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J. Inst. Nat. Sci. Vol 26. No. 1, pp. 1~6 (2007)
Keimyung University

A FORMAL PROOF FOR THE LINEAR INDEPENDENCE OF

GENERAL FUNCTIONS

KOONCHAN KIM

ABsTrACT. The linear independence of functions is of paramount importance in a variety of
areas. This article presents a formal proof for the necessary and sufficient condition for the
linear independence of n general functions f1, fa,..., fa, similar approach to the one given
by Wronskian. However, this proof is based on n distinct points, and the differentiability and

continuity of the functions are not required.

1 Introduction

A set of functions fi(z), f2(z),..., fu(z) is said to be linearly dependent on an interval I C R if there
exists scalars ¢y, ¢s,..., ¢, not all zero such that ¢1f1(z) + cafo(z) + - + cnfn(z) = 0 for all z in 1.
Il e1 fi(z) + cafo(x) + - + cafn(z) = 0 for all z in [ implies ¢; = ¢z = -+ = ¢, = 0, then the set of
functions is called linearly independent.

Wronskian provided a sufficient condition for the linear independence of n functions on an interval(see
{3], for example), which can be stated as follows. Let fi(z), f2(z),..., fa(z) be n functions defined on an

interval I with at least n — 1 times differentiable. If the determinant

N f2. - fa
A oo ha
W(fl:f2)"'afn)= . . . .
f{n—l) fz("—l) . f1('n—l)
is not zero for at least one point in the interval 7, then the functions fy(z), f2(z), ... . fa(x) are linearly

independent on the interval I.

2000 Mathematics Subject Classification: 15A03.

Key words and phrases: General functions, linear independence.



2 KooNCHAN KiM

Wronskian’s criterion is invaluably used in defining the fundamental set of solutions for the homoge-
neous linear nth-order differential equations. However, in the case with general functions, if at least one
of the functions is not differentiable, then the Wronskian criterion can not be used. Also, as is known, the
converse of the Wronskian criterion is not always true. The two functions f,(z) = z? and fa(z) = z|z|
are linearly independent on R, but W(f,, f2) =0 for all z € R.

In this article we provide a necessary and sufficient condition for the linear independence of any n
functions. To see if the given n functions fi(z), f2(z),..., fa(z) are linearly independent or not, one
way(a usual approach) is to set Y., cifi(z) = 0 for n different points z}s and determine the values of
the coefficients ¢}s. This article provides a more systematic and formal proof for the linear independence
of n general functions based on these n points. Recently, the linear independence of intertwining operators
is discussed in [2].

To begin with, we first give a notation that is used throughout this article. Given a set of n functions

fi(), fa(x), ..., fa(2z) and a set of n points ., z2,..., £y, we define

N@)  falm) -+ falo)
Ni(@2)  fa(z2) - fal(x2) M

Ni(zn)  fa(zn) - folza)

Let us recall the following terminology from linear algebra(see [1], for example). If A is an n X n matrix,
then the minor of entry a;; is denoted by /;;, the determinant of the submatrix that remains after the
ith row and jth column arc deleted from A. The cofactor of entry a;; is denoted by Ci; = (=1)*+7 M;;.

Hence, for the matrix A, the cofactor expansion along the ith row is

det(A) = a;1Ciy + 2;2Ci2 + - - - + @inCin (2)

2 Main result

Lemma 1 Let fi(z), f2(x). ..., fa(z) be n functions defined on an interval I C R, none of which is

identically zero on I. Then the functions fi(z), f2(z),..., fa(x) are linearly independent on I if there

exists a set of n points z,,%, ..., zn in I such that D(fy, fa.- ... fa){z,.22,....za} # 0.

Proof. Assume there exist 7 points zy,Z2,...,Zn in I such that

D(fl)f?)' .. wfn){:rx,zg,...,x,.} # 0.
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Suppose fi(x), fa(x), ..., fa(x) are linearly dependent. Then there exist scalars ¢;,¢a, . . ., ¢, not all zero

such that 37, ¢;fi(x) = 0 for all z in I. In particular, then

n
D cifi(z)=0, j=1,2,...,n

i=1
because x,z3,....Z, are in I. Since ¢;,¢s,...,¢, are not all zero, this implies that we must have
D(f1. f2:---: fn){z\.z2.....z0} = 0. This contradicts to the fact that D(fy, fa,. .. s faliz,zaza} # 0, and
hence fi(z), f2(z),- .., fa(z) must be linearly independent. 1

Lemma 2 Let fi(z), f2(x),.... fa(2) be n functions defined on an interval I, none of which is iden-
tically zero. If fi(x), fa(x), ..., fa(z) are linearly independent on I, then there exist a set of n points
T1,Z2,...,Tn tn I such that

D(fl)f?: s yfn)(z;,r;,...,z,.} # 0.

Proof. We use mathematical induction on n. For n = 2, we assume f)(z), f2(z) are linearly independent
on I. Suppose to the contrary that no set of two points exists in /. That is, for any set of two points
71,22 in I, D(f1; f2){z,,2,3 = 0. Since each function is not identically zcro on I, there cxists a point
z, in I such that f1(z,) # 0. Then, by the assumption, D(f1, f2)(z,.z} = 0 for all z in /. This implies
Ni(zo)f2(z) = fa(zo) f1(z) = O for all z in I. Letting c1 = — fa(z,) and c2 = f1(x,) gives 2:‘;, cifi(x) =0
for all z in I, with c,, ¢ not all zero. This contradicts to the fact that f;(x), f2(z) are linearly independent.
Hence there must exists at least two points z), 22 € I such that D(fi, f2){z,,z,} # 0.

For n = k, we assume the statement that if f1(z), f2(z),..., fi(z) are linearly independent on I,
then there exist a set of k points 1,2, ..., xx in I such that D(f1, f2.. ... fk){(z,,z3,...zs} # 0- Now for

n = k+ 1, we assume that fi(z), fa(z), ..., fu(®), fx+1(x) are linearly independent and suppose that

there do not exist k + 1 points in 7 such that D(f1. f2,.. ., fe+1){z1.22..... 2041} 7 0- That is; for any sct

of k+1 points z1,2,...,Zrs1 in I, D(f1, f2,.. ., fe41){z1,22,....0s-1} = 0. Since any nonempty subset of
linearly independent set is linearly independent, fi(z), f2(z), ..., fx(z) are linearly independent and hence

by the n = k statement there exist k points 23,23, ..., 2% in I such that D(f\, fa... ., Sil(zp 25,203 # 0.

Let z be any point in 7 and consider the k+ 1 points 29,24, ..., z}, z. By the assumption of the n = k+1
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statement, D(f1, fa,. .., fk+1)(z5,23,...e5,0y =0 forallz € I. That is,

f@) fo(zf) - fel@?)  Sresr(a})
N8 faz§) - fe(z8) ferr(z8)

L@R) LR) o Je(@R)  Sew(aR)
Nz @) - fil@) frea(e)

for all z € I. Taking the cofactor expansion along the last row of the above determinant, we have from

(2)

k+1

Y Crerifi(z) =0
i=]

for all z € I, where Ciyiu41 = D(f1. fo,... ,f;,.)(:«;,,; _____ z0y # 0. By letting ¢; = Cisr1,02 =
Crt1,25---sCk+1 = Chky1 k41, We see that zf:ll cifi(z) = 0 for all x € I, which is a contradiction to
the linearly indepedence of the functions fy(z), f2(z),-- ., fe+1(2) since cx41 # 0. Hence, there must ex-
ists k + 1 points z,, 2, . ... Zx+1 in I such that D(f1, fo, ..., Sk+1){z1 .22,z } 7 0, and this completes

the proof. §

By combining the above two lemmas, we have the following nccessary and sufficient condition for the

linear independence of n general functions.

Proposition 3 Let fi(z), f2(z),. .., fa(z) be functions defined on an interval I C R, none of which is

identically zero. Then fi1(z), f2(z), ..., fu(z) are linearly independent on I if and only if there exist a set

of n points T1,Tz,....Ta in I such that D(fy, fa.- .- fa){z1,25,.20} 7 0-

3 Examples

For example, the three functions fi(z) = 1, fo(z) = sinz, f3(x) = €® are linearly independent on R since

at least three points x; = 0,2, = m,z3 = 7/2 exist in R such that (1) becomes

10 1
D(f1, f2s f3)(o,mmy2y =| 1 0 e |=1-e" #0.
1 1 e™/?

The functions in Proposition 3 need not be continuous or differentiable. Hence, if we let

flx) =z, glx)= { _1: z rational

1. z irrational,

_4._
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then
1 1
D(f,9)a,m = =—-1-7#0.
T -1

That is, the two functions f(z), g(z) are linearly independent on R.

Finally, the two functions f)(z) = 2% and f,(z) = z]z| arc lincarly independent on R because

1 -1
D(h, fa)(-113 = . 1 =2#0.

4 Extansion and conclusion

If the definition of linear independence of n functions is extended to the set of multivariable real-valued
functions, then one can obtain the following results. For the proof of multivariable real-valued functions,

just replace z by the vector Z in the proofs of the Lemma 1 and 2.

Corollary 4 Let f1(Z), fo(Z),..., fn(Z) be multivariable real-valued functions defined on a subset S C
R™, none of which is identically zero. Then f1(Z), f2(Z), - .., fn(Z) are linearly independent on S if and

only if there exist n points T1,Ta,...,ZTn tn S such that D(fy, fa,..., fa)(z1,22,...2.} # 0-

For example, the three functions
hiz.y,2) =22y,  falz,y,2) =™, fa(z,y,2) =2 +y+2
are linearly independent in R since if we let Z; = (0,0,0),Z, = (1,1,1),Z3 = (1,0, 1), then

010
D(fhfzyfa){i,,:t,,jg} =|1 e 3|=-2#0.
01 2
The n-points approach is a normal technique for determining the specific values of the coefficients
cis. In this article, we provided a formal proof for the n-points approach for the linear independence of
n general functions. While Wronskian criterion can be used for the n — 1 times differentiable functions,

this approach can be usefully used for any functions including the multivariable real-valued(and complex-

valued) functions.
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A Stopping Rule for the Number of Generating Trees in a
Random Forest

Cheolyong Park
Department of Statistics Keimyung University

Abstract, A stopping rule is proposed for the number of generating trees in a random forest
which is used in classifying a new case. This rule utilizes a hypothesis test for testing if the
probabilities of the two most popular classes are equal. This rule can be used for every case in

a training data based on out-of-bag votes.

1. Introduction

Recently there has been a lot of research in
ensemble methods. Bagging, boosting, and
random forest are among the well-known
ensemble methods. In bagging (Breiman, 1996),
each tree is independently constructed using a
bootstrap sample of the data set. In boosting,
successive trees give extra weight to points
incorrectly predicted by earlier predictors and
a weighted vote is taken for prediction in the
end (see Shapire et al (1998) for details).

Breiman (2001) proposed random forests,
which add an additional layer of randomness
to bagging. In addition to constructing each
tree using a different bootstrap sample of the
data, each node is split using the best among
a subset of input variables randomly chosen at
that node. This somewhat counterintuitive
strategy turns out to perform quite well (see
Hamza and Larocque (2005) among others),
and is robust against overfitting (Breiman,
2001).

In this article, we propose a stopping rule
for the number generating trees in a random
forest. The idea of this rule is for classifying
a new case but this idea can be extended to
classifying each case in the data set. This rule
employs a simple hypothesis test for testing

if the probabilities of the two classes being
compared are the same. If this hypothesis is
rejected, we can believe with high probability
that the number of trees generated so far is
big enough to ensure that generating more
trees will not change the classification results.

This article will be organized as follows. In
Section 2, we summarize the random forests
algorithm and present a stopping rule with a
sketch of proofs. In Section 3, we provide
some concluding remarks.

2. Random Forests Algorithm and
Main Results

Let (xl,yl),...,(xm,ym) be a training
sample of m cases where ;s are input
variables of p-vectors and ¥;'s are target
variables of r classes. We wish to construct a
random forest to use in classifying a new
case . The random forests algorithm for

generating M trees can be summarized as
follows:

Step 1. Draw 7 bootstrap samples from the
original data.

Step 2. For each of the bootstrap samples, grow
an un-pruned classification tree, with

-7_



2 Cheolyong Park

the following modification. At each
node, rather than choosing the best
split among all input variables,
randomly sample K (K <p) of the
input variables and choose the best
split among the chosen X variables.

Step 3. Predict the new case T by aggregating
the predictions of the trees.

Let M, be the votes for the most popular
class and let &V, be the votes for the second
most popular class. Then

_ (Mn _Nn)

TS LEN, M

can be used a guideline whether we need to
generate more trees or not. If Z, > 0, we
can safely say that more trees will not change
the classification results. Therefore we can
employ an informal rule that stops generating
more trees when Z, is sufficiently large, say,

when it exceeds c. (Formal discussions on
this matter can be found in Alam (1991),
Ramsey and Alam (1979), and Bhandari and
Ali (1994) among others.) A justification of
this rule will be given later.

For each case in the training data, we can
calculate so called OOB (out-of bag) votes for
T classes as follows:

Step 1. At each bootstrap iteration, predict
the case not in the bootstrap sample
(so called OOB data) using the tree
grown with the bootstrap sample. (It
is known that each case will be
OOB approximately n/e times.)

Step 2. Aggregate the OOB predictions for
each case to get the OOB votes for

the classes.

For each training case (z,¥;), let M, (4)
be the OOB votes for the correct class ¥; and
let N,(i) be the OOB votes for the most

popular wrong class. If we let

(M, (i)— N, ()

NZAoE A0

then, by the same arguments as before, we
can safely say that more trees will not change
1Z, G is
sufficiently large, say, when |Z, (i)l > c.

Here we define M, (i) and N, (i) a little
differently from the earlier M, and N,. When

Z, ()=

the classification results if

we know the correct class ¥;, it makes sense

to use this in the definitions because we do
not care much if the classification procedure
cannot pick the correct class.

Here we give some  mathematical
justification of the stopping rules in (1) and
(2. Let (Xy,...,X,) be a multinomial random

vector with sample size n  and class
probabilities py»...,p,. Note that m =n for

the rule in (1) and that n’ = n/e for the rule
in (2). Consider two fixed classes j and k. It
is well known that

(Xj’Xk) -~ MN(n., ]7pk)) (3)
from which it follows that

. BE(X;~ X,)=n"(p;— 1)
and

Var(X;— X,) =n'p;(1—p;) +n'p.(1-p,) +2n'p;p;.

-8 -
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By the central limit theorem, the trinomial
distribution in (3) converges to a normal

distribution as n — oo, so that
){j-szN(n. (Pj"l’l.-)»". [P,'(l"P;)’*’Pk(l“l’k)'F?P;Pk})

for large values of n. Hence, when p; =p;. =p

and n is large,

(X.— X,
J—*‘)A_ N(©,1)
v2np
and
(X;— X;.)
It~ N(0,1) )
X;+ X,
since

p=(X;+X,)/(2n")
when p; = p;. = p.

Thus the statistic in (4) can be used as an
approximate test of the hypothesis that
p; =DP;. In other words, we will reject the
hypothesis if we observe large values of

VX T X,

The choice of critical values will not be
strictly based on the standard normal
approximation because the rules in (1) and (2)
are not comparing two fixed classes. This issue
will be discussed a little more in Section 3.

3. Concluding Remarks

In this article, we developed a stopping rule
for the number of generating trees in a
random forest. The basic idea of this rule is
for classifying a new case but it can be
extended to classifying each case in a training
data. This rule employs a simple hypothesis

test for testing if the probabilities of the two
classes being compared are the same. If this
hypothesis is rejected, we can believe with
high probability that the number of trees
generated so far is big enough to ensure that
generating more trees will not change the
classification results.

The rules in (1) and (2) say that we stop
generating more trees if we can reject the
hypothesis of equal probabilities for the two
classes being compared. The procedures in (1)
and (2) must be regarded as merely informal.
The test statistic in (4) is valid for comparing
two fixed class j and k, but in (1) we are
comparing two random classes, and in (2) we
are comparing a fixed class with a random
class. This raises the standard issues of
multiple comparisons which become especially
important when the number of classes is
large.

An ideal situation will be that all (or all but
a few) cases satisfy 1Z,(i)l > c but this ideal

situation will not occur quite often in real data
sets. Therefore we might need some additional
stopping rules for the number of generating
trees in case where some case has only a
slight difference in the probabilities of the two
classes being compared. Developing stopping
rules for the number of generating trees in
this case could be a further research topic.
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Photocatalytic properties of TiO2 thin film by
RF sputtering in the visible light region

Chung-Ha Woo - Kyung-Chan Kim
Department of Digital Physics, Keimyung University, Daegu 704-701, Korea

2 9 TiO; utete] FE3) EL&E dotrr] 48t UV-Vis £33 =A< Congo red ¥3 X
g olg3d AYPsiqch UV-Vis FFEA TiO: wate] A 727t olvetAlel £e1Y ¥ Ti0s
7t A0 & 1 Fdge) FuF Fo2 o]Fda e AL & F UNZ, 09 No9] v &
o] 25¢ Wl FHAF FFAA s FL FEH A& S YRR

Abstract, To investigate the photodecomposition efficiency of TiO; thin films, we have been
experimented using UV-Vis spectrophotometer and decomposition device for Congo red dye.
Absorption band of thin film having mixed stucture of anatase, rutile and Ti:O3 was shifted to
longer wavelength and thin film was deposited under Oz/N; ratio = 2:5 at which the most

efficiency of photodecomposition was shown under the visible light.
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Fig. 1. Schematic diagram of RF sputtering devices.
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Fig. 2. Schematic diagram of Congo red
decomposition device.
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Fig. 3. Surface and cross-sectional SEM images of
TiOz films deposited different gas ratio.
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Fig. 4. Optical absorption spectra of TiOe films
deposited with different gas ratio.
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Fig. 5. Optical absorption spectra of TiOz films
deposited with different gas ratio.

