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SUMMARY (USE STYLE HEADING 2)

Preformed copper-histidine complexes were loaded into zeolite Y by ion
exchange. The zeolite was found to contain a mixture of two different encaged complexes:
a mono-histidine complex (A) and a bis-histidine complex (B). The initial copper
concentration affects the composition of this mixture, with higher copper loading leading
to lower A/B ratios. The dynamics of the ion exchange shows two different kinetic
regimes: An initial rapid exchange takes place within an hour. In a subsequent phase, the
exchange process is slowed down by orders of magnitude.

INTRODUCTION

Histidine, a naturally occurring amino acid, easily binds to copper cations and
may be incorporated into the supercages of zeolite Y [1,2]. Upon encagement in the zeolite,
Cu- histidine complexes retain their catalytic properties as the porous zeolite structure
allows for diffusive transport of small reactants and products. Significantly, the pore
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geometry of the zeolite induces shape selectivity in reactions and the zeolite host material
also may stabilize complex, thereby expanding the range of operating temperatures and
pressures as well as solvents. The zeolite encaged copper histidine (Cu-His) complex is
scrutinized for industrial application in catalytic epoxidation of alkenes with peroxides [3].

EPR experiments show the formation of (at least) two different paramagnetic
(S=1/2) Cu(II)-His complexes (A and B) inside the zeolite. CW-EPR spectra show that the
two complexes differ in g-factor as well as in the superhyperfine coupling to the Cu-nuclei.
Additional differences are found in smaller hyperfine couplings that remain unresolved in
CW-EPR spectra, but have been resolved previously by pulsed EPR experiments [4,5].
Electron spin echo modulation spectroscopy (ESEEM) shows that complex A exhibits 27AI
modulations, which indicates that the Cu(II) coordinates to zeolite framework oxygen. In
contrast, complex B shows no 27 Al modulation.

We propose that complex A be a mono-histidine complex where both the amino
and imino nitrogens of the histidine are coordinated to Cu(II), whereas the other equatorial
sites be provided by a zeolite oxygen and a water molecule, respectively. This complex is
directly anchored on the internal surface of the zeolite, and is stabilized by the presence of
protons in the zeolite framework. Complex B is proposed to be a,bis-histidine complex,
situated in the center of the supercage. In this case, all four equatorial sites of the Cu(II) are
occupied by ligands from the histidine. From ESEEM, we have identified these ligands as
the amino and imino nitrogens of one histidine molecule and the imino nitrogen and
carboxylate oxygen of the second histidine molecule. This latter complex has presumably
weaker interaction with the surface of the zeolite.

The A/B ratio is affected by at least three parameters:
1. The pH of the exchange solution;
2. The initial copper concentration;
3. Duration of the ion exchange.

The effect of the first parameter has been discussed in a previous paper [4]. In this
paper, we investigate the effect of the other two parameters.

EXPERIMENTAL

Preparation
Aqueous solutions of CuHis complexes were prepared in distilled water with a

His:Cu(II) ratio of 5:1. After adjusting pH to a value of 7.3 with 0.1 M NaOH and/or 0.1 M
HCl solutions, the solutions were used for ion exchange with zeolite NaY (ZEOCAT, Si:A1
= 2.71). The copper concentration was varied over the values 0.1, 0.25,.0.50, 1.0, 1.5 and
4.5 copper/unit cell (Cu/UC)), while keeping the His:Cu(II) ratio fixed at 5:1 and the pH at
7.3. The ion exchange proceeded for 24 hours. The samples were stirred at room
temperature throughout the ion exchange and the pH of the exchange solution was measured
regularly and adjusted if needed. All samples were dried at 333 K after washing and
filtration.
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The dynamics of the ion exchange process was studied by taking a time-series of
zeolite samples during the 24 hours of ion exchange.

Characterization
CW-EPR X-band measurements were performed on a Bruker ESP 300E

Spectrometer at a temperature of 120 K. The CuHis complexes are paramagnetic due to the
S=1/2 spin of the Cu(II) ion.

Nitrogen physisorption was performed at 77 K with a Micromeritics ASAP 2400
instrument. Prior to the measurements the zeolite samples were degassed for 24 hours at 373
K in vacuum. Micropore volumes and pore size distributions were determined with standard
BET and BJH theory. The copper content of the zeolite was determined by dissolving the
zeolite in HF/H2SO4 and analyzing this solution with Atomic Absorption Spectrometry
(AAS) using an Instrumentation Laboratory Inc. apparatus with a hollow cathode lamp and
a nitrous oxide-acetylene flame. The copper atoms were detected at a wavelength of 324.7
nm.

RESULTS AND DISCUSSION

Figure 1 shows the XXand CW-EPR spectra at 120 K. The EPR intensity is
proportional to the number of copper ions taken up by the zeolite during the 24 hours of ion
exchange. Each spectrum appears as the, superposition of two distinct EPR subspectra,
which can be attributed to two different complexes, viz. complex A and complex B.

