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Abstract

The interactions between the amino acids (glycine iatitreonine) with some rare earth metal ions3(PiNd®+, ELt,
Gd®t, Dy3t, Ho*t and YBt) were studied at a wide range from ionic strengths (0.07—0.32 M §N®d temperatures
(25-45°C) in aqueous solutions by using Bjerrum potentiometric method. The stoichiometric and thermodynamic stability
constants were calculated as well as the standard thermodynamic param&graH° andAS>) for all possible reactions
that occur. The degree of formatiom) (for all studied systems was determined and discussed. The thermodynamic param-
eters differences (AAG AAH° and AAS’) were calculated and discussed to determine the factors which control these
complexation processes from the thermodynamic point of view.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction 25, 30, 35, 40 and 4%C). The stoichiometric stabil-
ity constants of these reactions were determined by
In the end of 20th century, many authors directed using Bjerrum pH-titration metho[] in aqueous so-
their researches to physical studies on the complexa-lutions. Based on these data, the thermodynamic sta-
tion processes between the amino acids and differentbility constants (K) and the standard thermodynamic
metal ions[1-4]. A special interest for these studies parameters (AG AH° and AS’) were calculated to
was carried out on the interactions between the amino determine the factors that affect these complexation
acids and the rare earth metal idds5]. According processes.
to what previously said, this work studies the differ-
ent possible reactions between two important amino
acids (glycine and.-threonine) with seven rare earth 2. Experimental
metal ions (P, Nd®t, E3F, GP*, Dy3*, Ho®t
and YB*). This work presents a new thermodynamic 2.1. Materials
treatment for these reactions. The reactions were stud-
ied at a wide range from ionic strengthg0.07, 0.12, All the reagents used were of A.R. grade. All the
0.17, 0.22 and 0.32M KN§) and temperature (= solutions in this study were prepared by using con-
ductivity water. The lanthanone trivalent metal ion
* Corresponding author. nitrates were analyzed by complexometric methods
E-mail address: abdelwah@hotmail.com (A.A. Mohamed). [7]. Sodium glycinate and sodium threoninate were
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Table 1

lonization constants of the amino acifist,15]

Amino acids  Temperature C) pKy values pKz values

w=007 wu=012 =017 =022 =032 =007 =012 =017 =022 =032

Glycine 25 2.39 2.37 241 2.42 2.42 9.63 9.61 9.59 9.57 9.57
30 249 248 242 243 2.40 9.58 9.56 9.54 9.53 9.51
35 2.33 2.39 2.36 2.37 2.37 9.53 9.50 9.49 9.47 9.45
40 231 2.37 2.30 2.34 2.33 9.43 9.41 9.39 9.38 9.36
45 2.22 2.18 3.18 2.18 2.17 9.26 9.24 9.22 9.21 9.19

L-Threonine 25 2.23 221 2.23 2.24 2.24 9.14 9.11 9.08 9.05 9.00
30 2.29 2.28 2.24 2.24 2.22 9.10 9.07 9.04 9.02 8.99
35 219 2.22 221 221 221 8.86 8.81 8.75 8.73 8.68
40 2.17 2.22 2.16 2.18 2.18 8.72 8.66 8.65 8.62 8.58
45 2.10 2.06 2.06 2.06 2.05 8.60 8.56 8.53 8.50 8.46
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Fig. 1. IogKi[':] vs. 1/Tfor complexes of glycine with different metal ions.
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prepared by the addition of equivalent amounts from amino acid) is a prerequisite to the occurrence of the
NaOH solution (standardized by potassium hydrogen following equilibria[11-13]:
phthalate) to pure glycine and-threonine, respec-

. Ky [H*]HL]
tively. HoLT=HL + H", K;i=—"— 2
y 2 + L= L @
2.2. Procedure K HHL ~
HLZL™ +HY, Ko = % A3)

The pH measurements were carried out with an
Orion Research ionalyzer pH meter which standard- Where L™, HL and L™ are the diprotonated, mono-
ized against buffers pHs: 4, 7 and 10. The pH values protonated and the amino acid anion, respectively, i.e.
were accurate te-0.01 pH unit by using a correction  HL for the studied ligands represented by the follow-
value as follows: Ing structures:

pH = 7.00+ (PHeter— 700 Crmeter 1) T I_]I

There will be a correction factor (ete) in acidic H-C—COOH  HC~CH=C=COOH

range and another factor in alkaline rarj§e9]. 1NHz HOL " NH,
According to Bjerrum pH-titration techniqugs], glyeme -hreonine
a 100ml solution containing 0.001M M(Ng3 (M The values of pKand pk were determinefiL4,15]

