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ionic conduction of the simulated borosilicate glasses was 
1.38-1.45 eV in the high temperature region (500-620 °C, 
420-620 °C, 392-620 °C, 368-620 °C for SW, SWFP2, 
SWFP5, SWFP10, respe아ively) and 0.93-1.1 eV in the low 
temperature region (150-480 °C, 150-410 °C, 150-388 °C, 
130-360 °C, for SW, SWFP2, SWFP5, SWFP10, respec­
tively).
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Local structure refinement of the BaFej.^Sn^O^ system (x=0.00-0.50) has been carried out with Fe K-edge x- 
ray absorption spectroscopic studies. It is found out that the Fe ions are placed in two different symmetric sites 
such as tetrahedral and octahedral sites in the compounds by comparison with Fe K-edge x-ray absorption near 
edge structure (XANES) spectrum of the y-Fe2O3 compound as a reference. Sm죠 11 absorption peaks of dipole- 
forbiden transitions appear at a pre-edge region of 7111 eV due to the existence of Fe ions in the tetrahedral 
and octahedral sites. The peak intensity decreases with the substitution amount of Sn ion. Three different ab­
sorption peaks of Is—*4p dipole-allowed transition appear on the energy region between 7123 and 7131 eV. 
The peaks correspond to ls—4p main transition of Fe ions in tetrahedral and octahedral sites and Is—*4p tran­
sition followed by the shakedown process of ligand to metal charge transfer. The bond distances between Fe 
ions in the tetrahedral site and nearest neighboring oxygen atom (Fe-4O), and those in octahedral site (Fe-6O) 
are determined with the extended x-ray absorption fine structure (EXAFS) analysis. Two different interatomic 
distances increase with the substitution amount of Sn ion and also the bond lengths of Fe-4O are shorter than 
those of Fe-6O in all compounds.

Introduction

The physical properties of perovskite-related metal oxides 
have been related closely to their structures. A number of 
studies for the transition metal oxides have been carried out 
extensively with various analytical methods in order to find 
relationships between their structures and physical pro­
perties. In general, physical properties such as electrical con­
ductivity and magnetic susceptibility depend on the bonding 
character between transition metal and oxygen ions as well 
as the degree of local structural distortion on the transition 
metal elements.1~5 Accurate structural refinement of com­
pounds is important for the characterization of metal oxides.

Generally, oxygen nonstoichiometric perovskite-type ox­
ides include both tetrahedral and octahedral sites for an 
atom. Therefore, it is difficult to determine the distance 
between each atomic site and ligand atom to molecular di­

mension scale with XRD since the atomic sites distribute 
randomly in the compounds. However, X-ray absorption 
spectroscopy is useful for structural analysis of the nonstoi­
chiometric compounds since it is very specific to atomic lo­
cal sites

Structural analysis of X-ray absorption (XANES/EXAFS) 
spectroscopy is used for local struture refinement on an in­
teresting ion. For XANES (x-ray absorption near edge struc­
ture) spectroscopy, the spectra can result from the transition 
of a core electron to bound states. Therefore x-ray absorp­
tion pre-edge features give useful infonnations such as the 
oxidation state of chemical species, site symmetry of x-ray 
absobing atom, and covalency. The dipole selection rules 
(시느 ±1) can be applied to the x-ray absorption spectro­
scopy, and the x-ray absorption occurs under an electron 
transition approximation. The dipole matrix element bet­
ween an intial core state | i〉and a final state | /) is fol-
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lowed,

磕(£)=半肅|”|"卩이2, 
h c

where ois the x-ray absorption cross section, E is the pho­
ton energy, and e is an unit vector in the direction of the 
electric field.6-10

