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Preparation and Characterization of Chemically Bound Tartrate-Silica Gel as
Sorbent for Ligand Exchange Chromatography

Sun-Dsong Chyueh ( BHLH ) and Chuen-Ying Liv* ( ZUFH )
Department of Chemistry, National Taiwan University, Taipei, Taiwan, R.0.C

Tartrare-based sorbents of two kinds for ligand-exchange chromatography were prepated by covalent
bonding of functional groups to silica gel throngh an amide bond. The structure and conversion of func-
tional groups of the resin were confirmed with IR spectral and elemental analysis. The influence of pH on
adsorption of metal ions to the resin was examined. The coordination behaviour of the sorbent was invest-
gated by means of IR, EPR and electronic absorption spectroscopy. The results indicate that the affinity of
metal ions toward the synthesized resins decreased in the order Cu(Il) > Zn(Il) > Cd{Il). The conformation
of the copper(ll}-sorbent complexes may be distorted tetragonal, whereas those of zinc(il) and cadmium({II)
may be (eteahedral, These compiexes between metal jon and sorbent were investi gated as a stationary phase
for enantiomeric separation of underivatized amino acids. Factors affecting the retention and the sample se-
lectivity wete examined, The interactions between sorbent metal complexes and analytes in this ternary sys-

tem were also investigated.

INTRODUCTION

Enantiomeric separations are vital in chiral synthesis,
mechanistic experiments, catalysis, kinetics, geochronol-
ogy, biology and biochemistry, pharmacology, medicine etc.
Many methods are currently available for this purpose with
extension of chiral separations to LC having begun about
1970." Although the piesent interest in chirat separations
was foreshadowed in reports of column-chromatographic
separations, Davankov's work on lipand-exchange chroma-
tography (LEC) was particularly significant.” Many new
and improved chiral stationary phases or mobile-phase addi-
tives involving ligand cxchange are introduced, among
which tartaric acid is readily avaitable in sufficient optical
purity and at moderate cost. Therefore, synthesis of a
chelating resin based on derivatives of tartaric acid as a sta-
tionary phase for LEC seems promising.” In reports related
to this field, (R,R)-tartaric acid and (R,R)-tartaric acid
monoamide derivatives were proved useful as covalently
bonded chiral ligands by Kicinski et al.*” and Aokietal.,’
and (R,R)-tartaric acid monoociylamide of copper and
nickel complexes is selective as a mobile phase for enan-

" fiomeric separation.’ However, no systematic investigation
of coordination behavior of resin containing a tartrate de-
rivative is reported.

In work concerned with chelatin g resins in this labora-
tory, our pritary purpose is Lo investigate the coordination
behavior of the synthesized resin applied as a sorbent of
LEC. Hence we examined the chelating behavior of the sor-

bent and parameters ot conditions that affect retention and
selectivity of the separation of underivatized amino acids
with sorbent-metal complexes via LEC. We also investigate
interactions between sorbent metal complexes and analytes.

EXPERIMENTAL SECTION

Apparatus

Elemental analyses was performed on an elemental
analyzer (Perkin-Elmer 240C). IR spectra of resin or metal-
resin complex in KBr pellets were recorded on an infrared
spectrophotometer (Perkin-Elmer 983). EPR spectrd of
metal-resin complexes in the solid state were recorded at
room temperature on an EPR spectrometer (Bruker ESP
300). Diffuse-reflectance spectra were measured with an in-
tegrating sphere reflectance attachment (Hitachi). All met-
al-resin complexes were prepared as lightly packed powder
pressed on filter paper. A freshly prepared resin provided
the reference signal. Column packing was performed on a
Chemco Econo-packer (model CPP-085, Scientific Co., Ja-
pan). Sieving was processed with a sonic sifter (Endecotis,
UK) for a particle size smaller than 400 mesh and a conven-
tional sieve for particie size lasger than 400 mesh.

A high-performance liquid chromatograph (LDC/Mil-
ton Roy, Riviera Beach, FL, USA) consisted of pumps (Con-
stametric I and I11), Gradient Master (model 1601}, a vari-
able-wavelength detector (LDC, spectroMonitor D), a
Rheodyne injection valve (Berkeley, CA, USA, model
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7125}, a column heater (Eppendorf, model TC-45) and an
integrator (Hitachi, D-2500).

