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There have been considerable interests in anion-exchange
able layered compounds such as layered hydroxy double 
salts (HDSs) and layered double hydroxides (LDHs) due to 
their potential applications to catalysts and ion exchangers.1,2 
The HDSs have a typical chemical composition of [(M2+N2+)5 
(OH)8(Am-)2/m] - nH?O (M=Ni, Co, Zn in octahedral sites, N= 
Cu, Zn in tetrahedral sites) where A is the exchangeable an
ion such as Cl-, NO3- , etc.3,4 In this structure of HDSs, one 
quarter of octahedral sites in hydroxides layer planes are va
cant at a maximum and divalent metal cations tetrahedrally 
coordinated are stabilized just below and above the empty 
octahedral sites, which leads to the creation of excess po
sitive layer charge, contrary to LDHs where the surplus lay
er charge is formed by a partial substitution of trivalent ca
tions for bivalent ones in octahedral sites. Overall charge 
neutrality is kept on by the presence of exchangeable an
ions which compensate positive layer charges in the in
terlayer space. So the structural stability is mainly based 
upon the electrostatic interaction between layers and anions 
as well as the hydrogen bonding network among interlayer 
anions, water molecules, and intralayer hydroxyl groups. In 
the present study, efforts have been made to investigate the 
intra- and inter-layer structures of the NL-xZ^JOH)? 

(CH3COOX - nH2O system,5 and to discuss the influence of 
electrostatic interaction between host and guest on the struc
ture. And at the same time, a new route to acetate in
tercalated HDSs has been proposed, since it is expected to 
be a good precursor for topotactic anion exchange reaction.

Experimental

Two samples of NiwZnzJOHXCHaCOO'x - nH?O could 

be obtained from nickel-zinc mixed acetate solution by hy
drothermal and coprecipitation routes. The concentration of 
nickel acetate and zinc one in the mixed solution was 0.06 
M and 0.04 M, respectively, corresponding to x =0.25 in 
NiwZnzJOHXCHaCOO'x - nH?O. The mixed solution was 
hydrothermally treated at 150 oC for 48 hours under the 
pressure of 50 atm (hereafter, HT). The resulting green pre
cipitate was separated by centrifuging, washing with de
carbonated water, and drying at room temperature. In the 
coprecipitation (hereafter, CP), this mixed solution and the 
NH4OH solution (10 wt.%) were dropwisely added to a 
flask containing 100 mL of decarbonated water at room tem
perature. The addition rate of the NH4OH solution was ad
justed to keep pH of the reaction mixture at 9.5. The pH 
value is included in the optimum synthetic condition of pH= 
9-12 determined from logarithmic volubility isotherms as 
shown in Figure 1.6,7 The volubility diagram is calculated 
from the thermodynamic equilibrium constants of nickel 
and zinc species in aqueous acetate solution listed in Table 
1.8 In the pH condition with same solubilities of Ni(OH)2 
and Zn(OH)2, it is expected that the chemical composition 
of coprecipitate becomes homogeneous and controllable. 
Therefore, the optimum coprecipitation condition must be 
determined in the pH domain where both solubilities are the 
same approximately. In the whole experiments, nitrogen gas 
was constantly purged into reaction solution to prevent from 
carbonate contamination. The coprecipitate was aged at 60 
oC for 15 hours and separated by centrifuging and washing 
with decarbonated water, and then dried at room tem
perature. The final products will be denoted henceforth as 
HT(t) and CP(t) with air-drying times, t minutes, under re
lative humidity of 60% at 25 oC. Their powder X-ray dif
fraction patterns were obtained by Phillips PW 3710 dif-
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Figure 1. Solubility isotherms for nickel and zinc hyroxides in 
Ni(II)/Zn(II)-H 2O acetate system as a function of pH at 25 oC.

0

Table 1. Equilibrium constants of Ni(II)/Zn(II)-H2O-acetate sys
tem at 25 oC8

Equilibrium reaction log K

Ni2++OH- t Ni(OH)+ 4.1
Ni2++2OH- t Ni(OH)2o (aq) 9.0
Ni2++3OH- t Ni(OH)3- 12.0
2Ni2++OH- t Ni2(OH)3+ 3.3
4Ni2++4OH- t Ni4(OH)44+ 28.3
Ni2++2OH- t Ni(OH)2 (s) 17.2

