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A note on the harmonic Bergman projection

Jaeduck Jang and Hyungwoon Koo!

Abstract : On the setting of the unit ball or the upper half-space of Eu-
clidean n-space, we investigate a mapping property of the harmonic Berg-

man projection. We construct examples showing that the projection is
not LlogL bounded.

1. Introduction

For a fixed positive integer n > 2, Let B be the unit ball in R™ and
H = {(z1,...,zn) € R™ : 2, > 0} be the upper half-space. let  be the
unit ball or the upper half-space. The harmonic Bergman space b*({2),

1 < p < o0, 1s the space of all harmonic functions f on © such that

1l = ([ 1w dv)”p < oo

where dV is the Lebesgue measure on §2. The space b” is a closed subspace
of LP = LP(B,dV) and thus a Banach space. By the mean value property
of harmonic functions, it is easily seen that point evaluations are continu-
ous on b%. Thus, to each z € B, there corresponds a unique Ry(z,-) € b?
such that

f(z) = /B F(¥)Ro(z,0)dy (= € B)

for functions f € b2 and thus for f € b, because b? is dense in . Also,
it is well known that the kernel function has its explicit formula (see, for

! Department of Mathematics, Hankuk University of Foreign Studies
This research was supported by the research fund of Hankuk University of Foreign

Studies. 1998



2 Hyungwoon Koo

example, [ABR])

Ra(o,y) = — o’ {[1—3—'—'—'—1'—} -—4|m|2|y|2}

nV(B)p™(z,y) p(z,y)

where

p(z,y) = V1 =2z -y +[a?|y[*.

Write a point z € H as ¢ = (2',z,) where ' = (zq,...,2,-1) € R*?
and z,, € R;. For z,y € H, set

2 Tp+ Yn

non . |x —ﬂl"

P(z,y) =

where o, denotes the volume of the unit ball in R" and ¥ = (v', —yn)-
The function P is the so-called extended Poisson kernel for H which is the
harmonic extension of the original Poisson kernel for H. The reproducing
kernel Ry for bP(H) is given by

RH(-'Z',y) = —2DnP($)y)7

or, more explicitly,

4 . n(xn + yn)2 - |"Ij —§|2
On |z — g|nt?

RH(xay) = n

That is, we have

u(z) = /} )Rl dy

forz € H andu € b7, 1 < p < co. See [ABR}, [RY] for details and related
topics.

Define the integral operator Rq(f) by

Ra(f)(z) = / Ral(z,y) f(y)dy
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for f € C(2). This is the Bergman projection and it is well-known that
this projection is bounded from L?(Q2) to #°(Q) for all 1 < p < oo and
weak (1,1) type. See [KK],[RY] and [S]. In this we show that the Bergman

projection is not LlogL bounded. ILe., there exists a sequence of functions

{fx} such that

k /Q fa(@) log(1 + | fu(e)])dz < /Q |Ra(f2)(2)|dz.

We find examples by analyzing the zero sets of the Bergman kernel and

the estimates below.
2. An example in H

Let z € H and

Poz)={ye H: |y —2'| < c(yn +zn)}.

Then I'c(z) is the conical region in H with the vertex point # and aperture

¢. By the exact formula of the Bergman kernel, we have

4 (-D@ntyn) ' =y
on |z — gin+? '

RH(may) = n

Hence, Ry (2,y) > Ofory € T ;=(z)and Ry(z,y) > Ofory ¢ T' ().
Also note that Ry(z,y) = 0 if and only if y € 0T ;=(z).

Nowlet D= {z € H:z; € [0,1], j =1,...,n} and let f(z) = Xp(=).
Then it is obvious that

/H |F(2)]log(1 + |£(z))dz > 1.

Let
I'e(D)={y€ H:yeT.(z) for some z € D}.
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Then Ry(z,y) < 0 when z € D and y ¢ T ;=5(D). Also, since for
y¢T (D),

~(n=D(zn+ya) + |2 ~y'* 2 5l = ',

N

we have |z’ —y'| & |z — y| and

4 (n-L(eaty) —le —yP o 1
@ — g “ eyl

Rz, y)| =

forally ¢ T \/Z(n—_l)(D) Therefore, we have

|Ru(£)(3)] = \ i RH(w,y)f(y)dy‘

1
2/ dy
D|$—y|

> 1
~ dist(y, D)

Hence, we have

1
R (f)(@)|dz > / L g
/H pm(p)c dlSt(:I),D)
2/ lalr
2 T
= OCQ.

This completes proof of the LliogL unboundedness of the harmonic

Bergman projecton on H O

3. An example in B
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Our example for B is a little more complicated since the zero set of
the Bergman kernel is more complicated and B is a bounded domain. To
construct an example, we need to find the zero set of the Bergman kernel
as in the case of H. Note first Rg(z,y) = 0 if and only if

n(1 = [z*y|*)* — 4p(z, y)lel*ly[* = 0

where p(z,y)? = 1 -2z -y +|z[|y]> = [o —y|* + (1 = |2[*)(1 — [y[*]). Now
let r(z) =1 ~ |z|?, then for y ¢ B(z,2r(z)),

2|z —y| = r(z) + [z -y
z (1= |z]) + (=] = lyl)
= (1-yl)
> r(y)/2.

Hence, r(z)r(y) < 2|z — y| and thus

Iz —y|* < p(z,y)? = |z — y|* + r(2)r(y) < Blz —y|?

for y ¢ B(z,2r(z)).
Hence we have, Rp(z,y) = 0 for y ¢ B(z,2r(z)) if and only if

(1= lellyl*) = ez, y)lzllylle — ]

where £ < ¢(z,y) < 12, And when y ¢ B(z,2r(z)) and (1 — |z[*[y]?) <
C|zl||y||z — y| for some fixed large constant C, then there exists a positive

constant C depending only on C' such that

—C

RBCU,yS .
(z.9) |z — yl
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Now fix a ball D = B(zq,r(z¢)) and let
I'(D) = Nzep{y € BN B(z0,4r(x0))" : r(z)r(y) < Clz|lyllz — y[}.

Then for all z € T'(D) and for all y € D, we have

Let f(z) = Xp(z), then for z € T'(D),

Ra(f)(z)| = ] | Ba(e)rwdy

- / Ro(z,v)|dy
D

.ol
~ dist(z, D)

And hence, we have
[ 1R @lde = [ |Ra((@)lde
B (D)

D]
2 ————dx
~ -/I‘(D) d’LSt(.’IZ, D)

1
e / |£ldr
4r(zyp) T

— 4D log(r(z0)).

For each positive integer k, choose a X} € B such that log(r(Xy)) = k
and take the corresponding Dy and fi. Then we have

[ 1Ra(0(e)lde 2 24D4| 2 & [ 17u(2)|1og(1 + |fa(e))d.
B B
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This completes proof of the LlogL unboundedness of the harmonic Bergman
projecton on B ad
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New Analytic of the Obliquely Propagating
Double Layers in A Magneto-Plasma

Kwang-Youl Kim*

Abstract : We present the new analytic solutions for the moving stationary
double layers propagating obliquely to an external magnetic field; we have
found that the inverse scale length of our obliquely propagating double
layers in a magneto plasma decreases as its velocity increases.

A double layer is the region of nonlinear transition between two plasmas
at different potentials; well outside this region, the potential is effectively
uniform([1]-[13]). An asymmetric double layer refers actually to a localized
region of three sheets of alternating charge sign, having an asymmetric po-
tential jump profile and thus including sub-regions of oppositely directed
electric field. It has been suggested that small amplitude double layers
may account for a large portion of the total potential on auroral field lines
and may also explain the fine structure of auroral kilometric radiation:
especially the asymmetric double layers, which accompany the ion hole(or
electron hole) at the low potential side (or high potential side({10])).The
recent studies of thermal barrier cells in tandem mirror devices have also
found that there exist the states with abrupt potential drops as a result
of forced change of the distribution functions({7]). The negative potential
spike(ion hole([14], [15])) is thought to play a crucial role in the formation
of double layers and to be responsible both for current disruptions (by
reflecting the electrons) and also for high frequency noise excitation be-

hind the double layer(by a two stream instability involving electrons that
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passed the negative potential peak([8]-[11])). Asymmetric double layers
were first reported in numerical simulations and in space observations on
auroral field lines([9],[10]); subsequent theoretical studies have numerically

examined the time stationary Vlasov-Poisson system([7],[8],{11]}).

Although there have been many theoretical and experimental investi-
gations of double layers([1}-[12]), theoretical work has been limited to only
numerical evaluations of the Vlasov-Poisson system(or of the fluid system)
mainly because of the highly nonlinear properties of asymmetric double
layers. Futhermore, the double layers propagating obliquely to the static
magnetic field had not been studied to the author’s knowledge despite a
great number of works for the nonlinear soliton propagations in the pres-
ence of a magnetic field([16]-[20]). In our previous paper([13]), we have
given analytic evidence for the existence of small but finite amplitude
monotonic and asymmetric double layers, in the absence of an external
magnetic field, which are just the analytic extensions to the well known
electron solitary hole and ion acoustic solitary hole, respectively([14],[15]).
In this report, we present the new analytic double layer solutions for the
asymmetric double layer propagating obliquely to an external magnetic
field. To the author’s knowledge, these are the first lowest order analytic
solutions for the asymmetric double layers in the presence of the static
magnetic field. To describe propagation of an electrostatic double layer,
in a collisionless plasma of warm ions and electrons, we use the following

basic set of equations:

+ B(nv,) + a(m),) =0

sz __0;8_4’ 1 0z
+ (vz oz + vy az)”z - moz + Yy mn Op
8v
B+ (vz 5, T Uz az)vy = v,8) (1)
e 1 9p
m mn 8z

6 g [l
5 +(vzaz+”zaz)”z—_
61}z

+ (v: Ve + v,V v, = —EV4d, — ——
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Here the ion velocity, the wave potential and the spatial coordinates
are normalized to the ion acoustic velocity(c,), the electron temperature
(T./e) and c,/Q;, respectively.

Since we are interested in the propagating stationary nonlinear double

layers, we introduce the following coordinate transformation:

¢ = kyx + k2 — Mt (2)

Then the above equations become

kot + ko2 =2 + M

Cp 8 e ky O

S5 = ke ko~ e Gh (3)
Co by _ _,

n O€ z

Codv: _ _p 8¢ _ _} 8¢ _ ki 0p

n 8¢ z9¢ Z 8¢ n 0

where Cy is some constant which depends on a boundary condition. By

using the above set of equations, one can easily obtained the following

equation for the potential in terms of the density:
HE + k) B + B =~ 2. @
where

K(¢) = %—a%(Co’Uz + kzp)
v2(9) = -85 S n(1 -+ B )6 = kiva0) + G + M)

Here v,(0) = v,(¢ = 0) may be determined from a boundary condition.
Assuming a negligible ion pressure(p = 0), we obtain the following equa-

tion for the potential by introducing Sagdeev potential (V(¢)):
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5(58)? =-V(¢)

where
Mo o
V(¢) = “';LT%] 2{k,” ¢+c + 53 - o)
+CoM (% n(o) + 20 BN ks ‘z (5)

Here we have defined M = M —k,v,(0) and f0¢ d¢n(¢). By using quasineu-
trality condition and the drift approximation for electrons we may expand

the electron density in powers of ¢3 as follows;

n(#) = 1+ ad + {FE[L + sgn(€ — €m)] + 5 (1 — sgn(€ — £n)]}7
+v¢? + (high order terms) (6)

where «, 8 and vy may be given as follows:

o= —PfdeLff
Bx = 42(f£"(0) + £1(0)) (7)
Y= _EPfd”{;Vv}2ff

Here subscripts f and =+ represent the free particle and the trapped par-
ticle distribution functions, respectively, and we have assumed that the
distribution function is analytic.

Then the above equation Eq.(5) becomes
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V(¢) = Ap + Bro3 +C¢? + Dig3 + E¢® + high order terms
Here A,B,C,D and E are given as follows:

A=uvpy

B =vius + a1

C =wvius + voug +vsp (9)
D = vipus + vops + vapg + vapn

E =vius +vopug +vapsz + vape + vspg

For convenience, we have defined the following parameters p; and v; with
7,0 =1,2,34,5: '

11 :1+5M;"QCO(CO + M)

pa = —BCo(Co + M)

ps = {aglh + G(3a* = 27) + (& = 1)CoM + k" (r — )}

pa = ﬁ{% +3aCo? + 2aCoM ~ %kzz} (10)
us = {72 S° (3(2ary + B2) — 40°] + CoM (207 + B2 — o) |
+h A&+ 5 - A}

Similarly for v,

v = (1 — aCy?)~2

vy = —2yo14

vz = yo(3yo — 2a)uy (11)
vy = 2yo(—b+ 3aye — 2y0?)11

vs = yo{—2c + 3(2b + a®)yo — 12aye® + 5yo°}rs

Here yp,a,b and ¢ are given as in terms of our system parameters,
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Yo = —%5002(7/1)%

a= —%(3012 — 2) (12)
b= —bua

=~ 4[8(20y + %) — 4o’]

The general double layer solution may be found by considering the
following nonlinear eigenvalue conditions: - To impose charge neutrality at
z = %inf, we require that the rhs of Eq.(8) should vanish at the boundaries
¢ = Y192
- Existence of the double layer requires that the Sagdeev potential be
identically zero at ¢ = 0,31,%,, so that the electric field equals zero at
those values of potential.