= Pr, Nd, Eu, Gd, Dy, Ho or Yb) and 0.001M HNO  (and reported inTable 1) to calculate the concen-
and sufficient amount from 1 M KN&Xo fix the ionic trations of BL*, HL and L~ which present in the
strength[10] (at » = 0.07, 0.12, 0.17, 0.22 and 0.32)  reaction medium. Most previous studies consider that
was thermostated at the desired temperaturesZp, the complexation processes were carried out by one
30, 35, 40 and 45C). The solution thenttitrated against  of these species. This study takes into account that
0.1 M monosodium salt of the amino acid (glycine or gl of these species could act as a ligating species.
L-threonine). The pH is recorded after each addition pue to the presence of three positive charges of the
from the titrant. These measurements were carried outstudied metal ions, an expected repulsion between

in aqueous media. the reacting speciesait and M*+ may occur. For
this reason, the diprotic specieslH were excluded
2.3. Calculations as a ligating species. In this case, the most probable

ligating species are HL and/or 1, the stoichiometric
The use of Bjerrum technique in this study (min- stability constants of the possible suggested reactions
eral acid+ metal salt titrated with sodium salt of the were calculated as follows.

Table 2

Summary ofii data of Mt—amino acid complexes at = 0.07

Amino acid M+ t (°C) it pH [HoL*] [HL] L]

Glycine pPe+ 30 0.00 3.46 5.9710x 10°° 4.4564 x 10~* 2.7000x 10710
0.00 5.39 1.5550x 1076 9.8790x 104 5.0944 x 1078
6.50 x 104 6.21 2.3562x 1077 9.8889x 104 3.3689x 1077
0.40 6.46 1.3205x 107 9.8555x 104 5.9707 x 107
0.60 6.61 9.3323x 1078 9.8383x 104 8.4191x 1077
0.80 6.65 6.7485x 1078 9.8207 x 1074 1.1601x 10°©

L-Threonine Nk 25 0.00 3.74 2.7824x 10°° 7.1635x 104 2.3000x 1079
0.00 6.15 1.5000x 107 9.9334x 104 8.1920x 1077
0.20 6.71 4.1084x 1078 9.8788x 104 2.9581x 1076
0.40 6.93 2.4711x 1078 9.8610x 104 4.9004x 10°°
0.60 7.37 8.9573x 107° 9.8448x 104 1.3474x 1076

0.75 7.89 2.6964x 10°° 9.8133x 1074 4.4475x 1075
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2.3.1. Reaction (I)

The deprotonated amino acid anion tould acts as
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where gl- 1 and gl 1 are the overall stability con-
stants of the complexes formed from the reaction

aligating species according to the following equilibria: between = and M**. In this case, [E] can be calcu-

lated fromEgs. (2) and (3and substituted ikqgs. (4)