3. Congo red 28l &8

Congo red?] B3NS &E5E v=kC9 v=— %tc—'

2 EEYE £ 93, o oA ve NEEE
(mg/l - min)el 3, k= Congo red?] ZEEA
4(1/min £ l/hour)ol®] Ct E3AIztel] w
€ Congo red® FX(mg/l)d] It 99
F EANSEE A& o] 48ty Az g &
HEAY FxwztEg gL 2 Fxo o)
HERAE In(C/G) =k & 13 WESEE 4

¢ 49€ F ok 9714 G Congo red®] %
715 E(mg/l)d AF@dck 1Y 690X TiOz &
ujo] ¥ Congo red #%28 A¥L Wn(C/G)
g BNt §52 =4381d aPze] 7]
271288 Z Zul9 Congo red EH&EERT
g #9354l Congo red AAtoz A £
o 7}AB& ZAste blank AP (FEE 4¥H)
& & %, Ar=100%, 028} N29j v && &% 0,
2:0, 258 Z&§ Tio: wgez &3 43
APs R

23 A3¥ Z3I blank, Ar=100%, 029} N29]
v&& %z 01, 2:0, 252 F 3§ Ti0: 9ot
o2 MNP FEH AEo Fodx Y
54

Y. Chiba%& 449 AYPoz A A
Ti20s7t 7hN% Zo 29 F47447 dojve
W 9ge gt nasdc” getd 0t Ne
9 ul&& ZZ 01, 20, 252 FAF TiOz |
o] XRD I A Tie0s7} 7FAl B4 Congo
redg€ £33t o A 7idE Aoz 25U

00

®  Dhrk (ka -3.44X10
O Ars100% (k= 8.19X1
23 ¥ O;Nz0:1 (ke -1.03X1
9 O;NA20(k=-1.24X107

B O;Nz25 (ke -150X10%
04 T T T
] 50 100 10 20
Time{min)
Fig. 6. Kinetics of the photocatalytic degradation of
Congo red.
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Synthesis and Photodegradation Properties of TiOz Photocatalysts
Immobilized by Triethoxysilane under Visible Light

Myung Jin Lee and Young Tae Park’
Department of Chemistry, Keimyung University, Daegu, 704-701, Korea

2 2. TiOE& &u¢EI= s EFA &v] 3lolA trethoxysilane Alefae] d4iwtg-g F3td
triethoxysilane®] H ¢IXol] TiO,E X 3A1A tdd & vz HEEo] EX8 TiO; 33ES F4sdch
o] 3B THFY S2EFXE 22 drHA {F7I&udE A S35x @) AW, ZA &
ol&R EE2E #712FE AAS] A F2REEozZ AqFAU XA ¥FEFV(XRFE
F3te] SY/Tio) vl &o] F{E IS 0541%0°1™ 3EE O 1415%YS FAg At €58 Tios
#%A4 % triethoxysilaneol BXE TiO:e] B&#s 54 A7l 9389 congo red F&47
methylene blue 848 7tAF JQolA FE&] 4P dAck. 2 FAH congo red FEYAME
triethoxysilanee] X ¥ TiOEt &% TiO7t o $& F&0] ¥4& B2 methylene blue
2 AN E triethoxysilaneol FAE TiOF 6 T F&v) ¥4L Yehuidch

Abstract, We have synthesized the silicone immobilized TiO2 compounds by dehydrogenation
reaction of triethoxysilane with TiO2 in toluene as solvent. The synthesized materials are
insoluble in usual organic solvents such as THF and CHCl;s. However we have washed the
prepared compounds with CHCl3 to remove remained organic materials. The ratios of Si/Ti of
immobilized TiO: photocatalysts I and II were analyzed to be 0541% and 1.415% by using XRF,
respectively. We have also observed Si resonance peak of expected Q-unit by BSi CP/MAS
solid state NMR. We have investigated photocatalytic activity of the immobilized TiOz in the
water solution of Congo Red dye and Methylene Blue dye under visible range light. We have
observed that the pure TiO: has better photocatalytic activity than that of triethoxysilane
immobilized TiO: in the solution of Congo Red dye, however triethoxysilane immobilized TiO:
has better photocatalytic activity than that of pure TiO: in the solution of Methylene Blue dye.
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2 92 F9 ?5}14'°]5}.'2 Fr1gEANAN 3F7] HA HCIZIAE ZEFAAA trichlorosilaned 3
4% &3t HFHA Wxold, 18243 24 Aalged, 259X HSICLhE AzxsEd o
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Figure 1. Scheme of the photodegradation reactor

Triethoxysilane®t TiO; e "4 &S
sl 9 3§gE 1 2 Hol dg w3y e
Scheme 19} vEl} Qloh

Scheme 1
OEt
) toluene \ y
TiO, + HSi(OEt), Ti—o—-Si-\—OEt
/ OEt
J¥E 1R IO

..19_



A% 3EE [ M9 XRF &8+ Table 1
3} Table 2o el Qo). Figure 2& #4%
FFE 13 3YE Ool st 203 dd
235 A7)(keps) FolA Si vzE vEpd A&
HEGo|t}, A7) A F gL &A= SYTi
gug ¢ T Aok 2¥8F0 44 AYE 1
9] Si9] v &L 0541%Nen 3HAE M9 Sig
v && 1415%2 A=A}

g4 3gE 19 1A AeAM TS
CP/MAS NMR £# E & Figure 3] eI
t} o] 2HEHE 45y E -81 ~ -90 ppmol
A CdEE Q-¢9Y Si Yag YUY £
o oA 2 A Fa& Wil A7) 47 AjE,

%, TiOx7} triethoxysilane™ Z#sldLE ¢ +

o9 - e

2lth. ohA] @A, triethoxysilane®] T4 Wi ol
© A A A4t AFEHC gle HHAed
TiO:9] At47F A AN F4& Uik F99
dl 74e] A4t AdEgsle] e JHE HAdes
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XRD 2~#E#E Figure 49 5] Jeluich
Figure 4% triethoxysilane® =371 A9 TiO:
#xe XRD 2#HE#o|:m, Figure 5&
triethoxysilane& =Y F2] XRD £HE o)t}
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Table 1. XRF data of compound I
Concentrations of sample DS0623-1

[ ~“Compound; Conc. Compound|Conc. | Compound| Conc. ; Compound | Conc. |Compound; Gone.
L . CA) (%) (%) (%) ) I
] Al << S << Ca << Rh <<
%2; Si 0.541 Ci| 0.787 Ti | 88.672 | C19H3BON | F255.88
'3, Pi << K| << Zn <<
Table 2. XRF data of compound II
Concentrations of sample DS0623-2
Compound| Conc. |Compound; Conc. iCompound; Conc. | Compound . Conc. ,Compound: Conc.
%) (%) _: (%) (%) (%)
1 Sii 1.415 Ca << Rh << | C19H380N | F255.41 ;
2 Cli 0.794 Ti 97.792 Au | << i
keps
16 — Compound |
~— Coapound II
[- &
4]
SN
1~ . TN e
c T T T T T
144 146
PLIBE FALASI 1ncT Aitar 2Theta ()

Figure 2. Si peak of compound I and H by XRF.
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Figure 3. ®Si-CP/MAS solid state NMR spectrum of compound L.
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Figure 5. XRD spectrum of compound I.
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Figure 6. The photocatalytic degradation curves of
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methylene blue.

congo red 8o i FZo) RHHE E
ol @], methylene blue 849 FZuj
EH AN E triethoxysilanee] BAE TiO7}t
e TiOET F3E 28 FEdTol o &

- 22 -



Edtelolgadedos gAY ol usteicky $2u g BT ANBY JLIM FRA 54 7

T8 AL 49E F AN =¥, AL #&
o] ¥Fol BolAFEF 1A FU4 g. wge
22 FRASEE wHAdE AL PAY

At
N.EE

TiO:E EHEZZ 89 triethoxysilane Al
o] & E3slo triethoxysilaned 47}
TiO29] AtA el X %€ TiO, &S 43
ot $A4€ TiO: SEES THF 2 gurd
F718ulole A9 &3=A GRAL, A
oldE A RE2E {712FS AASI] HAHA
E2E2XEoz2 AHoFUd. XA &4
®Si CP/MAS NMR 2#E#E %3t FAd
}EgEe AEE AT =28 $A8E TiO:
d digk XRD 2=¥®EHe ¥4 ZHz FAd
TiOzE anatase EFY 3 rutileBly ol AHsie A
g9 TiO: =4 triethoxysilane2 =3 TiO:
E JA o FRE Wi i ol #A
A& triethoxysilaneo] BAIE TiO:9] F&8|
T gAsy] A JMFA FHAA 23
4¥& 93 50ppme] congo red &4
Taﬂ’é’ﬂﬂl*‘]‘: £ TiO7t 1M 549 &
Auge B8 FEFu NSz wE Aoyt
oo &3¢ ’Q"’«]@—l o] BolA+E £
5ol Zadte AE AT F AU AW
15 ppm&] methylene blue &2 B A A
v 94" TFad #§Fo] BolAFE 1ANLFL
o] Fige EE FiLEr w3 AE &
A% 4 qUsith o] IR triethoxysilane B A
 Tioe Ezd F71 80 d& &4 TiOz_\i'.EP
FL JEATE Hole A2 AZHY o] 5
A& ol &3ty ‘4%“?} BAAARA 9 ALSo
71}

10.

11.

12.
13.

_23_

. Aol

02

gk

. Rochow, E. G. In Comprehensive Inorganic

J. C,
Oxford,

et al, Eds;
1973; Vol. 1,

Chemistry; Hailar,
Pergamon Press:
Chapter 15 Silicon.

. A, A3Ad Y& g Afolgten):

A&, 1997.

. Berzelius, J. J. Pogg. Ann. 1824, 1, 169.
. Friedel, C.

; Crafts, J. M. Ann. Chem.
Justus Liebigs. 1863, 127, 28.

. Kipping, F. S.; Lloyd, L. Chem. Ber. 1899,

15, 174

. Kipping, F. S.; Abrams, J. J. Chem. Soc.

1944, 1, 81
ANRLIN TiO, BEohe) HA
Z3. WAl E, AQdsta, U7, 2005

. Matsunaga, T.; Tomato, R.; Nakajima, T.;

Wake, H. Microbiol. Lett. 1985, 29, 211.

. Fujishima, A.; Ohtsuki, J., Yamashita, T.;

Hayakawa, S. Photomed. Photobiol. 1986,
8, 45.

353, FEo] TiOE o/ 84§ Phenol #=
A Ballo] B A7 A =E, A9d
&, o+, 2004.

Akira, Nakabayashi. Organosilicon Chemistry
V, WILEY-VCH GmbH & Co. KGaA:
Germany, 2003.

H. Fukui, Hyomen 1994, 32, 131-140.

H. Tada, Lanmuir 1996, 12, 966-971.



J. Inst. Nat. Sci. Vol. 26. No. 1, pp. 25 ~32 (2007)
Keimyung University

wIg API|SYEL(MRDE 0|88 atdAlel 1

=8M - Rl
AR ohetE AAsHstois 5t

The Study of Clinical Examination by Using Instructional
Magnetic Resonance Imaging(MRI)

Moo-Seoung Cho, Jae Young Bae
Department of Chemistry, Collage of Natural Science, Keimyung University, Daegu 704-701, Korea

2 % A7FIYA4MR Imaging;: MRDL 7|&3 o2 z "2 (pulse sequence)o] wet ¥
34 A9 AA ] dE MR AAAIME EAY 248 =g B9 B33 Aggd o
2 94 AEAss A HRE o] s NEF Az oiFd AL vz nF3o
MRI® 4334 ol3e} 289 7|x ez &tnA do.

FAo]: MR Imaging, pulse sequence, phantom, susceptibility artifact, clinical education

Abstract, The Magnetic Resonance Imaging(MRI) was variously formed by according to the
each pulse sequence. We can understand the signal intensity, formation change, and artifact
formed by physical and chemical changes between mixed tissue (clinical test for human body). It
can be possible for clinical understanding of MRI and it can be useful as basic materials of
clinical education by comparison with phantom and the image of human tissue.

I.M 8

Ao FH3n ARz dF BHEF
S A4 WY Fole S9E ol&% 2
S}H(ultrasound; US) FAFE MRI A} Al2H]
uth. MRIE USel |3 AH) HA9 dF-E&
23 Yoz B 5 QUoh &3 AF=3
o W3l MRIE Y3 & HAHd 943
AL iR o 2 B3 veldd AA 9
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(distortion) 84 F9 dgoz g W%
S 4+ g

MR %442 23 o FA(spine echo; SE) &
AAA 713 o Z(field echo; FE) W3 494 ¥
2 9] wHR | 7H(repetition time; Tr) R oAz
(echo time; Tg), 971 Z=(flip angle) & A
g3a 2z =2e] M2 o] g ZHlongitudinal or
spin lattice relaxation time; T3 7}2 o] A
ZHtransverse or spin-spin relaxation time; T2)
9 A IUXE(proton density; PD, o) T ¢
8 ANEFE oo 7|AH WYl FAHE
7 MR 94 =Fd] o £fFel =27
2o FAZAT Biste] WEgo] 580
ARG L Ao zH9 Eio 93 ZHAH
08 =27 249 T, T: &S Z 23 9 &
5 Fol] o /1F 2 FYo] UE Aoz &
#AA gl
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Ade] wel G4 Zwo) upHA Hu 239
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2 dFodAe A9 4 e dE 71EF
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% ARE AEsA AA 9 FAXGEF) R ¥
BENE 27 JAetg P MR 34w
4(parameter) FoA AZA o] ¥}E FE
yHE A ZH(repetition time; Tr), ©)ZAlZHecho
time; Tg), ¥HA A ZH(inversion time; Ty ¥ 7]
Yro 4y F EY ZH(flip angle; @) & ¥
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1. ¥ x| 7|1
Gt A7 A 717 05 HE S tesla; TS

2HEAAY MRI 7171(Max Plus System , GE,
America)$} F%#44 ZU(head coi)E AH&3t
At E £ g golE 15T 24=9 z7)
Z9d9d4 7]7](Magnetom Symphony Maestro
Class, Siemens, Germany)$} CP Head array
coil® Argstdth. MR 49 IYsxE:
PDA-85(Japan, Konica Co., digital type) &%
71€ ol &3t

2. 4 Alguy

AAo] g JALPL MEQ G4 dlojEl 9}
| 23l7] A FHE Agso G4t ddoh
Aol MR G4 d@d Aae AFFE =
ol7] 1% oz =3 7o AZFE o]
g A & B3ez A4 $AY Gd-DTPA
(diethylenetriaminepentaacetic acid) 3% Al(contrast
medium)& o] &3t Y39 d=2xE FAAY
0f gydge e Bxez 4esd =9
A|Q) Magnevist(Schering Co. Germany)& AH&
gt} FA3} sk QA FH-9 A4 W
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Table 1. Pulse sequences and shift factors(0.5T MRI system).

. Flip Angle Tr Tt Te Weighted Image of
MR Imaging (a) (msec) (msec) (msec) Image Figure

- 500 - 25 T, A

SE - 2000 - 20 PD B

- 2000 - 70 T, C

90° 300 - 14 T, D

FE 30° 300 - 20 T, E

IR - 1500 400 25 T, F
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Table 2. Shift factors of spin echo method for a human head containing tumor

Tr(msec) Te (msec) Weighted Image Gd-DTPA Image of Figure 6
600 20 T, NO A
2300 40 PD NO B
2300 120 T, NO C
600 20 T, YES D
m. 23 % 2g AM &3 Aol of3d % (chemical shift
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e A4S ey
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o Ty 2 ToWI 5 ol 57 velgten oy
3 Ae2E F, HY5d 25 74 2
Ao} H o) gt

olzle] MRIE Z4e dd dxzx &5l
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Zo| $F8tte Zo] i Hojgle”
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WARD & AZFEESE vehlo] wBA EQ
ot} &FdAd sl7hE HHFHE Tio] 433
47 g 71 AL 442 vebdo.

A2 Fol A= AW B}t EdA H
A g7l Qe F z23e FHAETY Aelzt

=3

S

artifact) 2. 2 YEIUYA ¥ &3 Ao F4z
FHAESFE o 3~4ppm #o|7F dk?