- An additional condition on the Sagdeev potential is V(¢)<0 for 0< @<
¥1,0<p <.

Here it is important note that the Sagdeev potential should be a dou-
ble valued function of ¢ for 0<¢<min(i1,v2) in order to obtain the
asymmetric double layer solution, while the monotonic double layer solu-
tion and the solitary hole solution require the single valuedness of Sagdeev

potential.

In this paper we would like to find the new analytic solution of non-
monotonic double layer.

Let us assume A = E; in order to find out lowest order solution. In
cooperating all of the above conditions, one finds the following dispersion

relation for the existence of nonmonotonic double layer.

By =Diyy (13)
Cy = ~4D £ /s (14)
Bt o= (F2) (15)
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solving Eq.(8) with the above relation, one finds the following nonmono-

tonic double layer solution.

(&) = 3{vo+[1 + sgn(€ — &m)] + ¥-[1 ~ sgn(§ — €m)]}
{tanhk(kyz + k2 — Mt)}* (16)

where k% = % and¢,, = Mt.

Thus we have found that the inverse scale length of our obliquely propa-
gating double layers in a magneto plasma decreases as M increases : the
width of nonmonotonic double layer become small as it slow down. In
conclusion, we have obtained the new asymmetri ¢ double layer analytic
solutions propagating obliquely to an external magnetic field. We have
found that the inverse scale length of our obliquely propagating double

layer in a magneto plasma decreases as M increases.
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Computation of Statistical Unimolecular Rate

Constants of Methyl Hydroperoxide Dissociation
Hyung-Rae Kim!

Abstract : The statistical unimolecular rate constants for the thermal dis-
sociation of methyl hydroperoxide were calculated as a function of pressure
at several temperatures. The location of the transition state for this sim-
ple bond fission reaction was found by canonical variation method. As a
variational parameter the O-O internuclear distance was used. The ro-
tational constants for the 2-dimensional internal rotors of the transition
state were seen to vary significantly due to the dramatic change of steric
hindrance angles.

1. Introduction

Methyl hydroperoxide (MHP) is a very important molecule in the atmo-
spheric chemistry and in the combustion chemistry. In the atmospheric
chemistry!? it is formed by the recombination of either OH radical or
HO; radical and methoxy (CH30) radical. Since these radicals are chain
propagators in the photochemical smog process, the MHP acts as a radi-
cal terminator. In fact the formation of MHP is in competition with the
radical propagation processes and the removal of MHP by wet deposition
contribute to the decreased oxidant formation. Therefore it is very impor-
tant to either measure or calculate the thermal dissociation rate of MHP to
assess its role in the photochemical oxidant formation in the atmosphere.

MHP plays a crucial role in the combustion process of hydrocarbons.?4
Under the severe reaction condition of combustion process, many bimolec-

ular processes are responsible for the formation of MHP. As the MHP
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concentration builds up the possibility of thermal decomposition of MHP,
and hence the production of two radicals (methoxy + hydroxy), increases.
This so-called degenerate branching is a very important step in the overall
combustion process. Especially in the low temperature combustion where
oscillatory combustion is of great interest, the identity of the degener-
ate branching agent (hydrogen peroxide or methyl hydroperoxide) and its
thermal dissociation rate are very important in the elucidation of combus-
tion mechanism. Also the rate constant affects whether a particular region
of the phase space belongs to the steady state regime or to the oscillatory
regime.

However, the experimental measurement of the rate constant for the
thermal MHP dissociation has been hampered greatly by several diff-
iculties®®. First the MHP is very unstable and short-lived, and the usual
experimental technique for measuring the unimolecular dissociation rate
constant cannot be employed. Also it has been widely known that the
heterogeneous effect due to the reaction vessel wall cannot be easily iso-
lated to revise the raw data for MHP dissociation. Maybe many secondary
reactions, which are of heterogeneous nature, subsequent to the MHP dis-
sociation are interfering the primary process rendering the interpretation
of the wanted reaction virtually impossible. Due to this lack of reliable
data on the MHP dissocaition different models of atmospheric chemistry
and combustion chemistry used different evaluated values of the rate con-
stant and have yielded widely varying results. Because of the crucial role
of MHP the results of those models were not just a small deviation from
the correct value but a major departure from the correct picture. In other
words the mechanism itself could be wrong unless reliable data were used

for the modelling.

Thus we undertook a theoretical calculation of the MHP dissociation
rate constant using the RRKM theory. Falloff calculations have been

performed in order to obtain pressure dependent k,,; values.
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2. Theory

We here briefly review RRKM theory of unimolecular reaction.”:8:911
Y y
According to Lindemann mechanism!%!® the unimolecular process is com-

posed of three processes, activation, deactivation and reaction.
Ry ox
A4+M A+ M

A+ MB A+ m
Ax & products

where A is the reactant, M is the collision partner, Ry is the activa-
tion rate constant, R_ is the deactivation rate constant, and k is the
dissociation rate constant of the activated reactant. Making steady-state

approximation for Ax* yields

diA]

dt = kunz[A] =k

The high pressure limit of k,,; is given by

. kR,
m kuni = 5SS = ot
(M) oo wni T R

At low pressures, the rate coefficient is given by

i kuni = ko[M] = Ry [M]

In the dimensionless form the pressure dependent unimolecular rate con-
stant is expressed as

kuni _ kO[M]koo

uni

0. 1+ ko[M]/k

unt unt
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Experimentally measured unimolecular rate constants are usually plotted
as a graph of log,o(kuni/kS%;) vs. logo(pressure/Torr). Actual experi-
mental data usually deviates greatly from that calculated based on Linde-
mann mechanism, because of the neglect of microscopic collisional energy
transfer in the mechanism.” The simple two-step process of activation and
deactivation has to be replaced by the complete population change of all

energy levels with time. It has the form of master equation!*15:

dg;
_Jgt_ = [M]> (g;Rij — giRji) — kigi
J

Since the number of individual energy levels is enormous, the summa-

tion can be replaced by an integration.

Og(E,t)
ot

= ] [ IR(B, E)lo(#',1) - R(E', E)g(B,)dB - K(E)o(E. )
This integral is related to kyn; as
~kunig(E,t) =
M) [ IR(E EOMo(E" 1) ~ RO, B)o(B, 14" - K(B)o(E, )

It has been shown that the k,,; is the largest eigenvalue of the matrix
defined by the right-hand side of the above equation.” From this expression

high pressure rate constant is easily obtained to be

_ Jo dEK(E)f(E)
= [ dEf(E)

where f(E) is the thermal population given by
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om_o(B) = F(B) o< p(E) exp(~E/kpT)

where p being the density of states. Therefore the problem boils down to
the computation of k(E) and R(E, E') and the calculation of maximum
eigenvalue of the master equation matrix.

According to the RRKM theory '67:8:9 microscopic rate constant k(E)
is given by

Etut_ e TT
KE.J) = fo @ )pT(E+)dE+

for (Eyp > Ve*f f), where the numerator is the sum of states of the critical

configuration and the denominator is the density of state for the reactant
and E + R = Ejp and V(r') + Rt = Vers(r?) where E is the energy of
active degrees of freedom including all vibrations and active rotations, R
is the energy of inactive rotation and =1 is the value of reaction coordinate

at the critical configuration.
3. Computational details

Since there are two different kinds of internal degrees of freedom, namely
the vibrations and rotations, each contribution has to be convoluted with
the other. The convolution is done for both the sum of state and the den-
sity of state. The numerical convolution is done using the Beyer-Swinehart
algorithm.!” Vibrations were all treated active. The vibrational frequen-
cies for the reactant state were taken from the literature.!*'® Those for
the transition state were taken from the methoxy and hydroxy values. The
number of vibrational degrees of freedom decreases from 15 to 10 as the
0-0 bond begins to break and some of the vibrational modes change to ac-

tive internal rotations. Obviously the O-O stretch becomes the reaction
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coordinate, H-O-O bending, C-O-0 bending, H-O-0-C twisting, and
0O-0-C-H twisting disappear and become internal rotors, The transition
state is assumed to have a linear configuration, H-O - .- O-C, because it is
formed during the simple bond fission of O-O at a relatively large distance
and also because the O-H fragment is linear and the other fragment C'Hj
has a Cj, symmetry. Both fragments perform hindered rotations in the
transition state. The hindrance is of both steric and sinusoidal (angular
dependence of the interfragment potential) nature. The hindered rotors
have larger rotational constants than the free rotors. The rotational con-
stant for the two-dimensional internal rotors is dependent on the hindrance

angle 6 (averaged over the Euler angle ¢) as

2
Berr = 1—cosf

The magnitude of the steric hindrance effect of course depends on the
internuclear distance of the breaking bond because the hindrance angle
depends on it. By varying the r', we obtained the steric angle for each
rT. Using different B values, we were able to get fall-off curves for each
configuration. The curve that gave the lowest k’s are the variational k’s.
This is the k value we compare with the experimental results.

The programs used were those from the publicly available UNIMOL
suite by Gilbert et. al..!° The program GEOM was used to calculate the
external inactive rotational constants and the active internal 2-dimensional
rotors as the O-O bond was elongated toward and after the transition
state. It also calculates the hindrance angle for each fragment. The pro-
gram RRKM was used to calculate k(E)’s and they were input to the
program MAS55 to calculate the fall-off rate constants as well as high-
pressure and low-pressure rate constants. The RRKM input data accom-
modate multiple pressures and temperatures, and calculations were done
for 8 pressures from 100 Torr to 800 Torr in the intervals of 100 Torr and
for two temperatures, 600° K and 298° K.
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4.Results

In order to calculate pressure-dependent kyn; (fall-off rate constant)
it is very important to locate the position of the critical configuration

(transition state). Since the simple bond fission reaction such as the MHP

Internal rotor hindrance angle vs rt
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Figure 1: Internal rotor hindrance angle vs rt

dissociation does not have a prominent potential maximum along the re-
action coordinate, it is difficult to locate the transition state. In order to
check the effect of varying internuclear distance on the level density and
sum of state at the transition state, steric hindrance angles of the internal
2-dimensional rotational motions for the two moieties of the dissociating
MHP were calculated. In Fig. 1 the hindrance angles of each fragment
are plotted against the reaction coordinate. For OH the angle is very
small near r = 2.5 A. As the bond is elongated the angle becomes quite

large and it reaches 180° near r = 4.0 A, at which point the rotation is
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essentially free.
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The hindrance angle for methoxy radical is smaller than that of OH and
the rotation is still hindered even near r = 4.0 A where the OH rotates
freely. This is due to the fact that the methoxy radical is much bulkier than
the OH fragment. The small hindrance angle causes the effective rotational
constant larger than that of the free rotor and affects the ky,; in a rather
complicated way. The effective rotational constants for the fragments are
plotted against T in Fig. 2 and Fig. 3. The rotational constants increase
as r! increases and the rotations can no longer be treated like free rotors
but more like twist vibrators. Increasing B values means less dense level

density and also smaller sum of states at the transition state.

fall-off rate constants vs rt
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Figure 4: kyn; vs. rt at several pressures

Now that the O-O internuclear distance is a good variational parame-
ter, the location of the transition state can be obtained by the variational
method. The value of the chosen parameter is varied until the minimum
of the high pressure or fall-off rate constant is obtained. The fall-off con-
stants for three representative r! values were plotted against pressure.

(Fig. 4).
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It was found that r = 3.10 A is the variational critical configuration at
600° K. Same kind of computation was done for 298° K in order to find the
effect of temperature. The room temperature rate constants were signifi-
cantly smaller than that for 600° K. Thus the MHP thermal dissociation
rate is too low to compete with other processes such as wet deposition.
The variational value of the r' at the room temperature was about 3.25
A.

The fall-off rate constants calculated using the variationally found crit-
ical configuration are shown in Fig. 5.