L1
M3+ L mLze, gl ML and (5), wherd16] [L~] = K1K2[HoLt]/[H ]2
P M3H][L ]
- 2.3.2. Reaction (Il)
By - ML 7] A : :
M3+ 4 2L~ & MLE, ﬂ[zL 1 _ 2 The monoprotic amino acid HL could acts as inter-
[M3+][L ]2 acting ligating species and the complexation process
Table 3
Stability constants of Ntt—glycine complexes
Metalion u  logKl! IogKllTF']l]
t=25°C t=30°C t=35°C t=40°C t=45°C t=25°C t=30°C t=35°C t=40°C t=45°C
P+ 0.07 5.62 5.41 5.14 5.09 434  —402  —417  -439  —434 492
0.12 557 5.46 5.11 4.74 385 404 410 -439 467  -539
0.17 5.60 5.39 5.12 5.07 414  -399  —415  —4.37 -432 507
0.22 5.55 5.44 5.09 472 383 402 409 -438 -466  -5.38
0.32 5.55 5.42 5.07 4.70 381 —-4.02  —-409 437 -466  —5.38
Nd3+ 0.07 5.85 5.88 5.52 5.37 531 -378 370 -401  —-406  -3.95
0.12 5.87 5.86 5.41 5.26 516 -374 370 —-409 —415  —-4.08
0.17 5.83 5.86 5.50 5.35 529 -376 358 399 404  -3.93
0.22 5.84 5.84 5.39 5.24 514 -373  —-369  —4.07 -4.14  —4.07
0.32 5.84 5.82 5.38 5.22 512  -373  -369  —4.07 -414  —4.07
Euwt 0.07 5.54 5.94 5.12 5.53 556 -409 -364 —441 -390 -3.70
0.12 557 5.95 4.96 5.55 551 -404 -361 -454 -38  —3.73
0.17 5.52 5.92 5.10 5.51 554 -407 -362 -439 388  -3.68
0.22 554 5.93 4.94 5.53 549 403 360 -453 -385  -3.72
0.32 5.54 5.91. 4.92 5.51 547 403  -360 -453 -385  -3.72
G+ 0.07 5.88 5.73 5.71 5.10 438 -375 —385  —3.82 -433  —4.88
0.12 5.87 5.77 5.66 5.01 468 -374 379 384 340 -456
0.17 5.86 5.74 5.69 5.08 436 -373 380 -3.80 —431 486
0.22 5.84 5.75 5.64 4.99 466  -373 378 383 439  -455
0.32 5.84 5.73 5.62 4.97 465 -372 378 383 —439 454
Dy3+ 0.07 6.06 5.79 5.99 5.79 502 -357 379 354 364 —4.24
0.12 6.04 5.76 5.94 5.79 468 -357 380 356 —362 456
0.17 6.04 5.77 5.98 5.77 365 -355 377 351 362  -557
0.22 6.01 5.74 5.92 5.77 466  -356 379  -355 361 455
0.32 6.01 5.72 5.90 5.75 464  -356 379  -355 361 455
Ho%+ 0.07 5.96 5.95 5.89 5.80 582 367 -3.63 -364 —3.63 -3.44
0.12 5.95 5.94 5.87 5.79 582 -365 —362 -363 —362  —3.42
0.17 5.95 5.93 5.88 5.78 580 -364  -361 361 —361  —3.42
0.22 5.93 5.92 5.85 5.77 580 —-364 —361  —3.62 -361  —341
0.32 5.93 5.90 5.84 5.75 578 -364  -361 361 —361 341
Yb3+ 0.07 6.10 5.90 6.05 5.95 582 -353 —368 348 348  —3.44
012 6.11 5.91 6.04 7.92 582 -350 365 346  —349  -3.42
0.17 6.08 5.88 6.03 7.93 580 351  —366 346 —346  —3.42
0.22 6.08 5.89 6.02 7.91 580 —349  -364 —345 347 341
0.32 6.08 5.87 6.00 5.89 578 —349  -364 345 347 341
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could proceeds with proton release as follows: whereﬂ[lH,ﬂ] and ﬁ[ZHHLL] are the overall stability con-

