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ABSTRACT. The stability constants for lanthanides complexes with optically active L-proline (1: 1)
were determined in aqueous solution in the ionic medium of 0.1 M NaClO, at 25°C using a pH titration
method. The results show so called “gadolinium break” between lighter and heavier lanthanides. The
linear relation between the stability constant (logB;) and the pK, values of ligands indicates that L-proline
acts as 2 bidendate ligand in the complexation. The thermodynamic parameters (AH and AS) were
also determined using an enthalpy titration method at the same condition. The positive endothermic
enthalpy change and positive entropy change clealy indicate that the driving force for the complexation
is an entropy effect. The comparision of the thermodynamic parameters of L-proline complexes with
anthranilate complexes supports the conclusion that the heterocyclic nitrogen atom and carboxylate of
L-proline are involved in the chelate formation. The enthalpy values for L-proline are more positive
than the ones for anthranilate complex. The difference in enthalpy change for the complex formation
between L-proline complex and anthranilate complex is explained in terms of the hasicity of the nitrogen
donor atom in the ligand. The relatively large entropy change may be described by the extra dehydration
related to the rigidity of L-proline ring.
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F484-¢ %e Leproline® £ ¥ L-pro-
line'?& UK Ho|F<w} LAY AHo|EFE YA
sl )7t 3y A2nleE 7R I(ligand exchange
chromatograph)ell 2J3t S4E3 Ex epnlae]
£2]A) 71232 AKchiral stationary phase)2& =j
$ ARAOE AHEE] 23 Ut = =W
aZote 2R FoFHL M S50
o] AHmobile phase)d] AWFY, Lvjisl, &
o) F419] wisigA » {IMA 2% ¥ ol
5 234G AR G o) okt ez geA
sich. 2evt AR 7122} AR B
Zo] 22 NiID), CudD), Zn() T R71=| Ho]Fd)
FEF et Ak

PE FE(IDol > FEHAA] e Ao)F
ol vis) YH7|H FEaHge] ZA L3l 7]
28 tHcarboxylate) v 9] 7125 Hamino-
carboylate)s} A3 YL YA, o1& 3¢
Foll tigt 49 AFE vl 3] zYs]o)
23 TP HIee Az olnk7l2 54
(macrocyclic aminocarboxylate) 2jZ7ktcll cidF
F7b RaEglem, o] A% Adze W Ax
17} g 728478 G271 A s
A7z ofp|xrt2 Al vld AT AEE
YA

ey AdFeR dHu2ze 72544 het-
roocyclic carboxylate)o] #¥ A& & Holrl,
furoate’, a-picolinate*?, picolinate-N-oxide®, pyraz-
yne-2-carboxylate’ 5] Ry ¥ 9ler, furoate 3l
HE AadAs 9% 3% ol A%E ¥4
3l & uh, a-picolinate, pyrazine-2-carboxy-
late®] slel2xe] AnJURE ZAgd Frefsied 2
Yo EE YAshe gt i PdE B3 gl
1=

£ dfoMe A2gAE = AR e
7¥25-4 4] L-proline® #AvkF F5o| HNEH
o AR DA A 2 AE YA ALY
(AH) 3 JESHASUNFE s, WS
FE)LEX U FBojE Y 2o o) 4Y
T Qe 7FeAE Lol sielc =3 9

3% zk& L-prolines} ¥5iF: o) 2719} A 34
U 498 A SPER o Ao E 33
¥ viFh & oldded F83A 84 5
S)& Zl°lt}. lanthanide-L-proline2] 2AHE ¥4 4]
AT b= pH HAu(pH titration method)!®
of o} Falglen, L-prolined $iAH7hg g
2HE PAA|9] dey] WA o S QPN
(adiabatic solution calorimeten)& ©)8% A=)
v (enthalpy titration method)''el) 2f3) =4
28 BE AL 250°C, ol ZE(W 0.1M
NaClO; &foll 4 Ax|stlen, APATFA:= o|n|
Bugl o2i7}A]- opu| kBB Abwe] A
Febed vl PEsgc)

A ¥

Al < d983 25 3L 1% lantha-
nide perchlorate 8-¢§-& lanthanide oxide(Aldrich.
Chemical Co. 99.99%)& A3¥ HCIO(Merck) £
o| %o k=), lanthanide perchlorate -£<42)
E A& xylenol orangeE AH&3le] A€ EDTA
$902 A3l  L-proline(Fluka)e E&
NaOH 8925 HA3lo] xl43idoy, BE 49
& ¥ NaClO(Merck)& Alg-3le] o] =g
0.1 M2 =33yl