The experimental values, which are available only in the limited range
of experimental conditions, were 0.219 s~ at 600° K and 3.71 x 10717571
at 208° K. Our values at 800 Torr are 0.0979 s~! and 3.71 x 10717571,
respectively. The calculated value is 44.7 % of the experimental value at

600° K.
5. Discussion

It is not easy to assess the validity of current results against the exper-
imental results that are availble. First of all experimental results are very
unreliable for this reaction because heterogeneous effects are present and
can not be isolated easily from the homogeneous reactions. The early ex-
perimental values have been re-evaluated several times by different workers
to be used in their kinetic modelling. No new experimental data are avail-
able since then. As far as the computational result itself, we believe that
our values are reasonable within the RRKM assumptions because the crit-
ical configuration was determined variationally. In order to improve the
accuracy of the calculation it would be necessary to perform the ab initio
calculation on this system to determine better Morse § parameter for the
reaction coordinate. The whole potential energy surface of the MHP dis-

sociation reaction would be necessary to test the validity of the RRKM
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assumption (complete randomization of internal energy in the transition
state).

kuni as a function of pressure
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Figure 5: kyn; vs. pressure

Some non-RRKM effect (preferential intramolecular energy transfer
in the highly vibrationally excited molecule) has been suggested in this
system.!! Tt would be necessary to perform classical trajectory calculation
in more detail at higher energy than studies by Ref. 11 in order to check
the non-RRKM behavior. It is very interesting to see how our theoretical
values of the fall-off rate constant for thermal MHP dissociation would

affect kinetic models in atmospheric chemistry and combustion chemistry.
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Synthesis of Ethyl-2,3-Cycloalkeno
pyridine—-4-carboxylate

o) % A, B z2

8 ¢ : 2-Chlorocyclohexanone 11& Ethyl cyanoacetate$} ¥r-§-Al#A Cyano-(2-oxo
-cyclohexyl)-acid ethyl ester 128 #43l9th Allylbormidest B3E 128 #-¢A1A
Allyl 38 138 243 3 ozonolysisAlA aldehyde 338 148 A4
N-Oxide 3§E 15% aldehyde 2H§HE 14$} hydroxylamine hydrochloride® %t-8-A1A
dolrl. PCL3E N-Oxide 3E 158 deoxygenationA]# & EAME<l 4-Carboethoxy
-(2,3-cyclohexeno)pyridine 5, ( n=2 )& &+¢& 19%Z T334t}
4-Carboethoxy—(2,3-cyclohepteno)pyridine 24% 2-& FALHE o83l &LEA
cycloheptanone 18ZFE & 9%E A3 A

HHE 5 (n=2) & & Wicos FA34r). SFE 129 carbonyl groupd WA
methoxylamine hydrochloride® protection]# 33& 16€ FAsA}t 1gE 168
allylation?)# allyl 33& 17¢ 433893, 3HE 17 € ozonolysisE E3) 20%9 %
FEZ FPE 5( n=2 )& AU o) WL 1ad FAyeln, Fr e T4
o gl

I. A&

A2 EAA 2 259 FEAE ¢Z2olE, HEY] 2 BREILT AAA
el Al BAaEY, £33 g8 A9y 458 JEUZ] dE sEgAsdA 5
3 FulE FE IYER A A ¢

£3] off3ld EeldlNE FAE XFste EFEY A3 @&y HF A
gEdstagdie] AFEE dEo] Wel EHH glon, £F oF
AR BA e 7= YA YAlmechanismS FHIFEEHE o)L= ok
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DQ-2556° ), Fig 3 ( cefpirome’ )o|A R ulslzo] may $EA S0 EYH
25 AT E Holx A$r &l

‘SQ'NE -
: T?/ N@‘LN
cQ

Cefsulodi
Fig 4

E3 Fig 4 ( Cefsulodin® )X HEo] I8 A4 FEA7 =50
gram positive ¥ gram negative BrE|go}o] BEF A Ao} ¢33 Y EE
Bol T3
B dAFAE Fig 3 ( cefpirome’ )X B4 91E 23-cyclopentenopyridine
moiety ¢} 7o) 239X o] 4#H Y carbocyclic ring®] fused¥ i 4 9 x)d Fp=2EA
A RFEAE EYE dde] dety FAHE Mgsted o 534S FUAGY
71Ed vekgle #4°¢ BW Schemelold R wiel 7o) FwE AL
cyclopentanone 1, ( n=1 ) 3} cyclohexanone 1, { n=2 ) | diethyl oxalate,
sodium ethoxide, cyanoacetamide® WH§AlA 5,6-(tri(tetra)metyhlene)-pyridine
-2-one-4-carboxylate 3& dew, 2 3FIE 32 5-chloro-1-phenyltetrazol 3t
potassium carbonateE acetonitrile £vjo|A  WFEA]H Ethyl 56-(tritetra)

=

methylene)-2-(1-phynel-5-tetraxolyloxy)-pyridin -4-carboxylate 4 & W& %,
°]& ammonium formate®} 10% palladium/carbong ethanol& oA ®EgAl A
ether bond”} cleavage¥ 4-Carboetyoxy -(2,3-cyclopenteno)pyridine 5, ( n=1 )&
AAeH o] IHE F5E 10% vy ¥ FE5EEN Aol HudE v ok
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1A SFE 128 Allyl bromides} ¥H&Al71H 8% F5EZ allylationd 3%
E 132 9g+ed, 3A¥}E 13L& nmr spectrumAolA 8525 57-5990A4 vinyl
peakE #ZE 5 YA FFE 138 methylene chlorided v Wl A4 ozonolysis
£ 3 94%9 FSEEE I}E 4E d&F UAT SFE 149 alehyde proton
9 nmr peak® 698-994A FAHG T Aldehyde 3IFFE 148 22 F9
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8 & 4 3, BH8E9 nmr spectrum Al AT £ udoen, o]Ee] H
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hydrochloride® ethanol &ujtiel A 338 129 ¥3AA SFE 16& 95%9]
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The Synthesis of Flumazenil and
Labelling with F-18

o & A

8 @ A FXAA oM w3AE AFde Ty HAE e AANE e 3
A A8 e FaF Eopolth olF HMs A 2ARYNE HEsA Yohoryt
ot 2 23 G349 #Hod WlxtelAH &4 44E A7 HsMe EF0AE
( Flumazenil)ell A} ¥& #3& BT WAL GE ] sde] Hasic)

A b 98 BA BT e AL C-11eg BX§ EFuiAdolt}, kA% C-11
< W77k 20802 VR FE SHE kAT Ak o] @HE SEEHnA B G
ANe 9777 wEE 1 F-18(t 1/2=110min)e] EAE FRoiAd FEAS
2-amino-5-fluorobenzoic acid E28E 58A& AX =L F£&2 §48d.

L A&

L.+ 53 2 w3

E AFdAME H7)s J33 AMSEE A ASE F AR S8 948
HIALA o) ek E Q) Wl 2 U)o} A) W (benzodiazepine) Al HEAE ¢# A ZEviAd H
T4 (flumazenil derivatives)?] ¥4 2 EAd EXHE Ft).

WAL 2] 2FF2 (radiopharmaceuticals) ol @ WA FHLALE EF3IAV A
994 (sotope)® BEXE HHOE Ax=Ho] AW Adely X&Eo| stz
o2 AMEHE YgFoR oA WAMGYFESE I AFE WY wet A F
FHZ EFIY F AN YGEdE AJd 95 A FER AU
Fo52] g3 Y FY A AEE WFLE ALSHE YA gEe] o A
AHE invivo WA Y %E, FAF in vitro WA o fF ol gt g,

In vitro WAL FF L radicimmunoassay, radioreceptorassay 59 E4¥-&
o] 83t FAF Y A nHF EFY FHL FIo I AHEHEH AFS AT
T #otte] o] &5 YA FFOITh In vivo A Y GEFL BEAGFES A
Yol B4 & 1 AW BEE AN GA ASe e FH3 o Ad

e e U
of ER& 1999 FFYFlUgE g AT Ao ke o) Fo AL
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2RY 23, F79 ¥F FHE Adde Pt o] & EHe WA GFo|t
In vivoAH o FEN e BRASGFEY FAA (tracer)®] Ao F718te WAL
A Ao Ezrg-o] FAlY A $&HI in virodAHI Y FFAME EA
B FHAY Aol g &HT. F, XA ATy o] WAL o]
olate =3, Av|e] ey ARE de FA ZAFFEY AANEE o] &3}
o 24, F719 7154 FHE ¥& F Ut

oF A A4+ & 93(positron emission tomography, PET)& Ao grgdge
22X Ry & A5t Jles dAsEte 7150 JoEE €A AHEHI
v Aaziaz#ggoly Ayl FHEEE Y (magnetic resonance imiging)ell ]3|
Gg3eA 3l o8 A BAE AT + Ae B9 g ol ¥A
AdFdge 4L AR 7] Yt EH 3 PAGFEY N
o] P4=Folr}

SARAEHY (PET)S 19700dt) 54l Phelps, Ter-pogossiansol &3] A&
2gE olF 2-fluoro-2-deoxyglucos(FDG)E ¥lE3 PETE WA SE A=z
Uy Je AEd tio EXE AFEY AAHeE 9 o]&H1 . PET
FAL AT tide] He BA o FAAE FEI}T WA GES FYFA
e FYoE FYT F o] BAY AU EXE 3389 Aok PETE 43
7t A, HEd JEe] He AA U AEH d4E AFHLE Uqddn
AEHA AF3Y F Ae =TFEN EHFF, 1ANAE 2 FAHE B9 ol
ARAFEA S AEA T2 22 FHF (F 10-12)B)9 F= $3E 718
3Gk o Jolrt AZde fAA G4 @ A= dsiA AP EHI 3
o}, o213 A3etE AN GAEE PETHSLS 71594 A&y, oA A
23t e+E &< (computed tomography, CT)# A}7]F%H ¥4 (magnetic resonance
imaging, MRD2.2 @ojAe ety 3= #E5e SAojrh

FAAYNE HFL o UFy R o FAHAAY ¥V 2L BN YFo=
Al OlEL FAAE WEFoEZN AAIHEH o W HEIe FdAE HAA
FEAZL AY 23 A7 vl dAtelh HellA wEd FHAe FHY A
FEIY EFAUAE QA H FAATE FA e ol2¥e W ARG AT
3led Az} ALY AL AWUH T 511 keve oWAE zte § e 7ula
o2 Wydn o v FAAVL HEd G "ol dojue XY AYE F mm
ol gge] el o 180x W WEHT Tvkd %L gy AAE 52
3t AAE GHAL e LHERFY b FEVYD SHRLEN FA(RE
g AU BXo g F7HH X BEE AFTSoh ol d AetdE A&
PET 211 AEAI2¥e H32A, $35¥F (photomultiplier tubes), A3 2
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(coincidence circuit)s 2.2 o]FoiA vt ABAFOEZE Nal(TD® bismuth
germanate oxide(BGO)7} 38&3t€ PETZ/MYAAM A3 low, Ao Uzt
7} A3 511keVATHA S g A%l £ BGOZF t @o] AM&H Uth

PETHIAN ©2&9E ATF43te 718 de= CT, 9d3ALEEE Y€ (single
photon emission computed tomography, SPECT)dllA A}&-%+ &9} fAFSIT
Asst ATAR @EEFY dEAEE dY A g de) AxdA dL 2
A9 BAL Z2HHER o)foA] itk 27 FAF ZEFS HAG FAAE HY
of thate] FE3| QoW Hele 234 Wit BEE HHA AFAEE F At
GF34 AFANME BE 20 Z2PEY IRAE FHINI, o] FH HA
A A EE LAk AHE AMEStY RASE oAH(F JEA o] de o &
L= AT

Mol F2ZEELE Lawrenced] 93] /E Aoz Yol dees@t 3t F719
39 7M& AFE FAAFe @3 r)e dAdste nQF e FA Feo @L Aot
oA AAAY F7ho) ARt AFY Wk deesWol o] HER T F
N deest FAFT 274 g3 ME wi) MR Hzdo} H(+)FH F(-)E H
=5 FAH k. F MY deesAlold] e o] EAVIE YT A <Az
= 59 deesZ &3t ZM&EEY AF W E d&FE gk o] Aloldl X dees®
Aste Mz wAsle dae o] deesZ o2 71&HDE o] AL WHES Y YA}
€ F MY deesAtolE BHE AF AUAE ST FAZ 4 MeV7EA 7}
&8 4 Slth gty oz HogHggoz AMRHE AOFREELS AR AR
30 MeVoeldle Aoewr 2 Fxo ol 1Y (classica)WO|FZREE,
FM(frequency modulated)#}o] &2 EE&, SF (secteor focused)#o|EZEEC 2 &
FEh ogge UiE SFHo £330 compactIHIZ 1 BAHZAE MNolF
ZEE AFF Yo MAX3ld BEaLEE 30 ® 7ME ol FR wet He
o3} H-o]2& 02 FREEH HIde H-WE NOJFZEE] Bo| AZFEn
At} o8 MO|FEEEL J1&E YAl BHE &HdA (p, xn)E-&
&la] T1-201, 1-123, Ga-68, Rb-81, F-185% % Jd-§ WALY 9449 A
g 3 AMgEHEY oE WA BHY4LAE SeEolaa Hogor T
fol Abgd £ Qo weld A3 WAFE FASIE BHFAE ¥l 4A 7}
e WxAol 48T ¥ ol o5y W& FFH F o FA FAY B
HE WE ZAE F AU

F-1821937d Snelle]l 93] @Asgion Fxolde] de] AME-EHo gtovt
FAANGEGSHEY ML o) fo uwpel T glof wiy FaF LAY F
Aha9 st AT F-182 4Ax W& 93 BAFHH Hoj g+ AAL

o
e
o]
ALY
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63ckeVE, Wh7t7le 1007822 A)Zto] £85= WAMZYSEY FAF =g
A Adrty ATz o] 8F & Utk BAE F49 IA HIAIIA &
At B2 ANEFAES C-FARAUAZ AXM BLE NEFE £49 e,
AESH AL A wstdch ol d Azt Adedisbed #8 JRE ded 2
AH 9E 37 grh o)#3 o8 [F-18]FDGE °1&§3 X =g thale] dAF
o} gAY % oo XNEEIY BFELE E & Utk HIde gFAA C-14,
N-13, O-15, F-18% #2 4HAE WEste 9% dAF S o848 & A H
Atk 2 olfe UdAE 15MeV, FIHAE BMeVARE 7M4E 4 3o, 2%
o3 24Y WO FEEE] MAHIUY] wEd WY WA FHA HF A
Z, B2 AA3}, SANA FA7 dBE A2HFOE AES £ AEE HAY7 W
Folth o]} #2 Wo|FZEEH g WA FY YA ol &S FAHLE F
NEZE A& NFZEE g stolgt g}, C-11, N-13, 0-15, F-18°] 47 ¢]
44 FEH= AL OesH e olfddAorh