[HL] stants of the complexes formed from the reaction be-

M3+ 4 HLﬂl[i+]ML2+ LHT tween HL and M with proton release. In this case,
ﬁz+ N ’ [HL] can be calculated frontqg. (2) and substituted
g _ MLTTIHT] ©  inEgs. (6)and (7), where [HLE Ka[HoL*]/[H].
HHT T [M3H][HL] In general, the overall stability constanfts can be
H calculated from the following equatid6,17]:
Bo+
3+ AT+ + _ _ J o -
M°T +2HL = ML; + 2H™, 7 —,31+,82(2_n)[L]+Z(l_n)ﬁ[L]i’l
A —n 1 P~ 4 - Pi
g _ MLZIHT @ AL 1-a)  =d-n
1= =
AT [M3H]HL] 2 8)
Table 4
Stability constants of Mt—L-threonine complexes
Metal ion n  logKl- ] IogK[lF[ﬂ]
t=25°C t=30°C t=35°C t=40°C t=45°C t=25°C t=30°C t=35°C t=40°C t=45°C
P+ 0.07 4.63 3.99 4.26 411 353 —451  -511  -460 -462  -507
0.12 4.85 3.98 4.23 4,06 355 —425 509 -457 —459  -501
0.17 459 3.96 418 4,05 347 —-449 509 -458 —-454  -506
0.22 481 3.95 417 4,03 348 424 508 -457 —459 502
0.32 4.76 3.91 411 3.83 344 424 508 -457 -456  -503
N3+ 0.07 511 4.44 452 4.42 340 -403  -465  —433 —431 521
0.12 5.09 4.44 459 4.41 408 —-401  —463  —422  —424  —4.49
0.17 5.07 4.41 4.45 4.36 335 —401  -463 —432 —429  -519
0.22 5.05 4.41 4,52 4.39 403 -400 —462  —421  —423  —4.47
0.32 5.00 4.37 4.47 4.34 399  —400 —462  —421  —423 447
Ew 0.07 5.40 4.84 477 4.69 358 —-374  —425  —410 -403  -5.02
0.12 538 4.82 4.83 4.74 425  -373  —433  -398 392 431
0.17 536 4.81 4.69 4.64 353 -372  —423 —431 —-401  -500
0.22 533 4.79 4.76 471 420 -372  —423 397 391  —4.30
0.32 5.28 4.76 471 4.67 416  -372  -423  -397 391  —-4.30
Gd** 0.07 5.18 4,52 4.76 4.59 349 398 458 -410 414 511
0.12 5.15 4.65 4,73 4.46 417  -396  —442  -407 -420  —4.39
0.17 5.14 4.49 4.69 453 344 -394  -456  -408 —412 509
0.22 5.10 4.62 4.67 4.43 412  -395  —441  -406 -419  —4.38
0.32 5.06 4,58 4.61 4.38 408 -395 441  -406 -419  —4.38
Dy3+ 0.07 5.37 5.20 5.01 4.80 463 -377 -390 -3.85 393  —3.97
0.12 5.34 5.08 4.98 4.82 468  -377 -398 -383 384 388
0.17 5.33 5.17 4,93 4.74 458 -375 388  -3.83 391  —3.95
0.22 5.29 5.05 4.92 479 463 -376 -397 -381  -383 387
0.32 5.24 5.02 4.86 475 459 -376 -397 -381 -383  -3.87
Ho®+ 0.07 5.35 5.39 5.03 4,91 474 -379 371  -383 -382  -3.86
0.12 5.36 5.37 5.03 4.89 475 375 -370 -378 377  -381
0.17 531 5.37 4.96 4.85 469 -377 -367 -381 -380 384
022 531 5.33 4.97 4.86 470 -374  -369 -377 376  —-3.80
0.32 5.26 5.30 4,91 481 466  -374 369  -3.77 -376  —3.80
Yb3+ 0.07 5.49 5.53 5.22 4,99 484  -365 —357 364 374  —3.76
0.12 550 5.53 5.20 4.95 478 -361 354 361 -370 -3.78
0.17 5.45 5.50 5.15 4,93 476  -363 355 362 372  —3.77
0.22 5.45 5.50 5.13 4,92 473 -360 353 360 -369 —3.77

0.32 5.40 5.46 5.08 4.88 4.69 —3.60 —3.53 —3.60 —-3.69 —-3.77




Table 5

Thermodynamic stability constants of3¥-amino acid complexes

Amino acid B+ log K, log Kl%':‘i]]

t =25°C t =30°C t =35°C t =40°C t =45°C t =25°C t =30°C t =35°C t =40°C t =45°C

Glycine PE+ 5.62 5.42 5.15 5.10 4.30 —4.02 —-4.17 —4.39 —4.35 —-4.97
Nd3+ 5.86 5.89 5.53 5.38 5.32 —3.78 —3.67 —4.02 —4.06 —-3.95
Ew+ 5.55 5.95 5.13 5.54 5.57 —4.09 —3.64 —4.41 —3.90 -3.70
G+ 5.89 5.75 5.72 5.11 4.39 -3.75 -3.84 -3.82 -3.84 —4.88
Dy3+ 6.07 5.80 6.00 5.80 4.69 —3.57 -3.79 —-3.54 —3.64 —4.58
Ho3t 5.97 5.96 5.90 5.81 5.83 —3.67 —3.63 —3.64 —3.63 —3.44
Yb3+ 6.11 5.91 6.06 5.96 5.83 —3.53 —3.68 —3.48 —3.48 —3.44