The relative weight of these two subspectra depends sensitively on the copper
concentration in the ion exchange solution. At low copper concentrations the subspectrum
of complex A dominates, but at higher copper concentrations also the subspectrum of
complex B appears. The shape of the spectrum is particularly sensitive to the values of git
and A//. Complex A has larger g and smaller A , suggesting a lower density of the
unpaired electron at the site of the copper nucleus.

Fig. 1. CW-EPR spectra after 24 hours of ion

exchange as a function of the external copper

4.5 concentration in the frozen ion exchange solution

Z5 2.75 7.0 5.25 53 3.75

B (kG)

1.5c..

).0 Cu,

0.5 Cm

0.25 C.

0.1 Cm

419

I

X41 `:

(T=120 K).



J. GERBRAND MESU, DEBBIE BAUTE ET AL.

Table 1
Calculated EPR parameters of the zeolite-Y encapsulated CuHis complexes.

Complex Complex Complex Complex

A A ]E$ B

gn Au gir Air

2.32 154 2.27 173

The relative weight of the complexes A resp. B was obtained from simulating the
experimental EPR spectra of fig. 1 as the superposition of two subspectra described by an
axial Zeeman interaction plus an axial hyperfine interaction to the I = 3/2 copper nucleus.

Hyperfine couplings to other nuclei (like nitrogen) are omitted as they are not
resolved in CW-EPR experiments. The parameters of table 1. provide good fits to the, whole
range of spectra of fig.l. The experimental accuracy does not require simulation as a
mixture of 63Cu/65Cu isotopes.

The copper content of the zeolite is given in Figure 3 (diamonds), and is followed
closely by the intensity of the Cu(II) EPR spectrum (squares). At low copper concentrations
(up to 1 Cu/UC) the amount of Cu(II) exchanged onto the zeolite increases linearly with the
copper concentration. Determination of total copper content shows that all available copper
in the exchange solution is fully incorporated into the zeolite. As copper levels are raised
further, the copper content of the zeolite saturates near 1.2 Cu/UC, and a certain quantity of
Cu-His complexes remains free in solution..
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Fig. 2. Relative amounts of complex A and complex B on the zeolite as a function
of the copper concentration in the ion exchange solution (estimated from EPR spectra).
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Fig. 3. EPR intensity (a.u.) and quantitative analysis (in Cu/UC) of -the copper
content in zeolite as a function of the copper concentration of the exchange solution.
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Fig. 4. Micropore volume as a function of the copper concentration after 24 hours
of exchange.

This saturation behavior suggests that the supercages of the zeolite ,crystals become
congested by immobilized histidine or Cu-His complexes.,, Further evidence for such
congestion is furnished by the available pore volume inside the zeolite as measured by N2
physisorption. The N2 physisorption isotherms of the CuHis loaded zeolite samples are of
Langmuir type I. Figure 4 gives the micropore volume after 24 hrs of exchange. It decreases
from 0.34 mlIg for a pure Y zeolite to 0.29 mUg for the highest copper loading. We observe
a strong reduction of micropore volume upon exposure to low quantities of copper,
suggesting good incorporation of the complexes. In contrast, near concentrations of 1
Cu/UC the micropore volume hardly decreases, thereby confirming that very few additional
copper complexes are being incorporated into the zeolite matrix.
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Fig. 5. Copper loading on the zeolite as a function of the -duration of exchange
reaction. The external copper concentration is 1.5 Cu/UC.

We now turn to the dynamics of the exchange process. A time series of samples
was extracted from the exchange reactor during the 24 hours of the exchange process. CW-
EPR spectra showed that the A/B ratio was independent of time (data not shown). As
expected, the total copper content of the zeolite increased with time, as shown in Figure 5.
The kinetics show that the ion exchange is a fast process in its initial stages. Most copper is
exchanged onto the zeolite within the first hour of the ion exchange. The exchange process-
slows down considerably in the later stages, presumably due to partial congestion in the
pore system of the zeolite.

CONCLUSIONS

Two different copper complexes were found in the zeolite, a mono histidine
complex (A) and a bis-histidine complex (B). At very low copper concentrations only
complex A was found, whereas mixtures of A and B were found at higher copper contents.
Complex A remained the dominant species troughout. Complete incorporation of the copper
complexes wss only achieved at low concentrations up to 1.0 Cu/UC. At higher copper
concentrations the copper complexes were no longer fully incorporated into the zeolite and
the AB ratio approached its limiting value of 1.5.

We also studied the dynamics of exchange. The AB ratio does not vary with time
during this process. The initial stage of exchange process itself is very fast, as 80 % of the
copper complexes get incorporated within the first hour. Subsequently, the exchange process
is slowed down by orders of magnitude, and it takes more than a day to reach full saturation.
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