(1) @Holy] wWid Bzl nF g ARE + Utk

(2) AR A2E PAAEL 1805 WEo s FAd HAEsY AFYH v FFS
g 4 U

(3) 47FA AFL F7E TAYLAE B g2 4F3 e 449 FH9LE AAY
ga AEolY AYTY A9 HAd g3 FHY ETH g #wtk oYzt
Asetd g 385 A 7159 A % IAdE & 5 Uk
A4 HolA WiztolAE FE&AE dHFd, & B A & d=E EA)
3ke], o] vte] mgHe] e dx g EAgr) MlzvelAd e d /i
HaoA drrt it olF o] 83te WzvolAYd F&A e JA4E E F
W Ao F43 W A 7 A S48 4 Utk E A HESAAE
e ApaA e Wyl dojue e d8A AT WxYolAd fERAZE
ZZniAYd, olevtAd (iomazenil), EFYEDZA T (flunitrazepam)E-©] U T6,
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/N /N
COOC,H
hlr / COOCZHS Nr / 2115
F N N
4 CH, 14 CH;

Flumazenil Tomazenil Flunitrazepam

Figure 1. The structure of benzodiazepine derivatives

gREe AR FE 82 4T A48 B FATN F 10715%A =
7 A9 e RLE HuEHI o olEd TAFANA TR AFIe
T 2E 2 AASY s5dte P& TE N8 W T Fofelrh
ol fdtdE E 2 ¥HAE FYsA dohlle Ao FLdT A FHE
ol WY o2 MRI SPECT, PET, ZA0EYA HsziAl, ¢4 &9 ¥5
HAAY 5 o8rrA wdo] Qlth olF JMR dE AlSEHE EF dREg Solxrt
gojurttn k& MRIS Z¢ 53 723 W7} e AT HEE Fohd
47} itk wkdo] PETS Fx3 Wiyl o7] oA A3ets wsw e 4¢
e WAE gopd 7} Jerg MRIET § U AHE HAFET

PETEZ AR E J2sted 1349 dial 2 A8srE W] disto &
ofof gt} #A NA FAE A3 Y dY AHEHE WA SGE FDGO)
. FDGE EE% WA A= FAEER T til 84 dHE RYFD
T ¥ A AEE dAoE RAET o2 FDGYAAE o83t &
& A7 £YPEQPT, 1 A3 GAv E 99 T Ayt oA 3l
the Aol FAFHATE. 2ZAT A 247 FHdAE IFE A 4A E 2
AR 27 o B 790 A BojA Rolx, ¥ FAT A7) PET
FAE A B A, B IET dAtd 4FE vd F e 9E FEoly
AAF 240 S TE F7 oM BEAVE He = Ao

ZHde FERDAN FEA FHG JAN 7E EFdA4 SFEME FE4)
9} GABAFEA S %o W3t glge] HHATS. ole THAFA AN wWlzTolA]
A 543 %o WEE A AASEE A4 FUA GABA/MET AR &
£AE 94337 9% PETO A=HAG dxdotAd #8409 AdAZ 7}
Z 4y AHeHe EFrkAde C-118 X5 PETEYE @& A 1AL
o) 24318 FDGe] ®lste o] F&aA & £71 dFe] Rasiinh

L
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FHAGEZEY (PEDL doldde AHg 53 FodA dojue Asg3y 52
A2y wEE A7 Ae sk s &2 vY FRaREdEFd
C-11(t1/2= 204 min)oly F-18(t1/2=10 min)2. & ¥ X H WAl JekFo g Al
FEAE AT Boke €A wWEA dFsn Ao ol EokF ME T8
Foke =99l AAFAZo|Y HzTolAA AFY 4ES £, EWHFE, 112 £9
Ao AREEO] fth PETS o8& WlzvolAd FHES o|&Foan 4o}
AE AHR FH &9 WzdolAA FE&AE ATFE F AT 7HeAE BYE A
ojt}.

o PETE #WzdotAd +&AE dA73t7 Adtq F7HA A2 & A%
o] EZo] FAHAL e AEA [methyl-C-11] Ro 15-1783¢] 1110 t}& 3}
Ue £%%Y [C-11]suricloneoltt. o] & [methyl-C-11] Ro 15-1788¢] C-11%
BAE EFvpAEA oo B BAY IFE o W #EE v oHl 29
 ools AUeA W] thrtEo] WizolAd #EA I ofd & RE) & U}
FA0 AAA Ho} wEtA ExUe g2 RHEd BAE = W] AT=HA
o}

F7HA g fAd FHLAEE BAJE AL thEH Zo] dimethylated %
A2 Ro 15-55289] methylation | Al7l= H
15-3800¢] ozEl232 JErig =H3te el Stk ol L=z AL
[C-11lmethyljodide®} [C-11lethyl jodide= [C-11llcarbon dioxide® ¥ one-pot
Wgo 2 §Aol el TR olgA EAE WA FEE FEQA F
o3l PETS A&, 2 ol ©e 44977 AUTHS.

(N COOC,H; \/N coo''c,H
N / N / 2k
F N, FC%/N
/q/ ”CI‘I3 \CH3

o}

0O

fr

(N

COOH COOC,H
N\?\ N\{\ 7
F/C%/Nﬂ F/q/N\
CHs J (€, F
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=N =N
COO C,H COOH
Nr / 2tls N( /
N~1 N\
I "'CH, sy M H

Figure 2. The structure of labeled flumazenil derivatives

A} o) C-11'¢ A3 WHES ®Wol d7H9 o F-18& A ¥
& E8 BRa HoglA gk

N-dimethylated flumazenil 3}3E°l fluoroethyl7] & #8171 5-(2-[F-18]flucroethyl) flumazenil €]
nusEoe] M o]F o) fg A B A9 FIFAFE AW} e e AxoIHs I M o
F& uhs} o] C-11 & WY/ YR @ol ARelxyt 31 F-182 BAse Wyg Mistele 3
o]t}

WzTeY +4e G4 A7) ARNE ERubALl FRA BE
& BAY PAAFES ARedok o WAl A 9 AT e
C-11-methyl jodide® ©]&3le] C-112.2 EA|§ ZFvlA|doeltt. C-11&
AR BAR SFvpAdel Qe seta 9ol A WA vk 3ol
AT, WL 080T WE g} BAFYEL & W PN AE 453 ®
A FE wel AesA grem gEthe Aol ATk Hehd ok AFges
249 SAd) 48T 4V} UL BE @A) dae Fede FATIG oA
W7} 10R22 My 7 F-18& EASHE 3ol s@Asith o dvel Az
F-18-E2vhAdoel ARHE 1A W2E e Be =248 T 47 U RO
3 AEEr)Ed] FETI4HY 4% A8 5 F¥ 34 7192 Aol



/N /N
\/ ) COOC,H; r COOC,Hs
N N /
eq,1
F N\ Ace(t)on / N'aOH F N,
H 70°C, 5min Ney
0 o 3
(N COOH fN CO0''C,H
N / & / 2
CH;''Cc1,1
F N DMEF / TMP F N
\CH3 IOOOC, Smin \CI_I3
(6] (0]
(/N COOH \/N COOH
N / N /
Uen,l
N DMSO /NaOH
F \H 75°C, 5min F Nl‘l CH
0 0 ’
(N COOC,H (N 00C,
C H.
N\ / 2435 \ / 2k1s
Hen,]
N DMF/BuNOH
g 80°C, Irmin I\{‘1CH
I 0O I 0O 3

Scheme 1. The labeling of flumazenil derivatives

IL 49 % 9798

B Ao Ax IAL Ax ZTFoALS A g JlEE =
dimethylation A]712 o§7]¢] tosyl && mesyl 718 X3ANZ7 ZFuiAd 54
E 4%t AFAE e FA4E EFvAY fFEAe adiEE F-188 X

S e

M



The Synthesis of Flumazenil and Labelling with F-18 49

g 7t fleng 3Hog WalE AACk BA & Ut 3tk ol HFE 99X
ol tosyl7| mesyl 718 =4 AFAE T3S 230 AP ATAE
AlP|ZEEELE ARH F-187 APYA XFNFFo2 FAE 3t} oju A}
A 2D e HAHY EAEE 7

(1) Flumazenile] A

2-amiso-5-fluorobenzoic  acid(1)& &IEZE  phosgene? W AlH
5-fluoroisatoic  acid anhydride(2)& &3  ©]E  sarcosine® W33}l
7-fluoro-3,4-dihydro-42H-1,4-benzodiazepine-2,5(1H)-dione(3)& &A% & 47)
g  potasium  t-butylate, diethylchlorophosphate®  &w|&  A}&3}d

ethylisocyanoacetate®} ¥+-3-Al Aflumazenil(4)S A 3ttt (scheme 2)

NH, (COCL), N\KO
/Oi THF/HCI o
F COOH F
0
¥ o CH N’
\( HO, ol \i
o} i >
F DMSO F N
3 J o
H 0 _N
N
\i CNCH,CO,C,H; N( ) COOCHs
. N, DMF
CH, F N
0O \CH3

Scheme 2. The synthesis of flumazenil
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(2) Flumazenil derivatives® A
Flumazenil(4)& &WE A E tetrabutylammoniumhydroxide$t ¥FS-AlA 7}4E3)
T

% o]|& methylenchloride v} ZZ#d|A ditosylethane®lY ditosylpropane
dimesylethan® ¥F-& Al#A flumazenil derivatives(5)E ¥4 8t} (Scheme 3)

L
T

(N
)—COO-CH-X
N

(N )—C00C;H;
N

LTBAH
2. X-(CH,),-X / MC
F N_ ; X=080,CH, F et
C 3 0 3
Product 4

Scheme 3. The synthesis of flumazenil derivatives

(3) Flumazenil derivatives®] F-18 # X

[F-18]-fluoridex= Alo]EFE2E &)X [O-18)waterE AlE3le] #Hukg-o2 x5
o] tetrabutylammonium bicarbonate-& o & I 43t ()4 FAE flumazenil
derivativesE (3)9lA] A|Z 3% [F-18]-tetrbutylammonium fluoride®} ¥r&A1#A H=
AREQ
[F-18]-fluoropropyl-8-fluoro-5,6-dihydro-5-methyl-6-oxo-4H-imidazo-[1,5-al[1,4
]-benzodiazepine-3-carboxylate(6)S HA} ol A FH EFvlAd FEAE
TLCE EXA &&& &A%l (Scheme 4)

AN N
-(CH,),-X
N( ) CO0{CHy, N( ) COO-(CH,),-*F
ISF-
Acetonitril
F N, 85°C, 20min F N
d CH, n=2-3 CH,
0

Scheme 4. [F-18]Labeling of flumazenil derivatives
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m 23 9 33

49 A F-180] EAE EFviAd A=A TLC HolE oA ®A&o] v
+ g ¢ & At FFAE fEAY FAEA AN BAAES AFHEH
&3 2ok AN step$! S5-fluoroisaatoic acid anhydride (2)8 A= o]
At ZvlE A3t phosgene WHE& AlAoF dt=v] 19 phosgene
EAANAolmg 392 A phosgenes AFEEHTH o] W 1A EAFL
HCL 4894 phosgene ©] 7|oiA A F5-&o] FHojzltk= e Utk o]& H
#3522 HCL 489 thAal 14- dioxane £-7) 8o Zoisle HCLE Alegos
M 94 %9 EL FEELE ANE ) E FH T & U

7-fluoro-3,4-dihydro-4-methyl-2H-14-benzodiacepine-2,5(1H)-dion(2)S A
sl oA Wrg &virt bpZl L dimethylsulfoxide ©]3 o] 2 2is] TLCo)
M RkE FAAS Zed oEgol AUk W WAYUFAA CO ZA 7 dA s}
A& 183 JARFES A # 5 s HEE FATFoEH e FH
AL S 5 JUL F5EE B 96% ojFoE AHE 29 FA4E & UAMTh
A AR step ¢ flumazenil (3) FANME ¥8 &£ ZHo] 7l0E Y o8 WHe
AN E AFSY dry ice/acetonitrile &) HI&E ZAFoZH HAHY 2= Z
g e 4 AN Flumazenil (3) FAAM 7 F=311 43L& TLCHAA
YEG spotES column chromatography & 314 &1 HZe AAAH ZHLR ¢
= 100%°] 77k APES 5§ BRE FAY F AR EFvAE FEA
D9 FA3 AAA 7HF & FAHL 7R3 whEold ok Lithium hydroxidett
sodium hydroxide® W% & hydrochloric acid® acidify3l® +55-& A9 100%
2 yeh A E0] hydrochloric acid salt 2 &A)31 ol& A3 thg W0l

A mesylol Y tosyl 717F g o] Fukgo] dojUBzE d3te YEBES & F
At o2 XA TR cesium cabonateE salt® WHE E olE BE AR X
58] g X

ditosylpropane ©]4} dimesylethane2. & ¥F2-& A|Z3lF o 58
oottt e wW o g tetrabutylammonium salt® ¥FEFE ub2-3l A TLCoA
Nz HAES FAT 4 JJT ditosylpropane¥t-3-o Al 63%2 52 A
& AU EFVAE FEA @ Mol FZEENA P4 F-189 F AW
ME 66%9 & B4 &5 BT

-

3]
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X715 F3Ete) AMEEE AR YGE 5 AAFEA I8 A YGED W
oAl A A FEA F-180] R B EFvkAd HFEAS
2-amino-5~fluorobenzoic acidZ #E 5@HAE AH L F&€2 FAsHT F-18
o] #X¥ ERvlad FEAE FATF 2N PETH SPECT 949 vlm Q79
olgd £ 9\10“1 F-18% EFviAId R A9 AL7] & R AFFozH
ANEe ] e ATNE o]8F 4 Utk PETH o8 447 d7E ¥ o8
298 A7 £8A9) FES o] 9P IAE LASS AFHEN & 3n
g AT Fo YPAT AFINAE VA4S %%61111—“' 439 At A=
of me £4A9 AFH £E % WHE 7 T F WA AFh 2 YolE A
2R Ao B §% Aol WAY AP %@_ou B W3E BASE
U= f3A4 o188 ¢ Ao
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Synthesis and Structure of
NasFes( ¢ 1- 7 '~OCH2CH20CH3)6( 2 2— 7 '~OCH2CH;,
OCH3)12( £6-0)

Hee K. Chael

Abstract : A new iron cluster alkoxide complex NagFes( 1~ # '~OCH;CHyOCH)s( 2 -
7 '-OCH;CH20CHa)15{ 16-0) was isolated from the reaction of iron (III) chloride and
sodium 2-methoxyethoxide in tetrahydofuran. The solid state structure of the new
complex was determined by X-ray crystallography. Crystallographic data for NajFes
(#£1- 7 '-OCH;CHz0CH3)e( p12- 7 '~OCH:CH20CHg) 12 p16-0) are : triclinic P1, a

12962(2)A, b = 13906()A, ¢ = 141983)A, @ = 11834(2° £ = 9265(2°, 7 =
112.77(2)°, and V = 1991.6(NA% Z = 2, R = 0.031. The crystal structure discloses that
the central oxygen atom is surrounded by six iron atoms, and the sodium atom is

octahedrally coordinated by the oxygen atoms of 2-methoxyethoxide ligands.