A pH meter (Radiometer, Coperhagen, Denmark,
PHM 61} was uscd to measure the pH of a solution.

Chemicals

Most chemicals were of analytical reagent grade (E.
Merck, Darmstadt, Germany). 3-triethoxysilylpropylamine
and N-[3-(trimethoxysilyl)propyllethylenediamine
(Aldrich, Milwaukee, WI, USA), silica gel (particle size of
60 mesh and {5-40pm, E. Merck), and amino acids
{Aldrich, or Sigma, St. Louis, MO, USA) were obtained
from the indicated sources.

Synthesis of Tartrate and Ethyl-tartrate Containing
Resin

Silica gel was ground, sieved and refluxed in chloro-
form for 2 h to remove impurities, then washed successively
with water and acetone before use. 3-triethoxysilylpropy-
famine (7 mL) was added to the solution of O,0"-diacetyl-L-
tartaric anhydride (22 g) in dioxane (50 mL) and reacted in
an ice bath vnder nitrogen for 3 h. The product was added to
purified silica gel (5 g). After reaction at 90 °C under nitro-
gen with pyridine as solvent for 20 h, the resulting modified
silica was hydrolyzed to diol with sodium hydrogen carbon-
ate in methanol aqueous solution (50% V/VY at 50 "C for 24
h. The product, S-TAROH, was filtered and washed succes-
sively with methanol, acetone and pure water. The synthesis
of ethyl-tartrate-containing resin was similar to the above
procedure, but diethyl-L-tartrate {8 mL) was used instead of
0,0’-diacetyl-L-tartaric anhydride, and no hydrolysis was
performed; the final product is called as S-TARQEt. Both
products were dried overnight under vacuum at 60 "C. A
particle size 325-400 mesh was used for the experiments ex-
cept the column study.

Potentiometric Titrations®
Acid dissociation constant

In this investigation, at least 14 samples of resin (0.2
£) were accurately weighed and placed respectively in each
PE bottle (100 ml.). Aqueous solutions containing various
amounts of sodium hydroxide (0.1 M) were made to ionic
strength (0.5 M) with potassium chloride and brought to to-
tal volume (25 mL). The solutions were added to the PE
bottle containing the resin. The mixture was stirred for 4 h
at25+ 0.1 °C. Afier equilibration, the pH was measured.
Stability constant

The apparatus and procedures of these experiments
were identical to those described in the previous section
with the exception that in each case metal and resin-ligand
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ratio either a 3:1 or 1:1 of metal salt were added to the resin
solution. The tota! volume was 25 mL.

Modification of Langmuir Isotherm Equation9
Stability constant

This procedute assures a constant metal ion concentra-
tion (10 M) and variations of the amount of resin (0.5 g -
2.0 g}. The total volume was 25 ml. and the sample was
placed respectively in each PE bottle (100 mL). Upon
reaching equilibrium (24 h) aliguots were taken and the met-
al ion concentration was determined spectrophotometri-
cally.

Analytical Application

The ligand-exchange liquid chromatograph contained
a stainless-steel column (10 cm x 4.6 mm 1.D.) packed with
metal-loaded resin phases. The column was conditioned for
3 h before measurement.

RESULTS AND DISCUSSION

Characterization of the sorbents

The synthesis of metal loaded sorbents is indicated in
Scheme 1. The composition and structure of the product at
each step in the synthesis were characterized by elemental
analysis and infrared spectra. The functionalities of tartaric
acid and ethyl tartrate on silica gel were 1.27 and 1.37 mmol
g respectively.

Scheme 1 Syntheses of S-TAROH and S-TAROE
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Ligand Exchange Chromatography

The metal capacities as a function of pH are shown in
Fig. 1; the capacity of the resin for each metal ion increased
with pH of solution, but the capacity was less for a buffer
system than for an unbuffered aqueous solution. The result
is reasonable as acetate ion is a weakly bound ligand of most
transition metal ions.