Zn2++OH- t Zn(OH)+ 5.0
Zn2++2OH- t Zn(OH)2o (aq) 11.1
Zn2++3OH- t Zn(OH)3- 13.6
Zn2++4OH- t Zn(OH)42- 14.8
2Zn2++OH- t Zn2(OH)3+ 5.0
Zn2++2OH- t Zn(OH)2 (s) 15.5
Zn2++CH3COO- t Zn(CH3COO)+ 1.57
Zn2++2CH3COO- t Zn(CH3COO)2 1.36
Zn2++3CH3COO- t Zn(CH3COO)3- 1.57

fractometer with Ni-filtered Cu K- a radiation ( l =1.5418 A). 
Thermogravimetry and differential thermal analyses (TG- 
DTA) were performed to investigate their thermal behavior 
and to determine the amount of interlayer water using Ri- 
gaku TAS-100 in the temperature range of 25-600 oC with 
a heating rate of 5 K/min in air. To determine the contents 
of acetate, nickel and zinc, elemental analyses were carried 
out by using Carlo Erba EA 1108 CHN analyzer and ICPS- 
5000 (SHIMAZU) ICP spectrometer. The FT-IR spectra 
were obtained using KBr disk method on a Bruker IFS 48 
FT-IR spectrometer.

Results and Discussion

According to the X-ray diffraction patterns as shown in 
Figure 2, three (00 l) peaks and two large asymmetric bands
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Figure 2. Powder X-ray diffraction patterns for (a) CP(60) and 
(b) HT(60).
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Figure 3. Evolution of X-ray diffraction patterns with respect to 
hydration rate for (a) CP(0), (b) CP(60), (c) HT(0), (d) HT(10), 
and (e) HT(60).

have been observed for both CP and HT samples. Such a 
pattern shows the formation of periodic disorder along the 
(10 l ) and (11 l) planes of hydroxides layer, indicating the tur- 
bostratic layer structure. Subtracting the double hydroxides 
layer thickness of 4.6 from the basal spacing obtained by 
(00 I) peaks, it represents the interlayer distance of about 9 A 
indicating that acetate anions are stabilized in the interlayer 
space.

The hydrothermally prepared sample (HT(t)) with dif
ferent air-drying times shows interestingly the evolution of 
(00 I) peaks unlike CP(t) as shown in Figure 3. The (00 I) re
flection for HT(0) is observed at 6.1o (d=14.5 A), hen-
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ceforth (00 I)【peak. However, upon drying in air, a new (00 l) 口 

peak at 6.8o (d=13.0 A) begins to appear at the expense of 
the peak at 6.1o and no further change in basal spacing 
could be observed after air-drying for an hour. As HT(60) 
was rehydrated, its interlayer distance was recovered to 14.5 
A. Therefore, the phase transformation in HT(t) is reversible,
showing the critical role of water in the expanded layer 
structure of HT(0). However, in spite of such a drastic evo
lution of (00 l) peaks, the position and shape of two broad 
asymmetric bands corresponding to (10 I) and (11 I) planes 
are remained unchanged upon air-drying.

If two broad asymmetric bands are assumed to a local dis
tortion within each slab, the deintercalation of interlayer wat
er molecules should generate intralayer structural strains and 
modify the shape of two broad asymmetric bands. There- 
fore, the unchanged asymmetric bands upon the drying in 
air are resulting from a turbostratic character within each 
slab of HT(0) rather than a local distortion. The change of 
(00 l) peaks for HT(t) with respect to air-drying time is as
cribed to the hydration rate of HT(t), which could modify 
the interlayer structure, but not the intralayer structure. At 
this point, it would be very interesting to understand the 
correlation among crystal structure of the host HDSs, orien
tation of the intercalated acetates, and content of the in-
terlayer water.

In order to get an information on the interlayer molecular 
structures, the FT-IR spectra have been recorded for each 
sample. The characteristic doublet formed by two strong 
bands at about 1576 cm-1 and 1420 cm-1 assigned as vasym 
(CO2) and vsym(CO2)represents the interlayer acetate anions. 
No trace impurity of carbonate detected by the absence of 
v1(CO3) band at 1384 cm-1, is comparable to the acetate in
tercalated LDHs, since the parasitic carbonate inserted 
LDHs are always obtained under the same preparation con
ditions. Thus, the acetates in HDSs are more strongly cap
tured by the zinc cations than in LDHs where they are ran
domly distributed in interlayer space.

To investigate the relation between the evolution of basal 
spacing and the orientation mode of acetate, the FT-IR spec
tra have been taken for each air-drying state of HT, HT(0), 
HT(10) and HT(60) and CP; CP(0), CP(60) as 아iown in 
Figure 4. Only the spectral domain of 1200-1800 cm-1 is 
presented since the orientation and coordination of acetate 
anions in the interlayer space can be deduced from the IR 
spectra in this carboxylate region.이0 The vibration modes of 

carboxyl group, in particular, vasym(CO2), vsym(CO2) and their 
difference in wave numbers (A) are critically affected by the 
orientation of inserted acetates, those which for HT series 
exhibited distinct variation.