MR 9G7elA Apzze Fadxde] o3
o] FzE dde Tva& /M Zolgtx A
= 9ok wEkd To] #e AW A7 Zst
o 714 vrA Yebsh

Bt PDWIC 24 AHA Bz Wda 3
2o FHo] M) HEHGFN2 ARG A
A veElda A A v)s=g w2 g
Eltont Al TyWIRTH AE3E7 3HAE o]
AA vrerE

Fig. 1-1. T; Weighted (A) and PD (B) Weighted
images by SE method;

A: Ty= 500, Tg= 25 B: Tg= 2000, Tg= 20.
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Fig. 1-2. T; Weighted image(C) by SE method and T,
Weighted image(D) by FE method: C: Tg=

2000, Te= 70, D: a= 9o, Tr= 300, Te= 14.
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Fig. 1-3. T

FE method and
T, Weighted image(F) by IR method: E: a

Weighted image(E) by

= 30, Tw= 300, Tg= 20, F:
400, Tg= 25.
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Table 3. Comparison of the density values of the image for the phantom and Fig. 1

Pulse sequence SE FE
m\ @ | P® | ™o | no | 1m | B
White matter 0.64 112 1.82 0.39 164 0.66
Bean curd" 0.83 1.26 243 052 1.50 0.31
Gray matter 0.84 0.68 0.80 111 1.38 245
Boiled egg” 1.34 0.87 201 122 1.32 177
S;f;rﬂm 4 193 225 0.86 243 0.77 191
Tap water” 1.90 122 0.86 2.23 0.49 2.26
Fat 0.25 145 2.10 043 2.58 021
Edible oil" 0.36 0.84 212 064 175 018

(+& AA FEGE3 vR3s] A AE 4 dolHzRH J&d A"

g AIZE el djie F B2 HAE
TEYE & A

Be} C9 PD ¥ T WIdAME =29 & AH&3
A FRAE PAEE 4GA 24 + oy
A8} P 7EE 5 Uk

Dt Gd-DTPAE Atgstd &#9§ SE9
TiWIeltk, oA SEYY TiWIZ F%9
Gd-DTPAd 9@ zgaste] Hr7t Wygees
olg¢&E = Gd-DTPAY F = vldsis AL
2 2E¥HUL? GI-DTPAE ZA T L T
g 953t Ao JAT TWINA Azt
g ZsA JeldS & & Utk E£F o|FAT
o] 1 & YA ALE F oA BF
i adeE AL ¢+ U

Table 39 WAz PYFH, WAz F& A

#, HASdy 528 o UG AL459
H @A M2 H£sA Jebd g agn =
QA Az HiAzxA e FEE L3
Lid= 8

Table. 48] T,', T, ¥#& Fig. 2 9439 %
EE 2A3d Yeld AHeln o Fo TWIY
Z9A A A (TY) € AR F(TMY 98¢
HAES FH4 2 Gd-DTPA €9 (100:1)F&
3} v @) B fApepcpM

Table 3¢] SEXolA AFE 42 A8 2 4
A#L Table 4¢] WA, 3z 9L PF3e v
FoA & A&tz ok F G4 wlmo g
W MRIS] NZZE Aolo] o3 AW zZH
B4 78 7 AL oS UY SEY ®
£ FEY e T,WId 98] AFHo2 7EY 4

Table 4. Comparison of the density values for T, before and after the injection of GAd-DTPA in the patient,

PDWI and T:WL
components gx T PD T
White matter in normal tissue 0.86 0.91 1.84 1.75
White matter in tumor portion 0.87 0.25 0.92 0.77
Gray matter in normal tissue 092 0.92 142 1.33
Gray matter in tumor portion 0.93 0.25 0.92 0.77
Margin 1.02 - - -
Edema 0.89 0.92 0.48 0.18
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Fig. 2-1. T; Weighted(A) and PD(B) Weighted images

by SE method before the injection of Gd-
DTPA; A: Tgr= 600, Tg= 20, B: Tp= 2300,
T]:: 40.
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Fig. 2-2.

T» Weighted image(C) before the injection
of Gd-DTPA and T, Weighted image(D)
after the injection of Gd-DTPA by SE
method; C: Tg= 2300, Tp= 120, D:
600, Tg= 20
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be distorted by
magnetic susceptibility(White arrow).
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2,5-DiaminobenzamideAl€ 2| stetE gtM ol etz Hit

olM8| - WHS . oFIB
AR Adzetoet eta

Synthesis and Evaluation of Anti-cancer Effects of
2,5-Diaminobenzamide Derivatives

Sei Hee Lee, Chul Soo Paik, Jinho Lee*
Department of Chemistry, Keimyung University, Daegu 704-701, Korea

2 <%

YA ARG Hole M2E RYFZE UES§7] A% 25-diaminobenzamide] d <

3328 §4359. 2,5-Diaminobenzamide =4 5-& 2-fluoro-5-nitrobenzoic acid2¥-& 4G 7 ¢l
Ax FAEAUDT. TAE AFEY GHE 4% JdASE FARY, Y, TS, AL, 4G AEF
& A3t #HAE A3 g TG AFE ARFHoE At Ao vyt

Abstract,

2,5,-Diaminobenzamide derivatives were synthesized in order to find new scaffold

having anti-proliferative effect. 2,5-Diaminobenzamide derivatives were obtained in 4 steps from
2-fluoro-5-nitrobenzoic acid. The cell growth inhibitory activities of compounds were evaluated
using A549, SNU484, HepG2, Caki, AMC-HN4 cell lines. The result showed that
2,5-diaminobenzamides inhibit the growth of Caki and AMC-HN4 cell lines.

I.M &8

de Aoz QAF9 FH AMFLAAClANL
o], A J]&e wAde wet TAHE %9
GAto] wiztxlo] fiv). 53] FIARTY HEY
glo] Wss dA=EE oo FFHo Wy Ed 7t
F Be 9%E vz § ol Al S94A
AR e WHYEL FAFA EE W9,
A3 9] w#sle] wel o g gEL IWE E9
Uz gtk 4%e) 71 €45 oo HAES
FolAD, F9o] Aol we} iAol &l
#Y 7t54% /g

uid 1,0009 el A2 #At B o
e AAHe=z 713 sl Aot &
FAHQ AYolA T B AE oo] 7tEF A
golth, ¢4oz Qdod xAHE 1FFH RFS
712 479 A8 Wiy MMez £ F+ A
o} a%¢e] g8 a3 A9 ¢ AAY % 173

FEE 49 £ YA HAd & 54, 324
EF AY, 29 24 HFF 2D F& T
Agae o dA4Le duE & Aok =8 ¢
1335 $£¢, A AE, ddad 59 &
#2Q HaBYPL 3o Nagd + Ud #IAA
712 478 T ¢ 24 499 #9893 ¥
o ¢4 EHHoz ANBE F Ye N8y
WL ghe) dudE XN& sMeAE EolA o

PtAle AEEAA, T284, 28gn A
A At Fol AgHI oy A2 FgA g
% AR 53 AFAHA HAH Agd B
& HZo] FAYGH! AAz HZ F d Al
o MuE HFANH Ao Gleevec, Iressa,
Avastin, Tarceva, Sutent, Velcade, Erbitux,
Herceptin 5°] lon o|&9 A§o2 Ao
g7t 30~80% A= AHAFe]l Hu #ze
65%7F YQPEA gx oJHNEZ FYXNRE 3
o gtk HAF AgsEe ¢ #AE HS 3
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2 olM3] - WAL . oAZ

o2 aRHog xNasty] Wi FtA AZ
AH&ol 43 ZUtsEn Aok

YAAH JetEe v AxE FAE T8 Ao
A FgAekelt, A Aoke HEE AWM=
10d ojate] AFsIzre] 288! § A w
ZANMEE AFsto 27 MAEER BZF, FF
3, HEFE 9E AYY, 94 1, 2,34 R
2oy A 9] vj¢ BAsa ol A&
AXA Gk o] APE AA A¥ez HEe &
g€ % 001% AZo|T) oFA & ATHE
2 e Ao RFFH F4e 1AL
el A qloh waA Aok ¥2E AdAME A8
gl Hrlst HHo YFAYE FLIAATL,
oz J¥d & Y& 54 F & E4% =
€ GAE 71 3§E 220l YFHoth E
g <o) H7] A% FEE TP U A
& Hole 33ELS 532 H3E F e 2
8 F2E M3 glojof ok mEy ¢+
YLAINE Boles 2FE T2 JFYEES
grsn usts Aol AgMEY FoE A
& AA s Ao

1990 ddjol] B0 M8 A WIS HE
B F%EBolv =318 combinatorial chemistry)
& E3 9oR chemical libraryg o] &3l &
A B2 FH(molecular target)] o TEE
2324 (high throughput screening, HTS)2.2
Aol hitE HH3 A7E FAE AF doA
2 Atk 237 HTSE AAE target @39
A& 2 cell-free assay’t F& °1FA
ou, HIdEe AE9 7T W3 F& YA B
3E 243t A Fy EFE ol B
(cell/phenotype-based screening; A ¥/33 7]
gt 23:89)9 uFo] Fa Sk Ao A
E7w 2329 Wxe d¥ya HA) o]
ga gz, A8 233 FAF 3L oL
71% AMo) 7t5Eln, AX EAoY HNE F
Fgdel &4 & WA + A T FHEES
21 Qo =23 A xEsW A23Ye g3
o] o& 7tA fAAL wWol7l dojd AW
Age] F o ARAHY Aoz FHHI Qe
ikt EAo] 28t kg g AFH
ojg}?

2 dApdAEs g2 AHEE F 3de MEE
Fzo| WZ& 93l 25-diaminobenzamide %=
A s YLGaFAE AXIY HYrpPE o
£t A

2.4 o

2-1. Mgt o 219]

A ¢}& Aldrich, Acros, Junsei, 28] 433}
3 59 AFEL U AHESAY oY By
A AHgstgch 'H-NMR 2 °C-NMR 2%
Ee Bruker AVANCE 400 £3AE Al&3td
Atk 9AE d(doublet), ttriplet), qlquartet),
m(multiplet), dt(doublet of triplet) 522 ¥A|
32, &vl2E CDCl, CD:OD ®£¥ DMSO-
s AHe3tRen EFEA2E TMSE AHE-3
ot e &%= Knauer HPLCE AH&-3t
o zALEQATh 3EQ AXE Y 9A AT
Welgene A}e) WelCount™ cell viability assay
kit 745t A&t

2-2. &M YUY
2-(4-Methyl-piperidin-1-yl)-5-nitro-benzoic acid (la)

2-fluoro-5-nitrobenzoic acid 1g(5.4mmol)&
70mle] acetonitriledl] %< ¥, 4-methylpiperidine
0.956ml(8.1mmol)& 78t 124 FU¢ 74
718 BGFA £0iE FYFHE AAE
& ethyl acetate® 7}8}3 5% citric acid £92
2 HAoFAUct MgSO2 & AAR df 2
25l ethyl acetated ZAEFHF2 A A3
o EA HYE 1.297g9 90% F&Z AUt
'H NMR (CDCls+CDsOD 400Hz) : & 9.07(1H,
d, J=2.39), 8.43(1H, dd J=8.82, 2.76), 7.65(1H, d,
J=8.83), 320(2H, d, J=11.73), 3.03(2H, td,
J=1191, 214), 196(2H, dd, J=13.38, 1.68),
161(1H, m), 1.57(2H, qd, J=11.83, 3.86), 1.08
(3H, d, J=6.47)

2-(3,4-Dihydro-1 H-isoquinolin-2-yl)-5-nitro-benzoic
acid (1d)

1,2,3,4-tetrahydroisoqunoline 0.75ml(5.96mmol)
€ 1a9 YT 2 Wyoz AYso EA
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2,5-Diaminobenzamide#] g o] 3138 A3 Fgas P} 3

JgES APHez AdJyt. 'H  NMR
(CDCl+CDsOD 400Hz): & 891(1H, d, J=2.78),
8.33(1H, dd, J=9.07, 2.80), 7.34(1H, d, J=9.08),
7.23~7.18(3H, m), 7.09(1H, d, J=593), 4.36(2H,
s), 3.54(2H, t, J=5.83), 3.10(2H, t, J=5.79)

N-Cyclopropyl-2-(4-methyl-piperidin-1-yl)-5-nitro-
benzamide (2a)

la 0.15g(0.56mmol)2 30ml DMFe] ¢ *
cyclopropylamine 0.039ml (0.56mmol), EDC 0.108g
(0.56mmol), HOBT 0.153g(1.13mmol)& ¥ 1 12
At B¢ uyrsyoh &olE AYEFFE AA
% t}g ethyl acetate® 7}t &, NaxCOs, 5%
citric acid §dez Ztzt 3U¥ MejFc).
MgSO42 E€ AAF & ethyl acetated 7
UAZFF2 AASIT hexaneethyl acetate(2:1)2
ol &% AYIAZvEaYWZ AAlstd EA) 3}
& 0094g9 54%° #&2 AUtk 'H NMR
(CDClLs 400Hz) : 6 8.69(1H, d, J=3.04), 8.63(1H,
s), 814(1H, dd, J=892, 283), 7.15(1H, d,
J=896), 3.32(2H, d), 2.26(1H, m), 2.82(2H, td,
J=12.05, 2.05), 1.86(2H, d, J=11.42), 1.62(1H, m),
1.32(2H, qd, J=12.01, 3.08), 1.04(3H, d, J=6.52),
0.90(2H, q, J=5.62), 0.64(2H, q, J=4.18)

N-(3-Dimethylamino-propyl)-2-(4-methyl-piperidin-
1-yD)-5-nitro-benzamide (2b)

la 0.10g(0.37mmol)& 10ml DMFel ¢ ¥
3-dimethylaminopropylamine 0.047mi(0.37mmol),
EDC 0073mg(0.38mmol), HOBT 0.082mg(0.61mmol)
< Yo 12A ¢ mwsigdd. SolE ALF
2 AAE oS ethyl acetateE 7}3ln ¥3}
§HO0 2 NaCO:2 Al ¥ AoFAct. MgSO.2
28 AAF os ethyl acetate® AAFHZ
A AL MeOH:DCM(5:95)& ] &3 YA
ntEaHEE A Ea 3FE 0.098gE
74%°) &2 43t 'H NMR(CDCls 400Hz) :
& 8.69(1H, d, J=2.8), 86I1(1H, s), 8.18(1H, dd,
J=6.15, 2.81), 7.14(1H, d, J=899), 3.56(2H, q,
J=6.73), 3.38(2H, d, J=12.2), 2.88(2H, dt, J=10.3,
1.67), 2.42(2H, t, J=6.92), 1.85(4H, m), 1.61(1H,
m), 1.40(2H, m), 1.03(3H, d, J=6.5)

N-(2-Diethylamino-ethyl)-2-(4-methyl-piperidin-1-yl)
-5-nitro-benzamide (2c)

1a 0.20g(0.76mmol)2} N,N-diethylethylenediamine
0.11ml(0.78mmol)-& AH§-3t 2be] gz} 2
< Wioz AYste, MeOH:DCM(7:93)& o]
4% AYgazoiEaYysz FAstd ®EA 3}
£ 012g¢ 43%9 &2 d4A. 'H NMR
(CDCl; 400Hz) : & 8.73(1H, d, J=2.4), 8.42(1H,
s), 8.18(1H, dd, J=9.2, 2.8), 7.15(1H, d, J=9.2),
357(2H, q, J=6), 3.36(2H, d, J=12.4), 2.84(2H, t,
J=104), 2.68(2H, t, ]J=6.4), 262(4H, q. J=7.2),
1.81(2H, d, J=11.6), 1.60~1.55(1H, m), 1.40(2H,
td, J=12.2, 3.6), 1.03(9H, t, J=7.6)

2-(3,4-Dihydro-1H-isoquinolin-2-y1)- N-(3-dimethyla
mino-propyl)-5-nitro-benzamide (2d)

1d 0.14g(047mmol) 3} 3-dimethylaminopropylamine
0.17ml(1.35mmol) & AH8-3t 2b9] A3 2
< wyez AYso, MeOH:DCM(7:93)& ©]
4% AdazuEadg A BEA 3}
£ 0.12g% 68%9 &2 ¥Ah 'H NMR
(CDClz 400Hz) : 6§ 856(1H, d, J=2.79), 8.54(1H,
t), 8.14(1H, dd, J=9.04, 2.79), 7.21~7.18(3H, m),
7.13~7.09(2H, m), 4.34(2H, s), 353(2H, t,
J=5.79), 3.47(2H, q, J=5.60), 3.03(2H, t, ]J=5.63),
229(2H, t, J=6.68), 2.10(6H, s), 1.63(2H, bp,
J=6.68)

2-(3,4-Dihydro-1H-isoquinolin-2-yl)-/V-(3-methoxy-
propyl)-5-nitro-benzamide (2e)

1d 0.14g(0.47mmol) 3} 2-methoxypropylamine
0.14ml(1.33mmol)& AM8-3td 2a9) ¥4y &
2 o2 AM¥YP3a], hexaneethyl acetate(2:1)
& o8¢ APa2otEaI 2 HAsAo EA
B8 0.11g8 63%9 £&2 AUk 'H NMR
(CDCl3 400Hz) : 6§ 8.64(1H, d, J=2.78), 8.17(1H,
dd, J=895, 280), 8.08(1H, t, J=5.16), 7.23~
7.17(3H, m), 7.14(1H, d, J=9.04), 7.10(1H, d,
J=6.07), 4.34(2H, s), 3.54~3.49(4H, m), 3.36(2H,
t, J=5.77), 3.17(3H, s), 3.02(2H, t, J=5.73),
1.71(2H, p, J=6.22)



4 SEERC R EF

5-Amino-N-cyclopropyl-2-(4-methyl-piperidin-1-yl)-
benzamide (3a)