The pKa of S-TAROH and stability constants of both
resin metal complexes were determined. For the equilib-
rium constants, two methods were used, Bjermam’s method
was applied to the system of S-TAROH according to a de-
tailed procedure.® The other method applied to the system
of S-TAROFt was Smid’s procedure.” The results are pre-

“sented in Fig. 2 and Table 1. By comparison with the pK,

and stability constants of monomeric lartaric acid, the re-
sults are reasonable,'’ as there might be steric hindrance in
the resin matrix.

‘Wavenumbers and assignments of Hines in the IR spec-
tra are given in Table 2. Specific evidence of the covalendy
bound ethyl tartrate is provided by infrared absorption due
to the & (C—0—C) mode of ester groups about 680 cm™.
Coordination of tartrate caused the absorption of v (C=0) to
move towards smaller wavenumber and the maximuin inten-
sity decreased; a weak and shatp line appeared near 600 e’
as a consequence of the stretching vibration of coordinating
bonds, v (C—Q—M), for most resin metal complexes ex-
cept those of cadmivm which may be the specific absorption
overlapping resultant the disappearance of the suetching vi-
bration of the coordinating bond.

In electronic spectra, the wavelengths of maximum ab-
sorption and characteristics of their resin metal complexes
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Table 1. Characteristics of Synthesized Resins

S-TAROH  S-TAROFEt tartaric acid'
Functionality” 1.21-1.32 1.29-1.45
fmmob g
Metal capocity® $mmol g
Cu(Il) 0.76 059
Zn(Il) 041 032
Cd(In) 0.28 0.17
pK.d 572 437
log K.fjd
Cu(Ily 2.83 2.63 3.39
Zn(Il) 2.57 247 2.68
Ca(In) 228 2.31
log K¢
Cu(lly 218
Zn{ID) 213
CA(I) 193
*Ref. 10.

* Data from clemental analysis.
® In acetate buffer (0.1 M, pH 4.87); temperature: 25+ 0.1 °C.
4 [omic strength: 0.5 M KCJ; temperature: 25 £ 0.1° C.

are presented in Table 3. The EPR parameters of the cop-
per(iD) loaded S-TAROH and S-TAROE( resin complexes
were measured for media of varied acidity at room tempera-
ture (Table 3). All spectra had similar g values in the per-
pendicular direction, with g, = 2.076 + 0.005 and no re-
solved hyperfine splitting, but the spectra differed signifi-
cantly in the parallel direction. The values of g, g and Ay
in Table III are typical of copper complexes with a distorted
tetragonal conformation'' and indicate an jonic character of

ad A
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g. 1. Metal capacity as a function of pHl; solid line pertains nonbuffer system, dashed linc to acetate buffer solution (0.1 M.

{0): Cu(ID), (3 ): Zn{ID), {A): CA(T). metal jon (0.01 mmeol); solution (25 mL). A. S-TAROH resin (0.2 g); B. S-TARQEL

resin (0.2 g).
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Table 2. Wavenumber/cm™ of Principal IR Lines of S-TAROH
(R1} and S-TAROEt (R2) Resins and Their Metal Com-

plexes
Resin VC=0 v(C=0)" V(C-N-H) v(C-0-C) w(C-O-M)
R! 1717 1635 1542
R1-Cu(ll) 1708 1631 1541 620
R1-Zn(l) 1714 1632 1541 617
R1-CA() 1715 1541 1543
R2 1653 1563 1544 685
R2-Cull) 1641 1564 1542 686 622
R2-Zn(ll) 1647 1561 1543 685 620

R2-Cd(I) 1651 1562 1543 684

* Free acid group.
® Amide group.

the metal-ligand bond.'* By comparison with the EPR pa-
rameters of Cu(ll) complexes in polyacrylamide gels, we
conclude that there might be vacant coordination sites of
each copper ion,” assumed to be occupied by water mole-
cules. As unsaturated coordinating sites arise in copper(Il),
the sorbent-metal complexes are appropriate as stationary
phases for LEC.