The band frequencies of vas沖(CO?) and vs沖(CO?) for HT 
(0) is 1565 and 1420 cm-1, respectively, but in the case of 
HT(60), they are observed at 1576 and 1417 cm-1. On the 
other hand, the band frequencies of CP(t) series are the 
same with those of HT(60) with no shift along the hy
dration rate. Compared with those for references, acetate 
coordinated zinc complexes with classified orientation mode 
of acetate; unidentate (va,ym(CO2)=1577 cm-1,乱冲(。。2)= 
1420 cm-1), chelating (1550 and 1405 cm-1) and bridging 
(1639 and 1489 cm-1), they assign to the orientation of ace
tate in each material as chelating for HT(0) and unidentate 
for HT(60) and CP(t) series.9,10

From no change in IR band frequencies for the CP(t) ser
ies, it is confirmed that the orientation of acetates is chang
ed in accordance with the phase transformation of HT(t) as 

Wavenumber (cm-1)

Figure 4. FT-Infrared spectra with respect to hydration rate in 
the 1200-1800 cm-1 range for (a) CP(0), (b) CP(60), (c) HT(0), 
(d) HT(10), and (e) HT(60).

Figure 5. Proposed interlayer structure with basal spacing calculated from (a) (00 l) , and (b) (00 l) „ peaks of X-ray diffraction patterns.
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shown in XRD analysis. The orientation of acetate for HT(0) 
would be chelating-type. However, the acetate for HT(60) 
might be ligated to the zinc cation with unidentate type 
orientation and the calculated basal spacing from this orien
tation (12.8 A) matches very well with the experimental 
one of 13.0 A from the XRD analysis.

Therefore, it is concluded that the phase transformation re
ported in the XRD analysis is corresponding to the change 
in orientation of inserted acetate depending on the hydration 
rate. That is, deintercalation of water molecules in interlayer 
gives rise to the rotation and arrangement of acetates them
selves into their stable structure of unidentate in a given hy
dration condition as shown in Figure 5. The lower wave
number position of vasym(CO2)band in HT(0) is due to the 
decrease of asymmetry in two C-O bonds, which could be 
induced from the steric hindrance and hydrogen bonding of 
water molecules in the more hydrated condition.

In TG-DTA for HT(60) and CP(60), a similar thermal 
behavior could be observed. The weight loss up to 150 oC 
(12 wt.%) corresponds to the removal of interlayer water 
molecules, which was confirmed by a decrease of 3 A in 
the basal spacing. The basal spacing was increased again 
progressively when the samples were cooled down to room 
temperature and kept on in air at relative humidity of 60%. 
The phenomenon indicates the reversible deintercalation and 
intercalation of interlayer water molecules in the temper
ature range of 25-150 oC. Beyond 280 oC, the host HDSs 
readily decomposes itself along with a strong exothermic 
decomposition of interlayer acetates.11

According to the relative atomic ratios from the results of 
ICP and CHN analyses, and water content from thermogra- 
vimetric analyses, formulas could be proposed to be Ni0.82 
瓦.36(0旦2(皿3。00)0.30(0旦0.06(且0)0,8 for HT(60) and Ni。” 

Zn0.52(OH)2(CH3COO)0.42(OHM0(H2O)1.10 for CP(60), respec
tively.

The supplementary hydroxyl groups are included to the 

interlayer space for satisfying the charge neutrality. The 
nominal Zn/Ni ratio, as in the starting nickel-zinc mixed ace
tate solution, is maintained only for the CP sample. This 
gives a good reliability to our theoretical volubility diagram 
used in the coprecipitation method. The structural stability 
of CP regardless of hydration rate is obviously due to high
er layer charge (x =0.26), compared to HT (x =0.18), result
ing in a stronger electrostatic interaction between layers.
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Asymmetric synthesis by phase transfer catalysis using 
chiral ammonium salts has been extensively investigated by 
many groups.1 The application of these catalysts has been 
mainly reported in the areas of chiral induction and kinetic 
resolution. However, in spite of their synthetic interest, 
most catalysts have proven to be ineffective in inducing 
asymmetry whereas the use of the catalysts derived from 

the naturally occurring cinchona alkaloids such as quinine, 
cinchonidine, etc. has been much more successful.2,3

Of several factors4 influencing the Stereoselectivity in 
phase transfer reactions, the molecular structure of the ca
talyst seems to be the most important aspect; conform- 
ationally well-defined binding cavity sufficient to encap
sulate appropriate substrates should be considered in the