Introduction

Recent interest in polynuclear complexes of iron has been attracted by
different fields, ranging from their occurrence in biology, for examples, ferritin
and photosystem II (1), to their physical properties dependent upon grain size
in materials, for examples, a variety of iron oxides (2). Especially, iron cluster
complexes with nanometer-size show novel electronic, optical, magnetic, and
chemical properties compared to their bulk materials. Iron oxides are
technologically useful as pigments and semiconductors as well as magnetic
materials. The stability and semiconductor properties of @-Fe:Os allow it to be
used as a photocatalyst, while the magnetic properties of y-Fe:0O3 make it a
common active component of high-density recording media. Many efforts have
been made to set up new appropriate synthetic methods. Among them, sol-gel
method has been found to be effective for dispersing small metal and oxide
particles in nonmetallic matrics. Until now, commercial precursors such as
iron(ITI) nitrate, iron(Ill) ethoxide and iron(Ilf) isopropoxide have been used with
alcoholic aqueous media to prepare iron oxides or iron clusters by the sol-gel

1 Department of Chemistry, Hankuk University of Foreign Studies
This paper was supported by the research fund of Hankuk University of Foreign Studies, 1999.
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process (3).

Prior to this study, a few studies on the synthesis of iron alkoxide
complexes have been reported, which are based on the iron halides with sodium
alkoxides (4). However, little information was available regarding the
characterization of the alkoxides including their molecular structures because
iron(III) alkoxide complexes are paramagnetic and then their spectroscopic
characterizations are limited. Here, I demonstrate the preparation and molecular
structure of a stable iron(IIl) alkoxide precursor for the fabrication of iron oxide
films.

Experimental

General Procedures. All experiments were performed in a dry argon
atmosphere using standard Schlenk techniques. Tetrahydrofuran, benzene and
hexane were distilled under an atmosphere of nitrogen from sodium
benzophenone ketyl. 2-methoxyethanol was purchased from Aldrich Chemicals
and used without further purification. Sodium 2-methoxyethoxide was prepared
by the reaction between sodium chunks and 2-methoxyethanol in hexane.

Synthesis of Iron Alkoxide. Anhydrous iron chloride, FeClz (2.000g, 12.3
mmole) was dissolved in tetrahydrofuran (20 mL), and sodium
2-methoxyethoxide solution (20 ml) was added to the brown solution. The
resulting dark brown mixture was stirred at room temperature for 1 h. The
solvent was removed under vacuum to give dark brown solids, which were
extracted with ether. Dark brown solids were obtained after removing in vacuo
and crystallized from benzene/hexane to give gray-green crystals of NasFes( u
1= 7 '~OCH2CHoOCH3)s( 1 2~ 7 '~OCH:CHOCHa)12( £6-0) in 40% yield based on
iron.

Crystallographic studies. Preliminary examination and data collection
were performed with MoKa radiation (A=07107) on an MXC3
diffractometer(MAC Science). The unit cell parameters and the orientation
matrix for data collection were obtained from the least-squares refinement of
the setting angles of 32 reflections in the range 20° < 2 6(MoK a) <28°.
Intensity data were collected with the @-2 6§ scan technique and the scan rate

was 6.0%min (in @ axis). One standard reflection monitored every 100
reflections showed no significant change during the data collections. The initial
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positions for all non-hydrogen atoms were obtained by using direct methods of
the SHELXS-86 program(5). The structure was refined with the use of the
SHELXI1.~97 program(6). Positional and thermal parameters for non-hydrogen
atoms were refined using a full-matrix least-squares refinement procedure.
Atomic positions of hydrogen atoms were generated with riding model
technique of SHELXI.-97. The final cycle of refinement performed on Fo’ with
8040 unique reflections afforded residuals wR2 = 0.0904 and the conventional R
index based on the reflections having Fo.? > 2 o(F.® is 0.0331.

In this compound, no unusual trends were found in the goodness of fit as a
function of Fo, sin §/A , and Miller indices. None of the structures shows

additional potential symmetry, as tested by the MISSYM(7) algorithm in the
PLATON(8) suite of program.

Results and Discussion

Addition of NaOCH:CH:OCHs to FeCls yields NaFes(z1- 7"
~OCH2CH20CHs)e( 4 2~ 7 '~OCH2CH20CH3)12 116-0), serendipitively. At first, I
have made attempts to prepare Fe(OCH:CH2OCHs)z rather than NayFeg( z1-7
- OCH:CHOCHa)s( 1 2 7 '~“OCH2CH20CHa)12( 12 6-O) by this method. The method
employing the reaction of metal halides with sodium alkoxides has been well
known for the preparation of pure metal alkoxide complexes (9). This method
has been used successfully for the synthesis of the alkoxide derivatives of
metals including antimony, arsenic, bismuth, chromium, erbium, gadolinium,
gallium, germanium, indium, iron, nickel, samarium, selenium, silicon, tellurium,
tin, titanium, thorium, tungsten, uranium, ytterbium and yttrium, by the
reactions of their metal chlorides with sodium alkoxides in the presence of a
alcohol and a hydrocarbon solvent such as benzene:

MClk + x NaOR — MI(OR)x + x NaCl (1)

Although this method was useful for the pure metal alkoxide, it sometimes
vielded a unpredictable products such as NazFes(O)(OCHs)is-6CH3sOH in the
methanol solution (10). The methoxy iron complex is very unstable due to the
solvated methanol that is octahedrally coordinated to Na' ion. Earlier attempts
to synthesize pure iron triethoxide by the reaction of the trichloride with
sodium ethoxide were not successful due to the similar solvation problem.
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Crystal data and crystallographic details of crystalline NasFes(g1-7'
~OCHCH20CHa)6( 22— 7 '~-OCH2CH20CHa)12( 1 6-O) are described in Table 1.
The triclinic cell parameters and calculated volume are: a = 12962(2)A, b =
13.905(A, ¢ = 14.1981)A, o = 11834(2)°, 6 = 9265(2)°, 7 = 112.77(2)°, and V
= 1991.6(7A%, X-ray structural analysis revealed the presence of a neutral
complex in which six Fe(sui-7'-OCH:CH,OCHs)( 12~ 7 '~-OCH,CH,OCHs)2 are
bound to a central oxide oxygen atom (x6-O”) and the iron atoms are
connected to each other by 12 bridging u2-7 L_OCH:CH:OCH3 ligands (see
Figure 1). Each of the two Na' ions is coordinated to three oxygen atoms
(OCH2CH20OCH3) and three oxygen atoms (OCH:CH:OCHs) of bridging
2-methoxyethoxide ligands between the iron ions, respectively (see Figure 2).
In this structure, each sodium cation is snuggly located in the oxygen cavity.
This feature illustrates why this compound is relatively stable in the air
compared with NagFes(O)(OCH3s)ig. 6CH3OH, which therefore is not a good
precursor for polynuclear iron clusters or iron oxides. Thus, this
2-methoxyethoxide iron complex is a good sol-gel candidate for iron materials.
All of the 24 2-methoxyethoxides are located on the periphery of the molecule,
generating a hydrophobic surface and making the compound soluble in nonpolar
solvents. A distorted octaheral coordination sphere of the Fe(lll) ions is
completed by six terminal 2-methoxyethoxide ligands (see Figure 3). The
FesOw’” cores in NaFes(O)(OCHs)is or NagFes(O)(OCH2CH2CHs)is is basically
same, but the latter is more robust to utilize for the substitution reaction. Now
the study of precursor chemistry from the molecule for magnetic materials is
under way.

Acknowledgment. I am grateful to Prof. Hoseop Yun of Ajou University for
analysis of X-ray crystal structure.
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Figure 1. ORTEP drawing of with vibrational ellipsoides at the 50% probability
level.
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Table 1. Crystal Data and Structure Refinement for NazFegO37CsaH126

Formula mass, amu
Space group
a, A

b, A

c, A

a,deg.

A deg.
7,deg.

Vv, A3

/

TK

Radiation

. . ' -1
Linear absorption coefficient, cm

Density, calc. g/cm®
Crystal size, mm®
Scan type

Scan speed, deg.min~1
Scan range, deg.

26 limits deg.

Data collected
No. of unique data with Fo2 > 0

No. of unique data with F¢® > 20( F¢? )

wR2( F2 > 0)

Rl (on F, for F¢¢ > 20( Fo? )
Goodness of fit on F*

Minimum and Maximum

residual e density (e /A®)

1748.62
P1
12.962(2)
13.905(4)
14.198(3)

118.34(2)

92.65(2)

112.77(2)
1991.6(7)

2

180(1)

graphite monochromated MoK a
( A =07107)
11.59

1458 ~
0.45x0.5%0.45
w—26

6.0 inw

09+ 035 tand
3.0°<260<55.0°
*h -k, tl
8040

7406

0.0904

0.0331
1.052
max. = 0.878

min. = -0.805
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Figure 2. ORTEP drawing of with vibrational ellipsoides at the 50% probability
level.

Figure 3. Skeleton structure of FesOiw’ of NasFes( s 1- 7 '~ OCH,CFHOCHs)6( £ 2
- 7'-0C HCHOCH3)12( £6-0) complex with numbering scheme.
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AEVANE AGE v B 52
AN FFe) Bolo 54

8 9 AE HUEY AYE 9T protease At FHRE BRI Y3 NTAHY gF
AEQ AL AEE dug AF /MF FF dAFdM FFE 24P 23 3% salt
of WAd€ 7kA 309 #FE Besgth olF FFE AAste F¢ U4z wAo &
UL, ZE TF7) 2% salt A B ol]g) 4%9) saltd= WL B0 233, o
HE TFE salt7h F7MEA $e FAAE AFE RJT BEE 309 T
protease A& JWlol AY & 7.Hunits/mlE UEIon EE FAxdA B
T FFEDE RGN BEE T35 protease BA o] =5kt o]E protease A S
Z JWL, JW7, JW39 5& dASE o2) dadoNe A EARAS WAy 2
3, JW39 5 o8 7HA) & AL A protease A0 EA SABPLo, JWI,
JW7 23€ 244 ¥ 8498 By 49 714 & gaYdye 3353 2% g%
T B4 Bk 28v A FFE EREIY WGP AR, 99 X ga99 2
2949 protease BHo) ¥ FAEE FETh walA, o]E FFI} AEWNE
AHE FFEA 8 i Jig, o4HY wel glm, o A §7EIME
protease ¥Ado] Erhe HoAN 58 FFeL ALEHL)

X &

AF HIE M T AESH e S4EL Hule AIRE HEN ATE
Foh(Willlam 5, 1997). AFH71E A AojX AAHo2 wHPES o] &3A
+HE 28719 F& ZA 4 F A9, PG LD HYs= BAHY
B3 8 Wol €Y F AL B oY, ABEY SdME EE&HSE Y
4 A H(VanderGheynst 5, 1996).

