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Figure 4. Plot of carbon-13 chemical shift calculated by DSP
and factor analysis.

second factor, a, has no corelations with commonly used
empirical parameters. Considering the values of communalities,
this effect is dominated at ipso and meta carbons and it
may be considered as an electric field effect or a steric
effect. The third factor, a;, has some cormrelations with
substituent electronegativities'™' and shows the pattern
which diminishes with increasing distance from the position
of substitution. This behavior is very similar to that of
inductive effect. "C chemical shifts reproduced by two

Notes

methods are plotted in Figure 4 and compared with the
observed data. It can be seen clearly that DSP analysis
gives a over- and/or underestimated results at carbons 3 and
5 in the cases of NH,, OH, and OCH,. However, the results
of three factor analysis are in full accord with the observed
data. This implies that extra parameter should be needed to
explain the "C chemical shifts of polysubstituted benzenes
or that empirical parameters should be corrected in the case
of polysubstituted benzenes.
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The quantum size effects in semiconductor clusters have
been investigated in the hope of developing a novel type of
opto-electronic devices." It is possible to generate well-
defined clusters in zeolite pores, which would provide fine
tuning of electronic properties using large variety of zeolites
with different cage sizes if the zeolite pores are successfully
filled with semiconductor particles. The elemental clusters,
such as Se and Te clusters,” and compound clusters, such as
CdO, CdS, WO, GaP and CdSe clusters, are successfully
embedded in zeolites.”®* The elemental clusters are synthesized
by direct absorption from the vapor phase. The compound

clusters are usually synthesized by ion-exchange in aqueous
solution or deposition of MOCVD reagent, followed by
subsequent treatments. For the case of ZnO, there are sparse
reports on the formation and characterization of ZnO cluster
in zeolite. The value of such clusters would be promising if
taking advantage of the useful properties of ZnO-ZnO nano
interface.”® We report ZnQ cluster formation in zeolite Y
and zeolite A by oxidation of Zn loaded zealite, which was
synthesized by Zn vapor deposition.” Small shift of peaks
and change of relative peak intensities in XRD spectra of
the samples from those of zeolites prior to Zn vapor



Notes

deposition may indicate the ZnO cluster formation in the
zeolite cage. The effect of Zn loading condition on the
formation of ZnO clusters are discussed.

Experimental

Zeolite Na-Y was synthesized by mixing 13.5 g sodium
aluminate (0.05 mole alumina and 0.07 mole Na,0) and 10
g sodium hydroxide (0.25 mole) in 70 g of water with
vigorous stirring, followed by addition of 100 g of 30%
silica sol (0.5 mole Si0,). It was aged for 24 h at room
temperature and for 48 h at 95 °C. It was filtered, washed,
and dried at 110 "C. Then the powder was ion exchanged
with 0.1 M NH,CI, dried at 110 °C and calcined in thin bed
condition at 450 "C for 5 h to obtain zeolite H-Y.

Zeolite Na-A was synthesized as the following procedure."
13.5 g sodium aluminate and 25 g sodium hydroxide were
dissolved in 300 mL of water and heated, and then 142 g
sodium metasilicate was added. It was aged at 90 °C for §
h until the suspension settles, which is filtered, washed with
distilled water, and dried at 100 °C.

Synthesized zeolite H-Y and Zeolite Na-A were confirmed
by X-ray diffraction (D MAX2400. Rigaku, Japan). Zeolite
H-Y and Na-A were evacuated at ca. 10° Tomr at 120 "C
for 2 h and exposed to Zn vapor (ca. 0.2 Torr) for 3 h, 6 h,
9 h, and 12 h at 450 °C. The zeolite exposed to Zn vapor
was oxidized in air at 450 °C for 2 h to form ZnO in the
presence of zeolite. The effect of the exposure time of Zn
vapor with zeolite on the formation of ZnO clusters in
zeolite (ZnO/H-Y and ZnO/Z-A) was studied by X-ray
diffraction, Ultravioiet-Visible Diffuse Reflectance (HITACH
{U-3501), Japan), and elemental analysis by Inductively
Coupled Plasma {ICP). The properties of ZnO in zeolite
were compared with those of bulk ZnO.

Results and Discussion

In Figure 1, the XRD spectra of zeolite H-Y, ZnO/H-Y
with different exposure time to Zn vapor, and that of bulk
ZnO are compared. The XRD of zeolite H-Y in Figure 1-a
was compared with the reference spectrum'’ to confirm the
formation of zeolite H-Y. For the sample of H-Y after the
exposure to Zn vapor for 6 h, characteristic XRD peaks of
ZnO over 30 degree do not appear as shown in Figure 1-b.
However, for the samples with longer exposure time
(Figure 1-c and 1-d), XRD peaks comesponding to ZnO
appear. The fact suggests a formation of ZnO in H-Y. The
principal features of the XRD peaks are the same as those
of H-Y in the 28 range of 5-40 degree. This means that
Zn0 loaded zeolite maintains the same framework of H-Y.
The small differences of 28 in various samples (Table 1)
indicate very slight changes of structures among those
samples that might have caused by ZnO inclusion. There
are differences in relative XRD peak intensities among
zeolite H-Y and ZnO loaded zeolites, which could be
another evidence of ZnO confinement in zeolite."”