In general, a small pre-edge peak of the K-edge ab­
sorption spectra for transition metal compounds with par­
tially filled d orbitals has been assigned to the transition 
from Is to nd orbitals even though it is dipole-forbidden 
transition. The transition has different intensities between 
tetrahedral and octahedral atomic sites and thus has been 
used to infer a site symmetry in transition metal compounds. 
11-15 Some molecular orbital calculation studies have been re­
ported that the pre-edge spectra of Fe compounds show a 
small absorption peak assigned to the transition from Is to 
nd, which might be related with the Fe 3d and 4p orbital 
mixing and with the site symmetry.16,17 They have shown 
that the pre-edge intensity generally increases with the de­
parture. from centrosymmetric coordination environment. 
Namely, the pre-edge absorption intensity increase from oc­
tahedral, five-coodinate to tetrahedral sites in turn. The EX- 
AFS (extended x-ray absorption fine structure) spectra have 
provided many quantatitive characterizations such as the 
bond length, coordination number on absorbing atom, and 
the Debye-Waller factor etc.18~20 The EXAFS spectroscopy 
is powerful for the structural analysis because it is very sen­
sitive to local site of x-ray absorbing atom.

In the present study, the local structural refinement 
around Fe ions in the tetrahedral and octahedral sites for the 
nonstoichiometric BaFei.xSnxO3.), (x=0.00, 0.25, and 0.50) 
system has been studied with the spectroscopic analysis.

Experimental

Synthesis and Chemical Analysis. Oxygen non­
stoichiometric compounds of the BaFei-xS&O方,system have 
been prepared by ceramic method with appropriate 
stoichiometric starting materials such as all spectroscopic 
pure BaCO3, SnO2, and Fe2O3 powders. The mixtures are 
prefired at 900 °C for 6 hours under the air atmosphere. Pel­
leting under a pressure of 3.0 ton/cm2, heating at 1350 °C 
for 24 hours, and then quenching are followed. The grind­
ing and heat treatment are repeated in order to prepare the 
homogeneous nonstoichiometric solid solutions. The homo­
geneous phase of each compound and the ratio of com­
position has been identified and verified by X-ray dif­
fraction analysis with monochromatic Cu (爲=0.15418 
nm) and X-ray fluorescence (XRF) analysis, respectively. 
The m이e ratio of the Fe4+ ion to total Fe ion (t) and the ox­
ygen vacancies (y) could be determined by the po­
tentiometric titration in which I2 formed by reduction of 
both Fe자 and Fe4* ions to Fe2+ ions in KI solution is titrated 
with standard sodium thiosulfate solution in nitrogen at­
mosphere in order to prevent I2 to be oxidized.

Fe K-edge XANES/EXAFS Measurement. Fe K- 
edge X-ray absorption (XANES/EXAFS) spectra are re­
corded on the beam line 6B of Photon Factory with the ring 
current of 300〜350 mA at National Laboratory for High 
Energy Physics in Japan. Si(lll) monochromator crystal is 

used to record the XANES/EXAFS data. Energy calibra­
tions have been carried out with the iron metal and iron ox­
ide (y-Fe2O3) powder. The data are collected in a transmit­
tance mode with the nitrogen (75%) and argon (25%) gases- 
filled' ionization chambers as detectors. To record the 
XANES spectra for the electronic transition to bound states 
accurately, the data are taken with ^E/E-2 x 10 4 for BL6B 
in the XANES region.

EXAFS Data Analysis. The first consideration of EX­
AFS theory corresponds to single scattering of a pho­
toelectron which has enough kinetic energy. The EXAFS 
spectra can be obtained due to a final state interference ef­
fect between an outgoing photoelectron wave from the x- 
ray absorbing atom and an incoming wave scattered from 
neighboring atoms. The single sacattering process gives rise 
to an oscillatory x-ray absorption rate or 卩(E), After the re­
moval of the background absorption or &(E), the x-ray ab­
sorption rate is normalized with respect to the background 
absorption. Then the normalized EXAFS oscillation can be 
expressed as follows:

推)=竺讐〉哪⑶顷-2<*2)

( Sin(2fo;+%(幻)

' krf

where includes photoelectron wave vector, k(=\2m(E-Eo)/ 
h 2] i/2), coordination number, N» effective curved wave 
backscattering amplitude, /(%), many body amplitude reduc­
tion factor, So2, the Debye-Waller factor, g/, the mean free 
path of the photoelectron, A, the interatomic distance R* and 
total phase shift %