Proteasex A@ANAM FF, A&, FJAE 5 9 EAdts ELEHN I9H
AN FREZe AX &4 AR 60%E A3t A} Proteased] ©]8-L 2]E 7}
F, 99A Y 5o OdFEA A3, detergents}t HE A EHIEY HEH
AN Fa% AAZE d] AHEEHIT Ith(Rao F, 1998). AFH7IES AHE
7] 913 protease AATFE 4 £ U S4HNEY EAA AL, DA

1 gl dtn Adoe o AEe
B EEe TIFNNT 89T HUREATH Lo 0P A7AHY
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53 2& 9AAE ¢ HdEAFOA B4 #XFH, OF dEY 8+ X
gso] e SAHZIEAN 7Y AF E proteased] Aol EA) ol 3,
573 3% FA ZAAAM AFA7ES AGsn JqoBE FF 2o HFH flo|
FL AL Yool 3tk £ g FF9 EA®Y olyg} amylase, pectinase,

cellulase, lipases 9 EAE TFsHA AAEAY, F& o9t 22 542F A3
2 759 T3 YA E ABA proteaseE Aok o)
meta E dFdME AF A7 4F 74 AEE F proteing A&FOE
BT &+ A=E proteases: AiEE VAEES EIEA ZZe A 2 EF
A el &8 dolr T} e

Ag R P

1L Alg AF @ 459 &4

ANage 37z §4d &A%t =, 449 59 ESF S4E 2871E v £
AlFd A FEHL e 4F A2 Fd= FEI A9 AZd 38 2 F4E
Vg 3% A AstE HxRA e AES F3EA 4T RASEA AF H
1% W9 proteing #3)3t7] $§ protease A4 TFE FEIY, @4 F AL
do 2 skim milkE AMHE3t] E3ATHA 5, 1996 ©] &, 1996).

ik 84 53
1) Protease &4 =3

Proteased] A4t 9718 @AY Yajde € TFES LB #Ad HEd
& rotary - shaker(30C, 250rpm)e| Al 15A)17F F<t A& #)Fe seed HS NS
CY 9A iAo AgFo] 1%(v/v)7F HEE HESS 30CAA 2475 vk
3 & A4 B10000xg, Smin)d F5HAE BA Rz AR TH oS, 1996).

Protease®] ¥A& &A3%7] Y= &A49 0.3mle 0.1M Sodium phosphate
buffer(pH 7.0)9] casein®] 05%= A &8|A12 712 &9 12mls EH3to 30T
A 1583 ¥8-A1Z) F, 10% Trichloroacetic acid(TCA)&< 0.6mlg #H7lsted wl
& FAAIIL, 4T 208 HXE thE 10,000X gl A 5E7F 94 #2314
HDecedues, 1979). A5 Y 05mlel] 75% NaxCOs; 1.5ml, Folin reagent 1mlg @
3, 30T 3087 EM¥kg Azl F, 660nmeld FREE =P84,
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Protease 1 unit¥ 1837t tyrosine 1umold] &3l product® A3l &4 %

o8 AAh
2) Amylase, Cellulase, Pectinase &4 &3

8 559 amylase, cellulase, pectinased] A4t 9718 A3 H3A,
starch, CM-cellulose, pectin®] #7}€ LB ®lx] % YB(Yeast Extract 0.5g/L,
Beef Extract 0b5g/L, KH:POs 0.3g/L, NazHPOs 2.1g/L, MgSOs+ 7TH0O 0.5g/L,
CaCly - 2H:0 0.05g/L, (NH4)2SO4 2.0g/L) ¥iA|E Z4z} A4F 971 24 w2 A}
4315 th Protease 84 A e WMoz AEAdE fhqoz ALEEHH

Amylase, Cellulase, Pectinase ¥4 DNS methodE ©]§3ld &3 Aot
(Miller %, 1959; Lin %, 1998). Amylase, Cellulase, Pectinase lunite 1% %<
glucose 1xmold] 483t product® AASE T4 oz g

3. Protease A% =4

T

o8 58 CY WAl A28t rotary - shaker(30°C, 200rpm)ell A 15A] 7k
¢ WG g wSdES CY AA wiXd 349 g@4YE 1%7F HA HukE
iRe]  AFFo] 1%(v/vI7t HEE HAFIA. ol @AYSZE  sucrose,
glucose, starch, maltoseE AMEEF o™, HAYO2E beef extract, casitone,
tryptone, peptoneg AME3le] 30TCeAM 18AFL e Wi F, A4 RaF
AEdE GaAhdog AMEEe] o AL ZABIAT

P

¢

4. EF Gl 54848 A4
1) £ %ol A 9] protease B 971 AA

AL HIE AYe sty TF7) obd A4 8o F& o8 FFe 93
18] BaEe RAHoRE, g8 FF7F FEI}AEA UE TdFA Y3t 477
A 44 A7 flojob Bt waEta B2 protease A HFES Ei}?ﬂ'ﬁ
& 9, protease A4 FFE A &L 9rld vXe 4
2" #FEE protease A=Y o} Group A, B, C, E, F& -E—Tr%}ﬁc}.
Group Adl+= A JWHFE, Group B(JWI, 2, 5, 6, 11, 14, 20, 23, 31, 32, 33,
34), Group C(JW7, 8, 24, 25, 26, 27, 16, 17, 37, 38), Group D(1, 2, 5, 6, 7, 8, 11,
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14, 20, 23, 24, 25, 26, 27), Group E(31, 32, 34, 37, 38, 16, 17& AAT F, &4z
9] #FEE CY wiAol HF3t 15A2HF< rotary - shaker(30°C, 200rpm)oll A
A% wFste] seedZ A& AT 4 GroupHel &b TF WFAY TA T
7b09~10 A= HA0E W, 42 T MR EFY seed MFAE CY o
A WA AFEFe] 1%(v/v)7t HEE ZHESS 30T A 242 2HEr e g
Z, 94 223 A5dg 5ader 284S AN

2) &3t F o)A 9 proteased] A4

288 #FEFH o8 71x] @A Y(sucrose, glucose, starch, maltose)d &4
QA(beef extract, casitone, tryptone, peptone)2.Z X ¥] protease A4+ G7+E ZAE}
7] J8ked, CY ¥R o HE38] rotary - shaker(30C, 200rpm)ol A 15417 E<t
e wde widdS CY gA uiA e Zzre] gAY (sucrose, glucose, starch,
maltose)¥} A4 (beef extract, casitone, tryptone, peptone)S 1%E 718 H) A
of AFFo] 1%(v/v)7F HEE HESAcE 28)n 30CTHA 184 7HE< A= H)
S F, d4 FET AFAS SAGoF ALE3te O B4 AT

a3 2 nF

1. Protein ¥3] @9 ¥

o

Proteing &3jste o3& £837] A3 48 /1A AgH4 F4E FEI X
Ao FAE J1F FRY HEeY ArE dule EYOZRE NaClo] 3%7F #7)
® skim milk ZA] W RS A}&38tS protease A FFE AUt 2 AF skim
milk 3A] v}A] FelA clear zoneE AT FFE ALERY 9AF, FYx o
el FROZHE 36ITFE Lol, 44 JW1-39, GW1-368t2 HBeAt AF
H21ES HIHE A% dFE 4 g F A3 dAEA g3, g8 dis
gdol EAEIH, AEFNHZIE A B FAAM TF FIEY AFY AUt glm,
@l g o] ®BaFo] 5% dFE Adsof gtk welx WA, o]lE F AA Wik
ZF 4HE LGASHA FoWA, 4% gF T UWEAE AYEeE T#FE ¥
3 ATHTable 1). TFE AEH FAENT ITFY HFy 5& & Q& A3}
T AEEREH FHIHAJLEE gEE 4% o4 FEFZAME WEAol A4
35t
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2. Protease A4} a9 54

AE H7IE AYe U 79 298 Ede HAFolmzE g En
g BNy, = #FERE A4E 5249 &40 5& #FE ddde R &
gt FHol EF:ASt wekA AFHEY FA ARLE Fdo @Bol EAUE
pectin, aFe FAAEEL cellulose, T4 o] FAELZE starch, A SF FAES
skim milk =¥ casein®} 718} cil®] 5712 JoHo g HAAse ZF AR )}
o proteased] #3Fo] EAET NTFFERE AME THE FHY g@ade g

B3 %8S pectin, cellulose, starch, casein®] F7Fg wjxjoA] &2 319}
1) Protease &4

®H FFE caseino] H7ME CY WA oA 18A1Z7HEQ wjdste &4 A4S
= Atk 2 23, RAZA BT T JWI, JWT7 JW25sTF7F 7.35, 3.32,
421 units/mlE Th& FFo)] M) ¥L protease FAS YEFATHTable 2). 18
I ZAhAxdA 8 dFE FAMS GW2, GW8e] ZZt 223, 2.04 units/ml¥]
protease@ & VeI AL, GWEFE diF-Eo] 4 Ao vls] & 74 5
=5 vegdien, 288 #FE FoX HAR GWEFEOE JWEF7t o &
gol & AL FAHUY. JWTEFEL protein®] FFHE A7} Ae-A T A
Zol A Eel= A7) W, protease@/do] A JEIG RAOZE AR HT

ol A

ﬂ.',_“i

bt

2) Pectinase, cellulase, amylolytic &4

o AALF FYFEe EEE XA B starch, cellulose, pectin®] o 3
g Gotiy] H3tde, £ 2575 449 d4do] fUF ghdez
7t wi R BAE ARSI tHTable 3). 2 A3, JW 7 59 109F7}
pecting ©]-&3le] TA TZl 1.00]0 0.2 Aegen, o W HF gA ¥
EE JW38 #F7F 5002 AY ¥ Ao g veygd. E o] wle] pectinase &
32 JW24(0.43 units/mD$} JW26F(0.15 units/mD)7}F o8 @9 0z =2 &
A& JElIth StrachE o) &3le] AAstE FFAME T4 F=7F 18 - 54
2, amylolytic 84L& 001 - 033 units/mlE ThstA veygt, aFodie
Amylolytic activity= R@elA Eelg JW25, ZA=dA g GW26dF7F 2
Zt 026, 0.33 units/mlE 7}F gtk Cellulose 2873 £ A9 19957}
CM-cellulosee] thg £3)%5c] 2AA F1 A= A Z3te RE& FUFIA

N
v
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Aot znAg

AEANE A& TFe AF $59 54 Aol "Hojyol slua Eg
F 3t 2 pectins, cellulose, starchE ®33}7)0le %A g3 oy
FE ol AMgslEEN Bo 340z AYY £ Jeddn Algdc w
A BA® FFFAA (Table 3), JW1d JW7#F e A% protease A& ot
3o vla} Erow, starch, pectin, cellulose® AL t)FE gt vy
JW24, TW25d 39 74 pectin®} starch®] 5L ©E protease AL TF9
Hla) EA4 Jehde 2942 Bk gEtA AEFHES HE3r] AsMe 4 A
B o2 743 pectin, cellulose, starchE H3%50] & 7FE Wz Eslo A}
3= Ao BVt goha AlsdEnh

RO VY

Protease A4t TF T protease@H OHE ©2e) 3 Ee5o) w3, #F
o] Aol wE JW1, JW7, JW399) 3737t 0 FF 5o vle] Addes AF

H7E MYE TFE © FE A2 $EFSoh
3. Protease A4 =4

£ ety & gF
o} v18] protease Aol %= JWI, JW7, JW3HFE o s o7 714 &4ad
o] EAAE W protease BAE ZAI3Y] Y314, caseine] 1%7F H7E o]
= CY®lA|] sucrose, glucose, starch, maltoseE 1%E 22zt #H7}8le protease
BAE ZAEIY Hdoh O Ad JWIFFEe glucose$t maltose?t EA)8193-2 1)
protease ¥Ade] %, JW7TFE maltosedE ALYl e gdafld 2T
protease@ A o] FAtH(Table 4). 281} JW399) A$-ol= sucrosed A 93 82
Aol A protease Aol E3T. EEE oF F JWI, JW7, JW39HFE thdos
B4 e o g oy 7R Ahdo] EAAE WY protease S =
Alsle) Bsich 2 A3 W1 JW7EFEes U8 Ahde] 29 protease AAko)
Yo IR, JW3EFE dFEEY Fade]l EASEE WE protease
2ol FAEE FAAH(Table 4).

o]2) & HI}= Liao(1998)% 3 o] proteased] AJAke] gokE o g 22 protein
3 gade o ot tdEA veve AF A QK Chang F, 1992 Liao
%, 1998; Na &, 1995). €88 #FE°| @24d¢ ml A% 2 protease At
o] A3 W& FANAT E, Pseudomonas sp.8 A-ole o8 712 Ao
A o8 protease AAHE WEMITIL BRI FAMS AHEA B # e A
de] w2} proteased] Aol ThEA YEPEE AT F AATHe] T, 1996
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B

Janssen &, 1994). @A § ZFE2 A EFHIES EIrIEYe o8 guz
B3 FFE o)&3d Bt A3FY Ao wodd

4 &% FFAN BMd 2o A%

AEH7E AEE PAE AAQde 2 Ag AR sty FHulo] &A=
Aol oflg, Qe TFv} SABRE FF B A &L PR YA
v, A3zt 844 Ao a7 EAstdetr dH(Flambard 5, 1997). what
A e dFE EFdA wdEEA 2 47 dud EiEse ARG
2 4% AZERE Y8 ¢FES £ ZAs AAFH protease Ao v
olRE Ag A AHTable 5). 53] group A9 3%} group B, C, DY A%
of protease A9 Z4AE BYT} Group EE TE groupd HIsiAe & &4
€ YR AA e HAAQ protease AL A AT oA #F A3 o
FEY AAH AF A Fo e FHY W) ) 'A B4 FF
Aol A w& Ao gy FEHAd

wekA protease A TFE EF HojA NI Aee 21 54840 Rol@d &
& F AU wEtA AR FFE A EF WGstuz, dFF 2yd o
8 7}A @F 5 BEAQA0 & FFQ JWL JWT, JW24, JW25, JW39 F5E
oA wigstgnt. 2 A, 1 Aol ZFe wiEl g gsA ey oy &
9 EFuSFE Kim $(1998)o) A cellulase E3|FFAA e 7o) th¥g enzyme
23 g AA 228 WY 5 doe A TS FA ¢ AU
% Chrost 5(1990)e] 98t A FA WolAMe &4 4L AAFHQ a9
A4 Z exo type?} endo typed] Eid wat 2 A9 o)yt &Adittn BT
a3 ok