Analytical Application
In order 10 elucidate the structure niecessary for enan-
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Fig. 2. Plots of 1/r vs. 1/a for metal ions on S-TAROEt
resin. (o) Cu(ll), {0): Zn(ID), (A): CA(II). 1/r de-
notes the ratio of total resin functionality to the
complexed metal ion concentration; 4 is the free
metal jon concentration; n refers to the number of
binding sites per mole of resin ligand units;
hence, 1/n represents the minimum number of
functional group units required to bind a metal
ion.
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tiomeric separation via LEC and to survey the selectivity of
the various metal systems, we synthesized some sorbents for
comparison, i.e. tartaric acid or ethyl tartrate with 3-
triethoxysilylpropylamine or N-[3-(trimethoxysiiyl)-
propyllethylenediamine as linking agent to the silica gel, re-
spectively. The preliminary test showed that both tartaric
acid and ethyl tartrate with 3-triethoxysilylpropylamine as
linking agent exhibit better resolution than the others. The
tested analytes were alanine, asparagine, [eucine, methion-
ine, phenylalanine, proline, serine and valine etc. They
wete assumed 10 be retarded on the stationary phase mostly
via formation of a ternary complex. Other interactions, ¢.¢.
hydrogen bonding and van der Waals force etc., may be in-
volved and the retention mechanism may be more comphi-
cated than that assumed. However, comparison of retention
periods, elution order, selectivity and resolution of the sol-
utes on all columns provides insight into possible retention
and chiral recognition mechanisms.

The pH, ionic strengih of the eluent, concentration of
the organic modifier etc. also control the retention period
and enantioselectivity of the separation {Table 4). Among
these parameters, the pH of the ¢luent is the most important
quantity, because the stability and concentraion of mixed-
metal complexes depend strongly on the acidity of the solu-
ticn. Fig. 3 shows the effect of the eluent pH on the capacity
factor, k”. These factors of solutes increased with increasing

6.0
&oﬂ
L

H oup
o
Q
o
L

3.0
o
l
o
L]
B 201 RS S ol
U - LA

T T PR B
[ e A
- A

] o w=ET

o.e v T Ll = ]

32 a7 42 4.7 52 5.7

PH

Fig. 3. Capacity factor as a function of acidity of eluent.
§-TAROEt-Cu column (100 cm % 4.6 mm 1.D.);
Mobile phase: KH;PO4 (0.025 M)-Cu(QAc),-
{10 MY: Temp. 30 °C; Flow rate: 0.5 mL min™!.
(o): Proline, ([0): Phenylalanine, (A): Alprenolol.
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Table 3. Electronic and EPR Spectra of Metal-Resin Complexes

Electronic spectra EPR spectra
Complex pH Wavelength/nm  de—d:2  CTYL) CT) g g Ay
/1000 em™ G
R1-Cu(il) 1.10 208 235 140
2.50 208 235 141
3.00 207 235 144
4.87 401.6(broad) 24.90 208 235 140
R1-Zn(Il) 487 281.2 ; 389.4 35.56 25.68
R1-Ca(Ily 487 283.6 5 4001 35.26 25.00
R2-Cu(II) 1.20 208 236 154
235 208 236 156
3.48 207 236 155
4.87 378.4:282.0:311.2 2643 3546 32.13 207 236 152
R2-Zn(1I} 4.87 318.8 ;4450 31.37 2247
R2-Ca(Il) 4.87 364454710 27.44 21.23
R3-Cu(T(HA0)" 208 241 119
R3-Cu(II)(H20)4 208 237 138
R3-Cu(I(H:0)s 208 232 155
Cu(IHO)s 207 220 173

® Charge transfer transition.
P Ref 13
R1: S-TAROH; R2: 5-TAROEL; R3: polyacrylamide gel

pH and enantioseparation was improved at greater pH. The  complex involving the D-isomer is less than that with the L-
D-isomer of each amino acid is eluted more quickly than the  isomer as shown in Scheme I1. Various buffer systems-so-
L-isomer, which indicates that the stability of the ternary  dium acetate, aminonium acetate and phosphate buffer-were