These structural parameters can be determined by the 
comparison with an experimental and a theoretical reference 
compound.21,22 The theoretical single scattering paths on the 
Fe atom in two y-Fe2O3 and LaSrFeSnO6 model compounds 
are determinded with FEFF6.01 code. The k3-weighted %(k) 
signals Fourier filtered in the interesting FT region with the 
banning window function could be fitted by nonlinear fit of 
each scattering path in the k region between 20 and 140 
nm-1 with FEFFIT code. In the fitting process of filtered ex­
perimental EXAFS spectra, a relative goodness-of-fit para­
meter is given in the fom of a normalized %2 value, cal­
culated according to

V N

Z2 = ~쁨 X - Xmodel V专 ]2

where is the number of independent data points, N is 
the number of experimental data points, 七血%«서a is the 
difference between the experimental data and the calculated 
fit for each point i, and is the uncertainty in the meas­
urement, respectively.

Results and Discussion

Fe K-edge XANES spectroscopy. Fe K-edge 
XANES (x-ray absorption near edge structure) spectra of 
the BaFe1.xSnxO3.y system (x=0.00-0.50) are shown in Figure
1. In order to present the detailed features in the absorption 
edges, second derivatives of the spectra could be obtained 
after the recorded spectra are subtracted with the arctangent
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Figure 1. Normalized Fe K-edge XANES spectra for (a) y- 
FejOj, (b) BaFeOj^i, (c) BaSiio 25Fe()75O2.65, and (d) BaSn050Feo5o 
O276 compounds.

curves which approximates the transition of the core elec­
tron to continuum states as shown in Figure 2. Table 1 
shows the Lorentzian-fitting parameters for second deri­
vatives of the Fe K-edge XANES spectra. The peaks of the 
second derivatives are fitted with the Lorentzian curves in 
order to determine accurate energy positions corresponding 
to the core electron transition to bound states.

7105 7115 7125 7135 7145

Energy (eV)

Figure 2. Second derivaives of normalized Fe K-edge XANES 
spe아ra for (a) y-Fe2O3, (b) BaFeO261, (c) BaSnfl 25Fe0 75O2 65, and 
(d) BaSiyEQK compounds.

Table 1. Peak positions for core electron transitions from 
second derivatives of Fe K-edge XANES spectra for the 
BaFdSnQw，system determined by Lorentzian curve fitting*

Compound -
Peak position (E/eV)

A1 B2 C3 D4 E5

Y-Fe2O3 7111.8 -7115.0 7121.3 7126.9 7131.3
x=0.00 7111.3 7114.4 7117.9 7123.1 7128.0
x=0.25 71113 7114.6 7118.2 7123.5 7128.3
x=0.50 7111.5 71153 7118.2 7123.6 7128.5
*The peaks are fitted with the Lorentzian function, /(£)=2Ar/n 
{F2+4也-瓦)％ where E, A, and F represent peak position, peak 
area, and full width at half maximum of the peak, respectively.1 
Is—»3d transition allowed by quadrupole allowed transition. 
23Dipole-allowed Is—*4p transitions followed by the shakedown 
process of ligand to metal charge transfer (LMCT). 4,5Dipole-al- 
lowed Is—*4p main transitions by dipole matrix approximation.

All compounds have shown small absorption peaks at the 
pre-edge region of about 7111 eV. The peak absorption is 
relatively small and broad for the y-Fe2O3 reference com­
pound as shown in Figure 1. It is well known that the Fe하 

ions are filled in the tetrahedr시 (Td) and the octahedral (Oh) 
sites with the ratio of about 1:2 for the y-Fe2O3 compound. 
The peak at the pre-edge region for the reference compound 
is ascribed to the Fe3+ ions in the Td sites. Since the Fe 
ions in the Oh sites can keep the centrosymmetric environ­
ment rather than those in the Td sites, the Fe ion in the Oh 
sites shall not contribute to the small absorption peak.

The absorption peak at the pre-edge region results from a 
decrease of local symmetry on the x-ray absorbing atom 
and thus the peak intensity can inform the relative distribu­
tion of the Td sites through the compound. The peak inten­
sity for the BaFe1,vSnAO3.y system decreases as the substitu­
tion amount of the Sn ions increases. This trend shows that 
the relative distribution of Fe ions in the Td sites with 
respect to those in the Oh sites increases, which is in agree­
ment with the the oxygen nonstoichiometry obtained from 
the chemical analysis. As shown in Table 2, the increase of 
positive charge produced by the substitution of Sn ions for 
Fe ions can be mainly compensated with the decrease of ox­
ygen vacancies and then results in the increase of the Fe 
ion in octahedral sites.