L-Threonine P 4.67 4.02 4.30 421 3.57 —451 -5.11 —4.60 —4.61 —5.06
Nd®+ 5.15 4.47 4.56 4.44 3.44 —4.03 —4.65 —4.33 —-4.31 -5.20
Ewt 5.44 4.86 4381 471 3.62 -3.74 —4.29 —4.16 —4.03 -5.01
G+ 5.21 4.55 4.80 4.61 3.53 -3.97 —4.58 —4.10 —4.14 -5.10
Dy3+ 541 5.22 5.05 4.82 4.66 —4.26 —3.90 -3.85 —-3.93 -3.97
Ho3* 5.39 5.42 5.07 4.93 4.77 3.79 -3.71 -3.83 -3.82 —3.86
Yo3+ 5.53 5.56 5.26 5.01 4.80 3.65 —-3.57 —3.64 —-3.74 -3.77
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where [L] is the concentration of free ligand (i.e. it
varies according to the suggested reaction) arid

245

this case AH° can be calculated from the straight line
slope[18] (which equal to—A H°/2.303R) obtained

the ligand number (or the degree of complexation) by plotting logK® against the reciprocal of absolute
which to be defined as the average number of ligand temperature(1/T)as shown inFigs. 1-4. Then, the

bound per metal ion concentrati@y, and expressed
as follows[17]:

bound ligand
total metal ion concentration
_ Lbound _ Ltotal — Lfree
Y Cm

Details of the calculation ofi and [L] values have
been previously describdd7,18].

The application oEqg. (8)on the suggested reaction
() yields the equation:

n=

9)

n L]

I R w0

A plot of /(1 —n)[L "] against(2 — n)[L~]/(1 — i)
gives an intercept equal tﬁ[l"_] and a slope equal
to /3[2"_]. Similarly, applyingEq. (8)on the suggested
reaction (II) we obtain:

ia[H™]
(1 — n)[HL]
A plot of a[HT]/(1—n)[HL] versus(2—n)[HL]/(1 —
)[H] gi\[/SLS] an intercept equal '?H"l] and a slope
equal toﬁz[H+].

The relationship between the overall stability con-
stantg, and the successive stability constaldtsval-
ues is given by19]

Hy (2 —m)[HL]
2T (1 - m)[HA]

(HL]

= '31[H+] +B (11)

ﬁn = Ki1K>--- K, (12)

In this work, the degree of complexation of the sys-
tem lies in the range.0 < i < 1 (i.e. the complexes
formed were 1:1). Hencgg; = K1 and the thermody-
namic stability constari® can be calculated by plot-
ting logK values versug.. Extrapolating the straight
line to zero gives log° at each temperature. From
these data, the standard free energy chak@é can
be calculated from the equation:

AG° = —2.303RTlog K° (13)

Similar to the previous potentiometric studies, the
standard enthalpy changeH® can be determined by
using temperature dependence methad-22]. In

standard entropy changeS’ can be calculated from

Eq. (14):

AH® — AG®°
T

All of the above calculations were carried out by a
special designed computer programs (using P.C.).

AS° = (14)

3. Results and discussion

Because of the richness afdata obtained in this
work, a selected two simple examples are summarized
in Table 2. Examining these data, we observed that at
low pH range [(3.46< pH < 6.46 for glycine com-
plexes) and (3.74& pH < 6.93 forL-threonine com-
plexes)] BL* has a relatively high concentration, and
no complexation or only weak interactions were tak-
ing place, this is obvious from the very low val-
ues ¢ < 0.5). In this pH region, we note that the
n values were sometimes equal to zero, this means
that all reacting species present in the solution were
free, i.e. this meaning seems to be clear from the ex-
pression ofz function in Eq. (9). A continuous ad-
dition of the ligand increases the pH reading as well

Table 6
Comparison of results with those from literature for reaction (1)
of M3t—amino acid complexes at 26