27l 2. pH ZHell& Fisher Model 520 Digital
pH/ion A17] '3 Fisher Standard Combination Ele-
ctrode® AHE3lc). <9 £ dfAl= Tronac
Model 450 Isoperibol Solution Calorimeter& A}
43k g8 gAY &= 2L Tronac PTC
25 L22E7E AH-El 252 0.001°CE FR]3ld
on, 23] dakAde) 22 ¢J7 Digital Volt-
metere HP Model 8902A & Al-3tsic) 7)1E71=
Huston instrument |54l Fisher recordall series
50008 A}9-3t, 3&2+ Rauda model RM6E
AHE-S ek

4l #. L-proline®) ¢4 g K, Ko
E&F NaOH £9%(9.653X107° M= & HCL &8

{9500X107° M) & AHg-3}e] wlz3Khalf neutraliza-

tion) ¥lel] 2]sle Fatdem, L-proline &%
¥F NaCH 4oz Ay of 22 2dap=
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NaCOH £e83F9] 1/2¢0] ¥7}=l5l& o g4 pH7}
pK..7b €th. pK,& HCI® HAstd T3jgich
pH: pH4, pH73 pH 102 4389 e2 ¥ A3
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+0.6%2]ch AR AHEEE HES 3 A
Yol dgkAle] 5P oF 2417 golFo ul
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$E9 25(25°C)e 71E7|2 #elslgdl

Ae YAA| A d3Eee AuS FEIIDS
B(~1.5X 1072 M) 50.00 miZ 3 s}] wh-g-Adel] Yo
L-proline £%(20063X107'M) 200 g H-2lei)
wo] £ A2} & WYL A2 ¥, AP
whgd¢ A3t AAA pH HEE F231)
213l pH=pK,2 ZH3l.on, YRR 1:
1 E9HE A441717) el 2)is A FEv
5k DA FE9 1/2 o|3E #3]X)H )

RE AYPL o]&7x 0.1M NaClO,2 =H3}lo
25°Cell A A A)sledvh

a2zt A E9

L-proline®) %% B $4 H7} ulgo] JA8y
gaakg e a9 sk Hawgieoz F

slelew] AYZAFAE Table 1o Jehligiel
lanthanide 1:1 #FHE34X| 9] QAR g
pH A& wg o] 8-#4slon, Table 2= pH HA
AFE Bofct ZE AY dojele glo] oxpe=
1s.d-2 vehioh
Lo** o]2w AP =9 HAFF v 4A
=4 fre e e #AE gedr

#/Q-m=p(L), [Ll=a-447= 5=

Fig. 1€ W ¥3 2 2 Ev’t-L-proline 253 A1)
@/1—-n)o dF [L1& =AF Aels F2 A4
FAE e MHE Aegd s
o] g-3he] Al 7| EV|BARE ARsigen, 2

Table 2. pH titration data for the formation reaction
of Eu¥*-L-proline complex {(un=0.1 M NaClQ,, T=250
<y

Volume of H [L]X10* _
titrant(ms) P an "
1.0 3.034 0.606 0.010
15 3.025 1.054 0013
2.0 3016 1.460 0.016
25 3.000 1.495 0.025
3.0 2988 1675 0.032
35 2978 1912 0037
40 2971 2.260 0.040
45 2,961 2432 0.047
5.0 2.954 2723 0.051
55 2,045 2.887 0.057
6.0 2938 3125 0.062
65 2934 3495 0.064
2.0 2927 3.689 0.069
75 2923 4019 0072
8.0 2917 4226 0076
85 2912 4468 0.081
9.0 2,907 4692 0.085
95 2.899 4737 0.092
100 2.893 4873 0.098

“initial volume=50.00 w/, initial pH=3.062, [Eu**]=
9.198X10 *M and [HL]=5323X10*M, [L 1=
9426X 10 * M.

Table 1. Thermodynamic parameters of L-proline (u=0.1M NaClO,, T=25.0°C}

P-Kuz PKr.- ]

—AGHKJM™)

AHp(KIM ") ASpRIM )

2.72+ (.01 1054+ 0.04

1560+ 0.20

0.13+ 0.04 526+ 2.2
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Fig. 1. Plot of #a/(1—#) vs. (L] for Euv®*-L-proline.