The small peaks around 7111 eV of the Fe K-edge 
XANES spectra generally assign to ls—*3d transition which 
could not be expected with the electric dipole matrix. 
However, the forbidden Is—*3d pre-edge transition appears 
with small absorption of the electric quadrupole allowed 
transition. The peaks of the second derivatives could be des­

Table 2. The T and y values and nonstoichiometric chemical for­
mula for the BaFei-xSnQ”, system

x value T value" y value” Nonstoichiometric chemical 
formula

0.00 0.22 0.39 BaFe" gFe “关。?.이

0.25 0.06 0.35 BaSn〈/Fe ().h<)Fe 心)Qw
0.50 0.02 0.24 BaSn (i.5oFe

11 Relative amount of Fe4+ ion to total B site ions in the com­
pounds. h Amount of oxygen vacancy.
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cubed with the Lorentzian curves corresponding to the tran­
sitions to the bound states. Every single peaks for each com­
pound are observed in similar line positions. Although an 
electron in the Is core state can be excited to partially filled 
d orbitals or t2g and eg states, the spectra do not show the 
separation of two transitions to both t2g and eg states. The 
peak separation can not be observed under the small crystal 
field splitting of the Td site with this small absorption coef­
ficient of the dipole forbidden transition.

The absorption peaks at the region between 7115 annd 
7131 eV correspond to the dipole-allowed transition of Is 
core electron to 4p energy level. The Is—>4p transition of a 
core electron and the creation of a core hole can produce 
two possible final states. The final states represent a ls'c3d 
，4pi electronic configuration of the main transition and a Is 
V3dg4p】 configuration of shakedown process of ligand to 
metal charge transfer (LMCT), where c is a core hole and L 
is the ligand hole due to the LMCT process.

The peaks of Is—>4p main transition allowed by electric 
dipole matrix approximation appear in the energy region 
between 7123 and 7131 eV. The absorption coefficients of 
this transition are very strong due to the selection rule of A/ 
=+l. The peaks in the region between 7115 and 7720 eV 
correspond to the Is—>4p main transition followed by the 
LMCT shakedown transition. These peaks appear in the 
lower energy region than only Is—*4p main peaks because 
the excited Is—*4p final state includes the relaxation pro­
cess of valence levels due to the creation of a core hole. An 
increased effective nuclear charges with respect to the 
valence orbitals cause putting down the orbitals to lower en­
ergy levels, and then an electron from the O 2p orbitals can 
be transferred to 3d orbitals of the iron. Thus, the peaks are 
associated with the Is—*4p+LMCT shakedown transition.

In particular, it is interested in two different peaks with 
large absorption intensities at the region between 7128 and 
7131 eV. In the y-Fe2O3 and the BaFe1.xSnxO3.J, compounds, 
they might have simultaneously two x-ray absorbing ele­
ments such as Fe ions in the Td and Oh sites. The Is—>4p 
main transtions in two different Fe sites for the y-Fe2O3 as 
reference compound are possible to occur at the different en­
ergy region. Grunes's study has shown for Fe K-edge ab­
sorption spectra of Fe2O3 compound that the Is—>4p tran­
sition occurs above 15.4 eV with respect to the ls—3d di­
pole-forbidden transition. The large absorption peak above 
18.4 eV from Is—>3d transition has been also assigned to 
the Is—»4p transition for the FeO compound with all Fe 
ions filled in the Oh sites.

For the present y-Fe2O3 sample, two large absorption 
peaks are due to the Is—>4p transitions in the Td and Oh 
sites on the basis of Grunes's study.8 These dipole-allowed 
transitions in two different absorbing elements have the en­
ergy difference of about 4 eV. The peaks corresponding to 
the Is—>4p transition for BaFe1.xSn^O3.>, compounds appear 
in the lower energy region than the y-Fe2O3 compound. It is 
reasonable that the Td and Oh sites form the long range ord­
ering in the y-Fe2O3, while two sites form the short range 
ordering in the BaFe1.xSnxO3.>, compounds since the substitut­
ed Sn ions and oxygen vacancies can break site ordering.