2a 0.093g(0.30mmol)-2 30ml methanol®l] %<l
¥ Pd/C %9)& ¥ 437 st 1A% F
Qb kst Fu}. Melo|EE o] 4§ et
#2 nAE AAsL $d& AAFHFE AA
st EA 313E 0.083gd 99%S F&=2 A
o 'H NMR (CDCl; 400Hz) : & 109(1H, s),
758(1H, d, J=2.92), 7.03(1H, d, J=8.28), 6.71(1H,
dd, J=843, 293), 299(1H, m), 295(2H, d,
J=12.13), 2.67(2H, td, J=11.80, 2.22), 1.78(3H, d,
J=1278), 1.52(1H, m), 1.24(2H, qd, J=12.64,
3.58), 1.01(3H, d, J=6.31), 0.84(2H, g, J=5.44),
0.57(2H, q, J=5.02)

5-Amino-NV-(3-dimethylamino-propyl)-2-(4-methyl-
piperidin-1-yl)-benzamide (3b)

2b 0.097g(0.27mmol)& 3ae] #¥AYI} #e
Wz AYsto, B4 33E 098g2 98.8%
o #&2 dAch 'H NMR (CDCl3 400Hz) : &
10.8(1H, s), 7.58(1H, d, J=2.74), 7.07(1H, d,
J=7.46), 6.73(1H, dd, J=5.50, 2.84), 350(2H, q,
J=6.18), 2.99(2H, d, J=7.5), 2.72(2H, t, J=11.6),
2.39(2H, t, J=7.0), 1.84(4H, m), 153(1H, m),
1.35(2H, m), 1.01(4H, d, ]J=6.48)

5-Amino- V(2-diethylamino-ethyl)-2-(4-methyl-piperidin-
1-yl)-benzamide (3¢)

2c 0.11g(0.31mmol)& 3a¢] AY= #e u
Pz HAYstd, B4 3}3HE 0.099g9] 93.7%9
€2 YA 'H NMR (CDCl: 400Hz) : &
10.73(1H, s), 757(1H, s), 7.05(1H, d, J=8.4),
6.71(1H, d, J=8), 3.78(2H, s), 354(2H, q, J=6.4),
297(2H, d, J=11.2), 2707258(8H, m), 1.76(2H,
d, J=128), 150(1H, m), 137(Q2H, q, J=12),
1.01(9H, m)

5-Amino-2-(3,4-dihydro-1 H-isoquinolin-2-y1)-N-(3-
dimethylamino-propyl)-benzamide (3d)

2d 0.12g(0.32mmol)S 3ae] A4z & o
ez Ay, A 3}FE 011g2 %%
+&2 4} 'H NMR (CDCls 400Hz) : &

10.54(1H, t, J=5.28), 7.58(1H, d, J=2.69), 7.19~
7.12(3H, m), 7.08(1H, d, J=847), 7.02(1H, d,
J=7.18), 6.77(1H, dd, J=8.37, 2.67), 4.00(2H, s),
331(2H, q, J=6.03), 3.22(2H, t, J=5.71), 3.04(2H,
t, J=5.45), 226(2H, t, J=7.28), 2.14(6H, s),
154(2H, p, J=7.42)

5-Amino-2-(3 4-dihydro-1 H-isoquinolin-2-yl)-N-(3-
methoxy-propyl)-benzamide (3e)

2e 0.12g(0.32mmol)¥ 3a9} FA4HI £ ¥
Moz dyYsiod, ®A FE 010gS 99%9]
€% YA 'H NMR (CDCh 400Hz) : &
10.55(1H, t), 759(1H, d, J=2.54), 7.22~7.16(3H,
m), 7.06(1H, d, J=845), 7.01(1H, d, J=4.09),
6.75(1H, dd, J=8.38, 2.74), 3.98(2H, s), 3.34(2H,
t, J=5.80), 3.21(2H, t, J=5.90), 3.13(2H, t, J=5.90),
307(3H, s), 301(2H, t, J=6.22), 1.52(2H, p,
J=6.47)

5-Benzoylamino-V-cyclopropyl-2-(4-methyl-piperidin-
1-yl)-benzamide (4a)

3a 0.045¢(0.16mmol)& DCMe]l =% ¥ pyridine
0.013ml(0.16mmol)& w32 1083+ mERts]FA)
chloroacetyl chloride 0.013ml(0.16mmol)& 7}t
A F o Fc. Suje AYEFFE A
Ag ot ethyl acetate® 7}8t3 5% citric acid
4902 AolFAct. MgSO2 && AAF ¢
S Ao sln ethyl acetated ZUAZFHE Al
A38tL hexanelethyl acetate(1:2)& o|4& HE
A2vtEa YN g2 YAstd EA YL AF
Aoz AUk 'H NMR (DMSO 400Hz) : &
993(1H, s), 947(1H, d, J=4.30), 752(1H, d,
J=2.68), 7.30(1H, dd, J=8.69, 2.70). 6.81(1H, d,
J=8.72), 378(2H, s), 251(2H, d, J=11.52),
245(1H, m), 1.30(2H, d, J=11.35), 1.50(1H, m),
0.78(2H, aqd, J=3.49), 051(3H, d, J]=6.50),
0.32(2H, q, J=5.03), 0.07(2H, q, J=6.14). “C
NMR (CDCl3+DMSO 100Hz) : 6 1674, 165.1,
1486, 1352, 1280, 1238, 1224, 1222, 54.3,
436, 35.2, 32.1, 30.3, 299, 228, 222, 6.6
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2,5-Diaminobenzamide Al g 9] 31§t & A7 Sobast Hot 5

5-(2-Chloro-acetylamino)-N-(3-dimethylamino-propyl)-
2-(4-methyl-piperidin-1-yl)-benzamide (4b)

3b 0.089g(0.27mmol)& 10ml DCMd] 59 *
pyridine 0.025ml(0.3lmmol)-& ¥ 1 10&3F mulks)
FAct. chiloroacetyl chloride 0.022ml(0.28mmol)&
7ht 4N Tt muts o gl LS
F2 AAY & MeOH:DCM(7:93)8 o] &3
AYgaznengsz AAsd EA I3YE
008lgg 736%9 &2 <Atk 'H NMR
(DMSO 400Hz): § 10.41(1H, t, J=5.32), 8.86(1H,
s), 815(1H, dd, J=5.99, 2.72), 7.98(1H, d,
J=2.72), 421(2H, s), 3.53(2H, q, J=7.0), 3.08(2H,
d, J=11.8), 2.77(2H, dt, J=9.83, 1.9), 2.42(2H, t,
J=7.14), 1.85(4H, m), 1.59(1H, m), 1.38(2H, m),
1.03(3H, d, J=6.44). °C NMR (CDCl3 100Hz) :
& 166.2, 164.7, 149.2, 134.3, 1285, 124.1, 123.1,
122.2, 57.8, 54.5, 45.8, 434, 38.2, 355, 30.5, 28.3,
223

5-(2-Chloro-acetylamino)-/NV-(2-diethylamino-ethyl)-2-
(4-methyl-piperidin-1-yl)-benzamide (4c)

3c 0.05g(0.15mmol) =} chloroacetyl chloride
0.013ml(0.16mmoD)& 4be] = LS 3
Yoz AYPsd, MeOH:DCM(7:93)& o] &
Agazoeadsz FA}o A HFE
0.046g¢ 751%9 &2 d4Ac. 'H NMR
(CDCl3 400Hz) : & 10.25(1H, s), 9.00.(1H, s),
811(1H, dd, J=86,2.8), 797(1H, d, J=28),
7.23(1H, d, J=8.8), 4.20(2H, s), 3.59(2H, q, J=6),
3.07(2H, d, j=11.6), 2.75~2.62(8H, m), 1.80(2H,
d, J=11.6), 1.54~150(1H, m), 1.40(2H, qd, J=12,
36), 106~103(9H, m). “C NMR (CDCl
100Hz) : & 1665, 164.8, 1493, 134.2, 1284,
123.1, 122.0, 546, 52.0, 47.2, 435, 37.7, 351,
306, 222, 114

5-Amino-2-(3,4-dihydro-1 H-isoquinolin-2-yl)-N-(3-
dimethylamino-propyl)-benzamide (4d)

3d 0.11g(0.31mmol)® chloroacethyl chloride
0.025ml(0.3lmmol)€ 4be] #FAHI # By
o2 AYste], MeOH:DCM(7:93)& o] &3 HH
azvleasz AAst FA 3EE 0.069%

& 51%9 €2 dUth. 'H NMR (CDCls
400Hz) : & 10.11(1H, t, J=5.16), 9.36(1H, s),
8.15(1H, d, J=868), 8.08(1H, d, J=2.52), 7.25(1H,
d, J=860), 719~7.15(3H, m), 7.05(1H, d,
J=7.16), 4.24(2H, s), 407(2H, s), 3.32(6H, t,
J=440), 305(2H, s), 2.12(2H, t, J=7.23), 2.03
(6H, s), 1.44(2H, p, J=7.15). ®C NMR (CDCls
100Hz) : & 166.1, 1650, 1478, 1350, 134.2,
1336, 1294, 1286, 127.3, 1267, 1266, 1243,
1231, 122.3, 573, 569, 51.1, 455, 436, 382,
299, 274

5-(2-Chloro-acetylamino)-2-(3,4-dihydro-1 Hisoquinolin-
2-y1)-N-(3-methoxy-propyl)-benzamide (4e)

3e 0.10g(0.29mmol)3} chloroacethyl chloride
0.024ml(0.30mmol) & 4a2}] FAHH 2L ¥y
o2 A¥3ld, hexaneethyl acetate(l:1)& o] &
g Ayazueadyz FAe £A H3AE
0030ge 24%° +€2 44U 'H NMR
(CDCls 400Hz): & 10.01(1H, t, J=4.92), 8.90(1H,
s), 820(1H, dd, J=8.72, 2.72), 8.02(1H, d,
J=268), 7.27(1H, d, J=892), 7.22~7.16(3H, m),
7.06(1H, d, J=6.84), 4.21(2H, s), 4.10(2H, s),
3.41(2H, q, J=6.73), 3.34(2H, t, J=5.81), 3.18(2H,
t, J=6.11), 3.11(3H, s), 3.06(2H, t, J=558),
1.55(2H, p, J=647). “C NMR (CDCls 100Hz) :
8 166.1, 164.8, 1480, 134.6, 134.2, 133.7, 1294,
1288, 127.3, 1267, 1266, 1243, 1233, 1223,
706, 58.9, 56.8, 51.2, 434, 37.3, 29.7, 29.6

3. &AM g n

2,5-Diaminobenzamide f =A< ©$%=4] 13
Zo] A4} 2-fluoro-5-nitrobenzoic acid$]
fluorine& amine’l 2 X A7 ¥, amided §<
2 acid7ldl R2& =359 58 $9A9 nitro
71& palladium W& AM§38ld #|YA o
amine?) ¢} acid chloride& %#-8$A1# R3E& &9
st ot
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Qo —2- G 2 O
OH —_— R2
E o R R10O Re R1 O
1 2
Ry
© ('S; @ Q\‘
m m
R10 R: R1O
3 4

w2 A 1. 25-Diaminobenzamide®] ¥4 %
¥: (1) CHiCN, reflux; (2) EDC, HOBT, DMF;
(3) Pd/Hz, MeOH; (4) i ) R3 = R4COCI, pyridine,
DCM, ii) R3 = R5COOH, EDC, HOBT, DMF

FAHE FFESLS A9 Y), SNU4BA(S
%), HepG2(t4), Caki(Al#3¢), AMC-HNA(F
73899 5712 A EFo] disley XTT assay
g ol g8 GAE 4F AdAFTE AU
(E D°

3}3HE 4at Caki®t AMC-HN4 $AH X3 of

39 A3 dA%5L Jetld #=8del g &
HEE F7H1717] 913l R2E amine’|& EEE
&M 2 NAsY S ", N,N-diethylamino ethylS
Y% det= Caki GAEFA] diF 43 dAsE
a2 fAsE W, 3-(NN-dimethylamino)
propyl & £ 4be] 4= A FiE GHAE
A% 4A%5& Bk R1¥ 4-methyl piperidined)
A} 1.234-tetrahydroisoqunoline2 #WHA|A 3¢
B9 A44E FMAE AX 4% dAFL F
7} A 949ktH4b, 4d). 28]y 3-methoxypropyl 2
AZAAE ) GAE 43 A 5ol tA F71
2thde). R2AEA 7 254 A $oe R1Y 2
ZIv R29] 7 W3t GAE AR dAs] 9
B FA @r Aoz Uehita, 4de). 25-
Diaminobenzamide fEAEo| ¢AX 43 & 9
Aste ZE71AL ohF ZAHRA £aglod, R3
9] chloro acetyle= ¥HAlo] & A@A2 HLY
gz wkgsted wstgA AsAz R v}
54o] k™

E 1 FEE 3B TE FHE 4T GA%.

R3-yH

&

% inhibition at 10uM
R1 R2 RS | PO | aseg | SR | P ca | ANCT) R
da| {(O— | »< |ode | w6 ND | 58 | % | 8 | 0
w | O |7 | ohe | a7 30 | 20 0 14 | ND
ac| O | oS | 974 28 | 5 | 9 | 1 | ND
ad | O | = oo | 908 23 | 17 | o 12 | ND
te | XD |wrmer | oM | 9686 24 | 70 | 8 | 7 | ND

*ND : A¥3tA %%



2,5-DiaminobenzamideZ| ¥ o] 3}t & 3= Fgas Yo} 7

4.4 B

571¢] 25-diaminobenzamide A19¢ #}3E&
#4389 'H-NMR 2 “C-NMR 2HEgo=z
49 e 72 FAsq. Y 3
¥EL HPLCE o|§3ld €=& FAE A3
BF 90%°l49 £x& uvedt. 4a 3EE
< 10uM FXlA Caki ¢ AMC-HN4 gAX
Fol di3td 88%elde A% dATE HIZ,
4cSt 4e 3NFELS HepG2. Caki € AMC-HN4
dAEF i AP AT el
M2o] FAP 25-diaminobenzamide FEHEZ
o] 53 GAREF) HeHoz A AL B
ojx, T X ZAo] g JEHE Hole A
of 7x7l ¥FAZ MEd 7t S AAE
t}.

Ko
32

ZAle 2

2 A7E 0074E 1807 AYAGR Bherg
4 HedT BT g I7HAFYL.
olo] A=Y,
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Characteristics of the TiO2/SnQ: Thick Film Semiconductor
Gas Sensor for Fish Freshness

Jae-Mok Jun, Ji-Young Jung, Sun-Kwang Yun, Chang-Seop Lee
Department of Chemistry, Keimyung University,

2 9 R oFeM FAHE IABAYGIIAALIIAE Fol trimethylamineE M¥Hoz 243
F dE ZF2ANE ARsle O 548 2AEAY F 22 SnO; YEETS F438EA A
Ho2 Azagen, 344342 TiO:9h HolF4<A Pd, Ry, Rh, Ptst Ing A7tste] AMEa2
Azggd. AAAe AL A3 e WFE 808mm x 10mm x 0.68mme ALO7|#Ho2 F
Aalgen AFRE 23d ZdeYoz Fuhg Y4l o)A Az Ty six AME
A& 100mm<e 15218 £39] &9 &o] 40mm X nA AA F 7t2F FYdY AR =
At 7t29 FEE 100-1000ppm™d $ 9] trimethylamine, dimethylamine® ammonia gas& AF§
S, 100C~400Ce 2= eloA =g ZFsdd. 712 dE S S 349 FHe G o
2t A2AFAY. ZEE 250TAA 1wt% Pd/TiO¥/Sn0.¥d w 713 $F89x, o8 7b2o] dig A
g4 = 1wt% Pd/TiO/Sn0:¥ ® 713 5% Ao2 veyrh

FAlol: 7tAAA, SnO;, Trimethylamine, A2 AMX%E

Abstract. This study investigates the use of TiO; Pd, Pt, In, Ru, and Rh that greatly
improves the sensitivity to trimethylamine gas. The Metal-SnO: thick films were prepared by
screen-printing method onto Al:O3; substrates with platinum electrode. The sensing characteristics
were investigated by measuring the electrical resistance of each sensor in a test box as a
function of gas concentration. This was then used to detect trimethylamine, dimethylamine and
ammonia vapors within a concentration range of 100-1000 ppm. The gas sensing properties of
Metal-SnO; mixed thick films depended on the content and variety of Metal. It was found that
sensitivity and selectivity of the sensing materials with 1wt% Pd and 10wt% TiO2 to TMA gas
at 250C showed the best result.