A Table 40) vJehiic).

lanthanide(II[}-L-proline 1:1 22 ¥ ]2} <4}
A= Abr(logh)ehd 2.12~3.16E el ern Cu?t,
In®t 5 3d Ao|gF o]LEel v A= 4
Fzkel AARE - A" AFE YAt <
BT Abpghe Laslal Gd7bzlE A M3) Z713sidr)
Gdg 71¥e2 Yh7ha] i Zrashe AgE o
el o], HErE 4 A(lighter lanthanides)2} Fetek
Z 2] &(heavier lanthanides) Ale]ol] A¢ “gadoli-
nium break”? ¥Ade] vields FAE 5 glglch

Fig.2e Euv* 3} 3 A 27t= £ F A
=29 logh ¥ 7 Elt=59] pKiol EAIgE
Aot} BT dlolels 0.1 M 0] Zx oA gL
grole)?!, A o2 vy of pKo @2} loghiel
g 2] we 5 Ay 2l 74zt QMo
Z71sle Age RoFEH £ ALY I L-
prolined) 7%, ¥ A=) 2= AAH FA-|
A Yxstoich wielM Le-prolined] di W71 A
A FAUAZA APl ezl [RFH F53
dAe| 23 Ao FEE AFgA7E LR
geksach

g Y449 g d3g Tl dd gy
S A E ol 83 Uy HAg = £
22 AR dFE FAYPen, o HAew
gt S 514 <dek(heat of dilution) I HA
A7 Fo| pH #Hge w2 E 4 g3k heat of
water formation)®} L-proline®] =4 #7} Qe
Egaell. 3 dake nlet-g-d(blank solution)&
27k o2 HA3l Falglon], Y Az
o] B¢ FAZL ¢ sNck £ FPAH g}

' 2 3 4 5 6 7
pKa

Fig. 2. Correlation of logp, of the Euv** complexes
with pK,+s of the ligands. 1, furoic acid”™; 2, thioglyco-
ate™; 3, methoxyacetate™; 4, acetate™; 5, propionate';
6, pyrazine-2.carboxylate®; 7, c-picolinate-N-oxide';
8, a-picolinate®®; 9, 1,4-cyclohexanedicarboxylate!; 10,
croconate's; 11, malonate®®; 12, glutarate'; 13, L-pro-
line.

Table 3. Enthalpy titration data for the formation of
1:1 Eu**-L-proline complex (u=0.1M NaClOQ,, T=
25.0°Cr

Volume of Q Total Q Corrected [Lr]X10°

titrant(m/) (mJ) (m]) 7))
1.0 1866 1824 3.934
11 2052 2006 4319
12 2239 2119 4,702
1.3 2425 2371 5.084
14 2612 2953 5.465
15 2799 2736 5844
16 2985 2918 6.221
1.7 3172 3101 6.597
18 3359 3283 6.972
1.9 3545 3466 7.345
20 3732 3648 7.716

“nitial  volume=50.00 m/, Mr=19816X10"2M and
initial pH=3.134 final pH=2.866.

YRR A AHuaer= — 5581 KIM ! HAbstdon,
Leproline®] =4 A7} daFe Aol AA 73}
Apg-ghaic)

Table 32 JEH 2 Eu’*9} L-prolines}e] 3}
EF3 Aol W ggahg el Aog nAy o
e fle} QR A A 7olu, o|2HE
AZ P4 W) A W ALseich

¥ 37 23} Lanthanide-L-proline 2] 42
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Table 4. Thermodynamic parameters for the formation of lanthanide-L-proline (1 : 1} complex (u=0.1 M NaClO,,
T=25.0°C)

Metal logPs —AGKIM ™) AH(KIM™YH ASIKI'M-Y
Cu" 351+ 0.05 20.30 +0.13 896 = 0.03 972+23
Zn¥’ 3.30 £ 0.05 18.85 = 0.21 3.44 £ 0.03 908 04
La 212 £ 0.06 12.07 + 043 13.03 £ 0.13 842 £ 80
Nd 2.34 £ 0.65 13.36 3 0.26 1205 £ 0.22 852 +69
Sm 244 £0.17 1392 £ 0.09 12,13 £0.12 874 £ 3.1
Eu 232 £0.04 1323 £ 0.13 11.73 £0.13 83.7+38
Gd 316 £1.23 1801 £ 0.04 1110 £ 0.39 976 £6.2
Dy 283 £ 045 16.14 + 0.17 10.24 £ 0.17 885149
Ho 2.34 £ 0.08 1338 +0.34 1259 £ 0.38 87.1+93
Er 251 £0.55 14.32 £ 0.08 1252 £ 0.09 900 +25
Yb 232 +037 1323 +0.12 12.38 + 0.34 859 + 66
Table 5. Thermodynamic paramaters of some europium{IIl) complexes
Ligand —AGKIM™ Y AH{(KIM™Y) AS{JK- MY Ref
L-proline 13.23 11.73 83.7 This work
g-picolinate 20.58 -6.36 477 4
pyrazine-2-caboxylate 16.09 -0.29 53.0 )]
anthranilate 2431 4.60 97.01 (18)
acetate 11,59 6.11 59.11 (3a)
benzoate 1381 12.09 87.03 19y

9This value is for Gd(II)-benzoate complex.