Fe K-edge EXAFS Spectroscopy. The local atomic 
structures around x-ray absorbing atom in the BaFej^Sn^Og.j, 
compounds have been determined quantatively by EXAFS 

spectroscopy. The y-Fe2O3 compound with both Td and Oh 
sites of Fe3+ ions is used as model compound. Since the 
present oxygen nonstoichiometric samples have Td and Oh 
sites simultaneously, the 7LFe2O3 compound is suitable as a 
model compound in ab initio single scattering EXAFS cal­
culation. ITie first shell of Fe ions is considered to two 
geometric environments of octahedrally coordinated Fe-6O 
and tetrahedrally coordinated Fe-4O with different in­
teratomic distances. The interatomic distances of Fe3+-6O 
(Oh) and Fe3+-4O (Td) for the 7-Fe2O3 model compound are 
0.2078 and 0.1889 nm from XRD, respectively.

Theoretical EXAFS parameters for the model compound 
such as phase shift, backscattering amplitude, and total cen­
tral atom loss factor are calculated as a function of k for 
two single scattering paths, Fe-6O and Fe-4O by FEFF6.01 
code, respectively. The values for amplitude reduction fac­
tor (S；) and the debye-waller factor (a2) are not calculated 
in the ab initio calculation. For the simplicity in fitting pro­
cess, S： will be fixed to the typical value of 0.85 for the Fe 
metal. O끼y two structural parameters for the debye-waller 
factor and interatomic distance can be used as adjustable 
parameters on the least square fitting process for the spectra 
of our samples.

The experimental Fe K-edge ^-weighted EXAFS spectra 
for the y-Fe2O3 and the BaFeVxSnxO3.y system are shown in 
Figure 3. Oscillatory signals for all Fe K-edge EXAFS spec­
tra could be obtained after background removal and nor­
malization processes with the threshold energy (£0) of 7117.5 
eV. Each signal is Fourier-transformated to the radial dis­
tribution function (RDF). Figure 4 shows two single scatt­
erings by oxygen atoms coordinated around Fe atoms in Td

20 40 60 80 100 120 140

k (nm-1)

Figure 3. Experimental Fe K-edge EXAFS spectra obtained aft­
er background removal and normalization processes for (a) y- 
Fe2()3, (b) BaFeO26i, (c) BaSn0 25Fe075O2.65, and (d) BaSng 
FeosoOz% compounds.
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and 0.2070 nm, respectively. The values are ia good agtee- 
ment with the reference values from XRD data.

The local structures around the Fe ions for the BaFeO26i 
compound can be determined with comparison to the struc­
tural results for y-Fe2O3 compound. The oscillatory signals 
for the first shell could be obtained after Fourier-filtering of 
Fe K-edge EXAFS spectra for the oxygen nonstoichi- 
ometric compound similar to the case of the reference. For 
the simplicity in fit, The interatomic distance of Fe4+-6O in 
the oxygen nonstoichiometric compound is approximated to 
be similar to that of Fe3+-6O. The structural parameters are 
listed in Ta미e 3 as the results of best fit for each filtered ex­
perimental signals with two calculated single scattering

Figure 4. Experimental Fourier filtered (solid line) and fitted 
(dot line) EXAFS signals and each single scattering path fbr the 
first 아iMs of Td (Fe-4O) and Oh (Fe-6O) sites, respectively, (a) 
Y-Fe2O3, (b) BaFeO26i compounds.
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and Oh sites for the y-Fe2O3 and BaFeO26l compounds. 
Two experimental scattering signals could be obtained with 
back Fourier-transformation in the RDF region between 0.12 
and 0.23 nm for each RDF correspond to the single scatt­
ering for the first shells of Fe atoms in Td and Oh sites. 
The Fourier-filtered signals are fitted with two single scatt­
ering paths of ab initio EXAFS calculation from FEFF6.01 
code. The result presents fbr the reference compound that 
the interatomic distances of Fe-4O and Fe-6O are 0.1899