UV-VIS DRS of zeolite H-Y, ZnO/H-Y with different
exposure time to Zn vapor, and bulk ZnO are shown in
Figure 2. Several peaks in the range of 280-330 nm are
observed in every sample except zeolite H-Y. These peaks
in that wavelength are very similar to those observed for Zn
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Figure 1. XRD spectra of (a) H-Y, Zeolite H-Y after the
exposure to Zn vapor for (b) 6 h (¢) 9 h (d} 12 h followed by
oxidation in the air at 450 "C, and (e) bulk ZnO powder.

Table 1. Relative intensities of selected XRD peaks compared
to the peak of 26=24" for (a) H-Y, Zeolitt H-Y after the
exposure to Zn vapor for {b) 6 h (¢) 9 h (d) 12 h followed by
oxidation in the air at 450 "C, and () bulk ZnO powder

a b c d e
20 11, 20 11, 20 11, 20 11, 20 I,

626 8 631 78 628 80 629 94

10.24 46 1023 39 1323 26 1021 41

1880 74 1884 61 1875 43 1876 67

23.68 100 23.75 100 23.73 100 23.74 100

3154 76 3156 58 3147 59 31.47 69
31.83 59 3189 73 3184 65
3442 50 3451 58 3450 43
36.26 109 36.33 120 36.32 100
4760 23 4758 19 4762 26
5663 29 56.64 34 35662 42

(OH), and Zn* ion exchanged zeolite Y. The agreement
suggests the peaks are originated from Zn* ion in similar
environment. On the other hand, several peaks skewed to
longer wavelength are growing in the range of 330-390 nm
with longer exposure times. This suggests that the extent of
ZnO formation increases with longer exposure time to Zn
vapor. The onset of the peak indicates band gap energy and
often used as a criterion of the nanocluster formation. The
band gap energy of ZnO bulk is about 3.2 eV (390 nm). It

Table 2, Relative intensities of selected XRD peaks compared
to the peak of 26 =30" for (a) Na-A, Zeolite Na-A after the ex-
posure to Zn vapor for (b) 3 h (c) 12 h followed by oxidation in
the air at 450 °C, and (d) bulk ZnO powder

a b C d
20 11, 20 1, 20 11, 20 17108

1620 47 119 8% 1021 53
2401 88 2401 100 2400 83
2715 83 2713 92 2714 93
2997 100 2994 100 2996 100

3184 65

3450 43

36.32 100

47.62 26
5262 25 5255 22 5250 19

5662  42.




1004  Bull. Korean Chem. Soc. 1998, Vol. 19, No. 9

Absorbance

300 400 500

Wavelength {nm)
Figure 2. UV-VIS DRS (scan speed: 600 nm/min) of (a) H-Y,
Zeolite H-Y after the exposure to Zn vapor for (b) 6 h (¢) 9 h (d)
12 h followed by oxidation in the air at 450 °C, and (e) bulk

ZnO powder.
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Figrue 3. XRD spectra of (a) Na-A, Zeolite Na-A after the
exposure to Zn vapor for (b} 3 h (c) 12 h followed by oxidation
in the air at 450 °C, and (d} bulk ZnO powder.

Intensity

is believed that a decrease in the size of semiconductor
results in an increase of band gap energy.*" We believe
that the overall patten of peaks among various samples
suggests the transition of the molecular electronic levels due
to the change of configurations from bulk ZnO, although
we are not able to correlate the pattern of peaks and the
configuration of ZnO at current stage.

XRD spectra of zeolite Na-A, after Zn vapor deposition

and oxidation, is compared with the XRD spectrum of
zeolite Na-A in Figure 3. They all show the unique peaks
of zeolite A. The peak positoins are slightly different and
the relative peak intensities change with the exposure time
1o Zn vapor, which may imply the ZnO confinement.
However, the XRD peaks corresponding to ZnO do not
appear in the samples as shown in Figure 3-b, -¢, -d. The
UV-VIS DRS in Figure 4 show similar characteristics as
those of ZnO/H-Y. Several peaks in the range of 280-330
nm, and the growing peaks in the range of 330-330 nm
with the longer exposure time to Zn vapor, are the same as
those of ZnO/H-Y. However, the rate of peak height

Notes

Absorbance

300 400 500
Wavelength(nm)
Figure 4. UV-VIS DRS (scan speed: 300 nm/min) of (a) Na-A,
Zeolite Na-A after the exposure to Zn vapor for (b) 3 h {¢) 9 h
(d} 12 h followed by oxidation in the air at 450 °C, and (d) bulk
ZnQ powder.