Table 4. Retention Behavior of Enantiomers for Various Mobile Phases

Mobile phasc kL kp o

Buffer Additive pH

KH,PO, (107°M) (a) 53 573 199 263
KH:PO, (10°M) (a) 45 3.21 1.23 2.61
KH,PO, (10°°M) (a) 40 223 0.86 2.59
KILPO, (107M) (@) 3.5 202 0.79 256
KH,PO, (107°M)* (a) 45 1.44 0.76 1.89
HOAc-NaOAc (10°M) {a) 4.0 1.86 0.89 2.09
HOAc-NaOAc (10°M) (a) 40 1.45 0.76 191
KHPO, (1077°M) (a)- CHaCN{30%) 45 301 1.94 155
KHoPO, (10°M) {a)- CH:OH(10%) 45 3.52 2.04 1.72
KH:PO. (10°M) (a)- CHsOH(30%) 45 307 1.83 1.67
KILPO, (107M) (a)- CHaOL(30%) 45 277 172 1.61
KH;PO, (16°M) (a)}- NaCI{0.01M) 45 3.02 1.18 256
KH2PO4 (102M) (a)- NaC1(0.05M) 45 297 1.17 2.54
KH,PO, (107°M) {a)- NHLOID.05M) 45 245 1.03 2.38
KIHLPO, (10M) {b) 43 272 1.19 229

Column: S-TAROF! resin (Particle size: 325-400 mesh;,
Dimensions: 10 ¢cm X 4.6 mm 1.13.)

Temperature: 30 °C

Flow rate: 0.5 mL min ' (*: 0.7 mL min)

Sample: D,L-proline (107 M)

Detection: UV, A: 254 nm

(a): Cu{OAS; (10'M)  (b): Cu(OAc) (107°M)
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Scheme I Proposed structures of ternary complex
formation for separation of amino acids
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tested regarding their capacity to elute the analyte mole-
cules. The phosphate buffer produced the best results.
Other situations may be complicated by complexation of
acetate or ammonium ion with the ceptral metal ion. For
convenience of detection with a UV-visible speciro-
photometer and (o surpress loss of metal ion from the aque-
ous phase, copper ion was added to the mobile phase. Fig. 4
illustrates the effect of concentration of copper(Il} in the
cluent on retention of amino acids. The capacity factor in-
creased with increasing copper(II) concentration at a small
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Fig. 4. Capucity factor as a function of copper concen-

tration of eluent. {0): Proline, ([1): Phenylalan-
ine, (A): Alprenolol. Conditions as for Fig. 2.
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concentration, but the separation coefficient o decreased at
alarge concentration. Experimental results showed that the
capacity factor decreased with increasing temperature of
eluent; however, the system performed at 30 °C for the best
separation. The effect of organic modifier revealed that
methanol was more effective than acetonitrile; the retention
periods of samples decreased with increasing content of
methanol. The results varied from those of Kettrup;’ the
reason might be that their samples were more hydrophobic
than ours. The chromatogram in Fig. 5 indicates that the
performance of the S-TAROH-Cu column is better than that
of the S-TAROE!-Cu column for enantiomeric separation of
amino acids and pharmaceuticals. However, the resolution
of the latier seems better than that of the former.

Formation Constants for Amino Acids on S-TAROH-
Cu(Il) and S-TAROEt-Cu(ll} Complex

The determination of formation constants for amino
acids on the metal resin complex column facilitates under-
standing of the mechanism of enantioseparation, The ter-
nary formation constants for amino acids in these systems
were determined with the chromatographic system accord-
ing to Takayanagi’s method."* The results listed in Table 5
are conditional constants. To obtain the temary formation
constant, Ky, we substitute pCr for [a.a.] in the formation
constant expression and calculate it from the conditional

constant, X'y,
_ [R-Cu-a.a.] [R-Cu-a.a.] K:
7 [aallR-Cul  BGIR-Cul B

Here, R is S-TAROH or S-TARQEt, and Cr is the sum of the
concentration of species containing the amino acid exclo-
sive of that combincd with metal-resin complex (S-
TAROH-Cu or S-TAROQE!-Cu). For solutions containing
amino acid and additional copper ion,

Cr=1a.a]+ [a.a-Cu] + [(aa.),Cu]

in which for simplicity charges are omitted.

As K. = [a.a.-Cu]
R PR TTE
[{a.a.),-Cu]
and - Kp = [a.a.]fa.a.-Cu]
1
hence p =

1+ Kq[Cul + Kiy K [Cu] [a.a.]