Keywords: Gas sensor, SnQO:, trimethylamine, fish freshness
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slojo} gt olfe A FH, 2% U™, AF ¥
el 59 o8 7kx] 800 upe}t Fsje] Apolrt BolA
gtE|glo] AMEE A43] A 5 glojof fch 7|
&9 &4 Wioze FeHAL vF, pH A &
Buyol Ay, @A AuS HUYAr|ALF &
A, trimethylamine®] A%z} o} {9 ATP &3 A
vehte 5y #igtE FAse ol AMgET gl
ot o] WHYES oFe e} YA, o WsE
go2 AAEE Baslnz APYo| HojAx, AE
71l A Q7o s A P2 BAY 5 9
7] W&ol A3} AHo] 2 FEHY, o7 ey} 3
A5 FHAZ] AN 8o HojAA Hrh
et o] Fe AMRE oM AARez §43
€ HiezA oA HAsE R st2E AR
e ol Atk olfEe AXMEIL WolAuy
trimethylamine, dimethylamine, ammonia 5-¢} ‘%4
F7124 7k27t W&, 53 trimethylamine7bAE
A9 AAETL olAFE dAFo] FH3] FHE
o olw, W] JF2AME o] &3 MM
W& 5= trimethylamine 7}28 7tEH o2 24
T e, ole 7t Fito] o2 3o w3}
2} AMERDY AEE7} Hisles 4AS ol &
e Zold. ol g MEAY MM HER
T SnOz, ZnO, TiO: ol 9] AL&Hz Ut}
€ dFdME SnO:E F 232 dn, &5
g SnO0ll 713 549 AHBE 8 &
AsHEQ TiOE HJbslx, AgAs REE F
qA7171 A8 ZujF4<2 P4, Pt, In, Ru, Rh
€ 43 FAMEZ Hsltstd WENA AME
2& 23Y Yoz 9 4o 2N
€ Az A, o] t2AMZ FRALES Jpa
o mE FAxe Mgy e zAEA

o g
Alek 8 2
2 =AM E ALY E5F4(SnCl - 5H0)
ALR3l A 3lato g AANA FEHo
SnO:& Al=sy ot
EE, AN EF9 A EA dAsE 9

3ol TiO:& TYd =4u1 &2 golefd &
e F Arlawrz avsdsd F 2AQ

AAE - AAQ - 4% - o)A

SnOz9 H7tatA ot

7h=AA e 718 =AU} ZEs} AYAE
FAAF17] st ZujF4£e FAYPer HUL
stgon, 1 ¥HE Figure 1o JeERUTH &
Ao Z§ HolE4<9 Pds} Pt, Ry, Rh, Ing
1-3wt% FAuIF S =5 JFF F ylo|Ad
¥ 43 ImlE Frhste Aolg4e 43 =
g F FHFE WS 7Y £95 AxEH
t}. SnO; %oy TiOY/Sn0; #+U& 7o
Holg&g AN F Arawriz awsd
A A3 7tdste] AolF 4ol HAE SnO: ¥
o]} TiOy/SnO; L AZsch 9L &4
g 110CoA 12712 AZ38l1 600ToHAM 243t
28N F £4& B8l ANEFEE A

[Catalyst metal + HO-1mL @25 C, 30min stlmng]

o

"

H,0-20mL

J

.

v

)

Drying at 110°C for 24h

J

b

[SnO,_ powder @25 C, 1h stirring

Calcining at 600°C for 2h

.

o]

Fig. 1. Preparation of metal/TiO»/Sn0O; powder.

o|¥A Azd AMEAES A&} 2HuE
Table 19| et

%9 MM ®&

Fgel 3¢ A% A4 2N T prez
HE £ Ao AAY AMEAQL BAEFERS &
Y YJez A4ste AT ZX e AT 2
SHE ¥dste Aol

AAG A 2 eI WY JBe AR

=
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gAY NHE 248

Table 1. Weight ratio of sensor material and dopants.

mat}::rial ifg:jaé Metal catalyst
SnO; TiO, Pd Pt In Ru Rh
100 0 0 0 0 0 0
99 1 0 0 0 0 0
95 5 0 0 0 0 0
90 10 0 0 0 0 0
99 0 1 0 0 0 0
99 0 0 1 0 0 0
99 0 0 0 1 0 0
89 10 1 0 0 0 0
89 10 0 1 0 0 0
89 10 0 0 1 0 0
89 10 0 0 0 1 0
89 10 0 0 0 0 1
88 10 2 0 0 0 0
87 10 3 0 0 0 0
88 10 0 0 0 2 0
87 10 0 0 0 3 0
88 10 1 0 0 1 0
88 10 1 0 0 0 1

A8 AFEE AEsEc. gFug g%
(13mm*8mmx0.67mm)2] 4|2 745.“ HRog
A PtE 05mm TZHoz A 4L Az,
de e IHE HAsle ¥E22AM Ni-Cre

T4ttt Figure 20] 9 MM FAxE
Easatibeiey

tin Ru

Sensor material

Pt electrode

Support

—

Heater

Fig. 2. Structure of the gas sensor.

zZtzte]l AA Edd diF Fue 2y FAY
10wt%7} = %% wielt]¢l Ethylene glycol}

0wt%el EH4E Azlsld HIs AEE 7}
A past eE AFEEo Y LFvY 718 A
of 229 ZAYse] FHsUck Y ¥

& TiOy Sn07 Fot wbmA) 7h 449 54 3

SRAE Al A 24413 AEsta dlf fd 3]
F2ato] 110Te) A 12417 A
Z F 600TelA 1217 Fk A st

olgAl Alzte ZF2AME 250mm*200mmx
200mm<¢! 10L &<l 87|94 %] 50mm 9
Ao 1A Azl F 2a gFed e dAE §
of7] & ZAHLxEg FIF 2EA 1243
< A3 AHIYE sFen, &7 el #A
7t2E FYstn, #E FFHAA F HYsd
g v JHERuEE HFPAEZE FHHA
o AA e EE F7] FAMY shaAge o
g 7haol fdel meh wate Adte] wE 9
uste, g Aoz AHels.

S = Ra/Rg

od7lel A Rate 7F2 F9 A9 AHFoln, Rg
t 7t £ F Adeld. guitzoz B =%
oA AlEE 2@ TL 2L Y N MHA

2 #3494 7128 ZASA I8 Ade] Fas
71? HB22 S o] 245 AN #F=I %

A o v g,

Figure 3o ¥ d¥ol|A ALE3 7=
AEE vER AT

z% %

-
Procems PC
Seresor,
g NS

DC power supoly

Thermometer

Fig. 3. Experimental apparatus used for gas-sensing
experiments.
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4 AANE - AANY - F49% - o)A

Bgo] 3 E geslo stagAE AN B
< Azsgen, 34 A £99 pHE 952 2
st F £ Sn0& AUtk FAEHe
2 Az F 247 EI}E A A4 EF9
2743 48 2 4 A 9 XRD2 24
A3} E Figure 49 Yehlch. Figure 4914 ¢
F I%°] Ti0z9 A7t Fol BolA+E Ti0:9
2435 AEI olAE AL & F don, FE
d P22 43 delde A4S 4 ¢ dAC

:];,b.u_.__.\
Ll: L

. .
© 0 ® M 80
Theta2

)
2 2

Fig. 4. XRD patterns of SnO, mixed with the
various ratios of TiO; calcined at 600TC.

Az AMEAESY A 9 EMZAE
Table 2¢] YelRlE) Table 2904 & 4= A=)
FE2 SnO: Y29 HF A7]E 1322mmelw,
v EHHo] 7.16mY/g2 YENGT, Ti0:e A7}l
F7HFE QA AV Aol UA v|EHHo] F
Zbte Aoz duEwc Moz FEAQY
SnOzol TiO7} 10wi% H7HE A9/ 9= 27|

80.3nmo) 1, M| EA 4L 838mYg2 &A=

TiO27h 712 Sn029f 7t &% §4

72 ZAEA2A FL38sE7] A 22
ZEE FASEAN FA F7I¢HHe] 53t
oof gt EF 7] 2 7] ¢AHL Y=E
FAsted "ey o AAHA ¥4E A
8 TiO:& Y4 FAvZ F7HE ¥ 712
4 EAHE FAMY AAE Figure 59 YERINA
t}. Figure 501 Yebd uts} o] SnOxe 7h2=9)
5o we Zxst & A7t e ez ye
w3, 1wt% TiOz¢t 5wt% TiO:& SnOx¢l 7
P& W =7t JelRAE, F AMEAS F
E Holg 24239t z#HY 10wt% TiO=
SnOzel A7HS wWe 7t TR we Fx9
atol7} @ol U AL ¢ F AU

—8— 20w% Ti0, / SnO,

- - 10wt% TiO, / SO, Pl
-+ 5W% TIO, / SnO, ’
--%-+ 1W% TIO,/ SnO,

7

Sensitivity ( Ra/Rg )

Fig. 5. Sensitivity with the amount of TiO: to the
various concentrations of TMA gas at 250C.

MM SR st 2cE50
Figure 6% SnO:°1 H7ld 3% A28 %

Table 2. Crystallite size, d-spacing and surface area of SnQO: added with TiO:

D-spacing(A) 2.9140 29192 29189 2.9208
Crystallite size (nm) 132.2 110.2 100.2 80.3
Surface area(m%g) 7.16 8.03 8.01 8.38

_44_



A9 AME £HE & TiOY SnOA ¥ WEs) 712 e §4 5

7 ZoE4e] FHol ot 22E WAL
W A9 ZE W3}E Jeld FHeold. SnOE
BE ¥50] disle 250 TolA A&7t FA o
Eld wrd], SnOzol 1 wt% TiO& A7 sl
200 CE ZAL=7 Yolzth 28y SnOz0l
10 wt% TiO:& H7I8AY 1 wt% Pt 10
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o2 Yeut. o|RAL 4 A3E 43 &
g4 F/ wel 843 oyt AP
2xoA w2 W3}y wold.

—8— 1%PdH0%TIO/Sa0,
74 - o~ 1%Pd/Sn0,
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v S%TIO/Sn0,
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Sensitivity ( Ra/Rg )
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Fig. 6. Sensitivity of the gas sensor to trimethylamine
gas with the temperature (gas concentration :
100 ppm).
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Fig. 7. Sensitivitly with catalyst /10wt%TiO/SnO2
to the various concentrations of TMA gas
at 250°C.
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Fig. 9. Sensitivity of the various sensor materials to the different gases at 250TC.
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Fig. 10. Sensitivity of the sensor material 1wt%Pd/
10wt%TiO2/Sn0O: to the different gases at
250TC.
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TMA 7}2¢] thgt =9 Dimethylamine 2
Ammonia 7}2e) dig Agido] 71 S-=3519ch
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Synthesis and Application of New Unsymmetrical Ligand for
Identifying the Mechanism of Asymmetric Organic Synthesis

Uhm, Jae-kook ‘- Lee, Jinho
Department of Chemistry, College of Natural Science, Keimyung University, Daegu 704-701, Korea

2 9 Estn g7t & PAE 2 vd Y B=g 2] FAEr] Asld, diethyl-L-tartrate 3
SUEAZRY ¥ w9 ueg AXAM, A2 3= 3}YE 4, 2-diphenylphosphinobenzoylamido-3-
diphenylphosphinobenzoate-1,4-diethylbutanodiateZ A4ttt &L 56% F4 AA AL mpE
83 Tdev, [alp=+1695°(c=24, CHCl)Sth. o] 3§t&o] vty gn=24 zEde widE
& #2387 93k, 1-(p-tolylsulfonyl) cyclopent-5-enol4,3-d]-(3aS,6aR)-oxazolidin-2-one-S A4
Al7171 18] Pd 3HES Zo2 Zo] FEARAY. =g FelE F4& 419 v &2 2 EAF
U Z-E ee FL 54%A1, AR £8L 81%At. Co-& WAY =9y odz2A vy
ZNEQ] FoE FAIR 2HE FUAE YRR, GetX ee F AA A FFE VAR &
& AoZ die] Hh

4, 2-diphenylphosphinobenzoyl-amido-3-
diphenylphosphinobenzoate-1,4-diethylbutanodiate with the polarization of [aJp=+16.95°(c=24 in
CHClz) and m.p of 83 T was obtained in 56% yields from a few steps by using diethyl-L-
tartrate for the starting material. In other side, this new compound, 4 was used to investigate the
mechanism of asymmetric synthesis as a unsymmetrical ligand for Pd-catalyst to produce
1-(p-tolylsulfonyl)cyclopent-5-enol4,3-d]-(3aS,6aR)-oxazolidin-2-one. This ligand which was reacted
in ratio of 4 times to palladium metal showed the amount of only 54% enantiomeric excess(ee)
and 81% yield. This ee amount is not so high as the case of general C;-chiral ligands used in
our lab. It seemed that this compound as a unsymmetrical ligand would had a similar Pd-complex
intermediate to other Cz-chiral ligand.

Abstract. The new unsymmetrical ligand, 4

I.M 8 g FFo uuy #713HEL Fgsgc® o

t ogd Cr-&ud E=st ¥eEw 53

Y7t 2 C-&d =g 98 FF A 4%e stue, Agsl 2 ¥y FEL YAl
3t Yty B4 AYES JEAA FZoE g8 I ge dAHA F7HE AR FER ojy Wl F
stz d| A 771844 (chiral organic synthesis) e E&A A9A7) F bR Wgozgk £9E
2 A% Be A7 Y50 gob!'7 Trost 5 = Aoz oAsle EE& ee (high enantiomeric
2 A7 AT tE o]EAA HYL BEE o excess)dEfe] HAHEEL d& F Pz s
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2 A3 - o1NE

<o Oy/@ oQ o(@ t-Bu~/N\N Q‘Pphz o@

INH PPh,
a prn, P EP:

va @ °\_©

m Iv

Scheme 1. Ca-Chiral Phosphine Ligands

o} o4& scheme 10] £ 74NN o]v] A&
FAW Co-&Uld T2AF9 =g vEr
299, scheme 29| Trost?} F4% £& ee 4
HES A7) A4 o83 YL ¥ + 3
£ 2AE ANSAL"T

NS
5 x5
¥ o

Scheme 2. Complex Intermediate for Asymmetric
Synthesis

Scheme 1¢] Ueld 3 F9 C-& dWAY ¢
e gIEF FEF HAYPe HUES H
scheme 2 8 Z& FXAE AL Aol), 7}
o] &7 (chiral backbone)l D-mannitol& &
wEAZ YA, dibenzylE FFHAV)2
2 e C-& WAy Y=g A4sgo

E AFAo e scheme 29 ligand$t #AHSE
R E9] [igandE MZo] FA3A 1(R)A4(S)-
dihydroxycyclopent-2-ene®  p-toluenesulfonyl
isocyanate® W3 E2 ZEAZ R tris (dibenzy-
lideneacetone)dipalladium(0)-chloroform  #+&
Zo] HhgAIZITE AWAIEQ) 1-(p-tolylsulfonyl) cyclopent-
5-enol4,3-d]-(3aS,6aR)-oxazolidin-2-one®] A&
A olHAAS EFate WRo diFd YA A
T& stq g

B AFoae Flold FAOR diethyl tartrated
2w2A2 og3ld gxrt 2 HgIl=
(unsymmetric ligand)& Mol FAstnzx &
th. 7)o ZatE AFEF NHEAA Fujz o]
fsinz dojxe AAE 1-(p-tolylsulfonyl)
cyclopent-5-eno-[4,3-d]-(3aS, 6aR)-oxazolidin-2-
oned] Aol AA] G FBAE EAEo 2
g HUEE Wz, vdA {7138 E 9
& 2gee] Fgo] AME RAIE Ho| &
A9 E3Folr}

I 4 g

Alet 3 7171,

E dTd Alg® Aeke& Aldrich, MerckAl,
agln StremAl AFolAt. Ad Fie &l
% Aldrich, MerckAl 28|11 24 Eo) o,
potassium, sodium, CaH:5& Z&A71n A&

FAINEA o2& 7t2F BoFHAM FHE

Ae AHgsgch HA4E g Astd AHEE
chromatography% Z2RAA = silica gel 60(54Y
MerckAl AF)elxct. HAES &HAs7] A3
A4 71715% NMRe 'H-% P®c- adx
Slp_g =43 7] Y& Bruker Digital Avance
DRX 400, Varian XL-300, Varian Gemini 200
59 9 A F{HE FA o83ttt Mass
Spectrax Kratos MS 9 KFA spectrometer2
ALg-slgch YQA¥A e Carlo Erba Elemental
Analyzer CHNS-O EA11082%-¢8 ZAAHUL
W, 2 3359 §FH(mp)e Thomas-Hoover
€4 272 23U £ AFHLE =4
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By #7134 WG #Ag

7] 913 #HF A= JASCO DIP-360(50 mm cell)
& AH23 4T 2 st Ey 32 2808 89
3t7] 998le] IRS Nicolet 205 spectrometer®
o) &3] Z+zte} spectra® VAU

Diethyl| tartrate-monotriflate(1)g] A4

EtO.C. Et
E‘olc),OH 26dHBupy, T0  ° )’0” . 0L
ElO,C ."OSOzCFQ E(OzC/ 0SQ.CF3
1 72% 2 10%

EOC “OH

100m! Schlenk tubeoll diethyl-L-tartrate 0.855
mL(5 mmol)®} 30ml methylene chloride® ¥4
9 Fo] -78 T WY4§ Fol, triflicanhydride
0.84mL(5 mmol)E FAIZIZ A3 7igot. 5&
Foll Al%3lA 26-di-tert-butylpyridine 1.235 mL(55
mmol)& 7ttt WMEEFEL 2 Al T A2
A SEE 1A F, A2 AEHA A4AT
g @S Az BAHEL HgA ¥ 22vE
228}9)(20% ethylacetate/hexane)ol] 2lsllA A=) 3}
AuY, 4 V18RS 1225 g (72 %)o] FE2
Aol At
Monotriflate 1 : Rf = 05 (30% ethylacetate/
hexane); [alp = +32.1° (c=1.11, CHCl)

IR(neat film, from CDCIls solution) : 3500, 2990,
1777, 1746, 1423, 1268, 1246, 1212, 1143,
1031, 926, 881 cm™