S
A

V
X

 
山 

P
®2

으
'1,M

IM

-

140 
■-■■■

0 20 40 60 80 100 120 140

k (nm~1)

Figure 5. Experimental Fourier filtered (s이id line) and fitted 
(dot line) EXAFS signals of total single scattering paths in FT re­
gion between 0.12 and 0.41 nm for BaFe。澳以)特乙奶 and 
BaFe50Sn050O276 compounds. Two scattering paths by con­
tribution of the first shell (solid line), the second and third shells 
(dot line) are shown in below figure.

compound Path Structural parameters from EXAFS spectra

Table 3. Structural parameters from EXAFS data analysis for 
the reference and BaFeO26i compounds

So2 Eo (eV) R (A) o2 (Xio 3)
Y-Fe2O3 Fe-4O 0.85 1.2 1.89(9) 10.4

Fe-6O -0.8 2.07(1) 11.2
BaFeO261 Fe-4O 0.85 1.4 1.86(8) 9.89

Fe-6O -2.1 2.03(5) 10.1

Fitting process is carried out with fixed coordination number for 
each atom and 0.85 of So2.
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Figure 6. Fourier transformation magnitude of the partial radial 
distribution functions for raw experimental (solid line) and the 
fitted signals (dot line) of the BaFeo75Sn0.25O2.65 and BaFe50 
Sn0.50O2.76 compounds.
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Figure 5 shows the experimental Fourier filtered (solid 

line) and fitted (dot line) EXAFS signals of total single 
scattering paths for the first (Fe-4O and Fe-6O), second (Fe- 
Ba), and third (Fe-Fe/Sn) shells of BaFeo.75Sno.25O2.65 and 
BaFe5oSno.5o02.76 compounds. The Fourier transformation 
magnitude of the partial radial distribution functions for raw 
experimental (solid line) and the fitted signals (dot line) for 
all compounds are shown in Figure 6. In fitting processes, 
only three single scattering paths could be considered since 
a number of multiple scatterings are overlapped in ~0.4 nm 
FT region for the oxygen nonstoichiometric compounds. As 
listed in Table 4, it is found out that the interatomic dis­
tance for the first shell increase slightly since Sn atom are 
substituted for Fe atom, and therefore th가 of Fe-Fe/Fe-Sn 
bond corresponding to unit cell parameter increase. Con­
sequently, the displacement of Sn ion with larger ionic ra­
dius than that of Fe ion into perovskite B sites results in an 
increase of unit cell volume.

For the Fe-Sn scattering path, interatomic distance of Sn- 
O bond could be determined with the difference between 
the average interatomic distance for the first shell and the 
Fe-Sn interatomic distance since the atomic array is Fe-O- 
Sn. While the average interatomic distances for the first 
아lell are 0.1967 and 0.1972 nm for BaFeo.75Sno.25O2.65 and 
BaFe50Sn0.50O2.76 compounds, the interatomic distances of Sn-

Table 4. Structural parameters from EXAFS data analysis for 
the BaFeo.75S1io25O2.65 and BaFe050Sn05o02.76 compounds
Compound Path Structural parameters from EXAFS

A

(e' 
s?
。

N
(n 

R 1
 21

(x
皿

BaFeo.75S1iQ25O2.65

BaFe0,50Snn-50O2.76

o
o

sr
Fesoo
sr
Fe
sn

4
6
8

4-5
2-54
6
8
3
3

0.85 0.3 0.188(2) 4.66
-0.7 0.205(1) 5.01
1.2 0.337(9) 2.10
1.3 0.391(7) 2.89
-2.1 0.406(4) 0.4093* 2.41

0.85 0.7 0.190⑵ 6.24
0.204(1) 6.71

0.9 0.343(1) 2.88
0.7 0.396(2) 3.99
-1.3 0.410(6) 0.4098* 3.31

*The values of unit cell parameter from XRD study correspond­
ing to the average value between Fe-Fe and Fe-Sn interatomic 
distances.