. . L=
Amino acid M+ n logkl-"1  Reference
Glycine Pet 0.22 5.55 This work
0.20 4.40 [24]
0.20 6.25 [25]
Nd3+ 0.22 5.84 This work
0.20 4.50 [24]
0.20 6.31 [25]
Gt 0.22 5.84 This work
0.20 4.64 [24]
0.20 6.11 [25]
L-Threonine PH 0.22 4.81 This work
0.20 4.90 [26]
Nd3+ 0.22 5.05 This work
0.20 5.03 [26]
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as that of [L”] conversely [HL™] decreases while  for a suggested reactions (I) and (ll) are represented
[HL] is a high and seem to be constant. In this pH in Tables 3-5. The stability constants values show

range [(6.46< pH < 6.65 for glycine complexes) that logkl" ! > log K[1H|'4‘]+ . This is attributed to the
and (6.93< pH < 7.89 forL-threonine complexes)]  contribution of the amino acid ionization constants in

1:1 complexes were formed (i.e.50< 2 < 1). This  reaction (1) according to the following equati¢2a]:
means that the most possible reactions betwegh M

with L~ and HL species were carried out according ﬁ[l'?ﬂ] = - 1k, (amino acid (15)
to the reactions (1) and (I1).

The stoichiometric and thermodynamic stability Table 6gives a comparison between our data for re-
constants of the two studied amino acid complexes action (I) with those reported in literature. In general,

Table 7
Standard thermodynamic parameters ottMglycine complexes

M3+ t (°C)  Reaction () Reaction (Il)

—AG® (kd/mol)  —AH° (kd/mol) —AS (J/Kmol) AG°® (kdJ/mol)  —AH° (kdJ/mol) —AS (J/Kmol)

P+ 25 32.07 106.80 250.77 22.94 75.07 328.89
30 31.44 284.71 24.19 327.59
35 30.37 248.15 25.89 327.79
40 30.56 243.58 27.15 326.58
45 26.18 253.52 30.26 331.23
Nd3+ 25 33.44 57.70 81.41 21.57 26.66 161.85
30 34.17 77.66 21.29 158.25
35 32.61 81.46 23.71 163.54
40 32.24 81.34 24.33 162.91
45 32.39 79.59 24.05 159.47
Eut 25 31.67 13.70 —60.30 23.34 —18.42 16.51
30 34.52 —68.71 21.12 8.91
35 30.25 —53.73 26.01 24.64
40 33.20 —62.30 23.37 15.81
45 33.91 —63.55 22.53 12.92
G+ 25 33.61 131.04 326.95 21.40 80.86 343.15
30 33.36 322.38 22.28 340.40
35 33.73 315.94 22.53 335.68
40 30.62 320.83 23.01 331.85
45 26.73 328.02 29.71 347.70
Dy3+ 25 34.63 98.93 215.77 20.37 66.80 292.52
30 33.65 215.45 21.99 293.04
35 35.38 206.33 20.88 284.68
40 34.76 205.02 21.81 283.10
45 28.56 221.89 27.89 297.77
Ho3+ 25 34.06 15.62 —61.88 20.94 —16.50 14.90
30 34.58 —62.57 21.06 15.05
35 34.79 —62.24 21.47 16.14
40 34.82 —61.34 21.75 16.77
45 35.50 —62.52 20.95 13.99
Yh3+ 25 34.86 18.44 156.31 20.14 —13.68 21.68
30 34.29 155.61 21.35 2531
35 35.74 148.38 20.52 22.21
40 35.72 143.77 20.86 22.94

45 35.50 144.47 20.95 22.86
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the published stability constant data of glycine com- the complexation process in reaction (1) is more spon-
plexes were not unanimo(i84,25]. Then, our results  taneous than the complexation process in reaction
seem rather to be intermediate in case of glycine com- (l1). This spontaneity for reaction (1) is due to its high
plexes, while the comparison shows the good agree- negativeAG°® values. It is to be attributed to the elec-
ment with literature in case afthreonine complexes  trostatic attraction between the positive lanthanide
[26]. ion M3t and the negative deprotonated amino acid
Tables 7 and gjive the standard thermodynamic anion L~.AH° values indicate that all complexation
parametersAG°, AH® and AS’ for all complexation processes are exothermic due to their negative values
processes. ReadingG® data, one can conclude that (with exception of some cases in reaction (Il) for the

Table 8
Standard thermodynamic parameters ottMc-threonine complexes

M3+ t °C)  Reaction (I) Reaction (1)

—AG°® (kd/mol)  —AH° (kJ/mol) —AS (J/Kmol) AG°® (kd/mol)  —AH° (kJ/mol) —AS (J/Kmol)