'H-NMR(CDCl;, 300MHz) : & 1.35(t, J=7.2 Hz,
6H), 3.45(d,br, J=5.76 Hz), 4.24(q, J=7.2 Hz,
2H), 4.02-4.12(m, 4H), 4.37(q, J=72 Hz,
2H), 4.84(dd, J=5.85, 151 Hz, 1H), 5.46(d,
J=1.97 Hz, 1H)

¥C-NMR(CDCls, 75MHz) : § 13.75, 13.82, 63.46,
6349, 70.7, 764, 118.3(q, Jcr=3194 Hz),
164.2, 169.1

Diethyl tartrate-vinyltriflate(2)2]
AN g 2l

£ Eto
EtOzC),ou 26-6:Bupy. T,0 2 )'°"‘ + ZC\L

% % /~0S0,CF
Eto,c” OH E0,c” “0SOLFs  E0L CFs
. 2% 2 0%

A A2 gy 2B=e §A4 o8 3

100ml Schlenk tubeol| diethyl-L-tartrate 0.513
mL(3 mmol)3} 20ml methylene chloride® jA]
5 Fof -78 T2 Y3 Fd, triflicanhydride
0.978mL(5.82 mmol)& FAH71Z2 WA 3] shgch
58 Foll Al&8)A 26-di-tert-butylpyridine 4.041
mL(18 mmoD)& 73k HEEFEL 2 AL F
GdFAeAA LEE 5 F, A2AA A&sA
147 o whe-2 Az AdES HdEsA @
a20tE289(30% ethylacetate/hexane)ell <]
A sy, vA EIHs 2ol 3}
g, 28 HAHAD F4 7|ERGIH 465
mg(1.45 mmol, 48 %)9] &2 Aot o
oz By Aol IAFE, Lo £&2 200
mg(0.59 mmol, 20%)°l At} 4718 A¥e 93
IFE, 1& A% & & AU
Vinyltriflate 2 : Rf = 0.73 (30% ethylacetate

/hexane)

IR(neat film, from CDCl; solution) : 2989,
1747(sh), 1732, 1669, 1434, 1275, 1212,
1140, 1080, 1030, 932, 859 cm™

'H-NMR(CDCl;, 300MHz) : & 135(t, J=7.15
Hz, 3H), 137(t, J=55 Hz, 3H), 4.31(q,
J=7.15 Hz, 2H), 4.38(g, J=55 Hz, 2H),
6.89(s, 1H)

BC-NMR(CDCls, 75MHz) : & 1365, 1368,
62.24, 63.59, 118.3(q, Jcr=320.8 Hz), 1208,
143, 159.27, 161.5

Diethyl tartrate-azidoalcohol(3)2 M4

EtO zC>,0H NaNj, DMF Etoﬁ):z“
Et0,C “0S 0,CF, EtO,C 3
1 3

100ml Schlenk tubecll diethyl-L-tartrate

monotroiflate, 1 1225 g(3.62 mmol)z} 10mL
dimethylformamide® 7}&te] %<9 Foll Ao
A oA sodiumazide 2.35 g(36 mmol)E& EFE
o} HEFEL 12 A T AWAIAEC.
H$-22 70 mL methylene chloride2 3 ¥
50 mL E& u %3 Mo|Fn MgSUE &S
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4 AAZ - oJRE

A AAZI} Lol evaporator2 AMAEHE A
2 30l 24 7|§4HE dojAch F£&& 0.704
g (84%)4th.

Azide 3 : Rf = 043 (30% ethylacetate/hexane);
[alp = +5.7 ° (c=0.96, CH:Cl)

IR(neat film, from CDCls solution) : 3486, 2988,
2119, 1747, 1374, 1208, 1112, 1030, 862
cm™

'H-NMR(CDCls, 300MHz) : & 1.31(t, J=62 Hz,
6H), 343(s, br, 1H), 422 - 4.38(m, 4H),
4,65(s, br, 1H)

BC-NMR(CDCls, 75MHz) : & 13.98(2CHy),
62.34, 62.60, 64.36, 72.0, 166.90, 170.74
MS(70eV) : cal. M'-COzEt 158.056566, found

158.056594

2-Diphenvylphosphinobenzoylamido-3-

Diphenylphosphino-benzoate-1,4-diethy
Idibutanoate(4)2| &4

COOH ( s
PPh

EtO zcxo:' THF 2 PPh;  EtO,C 0
EtO,C 3 - EtO,C’ PPh ,

N )—NCH), o
3
4

SOmL Schlenk tube©] 200 mg(0.865 mmol)
9] azide 3}¥E(3)3 362 mg(1.384 mmol)
triphenylphosphane& ¥ 3 mL THF& £l
Z, % 0036 mL(2 mmol)e] E(N; #3&)& 7t
g} g A AoA 18 Azt mEAIZIY
BE LA ARES SHANLD F (¥ 2 AT F
¢} vacuum pumpE o|4), F%¢ IFELS 10 mL
methylene chloride®] %°]3 574 mg(1.82 mmol)
2-diphenylphosphinobenzoic acid®} 5.28 mg(0.0432
mmol) 4-N,N-dimethylaminopyridine& 7}3}4
A4 A7 ¥ 3926 mg(1.90 mmol)g dicyclohexyl-
carbodiimide® WE&th AdA 3F F e
Al7|E Fa e nokoz A Bo] dojyon,
fu)g B3 Fo)] 20% ethylacetate/hexanes
gz AestAa B azvtE e oA

HAHEL AA}YCt $£&< 380 mg(E6%) F

A AAYR, mpE 83CATH Rf=027 (30%

ethylacetate-hexane), [a]p=16.95 °(c=2.4, CHCl2)

IR(neat film from CDCI3 solution) : 3360, 3055,
2083, 1760, 1756, 1747, 1673, 1668, 1586,
1550, 1505, 1435, 1373, 1278, 1242, 1211,
1109, 1028, 911, 744, 733, 697 cm’

'H-NMR(CDCl;, 400MHz) : & 1.24(t, J=4.06,
6H), 4.20(m, 4H), 547(dd, J=856, 2.79 He,
1H), 698(m, 2H), 7.07-741(m, 25H),
7.65(m, 1H), 8.12(m, 1H)

BC-NMR(CDCls, 100MHz) @ & 1391, 5295,
61.80, 62.11, 7295, 127.78, 127.84, 128.25,

12834, 12847, 12853, 12859, 13041,
131.10, 13228, 13342, 13345, 13356,
13369, 13372, 13384, 13419, 134.44,
13697, 137.12, 137.25, 137.31, 137.39,

139.75, 140.06, 140.4, 165.01, 166.11, 167.8,
168.19
3P-NMR(CDCls, 161.9MHz) : & -541(s), -9.37(s)
Elemental Analysis CsHaNOP: (Mw=
781.77992)
calculated (%)
found (%)

C 7067 H529 N 179
C 7088 HS517 N 181

BlEHE 48 2zi=2 0|83H-(p-tolylsulfonyl)
cyclopent-5-eno (4,3 -d)-(3aS,6aR)
-oxazolidin-2-one2| 44

Mz = 358 4, 2-diphenylphos-
phinobenzoylamido-3-diphenylphosphinoben-zoate
-1,4-diethyldibutancate® ©°]&3to, &2 E4Q
cyclopentoxazolidin-2-oneo] @et§ 3gE7 2
o] ZEAA AgAoldAA] MAHLZ ee F
& A7 5o e B 4PE FYs
%c}_'lﬁ

50ml Schlenk tubeoll 1(R),4(S)-dihydroxycy-
clopent-2-ene 0.6g(6 mmol)®} ¥4 THF 5mL&
748t Fol p-toluenesulfonyl isocyanate 1.89 ml(
123 mmol)E W&E 7H3tEA wgAZY. &
50mL Schlenk tubeE Arta2 A& Fol 3g¢E
4 063g(06 mmol)®} tris-(dibenzylideneacetone)
dipalladium (0)-chloroform #& 156 mg(0.15
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Y fr1gAde WatdE #9dg A8 ARE udA R=e FAI o8 5

mmol)& ¥ Fd Z4EAdrt At B
ojyiy, B4 THF 5mLE £vl2 FE&AZC
o] £4& 1AL B¢ uksldE wrEEL We
LAANYoz uiAA HI 0CE WA £,
4719 biscarbamate §H4E Y2 Yojx=d
whE A7 @A3] b3, 0TCoAM 3A17E Bt
gk Al7|H gkgo] ottt ZujE AAFR
dE RA7IE dEYsA @ a2vtEaH5(20%
ethylacetate-hexane £ul)o] <A AAHEE
s oen, o 3FES #As] AY €4
A% T8N dAHIYYG. FE€L 135 g
81%)At}. [alp = -76.3°(c = 2.68 methylene
chloride &)¥ 2™, ee &< 54%°lAct.

m. #a 3 D&

ExE ojtiEY 2zt 49 &4

2 dF-HdME thdt Mze udRY =
o 43 olg FHUE=Eol FuEMN AE
g, uFAY 5L ee HFES YA} A
2HE $Fo] BE dFE FYsida HdA=
ALE 7HeAel ¥ 2 FF9 HX=E A4
/1= &dch 2ZAE oA % ol § ATl o
g A3 wg v EE AAEA ¥ AH
ot BN maly B AFqME whAY
oo A8 F o TAFeR %3] fdy
Scheme 37 49} & EolA 942 FE(linker)
o] Aie Ao vz GAJt E AJAE
AYANFI 22 Trost o] &3 ¥EE dtna gt
Aze 2xd vdI3Yge =g Y43l
A M & ethyltartrate® FLEAZ 3t 2 ©
Aol & A FAstdot. oh& Scheme 59

P Ph Ph_Ph

chiral scaffold |

R; bulky substituent

Scheme 3. Framework of Cz-Chiral Ligand

ethyltartrate® 22532 38ld vdAei=g
FAdste A A(total synthesis)S HERNAT.
o] 3ES A7 st B ATAANA o]
o #YPY A7 FAE AZFH BEE A
547,“ -‘al:]-'”"s

EtO,C
EO:C\LOH 26-di-tBu-py, Tf20 : )'OH

Eo,c” OH E10,C7 "0SOLCFs

1 72%
Et020>;0:.|
Et020 3

3
COOH @\Ppnz
e 2 OPPM E10,C o
N@—N(CH); Etozc)fj\ @:th

NaN;, DMF

o
4

Scheme 4. Total Synthesis of unsymmetrical Ligand 4

MME 48 2|ZHER 0|88
1-(p-tolylsulfonyl)cyclopent-5-eno(4,3
-d)-(3aS, 6aR)-oxazolidin-2-one2| M

E d7ddA oln #§HRW oA FHe
C-&l 38 =g ol 43td 1(R)AS)-
dihydroxycyclopent-2-ene® 2%¢E3d2 39
1-(p-tolylsulfonyl)cyclopent-5-eno-[4,3-d]-
(3aS, 6aR)-oxazolidin-2-one AA3slH L5 ee
g zAEYLS B AFqME Ze 2P
A FAHEE Uge 48E FYP3Ant. ol A
" Ane vmslnz, A2 Yjce AL
t7hUZe] O@ &eg B do EFd B
A E gotrax o E AF9 sted
wg W7l ZEL b Scheme 59 Zo] JENE
4 it yzdrc
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6 A A=

gLO

o@?’:&-ﬁ

EoYs

EtO,C CO,Et

Scheme 5. Expected Pd Complex Intermediate of
Ligand 4

A7t 49 FAHE QAHE FE FUAE
Be WA (-OCON Ts)7F allylg el @48 T
Ase wge on zAE AnetE oIy
A Ao 9AY Ao Akt ojd AF
oA M Ze Co&dA A= el 433
B3yl 2 tert-butyl-triazaphosphol®l ¥+
AR AL B TN 3¥A TF 4
o] g Aoz APt aygAw ¥ d
Feol Ao o3 AAHE, 1-(p-tolylsulfonyl
cyclopent-5-eno-[4,3-d]-(3aS,6aR)-oxazolidin
-2-one°] 81%9] &7 54%% ee T2 Ao
Atk Wt ol eeo] T ZWA I
A%-9 HZIYL W g FAHALH, R
& oy uuAYRES} C-ENIY B+
&g ZeE FE F70A(scheme 5E AA
7He Aoz A48 F U

v.d g

2 aAxe ouzx B AFAddA 3%
W o gARIIEAE A% weIUEES 8
87 98td, Trost A7l 2H& 2Fo o5
% ge ERE F2A 9FE At

AR B AFdAE A2& vdAY g3i=
Agee FAsAT M2e An=g #AE
9)8le] diethyl-L-tartrate® &%¢&3Z o] &3l
o triflicanhydride® ®t3-Al#A diethyl tartrate-
monotriflate(1) & 72%¢ #&2 AA H52
o] 7]e] sodiumazide® ¥r3AlA diethyl tartrate
-azidoalcohol()E 84%2l &2 stk A

oldE

A 2-diphenylpho-sphinobenzoic acid& 2817 A
2 u|gx8 3152, 2-diphenylphosphincbenzoyl-
amido-3-diphenylphosphinobenzoate-1,4-
diethylbutanodiate(d)Z 56%9 &2 AUtk
mpe 83ColAx, [alp=16.95 °(c=24, CH:Cly) ol
At

S5 o] FusE AARE YAst & A
AE AYAINER, Zuje g T EAF
g Zztxo] A7 o¥A FH}EAE
zA8Hg T o] Ao Az AYAJL FAE
£ ug e ojm AFagd W 2ol 4P
ofo] & dPL Lerte AES AU

AR 2 AN go| ATHA C-& WY g
ZrEobs ok vgA =g AREe] e 3
gEo] YATR 2% ee FE ZARIACE & AT
oA Aol F4gE HlthA Ek=st 1(R)AS)-dihyd-
roxycyclopent-2-ene® p-toluenesulfonyl isocyanate
¢} 123 tris (dibenzylideneacetone) dipalladium(0)-
chloroform #E-g uhgAIZes, ABEsE 1-(p-
tolylsulfonyl)cyclopent-5-enol4,3-d]-(3aS,6aR)-
oxazolidin-2-one®] A&4 ol4a TAZ Ao
A oW gzee wAF FT&E 419 ¥E
2 FSARYY EHE ee FS 54%AxL, A4
29 $8& 1%t AP EHez [ap =
-763 °(c = 2.68 methylene chloride £v)°lR
t}, o] WA FYJR=g FHFoz FLIHAS
W duEQ C-eEs ety F43% AA
e A8 FWA FAE Aoz 4EY F
ek, meby AAA FHo] & A FPez
£ NYA ee F vzt Bt oA AT
AN dg Btz yAs & AFAE A=
Co-& W% V=g AFoz ALY 34, B
IdE T4 o)F AE FUAE YA AY
A AL Aegtn Pzso doAE 7
Eo] QAT HE ee FS ol A + 3l
the 288 dUth

JEEE]
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QCM Study of [(-casein Adsorption
on the Hydrophobic Surface II: Effect of pH and Anions

Su-Kyung Park - Myunghee Lee - and Chinkap Chung
Department of Chemistry, Keimyung University, Daegu 704-701, Korea
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Abstract, QCM has been used to characterize the adsorption of B-casein on a hydrophobic
surface. Self assembled monolayer of 1-octadecanethiol on a gold coated quartz crystal has been
served as a hydrophobic surface. The adsorption characteristics of [-casein has been studied in
different solution conditions. The monolayer formation of the f-casein has been observed in most
of the cases. Added salt suppressed the micelle formation. The pH of the solution affected the
adsorption speed, but not the adsorption quantity. The anions in the solution did not affect the
adsorption characteristics quite contrary to the cations.
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Tetragnatha shinanoensis Okuma and Chikuni, 1978,
a Tetragnathid Spider New to Korea
(Araneae: Tetragnathidae)

Bo-Keun Seo
Department of Biology, College of Natural Science,
Keimyung University Daegu 704-701, Korea
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Abstract. A tetragnathid species, Tetragnatha shinanoensis Okuma & Chikuni, 1978, collected
from several mountain districts is described with illustrations as new to Korean spider fauna.

Introduction

Tetragnatha spiders have an elongate to
tubular-shaped abdomen. Carapace is slightly
elongate and weakly sclerotized. Most
Tetragnatha species are found near water.

Their orb-web ranges from horizontal to
vertical (Levi, 1981).

Eleven species of this genus have been
reported in Korean spider fauna (Platnick,
2007): caudicula, extensa, lauta, lea, maxillosa,
nitens, pinicola, praedonia squamata, vermiformis
and yesoensis.

Recently the author identified Tetragnatha
shinanoensis Okuma & Chikuni, 1978 among
the specimens collected from several mountain
districts and described new to Korea in the
present paper.

The materials examined are deposited in the
collection of Department of Biology, Keimyung
University.

Description

Family Tetragnathidae Menge, 1866

Genus Tetragnatha Latreille, 1804

Tetragnatha shinanoensis Okuma and
Chikuni, 1978 (Figs. 1-10) vy ZA 0| (43)

Tetragnatha  shinanoensis Okuma and
Chikuni, 1978, p.1, figs. 1-13; Yaginuma, 1986,
p.133, fig. 71.3; Okuma, 1988, p.176, figs. 7A-J;
Chikuni, 1989, p.94, fig. 13.