Table 3. Comparison of mole ratio Zn/Al for samples of H-Y
and Na-A after the exposure to Zn vapor followed by oxidation
in the air at 450 °C

Exposure time 12 9 6 3 0
H-Y 11.15 0.79 0.22 - 0.00
ZWAL NaA 014 000 - 006 000

growing is more rapid for ZnO/H-Y compared to ZnO/Z-A
in the range of 330-400 nm. This means that the formation
of ZnO is more feasible and the size of ZnO cluster is
likely to be larger in the cages of H-Y than in those of Z-A
as expected from the bigger cage size in H-Y. Even though
XRD spectra do not reveal peaks of ZnO explicitely, it
implicate the incorporation of ZnQO clusters by the changes
of relative peak intensities. ZnO peaks may not be observed
in XRD due to the small size or less uniformity.

Mole ratios from ICP results confirm that the Zn loading
level increases by increasing the exposure time of zeolite to
Zn vapor in both systems as shown in Table 3. The amount
of Zn is greater in zeolite H-Y than in Z-A. This is
consistent with the result of UV-VIS DRS, which indicate
that ZnO formation is more feasible and that the ZnQO nano-
cluster is larger in the cages of H-Y than in those of Z-A.

Finally, let's examine where the ZnO clusters may be
formed in zeolite. In the case of fully Zn exchanged zeolite
Y, Zn is coordinated to oxygen atoms in 6-ring window
which forms sodalite cage.” The longer the reaction time of
zeolite with Zn vapor is, the higher the loading level of Zn
is expected. If Zn vapor is under redox reaction when the
zeolites are exposed to, it is suggested that the ZnO is
formed within the sodalite cage, where Zn** ion sits near
the center of 6-ring window of sodalite cage. However, the
charge and location of Zn in the zeolites after the Zn vapor
deposition is not clear. The more pronounced change of
peaks in 330-390 nm in UV-VIS DRS and higher Zn
loading from ICP results for ZnO/H-Y compared to ZnO/Z-



Notes

A hint the possibility of ZnO formation in the alpha cage.
Since the size and number of beta cage are same in both
zeolite Y and A, they would lead to the same size of ZnO
cluster. Then it is difficult to explain the above experimental
observation without guessing the ZnO formation in the
alpha cage. Therefore, we expect some Zn vapor absorption,
which would lead to ZnO formation in the alpha cage of
zeolites.

Further studies are in progress to confirm the existence of
nano clusters in zeolite and to investigate the nature of the
cluster. We are also studying the size and configuration of
ZnO nano clusters in zeolites by theoretical approach. We
will continue to investigate the electronic properties of ZnO
nano interfaces, once we secure the uniform ZrO cluster
distribution in zeolite pores.
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Synthesis of Copper(ll) Complexes of Pentaamine Ligands Containing
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Various types of polyaza macrocyclic copper(Il} and nickel
(I) complexes containing N-CH,-N linkages have been
prepared by one-pot metal template condensation of amines
and formaldehyde (for example, see Eg. (1)) However,
examples of non-macrocyclic polyamine complexes containing
N-CH,-N linkages are relatively rare.”*** Recently, the copper(Il)
complex of the non-macrocyclic pentaamine ligand 1 containing
one 1,3-diazacyclohexane ring was prepared in our group by
the reaction of Eg. (2)."* The complex [Cu(1)]** has a square-
planar coordination geometry with a 5-6-5 chelate ring sequence,
likewise the tetraamine complex [Cu(6)]*. However, chemical
properties of [Cu(L)]* such as kinetic behaviors in acidic
solutions are different from those of the copper(Il) complexes of
6 and other telated tetraamine ligands."> Therefore, we have
been interested in the synthesis of various types of such non-
macrocyclic complexes to further investigate the effects of
the structural characteristics on their properties.

In this work we prepared new copper(ll) complexes of 2-4

from the reactions of Egs. (2) and (3). The crystal structure
of [Cu(3)|(Cl0,), was also determined to investigate the
coordination behaviors of the hydroxyethyl group. To our
knowledge, [Cu(4)"* is a rarely prepared polyamine complex
in which four nitrogen atoms are coordinated with a 5-6-6
chelate ring sequence. Although various polyamine
complexes with a symmetrical 5-6-5 or 6-5-6 chelate ring
sequence have been prepared, those with an asymmetrical
5-6-6 chelate ring sequence have not been widely
investigated because of synthetic difficulties.”

M2 + 2H,N(CH,),NH(CH,),NH, + 4HCHO — [M(5)]>* (1)
(M =Ni or Cu)
Cu* + H,N(CH,),NH(CH.);NH, + H,N(CH,),NHR
+2HCHO — [Cu(L)* )
R=H for 1 L=1,2,0r3)
R =C,H; for 2
R =(CH,),OH for 3