SHEE VAR 93 A3yl 9% HAE AAE ALEEE F 353
o &3 A3 I Aol A ©A v AT ol ok wEA EEE T
Z A9 AHPE A FuW JWI1, JWT7, JWHOTFE o g oy 7R
A7 AA9E o839 2 JES AVETY. o AF EE gie A2
protease BAc] A E Holx ¥ttt & WIS AA2A casein} tryptone
l, W72 beef extract 5o EAE wj ZAo] ol o} JW30e} o] wj kg
AR B4L JW30T v IS W ET} protease@ o] EoHATH E @49
A% JW1, JW7, JW397} glucose, sucrose, starch SolA 1 &Ado] rolx

B

[

o {o o 2= g ¥
it

AR, 3gF7E BF EAT de 2 40 ANE A ¢tk o5 EF
o] Ad FolZ g4 YH AL A protease A THE FATE FIE 5 A



70 48 g zA

Ak meEty  AFHIE EFHO e & F71EH AEgle] proteaseE A
Ate Aoz Hol, Q8 AEe 49 J'e FHENA proteing AT F Ue
EraFoa Atgdo
a8eg, AFH7E A& protease A FF Y HAHE AdMe ¢4 |

oty el Lol Hojol 3w, EAo] £, iAol XFH 2E) i3] &3}
A7 golok st mEtA £83 #5< JWI1, JW7, JW39EF£ LS protease
498 AU, 4%l M= WdHo] ST £ A2 dF57 ddde
dE Fazte] AFF Aol M E HolA ¥oEE ol #FI HoAW AHE
7t AFH7E MEg gFetal AFE T

=
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Table 1. Biological characteristic of isolated strains on CY media®

pH & Growth® in salt concentration

strain 0% 2% 4%
pH Growth pH Growth pH Growth

JW1 8.22 3.37 6.82 3.79 7.92 37
JW7 8.60 4.11 6.62 0.60 817 292
Jwa4 7.88 1.02 8.14 2.34 837 247
JW25 816 342 8.42 2.56 853 274
Jw26 6.86 0.64 6.82 0.62 8.01 3.34
JW39 825 489 8.19 474 7.85 347
GW2 7.32 348 851 6.23 8.08 5.25
GW8 824 6.50 875 9.58 8.20 7.59
GW36 7.92 2.90 8.07 2.73 7.58 2.18

a. Cells were grown at 30°C for 24 hours in a 500ml Erlenmeyer flask containing 100ml
LB medium supplemented with 0, 2, 4% NaCl.
b. pH & Growth : final pH & ODes

Table 2. Growth and protease production of isolated strains®

Growth & pH

Protease
Strain Not added Casein Added Casein Activity

(units/ml)

pH Growth pH Growth

Jw1 7.02 0.39 7.04 244 7.35
Jwe 7.05 0.49 7.05 1.89 0.49
Jw7 7.02 0.47 7.29 1.48 3.32
Jw24 712 0.49 7.54 181 1.04
JW25 7.09 0.52 763 2.90 4.26
JW26 7.11 0.40 7.22 2.02 0.60
Jw3g 7.21 042 772 1.68 0.59
Jw39 7.21 0.45 712 3.86 4.36
GW2 714 0.43 7.50 1.66 2.23
GW8 7.05 0.76 7.04 3.06 2.04
GW36 7.00 0.42 7.04 1.81 0.18

a. Cells were grown at 30C for 21 hours in a 100ml Erlenmeyer flask containing

20ml of YB medium supplemented with 1% casein as a carbon source.
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Table 3. Substrate utilization and extracellular enzyme activities of
isolated strains

Utilization of C-source

starch casein pectin CM-cellulose

Strain
cell amylolytic cell protease cell pectinase cell cellulolytic

conc.? activity(U) conc. activity(U) conc. activity(U) conc. activity(U)
Jwi 2.78 0.02 2.44 7.35 1.16 0.01 061 0.00
Jweé 455 0.05 1.89 0.49 0.78 0.01 0.46 0.00
JW7 3.50 0.06 1.48 332 1.12 018 - 038 0.01
Jwa4 3.81 0.01 1.81 1.04 1.84 0.15 0.71 0.00

Jw25 3.48 0.26 2.90 4.26 0.50 0.01 b -
Jwze 3.37 0.02 2.02 0.60 - - 0.95 0.00
JW39 - - 3.86 4.36 - - - -
GW2 - - 1.66 223 - - - -

GWS8 1.84 0.03 3.06 204 0.69 0.00 0.15 0.00
GW36 5.49 0.33 1.81 0.18 0.85 0.05 0.44 0.00

a. cell conc. : OD660nm b. - : not grown on selective agar medium

Table 4. Effects of carbon sources on the growth and protease
production in the isolated strains for protease production®.

Protease

Strains pH Growth activity

(ODa) {units/ml)
Group® A 8.63 4.03 042
Group B 858 4.16 0.01
Group C 554 420 0.07
Group D 3.64 4.04 0.03
Group E 856 3.96 | 131
JW1 + JW 7 7.11 4.80 5.76
JW1 + JW24+ JW25 711 415 2.03
JwW1 + JW 7+ JW39 8.14 3.40 711

a Cells were grown at 30°C for 18 hours in 500ml-Erlenmeyer flask containing 100ml CY medium
supplemented with 1% of each carbon source.
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Table 5. Effect of mixed culture on growth and protease

production®,

strains C, N-source ?Or%‘g})l pH I;rc(;it\??ti?
{(units/ml)

casein 2.02 8,51 4.34

source 4,06 8.88 8.60

JW1 glucose 295 8.90 479

+ starch 3.04 8.04 717

JW7 maltose 4.23 8.04 7.66

+ beef ext. 3.84 8.67 4.16

JW39 casitone 2.49 7.90 10.79

tryptone 4.03 817 6.67

peptone 5.29 8.76 430

a Cells were grown at 30°C for 18 hours in 500ml-Erlenmeyer flask containing 100ml CY medium.

Table 6. Effects of carbon & nitrogen sources on the growth and

protease production in mixed culture®.

JW1 Jw17 JW39
C-source
& Protease Protease Protease
N-source pH Growth activity pH Growth activity pH Growth activity

(units/ml) (units/mt) (units/ml)
casein 755 1.95 356 7.38 1.66 1.31 8.35 2.22 4.60

sucrose 446 115 1.1 454 1.63 0.00 652 438 0.23
glucose 422 137 0.00 428 125 1.16 6.65 263 5.16
strach 718 467 3.09 717  4.07 0.61 833 480 0.54
maltose 453 1.64 0.00 557 212 3.74 6.30  2.02 6.52
beef ext. 739 131 2.14 880 1.73 1.16 833 344 450
casitone 888 038l 0.92 8.81 1.10 113 813 271 9.86
tryptone 888 1.11 1.37 784 138 2.54 868  4.00 2.28
peptone 837 1.72 0.83 8.08 210 112 866 343 3.81

a Cells were grown at 30C for 18 hours in 500ml-Erlenmeyer flask containing 100ml CY medium

supplemented with 1% of each carbon & nitrogen source.
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Isolation and Characterization of
Protease—producing Bacteria for the Treatment of Food
Waste

Yochan Joung, Joungmi An and Kiseong Joh

Microorganisms producing proteases for the treatment of the Korean food
waste were isolated from various salted-fishes, representative foods preserved
with salt, waste water of a food-processing factory in Gangwon area. 30
microorganisms were selected for having the resistance of the 3%
salt-concentration. Most of all were cultured without making odors, and had
resistances at the salt-concentration of both 2% and 4%. In addition, they also
grew at the 0% salt concentration. JW1 of 30 isolated strains had the highest
protease activity, 7.35 units/ml, the protease activities of the strains from
salted-fishes were higher than from Gangwon area. Mixed strains( JW1, JW7,
JW39) of selected protease—producing bacteria examined growth and enzyme
activity as various N-source. As a result, JW39 maintained the high protease
activity on the various N-sources, but JWI1, JW7 represented individually
several activities. On the various C-sources, all of 3 strains represented several
activities. Nevertheless, at the result of mixed-culturing of 3 strains, it was
confirmed that the protease activities maintained highly on the various
C-sources and N-sources. Consequently, 3 strains are superior for the
treatment of food waste, according to the salt-resistances, no production of

odor, and the higher activities on the diverse organic materials.
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Relative—Error Prediction : Nadaraya-Watson

and Local Linear Regression Approaches
Heungsun Park and Key-il Shinl

Abstract : Relative-Error Prediction is the prediction method that minimizes the
error percentage relative to the observed value, while the ordinary prediction method
minimizes the prediction error itself. In this article, we introduce a local linear
smoother and Nadaraya-Watson type kernel smoothers on relative-error prediction.
The presented methods are applied to a simulated data.

1. Introduction

The purpose of prediction is to estimate a response value with the smallest
risk when the predictor value (or independent variable) is known by means of
the relationship between these two variables. Suppose Y is a response
variable and Y is a function of predictor variable X alone. In ordinary
predictions, we estimate the conditional mean of a response given predictor
value, E(Y |X), because it minimizes the expected squared loss,
E((Y— 9)%X) which is Mean Squared Error.

However, if the ratio of prediction error to the response level, (Y — /Y ,
is of our prime interest, the expected squared relative loss,
E{((Y— )/ V?4X}, which is Mean Squared Relative Error, is to be
minimized. Relative-error is considered in many disciplines (Khoshgoftaar et

al. 1992; Farum 1990; Narula and Wellington 1977). Park and Stefanski (1998)
showed that we need to estimate

B 1 X
E(—Il,—le) (1)

1 Department of Statistics, Hankuk University of Foreign Studies
This paper was supported by the research fund of Hankuk University of Foreign Studies, 1998
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rather than E(Y|X) to minimize MSRE, and this Mean Squared Relative Error
Predictor (MSREP) is always smaller than the Mean Squared Error Predictor
(MSEP), E(Y|X) because

Cov( Y, —Ilglx) =E( Y%IX)—E( YlX)E(—}l,g— |X)<0 @)
when Y is positive. As we model

E(_lY | X= xl _ n(®

Bz 1x=4) 72()

= g(x) (3)

where 7,(x) , 7(x), and g(x) are smooth function to be estimated. The

parametric approaches for (3) are restricted to the mean and the variance
function of the inverse response, and we are going to introduce nonparametric
kernel

smoothers to estimate (3).
2. One bandwidth Nadaraya-Watson smoother

Suppose we are given observations of independent identically distributed
random variables {(X;, Y;)}i=;, where X;€R and Y,€R. The Eq. (3) is

written as

[ difn)  [SAxnDy
[ e vavisy [ femay 1)
y y

glx)= (4)

We could estimate the joint density Ax,y) using the multiplicative kernel (Ha
rdle, 1991) such as

/}hn,hz (x, y) =n -1 Z:lKhl(x——X,-)Khz(y— Y,'). (5)
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And, for a gaussian kernel, we use

Ll ty_1_1 _1l.t

where % is a smoothing parameter which regulates the degree of smoothness
for kernel smoothers called as bandwidth. The function 7;(x) is estimated
by '

f_}) ?hl.hz(x,y)dy = "ln“ glKhl(x"Xi)f%Khz(Y‘ Yo
_ 1 _ 11 o y=Yii,
= ZlKhl(x Xz')f y T, K( 7y )dy
= _}jl_ Z:lKhl(x—X,-)f Sh21+ " K(s)ds
= & B K= X5+ 0UR)

(7
because of a Taylor's series expansion and the unbiasedness of gaussian
kernel.

Similarly, if we use the same bandwidths %; and 7%, for estimating 3(x)
= Frn e ddy=—1 Z K (o= XD (7 + OUR)). ®)

Therefore, a Nadaraya-Watson type estimator (1964) of g(x) is

L — x)—L-
n & Khl(x X;) Yi

_71; Z]Kh‘(x“Xi)'il;%‘

g wwlx) = +O(h3), (9

and if hy goes to zero as fast as A, a feasible estimator of g(x) is
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LS K- X))
~ - X X,) )

where

Khl(x—x,)—%z—
Whlyi(x): 1 : . (11)

We call this One Bandwidth Nadaraya-Watson Smoother (NW1) in this paper.
In terms of the general nonparametric regression curve (Hdérdle, 1991), g(x) is

a weighted average of the response when the weight W, (x) depend on X,

Y, and the bandwidth 7%,. To check the consistency property for Eq.(10), we

investigate the mean squared error. The expected value of the numerator or the
denominator is obtained by

E(%(x) = E(K,(x—X) ey > B(B(K 3, (5= X) 57 -1X0)
= E(K,(x— X)E( L51%0)
= [KyG—wE(= |u)f(u)du
= thl(x-u)y,-(u)du

for j=1,2, because
B~ = [ ilfdy= [~ fu vy = 7.