Material examined. 18, 1%, Mt. Sokri (Ch
ungcheongbuk-do), 21 May 2006 (C. W. Lee).

Description. Male: Carapace yellowish
brown with dark margins, and with a large
slight depressed median furrow; cervical
groove distinct; index 65. Cephalic width index
60. Clypeus height the same to radius of
anterior median eyes.

In dorsal view anterior and posterior eye
row recurved. Eye row index 98. Eye area
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Figs. 1-10. Tetragnatha shinanoensis Okuma and Chikuni, 1978:

1. Male, left chelicera, retrolateral view.
3. Ditto, prolateral view.

5. Ditto, paracymbium.

7. Ditto, retrolateral view.

9. Ditto, abdomen.

2. Ditto, dorso-prolateral view of tip.

4. Left palp, prolateral view.

6. Female, left chelicera, prolateral view.
8. Female, eye area.
10. Ditto. epigynal fold.
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Tetragnatha shinanoensis Okuma and Chikuni, 1978, a tetragnathid spider new to Korea (Araneae: Tetragnathidae) 3

index 95. Eye ratio, anterior median eye >
posterior median eye = posterior lateral eye >
anterior lateral eye (8 : 6 : 5). Anterior
median eyes separated by 0.75 times of their
diameter, and by 1.25 times of their diameter
from the laterals. Posterior median eyes
separated by 3 times of their radius, and by
1.3 times of their diameter from the laterals.
Anterior and posterior lateral eyes separated
by 0.8 times of diameter of anterior lateral
eyes. Median ocular quadrangle, posterior side
> height > anterior side (21 : 20 : 19).

Chelicerae yellowish brown (Figs. 1-3).
Stemum with dark margin, index 75 and
labium brown, index 133. Legs yellowish
brown. Leg formula 1243. Leg formula index
100 : 61 : 28 : 54. Leg I/c 1044. Fem. I/c
2779. Tib I/c 3.09. Met I/c 331. Met. I/tar. I
401. Met. IV/tar. IV 3.80. Fem. I I/d 21.65.
Tib. I I/d 34.72. Pat. I+tib. I/c 3.51.

Abdomen elongated; dorsum with a dark
brown stripe running on each side and
covered with scale pattern; venter light brown;
index 37. Palp with a characteristic bifurcate
structure at tip of conductor; paracymbium
triangle-shaped (Figs. 4-5).

Female: Colour and general appearance the
same as male. Carapace index 68. Cephalic
width index 68. Clypeus height the same to
radius of anterior median eyes. Eye row index
96. Eye area index 91. Eye ratio, anterior
median eye > posterior median eye = posterior
lateral eye > anterior lateral eye (9 : 7 : 5).
Anterior median eyes separated by 0.8 times
of their diameter, by 14 times of their
diameter from the laterals. Posterior median
eyes separated by 1.6 times of their diameter,
by 13 times of their diameter from the
laterals. Anterior and posterior lateral eyes
separated by 2 times of radius of anterior
lateral eyes (Fig. 8). Median ocular
quadrangle, posterior side > height > anterior

side (25 : 21.5 : 21).

Chelicerae colored as male (Figs. 6-7).
Sternum and labium index 81 and 138
respectively. Leg formula 1243. Leg formula
index 100 : 61 : 29 : 57. Leg I/c 10.05. Fem.
Ve 264. Tib I/c 292. Met I/c 3.32. Met. I/tar.
I 462. Met. IV/tar. IV 381. Fem. I I/d 18.74.
Tib. I I/d 29.18. Pat. I+tib. I/c 3.38.

Abdominal index 40 (Fig. 9). Epigynal fold
wide and slightly protruded posteriorly (Fig.
10).

Measurements(mm).  Male/female:  Body
length 5.63/6.51; carapace length 2.02/2.52,
width 1.32/193; cephalic width 0.79/1.12;
stemum length 1.06/1.47, width 0.79/1.12;
length 0.26/042, width 0.35/0.35;
anterior eye row 0.74/0.49; posterior eye row

labium

0.76/0.55; abdomen length 3.78/3.92, width
1.41/2.31.
Leg I 21.08/22.12(5.63/5.81, 0.84/1.01, 6.25/

642, 669/7.30, 167/158), O 1295/1342
(3.83/3.96, 0.75/0.88, 3.61/3.74, 3.70/3.70, 1.06/
1.14), III 5.98/6.51(2.02/2.20, 0.53/0.62, 1.23/1.41,
150/158, 0.70/0.70), IV 11.44/12.50(3.70/3.96,
057/0.70, 2.95/3.17, 3.34/3.70, 0.88/0.97). Palp
2.42/2.77(097/0.97, 0.31/0.35, 0.35/0.48, 0.79/
0.97).

Remarks. Male of this species may be
confused with 7. maxillosa because they are
very similar in general appearance, but strikin
gly distinguished from the latter by bifurcate
tip of conductor of male palp.

Distribution. Korea, Japan.

Records. 14, Mt. Geum (Gyeongsangnam-do,
Namhae-gun), 29 May 2005 (J. Y. Park). 24,
1%, Mt. Geryong (Chungcheongnam-do), 16
Jun. 2006 (S. H. Shin). 14, 1%, Mt. Naejang
(Jeonlabuk-do), 12 Jun. 2006 (S. Y. Kim). 2%,
Mt. Juwang (Gyeongsangbuk-do), 2 Jun. 2006 (S.
H Shin). 24, 1%, Mt. Sokri (Chungcheongbuk-
do), 21 May 2006 (C. W. Lee).
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Isolation and Characterization of Strains Solubilizing Inorganic
Germanium from Soil
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2 ¢ B dFe FrAEcEd £33 IFE F4387] 93 FAQ4YT 419 e Fe
FozRy FrAzoly £AEFE s, FrlAEnE &%) 5 F TFE AEsy
G28 G482 "wHslgch & #F9 HRASuIAE 1% black sugar MlX2 AAsH. #F G229
G49] Mg Edsld AT, wSe Ao FF39 TZAEE +P3AT. APAES A3
Gedl #$FE AT A d=22RY #771Ged] 27 ¥& 22 Kol 71831Geo]l HEUHE
A= ASE Ao

Abstract, This study was tried to select the strains which dissolve inorganic germanium(Ge).
Two strains were isolated from soil near the root of fresh ginseng and gumsan ginseng as
inorganic Ge decomposers. These were named by G2 and G4. One percent of black sugar
medium was confirmed as the maxium growth medium. The mixture of strain G2 and G4 culture
broth was sprayed to the young radish, the cabbage and the melon. Several leaves of these
plants were collected to measure the concentration of Ge absorbed into the plants. The results
showed that the concentration of Ge in all plants which treated by the mixture was increased
significantly compared to untreated ones.

I.M 8

AZ2ekge QAo dig @gAe] nZzgo
el oA E ZF AFol Ao, o
ZF Ge §o] #F Bl RolP: ALY A
&9 YFZ2A F YUY AFLS HT well-
being A& Zoldd o rjeAHE 7HA F
7180] H7E 715A AFez /AgsEn g

LANE 32 Ged WMol FEEZA A
Aol A iR E Frldez EA43=d 19483 7|
F dadtae uihQ walet ma# 9ARzt
Ge Y40 wixmaA] AAdo) AP YA3AEA

e AzFEe voky AL olFA HUAZ,
o] Ge 94 #HE3, o83 SHAA Y B
AR 27181 A Ao AL A
oA Zg3lA sl AAEA o shEofor A+
7} A= A1), F7148 8] Ged Transistore]
fE7F € ¥ AP 2 AAE ol &3VE o
7l Qo Aed A% JHAIL FHE o
25 F713HY Ge A% AEW ALTF
o] ZA, ¥ A3} NUFSEY AdulE &
A, NKA X9 mactophaged] 413}, gHS
#1] &%, cytotoxic T-lympho cyte? A4t =
3 59 71%& 7HAHE, 3, 4, 5, 6, 7).
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A AR uAEE o] 83 F7]|Ge (GeOr)
& F71GeoZ diFAAEE AEF Ged €Y
o] ol B3 Fojglrkg, 9, 10, 11). E- &<
#F71Geol #irz g AFEH FA Wl
EAste GeFd ARTAY Aitd BT AT
th(12, 13). 23y #A W FHHA e Ged
A& Fdsok sk ojzl gl A o] FH &
"ol § o8 71X A A A gl

oty 2 APdME Ged #7113t 23
& wEo] FYFo H7HE F7]Ge(Inorganic
Germanium)€ #71GelZ Jl&3lsle 5HE
7R #FE BEstd 7154 PlAE ¥EE A
9] $8715AE &A% d3E Bunstna

I. A8z 3 Wy

1. M8 o AUy

FAEY EUE 4% EFANEE A Ge
o §Fol 71 BE HFS neso S F
A4 RAEY L F7AY A4Au EF
€ A+t Algsiglen, B dFes Myd
FollA Add Fan FAAQMe] % ESE
ALg-3tgl ot

F71Ge2 Inorganic Germanium(GeOz)EZ&
TRt ALg-Ea, F 224 WX LBuA
(Table 1), 1% ZAd#guX|(black sugar 10 g/L),
EFuALBHIA + SAHGuR)E AL ST

Table 1. Composition of LB medium

Peptone 10 g
Yeast extract 5g
NaCl 5g/¢ (pH 7.0

T3 &gt 4z wlAd 1%9 inorganic
Germanium$ H7}stq 47 og, AHAT E
FNE 1 g& HEF 9 ME 3459 7 wiA
o] MH& 100 pt¥ FHFslY 37T, 160 rpm
o2 3~797 wjgdtAch wig 39, 5440
sampling3te] 16,000 romell4] 10 min YA £
 F ATAE 300 o FE8d A=xVM A
ZA17 ¥ ICP-MS(ELAN 9000, Perkin- Elmer
Co)E Ge¥HE FAsIAT URTF2E EYA

H-gas

BEE HFSA 4L GeOetE FAF A ¥
< wg BFHE AHg3aTh

9 2¥e Edz e WAE F49 W
Az Agstd FI|Ges #71Ge2 B3A]7)
' @g erEgdy] o F4, AN ¥
HESS s4stn FAE P 100 wE
=%t 37CAAM 24~48 hr& H%3td &5
s

2. Ge standard curve HM|Z 2ty

Gesl %9 FAo| AIR-§ ICP-MSE 2
o]glo] Alzte] Haw, B& 49 AEE FH
7ldle RAYINER Ges =& FAH3E assay
HE o) &5ttt '

Ge EE49& Aldrich Germanium ICP/DCP
standard solution(contains 9,985 ug/m¢=9,985ppm)
& o)]&£3 3 0DE 10,000 ppme 2 #4H(=9,985
ppm O.D3t~-(0.Dx0.002))3 o},

Ge standard curve %73-& phenylfluorone
solution(phenylfluorone solution : 9-phenyl-3-
fluorone 32 mg, ethanol 85 m¢, 6 N HCl 1 mé
/ethanol 100 m¢) 2 meS} cyclohexanol(Fluka
Co) 1 M€ HA7tE F &Ho] 7I53EE 4
Ge sample solution 2 m& H7lstAch

o] EYNE AL 30 min ¥ F 7T 4o
UV spectrophotometer& ©|-43t 525 nmollA &
A3yt 24715 Ge solution F=% 1~5 ppm
OJBZ Ge FE/ & AL FA A &7}
Al 8143t ZAds1el(14, ©18t PF sol'n ).

3. 22lzFol Mg F71Ges #7I%0IE
s dE

&5 2E% 4 TFE Ge02 01 g& EFE
Ztzbel EAgu]x] 20 meoll 19Fo] FEF:H F,
37ColA 797t 160 rpme2 w3t

FAZE #7Hglol GeOz 01 g7+ H7He &AM
FujAE dEFE Fgen wIrL Fo 1,
3,5 744 WYL 2 m¢ ¥ MHstd 244
A F71Ged] PIHYAE FAA I 7] &) 343
AAF F 16,000 rpm, 10 min YA 23 A
$9% PF sol'n Wde2 #7Ged §F8 =
A3}
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Eko g NE Fr)A2ebE Bl v W 54

. 22l Fe YUSHix] HE

B71Geo] 713l #ojsle F ReFF G229
G4e] Ao H8wAZ 2487 ¥ste] 1% black
sugar, NB(nutrient broth, Difco Co.), YM(yeast
extract 0.3%, malt extract 0.3%, peptone 0.5%,
glucose 1%, pH 5~6), PDB(potato dextrose
broth, Difco Co.) wi#o] g wige] {F3te] 3
7°C, 160 rpm, 24 hr &<t vt ASKHEE
660nmell A ABSte 2 Z7Astgich

5. ¥fo iF, A2E 422 77|Ge M
A2 0|38 ZEAE

ARl wjF #HE AY FER Fo F7lel
A Jug stz TFEHE e, A
w7183 Ge AT F G29 G488 HA wlF
F Eisle 2Rgdow FyPsidc. d¥s
W3E FEE o4 § 1~279 130z 33
Brsigon, o EEA0T A3 EFE ¥4
ANEz AFPsgach Zele ddEvbt #eld
8 Fo] 4A7IL AAsAden EHAERE
9z #el 2 EYS AHAL, AR A=
ore] AP FUAF wyoez 23 A st
2y oAgz HHT 259w, 29 2 A
AzAZ F g8t} 05 gl BT 10 ml
7Fete] o3 @ F 14,000 rpm, 15 min YA
Balse] 45 | mE PF sol'n $H22 f7]
Ge %% ZHstdh

tu nle

m. Zap & nE

1. Bt Eo| Ge EEH &

zTE 78 HEHA ¥
Aol weol 1047 “% uoFak ZAatE 1,853, 833
ppm(,ug/m?,)'ﬂni ICPZA A7 Table 29 ).

=9 71,854 ppm)¥} Hlwste] {7 Ge
o] #tako] A LER v Foll F7] Ged
7bes & 5 Ade 7o EAC &)U o
gk4] Table 2014 9] 43 TN EF BF
59 wjokst EdutufAelA wA JEG AR
g Mg AoA F7]Ge Ao AKAHE
o} Alate] 7} £ ZAog FAHAt

re

e —r)i'i'ol'u"

%

ldl
o Dh

3
Table 2. ICP value of soluble Ge in various media
by soil sample incubation
T _Incubation time(days) 3 _
“ 2
Mefium T
L 758 180
ss” B 1202 2270
L +B 389 55
" L 934 1,216
GS B 1,187 2,948
LI + B 563 1,189
* : Fresh ginseng, = : Gum-san ginseng,
L : LB medium, B : black sugar
L + B : mixed medium, = : ppm,
Control : 1,854 ppm(ug/me) for 10 days incubation
in black sugar medium.
2. yargel gel
2le] Aol A 771Ge %‘*P' o] EA7}F o4
of wel 4 © FAkQlatel Ha EGE wigd
wjopel Fol N ARE FE £Fel 3 9stel

Hokoﬂ.g.

HolE
47

32, S3, S4 (Fig. & F4kel4tel A
= Gl, G2, G3, G4 (Fig. 2)2

£ BhlSe ANY AF, B2

gastel Bw WFHAT Ge FHE

Hol= z}

@ Pelstgn. FAdlM Bel@ #E S|,

®og #F
zbz} o siglch

Fig. 1. Four strains isolated from the soil sample

Fig. 2

- 69 -

attached to fresh ginseng root.

. Four strains isolated from the soil sample

1llachcd to gum-san ginseng root.
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3. Ge standard curve =4 (H2txM)

Ge standard curvex Table 39 o2 &3

HADL FFJHE Fig. 322 Yehudd.
Table 3. Absorbance value of Ge standard solution
ppm Absorbance(525nm)
05 0.396
10 0.492
20 0.610
25 0.667
40 0.930
5.0 1.022

¥=0.1413+0.3337

E os
4
% 0.6
g
£ 04
5 0.2

ovo

s 2.0 2.5 30 3.8 4.0 4.5 s0
Ge concentration(ppm)
Fig. 3. Standard curve of Ge concentration.

4. 7710712%})Ge HitT2| el

T4 R FAAUAAN A EF S, S2,
S3, 848 Gl, G2, G3, G4 05% F7] Geol &
7He FARA A 19, 39, 59, 743 W

st wlgdse] B wgdF Ged &
(ppm)L 4 E8FL Table 4, Fig. 4, 41

4 ¥e)F& Table 5 Fig. 5% 23tk 24A =
t g45d FRE 5 F EZIHAN A7)
Ge) ppmake ARt WA Ge FFoz

Table 4. Ge ppm value with incubation time of the
strains isolated from fresh ginseng root

Strains
Incubation S1 S2 S3 S4
vs)
1 5911 5198 5331 5420
3 6510 6379 5947 6036
5 5540 5448 5747 5895
7 7420 5705 6075 6889
* Co trol(“l"ﬂ% (7M7) EAdgufR o] v ]i
-?‘9} EA3HA wiAo] F7)Ged 05%%’7}8}"4 %4
g 23oE wYIAn, Y4 A5 g A Ge
& 5721 ppmelth.

23

A

EEES

Adstdct 32 I A(EHBZA, Ge

D A7hAANE 1008 4 FFEE 0003FE
2 g43e A mAA Y= Aoz B
8000
7500
7000
6500 —-s
E,eooo I —0—82
& ——S
5500 -0 54
5000 L
4500 |
4000

1 3 H 7

Incubation time (days)

Fig. 4. Ge concentration in culture broth with
incubation time of the strains isolated from
fresh ginseng root.