P+ 25 26.65 72.73 154.63 25.73 21.65 158.99
30 23.32 163.07 29.65 169.31
35 25.36 153.80 27.13 158.38
40 25.23 151.76 27.63 157.44
45 21.74 297.08 30.81 164.97
Nd®+ 25 29.38 124.69 319.83 22.99 72.09 319.06
30 25.93 325.94 26.98 326.96
35 26.89 317.53 25.53 316.95
40 26.61 313.36 25.83 312.84
45 20.95 326.23 31.66 326.26
Ewt 25 31.04 136.89 355.20 21.34 82.23 374.55
30 28.20 358.71 24.89 353.53
35 28.37 352.34 24.53 346.62
40 28.23 347.16 24.15 339.87
45 22.04 361.16 30.50 354.50
G+ 25 29.73 119.00 299.56 22.65 65.33 295.23
30 26.40 305.61 26.57 303.30
35 28.31 294.45 24.18 290.61
40 27.63 291.92 24.81 287.99
45 21.49 306.64 31.05 303.08
Dy3+ 25 30.87 68.93 127.72 24.31 —-20.51 12.75
30 30.28 127.56 22.63 7.00
35 29.78 127.11 22.71 7.14
40 28.89 127.92 23.55 9.71
45 28.37 127.55 24.17 11.51
Ho3+ 25 30.75 62.66 107.08 21.63 9.00 102.78
30 31.44 103.04 21.52 100.73
35 29.90 106.36 22.59 102.57
40 29.55 105.78 22.89 101.89
45 29.04 105.72 23.50 102.20
Yb3+ 25 31.55 72.67 138.00 20.83 14.73 119.33
30 32.26 133.37 20.71 116.96
35 31.02 135.23 21.47 117.53
40 30.03 136.23 22.41 118.66

45 29.23 136.60 22.96 118.85




248

ALog K°

A.A. Mohamed et al./ Thermochimica Acta 405 (2003) 235-253

10 +
9.8 -+
9.6 -
9.4
9.2 -

o ¢ LOOO_, ¢
Do soO ©

™o ®
-

0 © L
o o o
i
T

©
>
1

©
© N
]

© o
o ® o

- ©w ©
cwo N &
|
4

©
(=]
1
T

©
(o2}
!

© ©
[N
1 l

[{e]
4
4

T x 10°
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interactions between-threonine with Dy* as well Therefore, the high negativaG° values for re-
as the interactions between glycine with3EuHo3+ action (I) is attributed to the higher contribution of
and YB*+ which have positiveAH® values). AH° term (which indicate that these complexation

In most casesAS’ values were negative (with ex-  processes are enthalpy favored processes). If we con-
ception of some cases in reaction (I) for the complex- sidered that
ations between glycine with Bti and HG+ which
have positiveAS’ values). InspectingS’ values, we ~ Alog K® = log K° (reactior(l))—log K (reactior(ll))
found that, in most casesS’ values for reaction (I) (16)
are higher than those for reaction (l1). This reflects the . . . . .
more spontaneity of reaction (I) which is character- AAG™ = AG”(reactionl)) — AG”(reactior(ll))

ized by its negativeAH° values. an
Table 9
The difference of thermodynamic parameters fottMglycine complexes
M3+ t (°C) AlogK® —AAG® (kJ/mol) —AAH® (kd/mol) AAS (J/Kmol)
P+ 25 9.64 55.01 31.73 78.19
30 9.59 55.63 42.88
35 9.54 56.26 79.64
40 9.45 57.71 83.30
45 9.27 56.44 77.71
Nd3+ 25 9.64 55.01 31.04 80.44
30 9.56 55.46 80.59
35 9.55 56.32 82.08
40 9.44 56.57 81.57
45 9.27 56.44 79.88
Eut 25 9.64 55.01 32.12 76.81
30 9.59 55.64 77.62
35 9.54 56.26 78.37
40 9.44 56.57 78.11
45 9.27 56.44 76.47
G+ 25 9.64 55.01 50.18 16.20
30 9.59 55.64 18.02
35 9.54 56.26 19.74
40 8.95 53.63 11.02
45 9.27 56.44 19.68
Dy3+ 25 9.64 55.00 32.10 76.75
30 9.59 55.64 77.59
35 9.54 56.26 78.35
40 9.44 56.57 78.08
45 9.27 56.45 75.88
Ho3+ 25 9.64 55.00 32.12 76.78
30 9.59 55.64 77.62
35 9.54 56.26 78.38
40 9.44 56.57 78.11
45 9.27 56.45 76.51
Yb3+ 25 9.64 55.00 32.12 —134.63
30 9.59 55.64 —130.30
35 9.54 56.26 —126.17
40 9.44 56.58 —126.83