The [ functions of ternary complexes for formation con-
stants obtained are presented in Table 6. The reason for
weaker chemical bonding of analytes on the metai-resin
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Table 5. Determination of Ternary Conditional Constants (Kg") of Amine Acids on Copper (IN) Resin Com-

plexes
Sample S-TAROH-Cu(H} S-TAROEt-Cu(II)
Linear equation® Ky’ Linear equation” Kq'
(k" va. 1/L) (&’ vs. LiL)
Alanine y= 662K +198 759
D-Asparagine y=741X +1.82 7.72
L-Asparagine y=9.05X+238 9.43 y=8.65X+1.63 9.02
Leucine y=3525X+152 6.02
Methionine y=3.64X+120 417
D-Phenylalanine y = 649X + 2.06 745 y=618X+2.02 7.09
L-Phenylalanine y =0.80X +2.59 112 y=125X+3.61 143
D-Proline y=7.08X+178 8.12 y=8.24X+203 9.45
L-Proline ¢=111X+242 12.8 y=150X+527 172
Serine y=8.09X +2.04 9.28
D-Tyrosine y=621X+193 7.12
L-Tyrosine y=936X+224 9.76
Valine y=141X+550 162
* by Takayanagi's method.
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Fig. 5. Chromatogram of unmodified amino acids and pharmaceuticals. A. S-TAROH-Cu colump {150 cm x 4.6 mm LD.); B.
S-TAROE-Cu column (150 cm x 4.6 mm 1.D.); Particle size: 10 pm. Mobile phase: KH2PO4 (0.01 M, pH 5.3)-
Cu(OAc)2(5 x 107 M); Temp. 30 °C; Flow rate: 1.0 mL min™'; Detection: UV & = 254 nm; Sample concentration: 5 X
107* M; Sample volume: 20 ul. Peak: A. a: Alprenolol; b: Asparagine; ¢: Phenylalanine: d: Proline; e: Tyrosine. B.a:
Alprenolol; b: Phenylalanine; ¢: Proline.
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Table 6. B Function Correction for Formation Constants of Amino Acids on Copper (I1) Resin Com-

plexes

Sample @) S-TARCH-Cu(il} S-TARCEt-CuIl)

logKq' logKa logKy' logKg
{conditional} {corrected) ({(conditional) (corrected)

Alanine 120 107 0.88 7.80

D-Asparagine 3.80x 107 0.89 6.37

L-Asparagine 380 %107 0.97 6.41 0.96 7.38

Leucine 126 % 107 0.78 7.68

Methionine 3.91 x 107 0.62 7.34

D-Phenylalanine 170 x 107 0.87 671 0.85 7.62

L-Phenylalanine 1.70 % 107 1.05 6.79 1.16 793

D-Proline 3.98 x 107 0.91 8.36 0.98 9.38

L-Prolins 3.98 x 107 1.11 8.45 1.23 9.64

Serine 3.31 x 107 0.97 7.45

D-Tyrosine 3.85x 107 0.85 6.34

L-Tyrosine 3.85 x 107 0.99 641

Valine 1.25% 107 121 .11

Table 7. Thermodynamic Parameters for Reaction of Amino Acids with Coppet (II) Resin Com-

Chyueh and Liu

plexes
Sample S-TAROH-Cu(II) S-TAROE-Cu(ll}
AH AS AG AH AS AG
K mol* A mol’ Admol’  /Fmol” A mol™ /kJ mol™
D-Phenylalanine - 824 - 984 -5.26 - 8.96 -10.95 -5.64
L-Phenylalanine -11.09 -15.21 -6.48 -14.22 -23.16 -7.20
D-Proline - 779 - 912 -5.03 - 728 - 7.83 -491
L-Proline - 8.60 -10.38 -6.45 -13.37 -21.85 -6.75
*temperature: 30+ 0.1 °C
complex compared with that of analytes on free copper ion  CONCLUSION

might be the heterogeneous system and steric hindrance of
the resin matrix.