That means
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2
BC%(0) = [KOratmdds = 700+ 7, (00K + ol

(12)

by Taylor's expansion of y{x+ hs) as hy—0 for j=1,2. Therefore, 7;(x)

is asymptotically unbiased estimators of y;(x). As for the variances,

Var( 7;(x)) =L Var(Kh,(x—X)'llf—,-)

{ E((K (x— X)) )= (BEC ()%

YZJ
o e ) [y A, 9dyu— (B () pwhese
E n{ [ - u))zt,-(u)f(u)du (B (9%

_l
n
1

for j=1,2,

t(2) = E(

= [~ 5 %{1 (13)

Yz’

which means

_111 fKZhl(x— ) t{w) Awydu+ O(n ")
= 711 IKZ(s) t(x— shy)Ax—sh)ds+ O(n ™) (14)

i Rt KIS+ of (nhy) ™,

Var( 7;(x)

by Taylor's expansion of #.) and A.). As a result, Eq.(12)-Eq.(14) imply

MSEC 3,(2)) =~ Rt |1Kl3

4
B (R (Y2 o) + ol ) ™) (15)
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for j=1,2. Therefore, if h—0, nh—o0,

S’j(x) —2, 7i{(x), (16)
so the Slutzky’s theorem says
F=—28 b, (17)
72 ()

as =0, nhy—oo. As a result, NW1 estimator of 2(x) in Eq.(10) is a
consistent estimator for a reasonably small bandwidth. The bandwidth selection
method is not a main issue in this article, and we used Cross Validation (CV)
criterion not only because it is simple and easy to interpret but also because it
doesn’t require any derivative estimations even though it is not optimal
criterion (Ruppert, Sheather and Wand 1995). Cross validation is defined as

CV=3Yie B (X)), (18)

where  g(y(.) is a kernel regression smoother leaving out the i-th
observation. The bandwidth minimizing CV is a widely used in bandwidth
selection (Hardle, 1991). To illustrate the performance of estimators, we

generated 300 observations which were from the gamma distribution with mean
E(V1X) =50+ 3x+ (5sin(2n(x/100)*))* and variance 10E(Y1X). Figure (1)
shows MSEP, E(V1X), and MSREP, E(Y YX)/E(Y 3X), which is
E(Y1X)—20 (Park and Stefanski, 1998). In Figure (2), the optimal bandwidth
for the one bandwidth Nadaraya-Watson estimator for MSREP (NW1-MSREP)
based on CV is Ai=1.1 while the Nadaraya-Waton estimator for MSEP
(NW-MSEP) has %=2.1 as optimal. However, as seen in Figure (3), the
NW1-MSREP curve (b) is not smoothed enough when we refer MSREP curve

on Figure (1), and it results from that the same bandwidths are used in (7)
and (8). Nevertheless, the relative residual defined as

_Yi— 9;‘
re; —-—yi (19)
shows, in Figure (4), that the NW~-MSEP has more than 10 observations with
50%-100% error (even 150% error) while the NWI-MSREP has few

observations with larger than 50% error.
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FIG.1 : MSEP and MSREP curves for a gamma distribution with the mean
E(V1X) =50+ 3x+ (5 sin(27(x/100)*))? and variance 10E( ¥1X)
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FIG.2 : Optimal bandwidths for (a) NW-MSEP : Nadaraya-Watson estimator of
MSEP and (b) NWI1-MSREP : One Bandwidth Nadaraya-Watson estimator of
MSREP
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3. Two bandwidth Nadaraya—Watson smoother

A problem with the NW1-MSREP (11) is that it depends on the same
bandwidth even though each 7;(x) has different curvature. = With different
bandwidths considered, the Nadaraya-Watson estimate of the numerator of (3)
is

P o (= [ gy

1 e 1y v v
LK G-X) [ LK Ve

L Z‘K,,l'(x—X,-)

_}’t Z:‘Khl'(x“X,-)(—ll/_i_l_ o( hzz))

L 3K, (- X)

{om—

1
- Khl’(x'—Xj) )
= === oY)

1 (x—X:
" Z1K"‘(x X3

= P (®+0(RY (20)

and the Nadaraya-Watson estimate of the denominator is

7 P (%, 9)
- _712 ZIK’“”(X_X")I—J%?K@‘(Y" Y)dy
;Khl”(x-'Xi)

& B = XX+ O hs™)

L3 K (x= X))
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—}; g‘Kh;(x—X,‘) 11,2 )
= Lo hy )

L 3K, (- X)

Pon () +0C k). (21)

If hg and h, go to zero as fast as hl' and hln respectively, the suggested

estimator is

g "'(x)=—_?1'hf(x)
Tl ;z,hl“ (%)
T s e A
= ! f 22
1 (e ¥ 1 ey
LS K, (= X)) L 3 Ky (x—X)

which we call Two Bandwidth Nadaraya-Watson Smoother for MSREP
(NW2-MSREP). With the same analogy of (12) to (14), the consistency of

g won o &(x) can be proved as hi, ki —0, nhi,nh) —oo. For the optimal
bandwidth of hll and hl", we need to minimize CV separately for the
numerator and the denominator of (22). Figure (5) implies that hl' =3.7 and

hl"=4.7 are to be used, and the estimated curve, NW2-MSREP, seems to be

acceptable as illustrated on Figure (6-a). The relative residual plot relevant to
this estimator is shown on Figure (6-b). Local linear regression smoother is a
more general case of Nadaraya-Watson estimator (Wand and Jones, 1995), and
in the next section, we introduce local linear regression smoothing method to
estimate Eq. (3).
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4. Local linear regression smoother

Local linear regression smoothing estimator is obtained by fitting the straight
line to the response value using weighted least squares where the weights are
chosen according to the height of the kernel function centered about the point.
In estimating the numerator and the denominator of (3), if the inverse

transformation, Y'=1/ Y, is taken, local linear regression smoothers for

E(Y)X) and E((Y )X) are defined as

- 1 gz(x,hj)— 51 (X;—2) 1 Xi—x, 1
](x) n l=1( gg(x, h,) §0(x, ]’lj)" §1 (x, hj)z) hj K( hj Y]l
(23)
where
A AR < I . €t A 1 ol o Xi—x
S h) = [ KCEEE), (k)= B(Xim ) K55,
A Xl_
sy (x, h,-)=~717 Z‘.}(X,-—x)z—}% K( 7, ) (24)

for 7=1,2 (Wand and Jones, 1995). We call this estimator the Local Linear
Regression Smoother for MSREP (LLR-MSREP). The consistency of ;,- (x)
to E((Y)X) could be proved by substituting Y as Y (Wand and Jones
1995). Figure (7) indicates we need to take #%;=3.9 for the numerator and
hy=4.2 for the denominator. In Figure (8), the local linear smoother performs

very well as we expected, and we have the predicted curve within almost 50%
errors except one point. Noteworthily, the suggested three candidates
(NW1-MSREP, NW2-MSREP, LLR-MSREP) produce mostly within 50%
prediction error while the mean squared error predictor (MSEP) makes over
50%6-100% for many cases. In addition, local linear regression makes the small
absolute relative residuals as well as the most similar curve as MSREP in

Figure (1), and it has consistency property without the rate assumption of hg

or hy as in (10) and (22).
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5. Conclusion

In this article, we presented the kernel regression smoothers for relative-error
prediction.  This nonparametric approach doesn’t require any restriction on
modeling of the inverse moments as we did in parametric method (Park and
Stefanski, 1998). Nadaraya-Watson type estimators and local linear regression
estimator are driven and turns out to have consistency property. As for
selecting bandwidth, the authors used Cross-Validation (CV) criterion for
simplicity and easy use. Nadaraya-Watson smoother with two bandwidths and
local linear regression smoother turn out to have good performance for the
simulated data, and local linear regression is more recommended for the
practical use because it has a general formation of Nadaraya-Watson smoother
and doesn’t require extra assumptions for the nuisance bandwidths.
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FHd 28, A9} u,E Lagrangian T2 F1

N,
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1 & 7 3 )12
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olt}. 18], FHE AY|VtFel HH

My npziimp =1/ fon ‘ 2.8)
olt}, upE}lA
J Dzi 7 ] M; M;
W Pac) = 50 2 — 225 D, 4 25 pf g SO —
(2.9)
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22 Be Y BFiE 225
N, N,
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Ql AN, VE HAFI=E n,, B Aste Rolvh. 1¥W, Lagrangian <

o o] &}ed A} LyE Lagrangian SHE ZiA
V+ Al 2cun, + 2acoufuMg + 2acy 207, My — E(CY1+ 22 11, (ny, — Z‘nlNhﬁhi)
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2 Hi= 3} E3), pps HE F&9 A$E A3
_ My
o = 91 (2.11)
olgt FA. 71N My =2 Mpolth mysh 7ol B (2100 PRI
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'L(D%u ~ 223 DDy + 23 D5 + My Sipi) 1 = /12; (cnMp+cu) (214)
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olt}, (2.14)4 o)A AL TFad (213)0) WA 5,28 T HAY u,E
2] (28), (213) 28z Q14N 2d3d FE 5 Uk o u,E o83
(213)9} (21DEXRE fu@& 7T F Ao

3. 2949

SeE e 2 2o AR Bale]  Pee ) B W Pre) & HazBE
naSt muE TG ARAE GAER AL BYE A8, Tl 2749
Fog ojRe oz A $EE N,=230,2=1,29 JFEE o|Fo
EHAGAAN 23 o]-d@ REFEHE sluz Fvh 9A HES BE kY st
C = 5 oy = 1, B4R HE oM, FAY $ dtha e
2o MyBn AREY. ANM x=n,zolth AR AVl M, =60,
i=1,2,..,30 22 INEH, yuT T 2ol ol Aot

_[ 1 164 °1de YT A
w={ ) e
83
(1 16A o129 BA
w={ e
2| (ratio)e R=Y/Xoli, h%Fe Rul(ratio)e R,=Y,/X, °lt}. gz

Yre=X ;" X FEHEST X& 164 o] AT, YE 164 o9 &
st

2 YT A7 7Hgstn RdP S Foo HHFEELTE 7O
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33 o-g BEFEA Y RE 33
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A7l g Az

164 o}3e]

164] °]¢9

2
2| wmar | A9 R D Sazn
2
@ | #Fl 32 %1 22 N . N N
(X | (X | (v [ (v | FH | FE | L s
1 24 23 17 14 -0.07 -0.11 012021 | .011106
2 23 14 18 8 -0.04 ~-0.07 012749 | .011759
3 20 15 12 9 -0.10 -0.07 011528 | .011800
4 21 15 15 11 -0.06 -0.04 012281 | 012546
5 16 17 10 13 -0.07 -0.04 012095 | .012637
6 18 16 14 14 -0.03 -0.00 012952 | 013416
7 16 16 11 13 -0.05 -0.02 012473 | .012994
8 17 2b 13 20 -0.04 -0.04 012911 | .012607
9 18 22 15 18 -0.02 -0.03 013372 | .012869
10 20 22 19 18 019 -0.03 014363 | .012869
11 18 20 16 16 -0.00 -0.03 013811 | 012775
12 22 18 19 15 -0.01 -0.02 013545 | .013090
13 21 23 19 18 005 -0.04 013946 | .012617
14 15 19 14 19 011 .035 014130 | .015836
15 24 22 23 20 027 007 014552 | .013720
16 25 16 24 14 029 -0.00 014600 | .013416
17 23 21 23 19 042 .004 015741 | .013669
18 25 23 24 22 .029 025 014600 | .014228
19 28 13 27 12 034 007 014745 | .013702
20 25 17 25 17 045 031 015626 | .015973
21 23 20 23 20 042 036 015741 | 015768
22 20 21 20 21 036 038 015915 01570
23 20 24 20 24 036 044 01591 015498
24 14 21 14 21 025 .038 01626 015700
25 20 21 20 21 036 038 01591 015700
26 23 21 23 21 042 .038 01574 015700
27 21 22 21 22 038 .040 01585 015632
28 21 21 21 21 038 .038 01585 015700
29 19 15 19 15 035 .027 01597 016110
30 11 16 11 16 020 .029 01644 016041
TOTAL| 611 579 550 512 051 .048 53950 421000
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¥ 2 2AY 9LQ000 et n T 7t M Wy V( Pre)

4]

2

10

56.148

55.3341

55.368

10

56.281

11

58.243

12

61.646

13

67.368

¥ 3. 24" 68500 et 2,3 a7t WE WV W Pre)

n)

(7

10

11

12

13

14

52.693

51.05

50.012

10

49.492

11

45456

12

49.912

13

50.915

E 4. 249 ¥EE0) hated ad mrt 88 W Y V( Pro)
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n
) 412 13 14 15 6 | 17 18
1
7 - 50.758
8 48748
9 47276
10 46.23
11 45544
12| [ ais80
e
¥ 5 nAFE vEd & 9 #,d BEEHX
EC) fou Jo 7y 7y
200 0028399 | 0.032121 8 9
250 0044627 | 0.036261 11 10
300 0052741 | 0044291 13 12
4. 28

REZA v §o] FoXa 3} BEFZ0] vy S oo, BEA v
AFoz Afw FHF BIu] FHYFY EAL 2= 3= 33 o-@ FE
2% 3t FAE UREUL F, ES HLE e FHFHY MY Y BES
F3 BEE F28S AAT. Sde dfA4e] 5o WHeE 7 FgY F2
< ppsE FF PT. Yo © AT FAE pps¥E E2AES I3AA JFH
W FEEAE n8sly BiE HAE e BE FEEH FRER FEEE T
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