O bond are 0.2097 and 0.2134 nm, respectively. The result 
shows the Fe-0 bond has more covalent character than Sn4+- 
O bond with 4d* 1 2 3 4 5 6 7 8 9 10 11 12 13 state. Moreover, the oxygen atom are re­
latively more shifted to Fe atom in the BaFe^Sno 50O2.76 com­
pound than in BaFeo.75Sno.25O2.65, which shows that the bond 
covalency of Fe-O increase with substitution amount of Sn 
ions. It is in a good agreement with XANES study in which 
the Is—»3d quadrupole transition has been shifted to higher 
energy.
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Rate constants have been measured spectrophotometrically for the reactions of alkali metal ethoxides (EtOM) 
with 5-p-nitrophenyl 2-thiofuroate (lb) and 2-thiophenethiocarboxylate (2b) in absolute ethanol at 25.0±0.1 °C. 
lb is observed to be more reactive than 2b toward all the EtOM studied. The reactivity of EtOM is in the ord­
er EtOK>EtONa>EtO >EtOLi for both substrates, indicating that K+ and Na+ behave as a catalyst while Li+ 
acts as an inhibitor in the present system. Equilibrium association constants of alkali metal ions with the tran­
sition state (KJ，) have been calculated from the known equilibrium association constants of alkali metal ion 
with ethoxide ion (Ka) and the rate constants for the reactions of EtOM with lb and 2b. The cat시ytic effect 
(K：이K) is larger for the reaction of lb than 2b, and decreases with decreasing the size of the alkali metal 
ions. Formation of 5-membered chelation at the transition state appears to be responsible for the catalytic effect.

Introduction

The catalytic effect of metal ions on reactions of various 
types of esters with bases has been intensively studied?'3 
However, most studies have been limited to divalent metal 
ions such as Mg", Zn2+, Cu2+... etc.4,5 Since Lewis acidity 

monovalent alkali metal ions is much weaker than that 
divalent cations, the effect of alkali metal ions on acyl- 

transfer reactions has not attracted much attention. Only re­
cently Buncel,6,7 Suh,8 Modro9 and our group10 have in­
itiated to investigate the effect of alkali metal ions on acyl- 
transfer reactions.

Buncel et al. found significant catalytic effect of alkali 
metal ions on the reaction of p-nitrophenyl diphenyl- 
phosphinate (PNPDPP) with alkali metal ethoxides (EtOM) 
in absolute ethanol, and the catalytic effect increases with in­
creasing charge density of alkali metal ions, e.g. K+<Na+ 
<Li+.6 On the contrary, the catalytic effect was observed to 
be in the order K+>Na+>Li+ for the corresponding reaction 
of p-nitrophenyl benzenesulfonate.7 However, alkali metal 
ions were found to exhibit inhibitory effect for the reaction 
of PNPDPP with alkali metal aryloxides (ArOM) in ab­
solute ethanol,10a but mtle effect for the reaction of p-nitro­
phenyl benzoate (PNPB) with EtOM in absolute ethanol.10b 

These results suggest that the effect of M+ ions (as catalyst 
or inhibitor) is dependent on substrates (phosphorus, sulfur 
and carbon centered esters) as well as on nucleophiles (EtO 
and ArO").

Recently, we found alkali metal ions show significant ef­
fect for the reaction of p-nitrophenyl 2-furoate (la) and 2- 
thiophenecarboxylate (2a) with EtOM in absolute ethanol."*어 

Now we have extended our study to the reaction of alkali 
metal ethoxides (EtOM) with S-p-nitrophenyl 2-thiofuroate 
(lb) and 2-thiophenethiocarboxylate (2b) in order to in­
vestigate the effect of the replaced O atom by S atom in the 
ring of the acid moiety (1—>2) as well as in the ether-like C- 
O-C bond (a—>b).

Experimental

Materials. 5-p-nitrophenyl 2-thiofuroate (lb, mp 134- 
135 °C) and 2-thiophenethiocarboxylate (2b, mp 147-150 °C) 
were easily prepared from the reactions of p-nitrothiophenol 
with 2-furoyl chloride and 2-thiophenecarboxyl chloride, 
respectively, in the presence of triethylamine in methylene 
chloride.”스어 Their purity was checked by means of melting 
points and spectral data such as IR and NMR charac­
teristics. Absolute ethanol was prepared by the method des-


