGASD STABILITY CONSTANTS OF A>IISO ACIDS AT 25 AXD 45-C 

VrrIucs shonn in parenthesis wcrc made at 45’C. 

Aminu acid 

Hydrwqprolinc 

Thrconinc 

10s KY 9.i5 (9-45) 9-70 (9_40) 9-65 (9.37) 
log x;” 1.55 (1.7s) 1.54 (1.76) 1.83 (I.73) 
log K,H 9.10 (S-75) 9.07 (S.70) 9.03 (5.60 j 
log K: 2.20 (2.1-F) 3.17 (1.13) 2.15 (2.1 I) 

Afe fai-Iiganil srabirit,- consslanc 

For metal chelate formation taking place in steps in a homogeneous soiution, 
the step formation constants are gi-b-en by eqn (I) 

Ei;, = C(ML,),‘C(ML,_ i) C(L) (m = 1, 2 __- N) (II 

where K,, is called the metal-Iigand stability constant_ In the present case the forma:ion 
cwstants have been obtained by analysis of the formation curws obtained by plotting 
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fi against pL. The values of ii, the average number of Iigands attached per metal ion. 
is cakulated from eqn (2) of Irvin2 and Rossotti5 

(3 

The free Iigand exponent pL has been calculated from eqn (3) 

n=j 

where ,!I,” is the overall practical @and stability constant. The formation tunes 
(Fig. I) lserc obtained by plottin, q against pL and the method of least squares’ was 
applied to evaluate the stepwise forms,-- co.astants. 
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Fig. I. Formation curves of uranyI-amino acids CA. hydroxyprolinc; B, threonincj at ?C ~2 45 ‘C. at 
thrcevaiucsofdrp. s,~=Oo.L5;5.~r=0.~5;~,~r=0.05. 

For uranyl-amino acid complexes, the titration studies indicated that in the pH 
ran_re 4.50-6_00 the complexes have I :3 composition_ The x-alues of concentration 
stability constants at various ionic strengths and temperatures are given in Table 2. 



314 

The Emits of errors for the stability constants are f0.05 log units for log KI and 
log K2_ 

TABLE 2 

STABILITY COZ*;STANTS OF THREOSINE-URANYL COMPLEXES AND 
HYDROXYPROLINE-URANYL COSIPLEXES 

T(‘c) Cofrsrunrs /1 

0.05 0.15 0.25 

Threoninc-ursnyl complexes 

2s Iog K, 
25 Iog K= 
2S Iog Bz 
45 Iog KI 
45 log K: 
4s Iog & 

tf~-drox2;pruIine-ur~~I compIcxa 

25 Iog K1 
92 log K= 
25 h3 82 
45 log K, 
45 log K: 

45 log B: 

6.35 6.30 6.22 
G-15 6.10 6.05 

I’_50 12.40 12.26 
6.12 6.05 5.95 
5.91 S.82 5.70 

12.04 II.90 II.65 

7-02 7.00 6.96 
6.82 6.80 6.60 

13s4 13.80 13.76 
6.70 6.55 6-35 
6.50 6.40 6.20 

13.20 12.95 12.55 

The thermodynamic formation constants have been obtained by extrapolation 
of the plots of log & vs n*/’ for metal-ligand systems to zero ionic stren_gthS_ The 
values are summarized in Table 3. 

TABLE 3 

THERMODYKAhlIC STABILITY COKSTANTS OF URANYL COMPLEXES 

Threonine 25 12.68 
4S I z-34 

HydranyproIinc 25 13.90 
45 13.io 

The vahes of stepwise changes in free energy (AG), enthalpy (AH) and entropy 
(AS) at an ionic strength of 0.05 M are given in Tables 4-6. The stepwise changes in 
f-ree energy and entropy- were determined from eqns. (4) and (5) 

AGj = --RTI~ /r,~~j_ I (41 
and 

AGj = Affj- TASj (5) 
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TABLE 4 

FREE ENERGY DATA (in kcal mole-‘) OF URANYGAMINO ACID CO.MPLEXES 

Amino acid i-w-l -AG, -AGZ -AG 

Threoninc 

Hydroxyproline 

25 8.66 8.39 
4.5 8.91 8.61 

25 9.5S 9.30 
45 9.75 9.47 

17.05 (17.30) 
17.52 (17.96) 

18.88 (I 8.95) 
19.22 (19.94) 

TABLE 3 

ESTHALPY DATA (in kcai mole-‘) OF URANYL-AMiX ACID COMPLEXES 

Amino acid -MI -Hz -AH 

Threoninc 4.99 4.99 9.98 (7-37) 
HydroxyproIine 6.94 6.94 13.88 (4.34) 

TABLE 6 

ENTROPY DATA (in cal deg-’ mole-‘) OF URANYL-AMINO ACID COMPLEXES 

Amino acid T CC) ASI As, AS 

Threonine 

HFdroxyproIine 

2-s 12.31 
45 12.32 

25 8.86 
45 S-83 

1 I.41 
11.38 

7.92 
7.95 

23.72 (33.33) 
23.70 (33.30) 

16.78 (49.02, 
1 e-78 (49.05) 

The enthalpy changes were determined by integration of the Van ‘t Hoff equation at 
two temperatures. The accuracy of AH values is + I.5 kcal mole-’ and that of AS 
v&es is i4 cal deg- ’ mole- I_ In view of the difficulty of obtainin? the rhermo- 
dynamic stability constants, it may be noted that AG, AH, and AS values have been 
evaluated at an ionic strength of 0.05 M. For comparison purposes relative values 
wouid do, as under the same condition of ionic strength, the values of AG, AH and AS 
for these complexes wiiI show the same variation as the values of the standard ther- 
modynamic functions. However, the values of standard AG”, AH’ and AS= which were 
obtained from cxtrapoIated values of concentration stability constants to zero ionic 
strength, are given in parentheses in Tables 4-6. 

DiSCLSSIOX 

It is evident from data (Table 2) that log K, iK2 values are positive for threonine 
and hydroxyproline complexes and greater stability is achieved at lower temperatures. 
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It is also esident that the stab&t>- decreases with the increase in ionic strength. It is 

indicated in Tables 5 and 6 that the values of AH are negative and those of AS are 

posit& for way-l complexes with both the Iigands. This shows that bot’l the terms 

are favourable for the formation of complexes. it may be further noted that hydrosy- 

proline complexes are sIightly more stable than their correspondins threonine com- 

pIescl;_ 

One of us (B_S.S.) thanks the Unix-ersity Grants Commission, Xe’ew Delhi, India, 

for the award of research feIIowhip_ 
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