45 9.27 56.45 —-121.61
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Table 10
The difference of thermodynamic parameters fottMc-threonine complexes
M3+ t (°C) AlogK® —AAG® (kd/mol) —AAH?® (kJ/mol) AAS (J/IKmol)
PR+ 25 9.18 52.38 51.08 4.36
30 9.13 52.97 6.24
35 8.90 52.76 4.58
40 8.82 52.86 5.68
45 8.63 52.55 4.62
Nd3+ 25 9.18 52.37 52.60 -0.77
30 9.12 52.91 1.02
35 8.89 52.42 —-0.58
40 8.75 52.44 —-0.52
45 8.64 52.61 0.03
Ewdt 25 9.18 52.38 54.66 —7.65
30 9.13 52.97 -5.18
35 8.90 52.49 -5.72
40 8.75 52.44 —-7.29
45 8.63 52.54 —6.66
Gt 25 9.18 52.38 53.67 —4.33
30 9.15 53.08 —-2.31
35 8.87 52.90 —-3.84
40 8.74 52.38 —-3.93
45 8.63 52.54 —3.56
Dy3+ 25 9.67 55.18 48.42 —-114.97
30 9.12 52.91 —120.56
35 8.90 52.49 —-119.97
40 8.75 52.44 —118.21
45 8.63 52.54 —-116.04
Ho3* 25 9.18 52.38 53.66 —4.30
30 9.13 52.96 -2.31
35 8.90 52.49 -3.79
40 8.75 52.44 -3.89
45 8.63 52.54 —-3.52
Yb3+ 25 9.18 52.38 57.94 —18.67
30 9.13 52.97 -16.41
35 8.90 52.49 —-17.70
40 8.75 52.44 —17.57
45 8.57 52.19 —-17.75
AAH® = AH"(reaction(l)) — AH"(reaction(ll)) obtained from the plot of log,!“ 1 versus 1/T(as

(18) shown inFigs. 1 and 3).
Tables 9 and 10Gnclude the obtainedAlogK®,
AAS° = AS°(reaction(l)) — AS°(reactior(ll)) AAG°®, AAH° and AAS values. From these data,
(19) we feel that the most predominant reaction is reaction
(), this is evidence from the nearly behavior of these
to get an idea about the difference between the two functions with those obtained from reaction (1) (i.e.
suggested reactions. logK®, AG®°, AH® and AS’ for reaction (I)). Where
Figs. 5 and 8epresent the relation betweatog K° log K- "1 and AlogK® have a similar decrease with
against 1/T. It is obvious a high similarity with those increasing the temperature as well as the negative
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values for AG® (for reaction (I)) andAAG°. The ionic radii decreased. But in some cases, we found
negativeA AH® values reflected the more exothermic a slight exchange in the position of some metal ion
nature for reaction (I) than reaction (l1), also, the high complexes (specially for Etr and Gd*+ complexes).
positive values ofAAS’ indicate the high disorder  The electronic configuration of Eu: (Xe) 46s* and
of reaction (I) than reaction (). Therefore, we shall Gd: (Xe) 4f 5d! 6<, the 4f orbital in each Eu and
center our research on the study of reaction (I) to Gd is half filled, and added to that the interference
gain a better understanding of the factors that control of 5d orbital in the configuration, so the unlikely
the complexation processes between the different lig- situation of Eu and Gd is believed to be due to a
ands and metal ions under study. Patel and J&hi  change in the spin part of the ground state stabiliza-
have been reported that the calculated metal-ligandtion energy which causes a much greater reduction
formation constant values are in agreement with the in formation constant valug®6,27], in order that, a
proton—ligand formation constants of the amino acids. smaller stabilities for E¥ and G&* complexes were
This corresponds to our results, where the interaction expected.
of glycine anion with the studied lanthanides ions is
comparatively more spontaneous than the correspond-
ing L-threonine anion due to the effective basicity of References
glycinate ion[5].
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