Cu?*, Zn** 9} vh7IXE Fdube R I3 A
ERH(excess entropy) AMZ el JekE
Hkg-of] glojx] &3}34-E(inner sphere complex)
HAAD ety P AEZ I WS Pl ¢
L5 TR A9 Eed Z
& s3] kA =o] AH 51 ASe} ghe] =A)
Zd3le Ao 4=A gl Lprolined AH+
L-picolinate 3! pyrazine-2-carboxylate7} Zdx.o
2 A= Aol uld] FdHoz zYsHgoo
W4 2 ASE RSt

a-picolinate* % pyrazine-2-carboxylate’s] 7
pyridine 22j9] A Y27l Aol o3t b
Y Aeol=g YA, o] Ay A=y R
ohz} dds} Aol o] Age] <HYlEe A
22 3uEch

Table 5¢) Eu*'-L-proline e} @ 79 olnw
7t224 e 1:1 FE A9 Jdo934 g
FiE A9t
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L-proline2] AS, 3}k benzoate R anthrani-
lates} wit-¢ ®| %%k 3E-& XedFr). anthranilate'®s]
¥ olvlxr|e) A4 A 28479
Aol Foislod 5 zle] =2 A4t QAP
6-122)31382 W) =E HAI3tr, benzoate'?]
Aol HE WA ne)e] FHEA A o] <A
7} Z7kle shi @le] elitER Zgsle
Heg Bisglch

gty Fakel e F45H= L-proline]
744, anthranilates} ®|=¥ AY HEE o) F=
Aoz A% a8y AH, Wlak-e Lproline]
73-%, anthraniltesl vlsf o} 75k]/mole] %2 &
vehllo] F2 qhgol A=)

Choppin' $& ®& olk7l284d e|zt=g]
493 A¥AF, YU P Ax}e} et
o] &2ke] uhgel| A%k 2§ At AL H(residual
enthalpyl= A4 8259 AR F7E pKMN)el
o} 39] 7]gr|= AwlEgE Basiydc). Eull)s)
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B 728y 2= slE5A7)(-Co0)9 AT
A=z H3lgke < 65 kJmole '24 Ao gy
HEEHEAH ) SAH = —65n(n-e carboxyl group
PR AAE AR § ik & 3] ks gigeke
opo| L2 HA BTh=ofA Fl2EAE A2)¥ Eu
(D3} A Yxpepe] vk ALF] 24 anthrani-
late®] 74 460—65=—19kJmole'ql uhd, L-
proline& 11.73—65=523 kJmole™'2 A 4l€x},
g % s A4Y3}e] A7)E 2], § pKAN)
=4.84—272=2.12 kJmole'¢|™, w}2}4] Choppin
9] BAA o2 At At g} WIS 636
kimole 2 A 4tElo], AHa)A T sigda] Hzja}
zpolst 4-AMgE AFE Moy £ Eu(ll)-anthra-
nilate, L-proline=t2] AH, 2ol 5 2izb=9] A4
A7e] W% Aolel 7lA%E ¢ 5 ek

JukH 2 2 polyminocarboxylate AS Hiz}eke.
carboxyl group ol wte} A8 A BAE el
DCTAGrans-1,2-diaminocyclohexane  tetraacetate)
o} 7§ cyclohexane 22]8] Aoz <A 4
go] i) s o5 2 ASE HAFe A
oz <d#jA le¥. Lproline 31329 & AS #
2}ake DCTAS} mlazbA 2 2)7+=9] L-proline
2)9) 7#AHAdo o AEYYA FutHEe AP
g o) 23t Aoz oSk

2 2

&l Yol A ek FE(D) ] &3} L-proline s
2] 1:1 FEY4 yhg- FdAog QYo
Cu®*, Zn** ©)& Brh= GHE Apghel tha B
o] x]7] = 3hd, L-proline 22le] AL A7)t A
o #od3le] Fxle]| =z FEIER A
Aol =g HAstoch HET P g 2
Aajel] Q8 & ASE vepin, AEZI] A
23 whgol A=) RetF FE50] Fogdtz
Y5IHAH, AS)E Cu®*, ZIn** 9 o)¢ wlsg A
F Jehlo] >JetbEF: F&£E v ts 3 AR0]
Eofz Al sl2uyte A4e F UAE
Ao &gk
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