Thermodynamic Considerations of Enantiomeric Sepa-
ration of Amino Acids

Separation of enantiomers on a chiral stationary phase
requires that the diastereomeric adsorbates have unegual
Gibbs energies. In this work, all formation constants were
determined in phosphate buffer over the range of tempera-
ture 30-55 "C. A plot of InK vs I/T has a slope -AH/R and
ordinate intercept AS/R. The thermodynamic parameters
for reactions of amino acids with 8-TAROH-Cu or §-

The work reported here concerns the coordination be-
havior of tartrate sorbent in LEC. In this investigation we
showed that, by virtue of the fixed attachment to the silica
surface, both tartaric acid and ethyl tartrate provide excep-
tional possibilities for enantiomeric separation, Moreover
ethy! tartrate exhibits better resolution for the separation of
underivatized amino acids with more hydrophobic charac-
ter. Both the ternary formation constant and the Gibbs en-

Table 8, A(AG) Values and Selectivity Factors of Enantiomers on

TAROEt-Cu(1I) complex are summarized in Table 7. The Copper (II) Resin Complexes

Gibbs energy change difference A(AG) is expressed as-  Sample S-TAROH-Cu(ll) S-TAROEt-Cu(il)
RTIn,, with o, the selectivity factor for enantiomers.” The AAGYK] mal & ABG/ mol” @
A(AG) (30 °C) aobserved for proline and phenylalanine is Phenylalanine  1.22 16201259  1.56 1.86(1.46):
larger in S-TAROE(-Cu than that in S-TAROH-Cu. These-  Frolin 1y R 18 20804

lectivity factors calculated for both systems are consistent
with the experimental values (Table 8).

* Experimental value.
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ergy change difference give evidence for these phenomena.
To explain these experimental results, we propose that for
chiral separation in LEC, the most important property is the
key functionalities (asyminetric center) not dispersed by a
multiple site capable of donating electron pairs. Despite the
variation of complexing ability and selectivity factor of
these two sorbents, both bave great potential for separation
of anjlines, phenols and phthalate esters or biomolecules.

ACKNOWLEDGEMENT

We thank the National Science Council of the Repub-
tic of China for tinancial support (Grant No. NSC 82-0208-
M-002-063).

Received September 22, 1994.

Key Words
Tartrate resin; Coordination behavior; Ligand-ex-
change chromatography; Underivatized amino
acid.

J. Chin. Chem. Soc., Vol. 41, Ne. 6, 1994 70%

REFERENCES

1. Rogozhin, S. V.; Davankov, V. A Vyrbanov, 8. G.; Kor-
shak, V. V. Vysokomol. Soedin 1968, 10A, 1277.
2. Davankov, V. A_; Navratil, J. D.; Watton, H. F. Ligand
Exchange Chromatography, CRC: Florida, 1988.
3. Armstrong, D. W. Anal. Chem. 1987, 55, 84A.
4. Kicinski, H. G.; Kettrup, A. F. Z. Anal. Chem. 1983,
316,39,
5. Kicinski, H. G.; Kettrup, A. F, Z. Anal. Chem. 1985,
320, 51,
6. Oi, N.: Kitahara, H., Aoki, F. J. Lig. Chromatogr. 1993,
16, 893,
7. Linduer, W. F.; Hirschbock, 1. J. Lig. Chromatogr. 1986,
9, 551.
4. Liu, C. Y.; Chen, M. 1.; Lee, N. M.; Hwang, H. C;; Jou,
S.T.; Hsu, J. C. Polyhedron, 1992, 11, 551.
9. Sinta, R.; Lamb, B,; Smid, J. Macromolecules, 1983,
16, 1382,
10. Martell, A. E.; Smith, S. M. Critical Stability Constants;,
Plenum: New York, 1974.
11. Bonoms, R. P. Inorg. Chem. 1979, 18, 3417.
12. Prabhakar, B.; Lingaiah, P.; Reddy, K. L. Polyhedron
1990, 9, 805.
13.Rex, G. C.; Schlick, S. Polymer 1987, 28, 2134.
14. Takayanagi, H.; Fujimura, K.; Ando, T. Anal. Chem.
1985, 57, 1840.
15, Pirkle, W. H.; Pochapsky, T. C. Chem. Rev. 1983, 89,
347.