Table 5. Ge ppm value with incubation time of the
strains isolated from gum-san ginseng

Strains
Incubatiol Gl G2 G3 G4
_time(davs)

1 77710 9660 6522 6202
3 7497 8743 804 9618
5 7483 6709 6495 6820
7 5441 6202 6205 6049
10000
9000
8000 ~—Gl
a -G
& 7000 —c
6000 —o0—G4
5000
4000
1 3 5 7

Incudation time (days)

Fig. 5. Ge concentration in culture broth with incubation
time of the strains isolated from gum-san
ginseng root.

A4 FAJAAY] wFx Y e FdA
e 4749 ) FFE F71Ge(GeO2) & A7t
T ZdguiA o] wgFste] Ge §2E AT F
Faboll A Eeg Fe] A9 S1z S4do] Hj
F TR AN Ge TFEFol M EA UEHoH
(Table 4, Fig. 4), 3440l &3 a5
G2e WY¥ 194, G4 394 wlglA control

)
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of Hl& 7t £& Ged & Bole g &
A 4 AUt (Table 5, Fig. 5). ©] AzelA
2do2E FAAM He HoAM FHAP
G2, G4dol F7|Geg 7H&3tsle s ¢4
@ Aoz HrHU.

. 223 FY A YFuix| HE
G2, G4 § TF9 dFALS A HAHuA
ZAE HER A7 25 YMulRAAN Hd FA
& #Aslgou(Table 6), THS=E FEF
A3 YMEA 7} A gsitn AZbsu Akl stel
713 A WAZE /M8 E 43 A7t
2l black sugar W7} FE&ctn Hrlsrd.

Table 6. Effect of growth of G2 and G4 strain on
various media.

T oule} o] £ AE He EFLe Geo ¥
< 1 ppme2 EFAHALH, 33 A ¥ EY
A4 5~7 ppm = AEHAL A ¥ A8
2 A 97 sampled ZHF Geglo) hETF
o Hls) 2 ppmAE FA HEHULY, &
Ge &3ldo] F71Ged 7HE&3}8ln 7443t€ Ge
o] 4R %02 F4E Aer FAHY £ AL

Table 7. Concentration of Ge on the young radish

field
Young radish  Soil of young radish
Treatments " o
Control"' Treatment Control® Treatment
Ge
concentration 2 4 1 6
(ppm)

Medium B NB YM PDB
Strains Absorbance(660nm)

G2 033 0.27 0.58 0.02

G4 0.38 0.60 1.40 0.69

B ; 1% Blacksugar medium

6. €%, HiF s didoz ZTZAMY

23 AY8 NRE AZAVAsA FAZL
1% %49 wxlo] 05% F71Gee H7tsto 39
2 NGE F 1000 st 38 Ao
A A¥e) EY L F TANY NRE A3
dto] Ged) #F& £ Table 7914 B

1) untreated radish
2) untreated soil

el IFAPAME 13 HPdMe dz
Fol ula HeFolM Ged F=7F 2 ppmA=E
EA vdgeov 2, 33 AT L Ged = Aol
& HolA ¥& AL FAsATHTable 8). °l
AFde viF9 B¢ AFdE Geol F559 F
7batezh Azke] A3 & Geol MAM3] ThAl
HE&sE diden AzsEY, Mg FEY 5§
&F Tol wet FEdte Ged 49 Aol7t A
g Aoz FAHAAUG wetA dFEEd] o}
AEAA A A7l B AY 3+ T FE}
dasidn «gHAG.

Table 8. Concentration of Ge on the cabbage field

Primary

Secondary Tertiary

Trea
tments Control

‘Treatment

Control Treatment Control Treatment

Ge concentration(ppm) 35 5.4

1.2 1.3 1.2 14

Zolo]l AL, YoM 1x MeAle 2 ppmAE A FE2HULH, 23 HHAE 1 ppm EAUYL
Aoz Hol 12 AHAAA o & Ged ZFE A & ANZ, QM E 23 HeA Ged ¥
=71 #AgFo v 2 ppmAE A HE= Ak (Table 9).

Table 9. Concentration of Ge in the melon leaf and melon

Ge concentration{ppm)

plant parts Primary treatment Secondary treatment
Control Sample Control Sample

Melon leaf 5.1 7 7 8

Melon 5.0 6.5 5.5 75

_71..



6 A3 - 23 A

o] Table 79| Z3tst ot@7px2 78314
Geol Alztol Zgte]l uwel MA3] EFAM
4, 28n FYR olF¢ ZAzz FHdG. d
A A T Geol A HEH AL 3
ANYgE FYE 27t GeREe 28
olgsgonzg EYF 784 GedRFE7L
e EXHEF, wWF s¢2 1 ppmAE. B
ol 7] Aol vis) 43 e A2 FHHAUT

ZAp2sl
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A Study of Lactobacillus Species Isolated from Fermented
Vegetables for Carbohydrate Utilization

Oh-Sik Kwon * Ji-Hyun Ma
Department of Microbiology, Keimyung University, Daegu 704-701, Korea
Department of National Land, Korea Environment Institute, Seoul 122-706, Korea

2 9 TFH ofdA I FA oALEAES] ASEA, UEAH € F 2E SAHS JA)
FE 589 ZAEAY. 2 A AR A 2@ Lb plantarum KCTC 3108¢] 12A|12t vhe] pH7E
412 Jeh} Ago] u)$ W& whA Lb homohiochii KFRI 234% pH 482 A&o] wj$ AxgS
¢ AAt olE NAAHE =AS) B 3 Lb. plantarum KCTC 1048€ 6% NaCl F =4 A
S w9 HHE P Aoz YElgon diE H2EH FFEL 8% NaClaA Afo] A==
AL A £ Aok A H2EF FE 58T o] &) 9lo] Lb. homohiochii KFRI 2347} 7t
2 439 e Lb coryniformis subsp. coryniformis KCTC 31678 A dd] o|4d 5€&3 & AF
o] &3x £8g BHASAHpH 65 o). 6839 7%, Lb. homohiochii KFRI 234& di#£9] 6

FE o] E3A g BE Urz FEL FAIE LR A-HE BHd F o)FH BaEA AolA
Lb. plantarum KCTC 3108%+°] melezitose® & @& st Ro] vl$ EAFHo|c). 7::]5‘]°ﬂ*1 L s
o] FFE 3FFH /A T HEE vl Sy B FS FF F o831 YT ¢ F AN
o} B3] wio] glojA, Lb. homohiochii KFRI 2342] Z$- gluconic acid o] gjdl&= 7.‘1?'2] o] &3}
23o A% pH 60 ooz el 3 Lb plantarum KCTC 1048, Lb. plantarum KCTC 3108
< Huzy ge Fo EFFE L3 A2 Uewth. Lb graminis KCCM 406978 Lb.
homohiochii KFRI 2349} &7 sorbitol& o] 882 &ttt

Abstract, Facultatively heterofermentative Lactobacillus strains isolated from fermented
vegetables were investigated in order to determine their growth Kkinetics, salt tolerance and
carbohydrate fermentation characteristics. As a result, Lb. plantarum KCTC 3108 from kimchi
showed strong acid tolerance (pH 4.1) but Lb. homohiochii KFRI 234 showed poor growth kinetics
(pH 4.8). From the results of salt tolerance, Lb. plantarum KCTC 1048 was inhibited at 6% NaCl
while other strains were inhibited at 8% NaCl. It was observed that only the Lb. homohiochii
KFRI 234 fermented all pentose sugars but Lb. coryniformis subsp. coryniformis KCTC 3167 could
not ferment the sugars at all (pH 6.5). On the other hand, for hexose fermentation, the Lb.
homohiochii KFRI 234 could not ferment all sugars however other strains utilize the sugars very
well except rhamnose. It was also noticed that only the Lb. plantarum KCTC 3108 was able to
ferment melezitose among tested disaccharides while other strains could not ferment at all.
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This strain from kimchi utilized many sugars included trisaccharides. In case of complex sugar
fermentation, Lb. homohiochii KFRI 234 could not ferment the sugars except gluconic acid but
Lb. plantarum KCTC 1048 and Lb. plantarum KCTC 3108 fermented many complex sugars. Lb.
graminis KCCM 40697 and Lb. homohiochii KFRI 234 could not ferment sorbitol at all.

I.M B

RS dtdez B F9 & A
o qUAE Y531 o]2HE 50% ol B
Ag AAste AFY FHU(Q, 2). o8& 1
g 8T F HEAR AT &3¢ 7Y =
< 971y o2 catalase’} o0 237 H§
iAol A gt A2 4 glE FE FEFoITHIO,
11). %8 3& dquxdez AEHARE, 6
g3 (eg, glucose)E F2 A4S TFslo 7]
el olHEAL, oE2 CO: 2831 A4tz B
e, AT F2 25g oA, HY, &8
st 2 SHEH 47, A=Y & FAF, AL
Folu FE9 AW FoA THAGQ13).0H T
frA#& Lactobacillus, Bifidobacterium, Strep
tococcus, Leuconostoc, Pediococcus, Sporolac
tobacillus 59 FF2 FEHHL).

Lactobacillus% 2.2 B-HFHE 48 Fd49
27 BAPLATIH o PLETFLE FEIHAT
A& 19893 Bergey’s Manual A 8o A 3g
obligately homofermentative lactobacilli(d o3
AL EF, group- 1)9} facultatively heterofer
mentative lactobacilli(E-4d o} & &, group-1I
) 283 obligately heterofermentative lactoba
ciliCdd o4& H, group-M)e 322 &F
3t RUTh13). o]EL A FAF AEFY
A dHE -] e, 2 o) AXY
A7 #¥8E GIFdn {98 F4g s/ o
wolt}.

& 48 FU #illw 9A A& 33 F}E,
g% Z426HE 4 Ve £ 2 T2l
g 715& @352 Jtie6 7,8 9 1). & g
Fo #FAFA &A= Lactobacillus dFEL
Az Aol A &FskA HEA Az AR
o 243&dtE R k(). ol £z
T ok wdAsHE dEAA T4 oA

B3 #<Q Lb. coryniformis subsp. coryniformis,
Lb. graminis, Lb. homohiochii 2 27} 2] Lb.
plantarum F5& °] &3t °]E¢ PLE A
(589, 6€%, °1FH, 43H, EFDS A
o Zt7] & LEE ok EeE o FE
vty AgEe A - A3EH SA4E dolr
2 o]Ee] QIzA JuF FEAHE ATYE F
=XE HES B3

Is 4

TAEF: B AEAA AT FANEFE F
ol dXEE 3t 57149 lactobacill FFER
Lb. coryniformis subsp. coryniformis, Lb. gra
minis, Lb. homohiochii 2 27}X9] Lb. plan
tarumolcl. °o|EL AT HEF/d AFTEHA
T4 FRAALAY {FAALYEKCTC, HA), &
FUAEBEME(KCCM, A¥) £ 34 FN
AT AKFRL Ad)dAA £4S dol Aldiul
% F glycerolo] 20% ¥E3TE AFde o
-70C WEie] B@sted Alg3igen, 4374
AHE3E7] A A FE AAEA 8 o] &
FE9 €A4%& Table 13 2t}

Table 1. Five Lactobacillus strains originated from
fermented vegetables

Species and Strains Sources

Lb. coryniformis

KCTC 3167
subsp. coryniformis CTC 316

Silage

Lb. graminis KCCM 40697 Grass silage

Lb. homohiochii KFRI 234 Kimchi
Lb. plantarum KCTC 1048 ATCC 8014
Lb. plantarum KCTC 3108  Pickled cabbage
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Table 2. Twenty-five carbohydrates used for
fermentation characteristics

Carbohydrates Abbreviation | Carbohydrates Abbreviation
Amygdalin Amy Melezitose  Mele
D-arabinose AraD Melibiose Meli
L-arabinose Aral Raffinose Raf
Cellobiose Cel Rhamnose  Rha
Esculin Esc Ribose Rib
Fructose Fru Saccharin Sac
Galactose Gal Salicin Sal
Gluconic acid Gle Sorbitol Sor
Glucose Glu Sucrose Suc
Lactose Lac Trehalose Tre
Maltose Mal Xylitol Xylt
Mannitol Mant Xylose Xyl
Mannose Mann

#79 PuE 54 B A7 3

m. #a ¥ D&

AL JA ZAp: FACEE fAE JHEH
gEg  okMdx B FANEF Lb
coryniformis subsp. coryniformis KCTC 3167,
Lb. graminis KCCM 40697, Lb. homohiochii
KFRI 234, Lb. plantarum KCTC 1048, Lb.
plantarum KCTC 31089 A% 548§ gotry]
Astd, A W& 7IE22 =AM HFig.
1). MRS brothel FZ& FFstxn 12410t
MEHY st pHE ZAsAt 2EE okselA
29 FAEF F Lb. plantarum KCTC 3108
°] 1243t ol pH7F 412 el ASo] vf$
HE RE&E A + AU Lb plantarum
KCTC 1048, KCTC 3108% Lb. coryniformis
subsp. coryniformis KCTC 3167¢] pH”} 4.0 9]
3l2 A Kol F& WA, Lb  homohiochii
KFRI 234= pH 482 ASo] A&sEIlz, Lb
graminis KCCM 40679 pH 448 dehdlo] v
LA Ago] AZF AL Uehth o] 1§
AgEQ S 24A1Zbe A AKo] A o]
ek,

10
(Y] 3

(1] 4

tnocutation thrw hours)
Fig. 1. Comparison of growth characteristics among
facultative heterofermentative Lactobacillus
strains from fermented vegetables.

WaAd "H2E: $x5o #%& Z9 Hg4E
2387 A8 2%, 4%, 6%, 8% NaClel A7t
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_75_



4 A4

pHE SAszz Wdd S BAHANFg 2).
2% NaClo] sf¥ wjRle A Lb. homohiochii
KFRI 234& A93las pH7F 40 032 Y
& veblidd. Lb. homohiochii KFRI 234+
AxeA 22F T2 8% NaCl ulzoA pH
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plantarum KCTC 1048% 9 A] 6% NaClolA A
Fo ol AHE e ez Yegd gy
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c AL Y # 4 Atk

80 —@— Lactobacifus

subsp. corynifarmis KCTC 3167

7.5 —a— Lactobacilus graminis KCCM 40697
~%— Lactobacifus homohiochil KFRI 234
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(%2 4
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45k
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Fig. 2. Comparison of facultative heterofermentative
Lactobacillus strains from fermented
vegetables growing at different NaCl
concentration.
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g Y. Lb. plantarum KCTC 1048 A3
o2 ow®tge wad YojM AzxddIeuy
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t}. Lb. plantarum KCTC 31082 arabinose L
form3} riboseE & o] &3t oL}, arabinose D
form®} xylose?] o] & Axg Aoz eyt

85¢ -@~ Loctobacitus coryniformis

subsp. caryniformis KCTC 3167
80} —a— Loctobocilus graminis KOCM 40697
—w— Lactobacilus homahiochii KFRI 234
7.5} —&— Loctobacilus piantarum KCTC 1048
—&- Lactobacilus pantarum KCTC 3108
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40}
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Carbohydrates

Fig. 3. Pentose fermentative characteristics of the

facultative heterofermentative Lactobacillus

strains from fermented vegetables.
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Fig. 4. Hexose fermentative characteristics of the
facultative heterofermentative Lactobacillus
strains from fermented vegetables.
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Fig. 5. Disaccharides fermentative characteristics

of the facultative heterofermentative

Lactobacillus strains from fermented

vegetables.
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Fig. 6. Trisaccharide fermentative characteristics
of the facultative heterofermentative
Lactobacillus strains from fermented
vegetables.
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Fig. 7. Complex carbohydrates fermentation

characteristics of the facultative

heterofermentative Lactobacillus strains from

fermented vegetables.
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Abstract. When complex organic media such as 0.1X LB was added to the growth media
containing subtoxic and toxic amount of mercury ion, the toxic effects of the mercury ion was
reduced significantly, resulting in the increased stabilization of artificially transconjugated
plasmids of Pseudomonas sp. KM12TC. The preliminary results showed that in the presence of 3
UM mercury ion the stability of artificially transconjugated plasmids was not affected
significantly. But in the presence of 10 pM mercury ion Pseudomonas sp. KMI12TC failed to
grow. 01X LB could reduce the toxic effect of 10 pM mercury ion significantly. When the
stability of artificially transconjugated or naturally occurring plasmids after long term growth in
toxic heavy metals was examined, one of the two plasmids was disposed randomly. The plasmids
were selected and lost randomly and destabilized randomly also. When phenol degradation
efficiencies were examined, the cells grown in 10 pM mercury ion could not degrade phenol at
all, whereas 6-7 days were needed to degrade about 95% of phenol when the cells were grown
in 10 UM mercury ion supplemented with 0.1X LB medium.

Keywords : Pseudomonas sp. KM12TC, Plasmid Stability.

INTRODUCTION stability of foreign genes in the same cell
Once stabillized in cells, such cells might be
Genes necessary for the resistance to toxic used in many cocontaminated sites for

heavy metals are found in many different
kinds of bacterial genera and species.

bioremediation. Conjugations would be one of
many methods to construct new bacteria

Recombining such various genes becomes an
interesting strategy to treat cocontaminated
sites. Cocontaminated sites could require extra
efforts for bioremediation process due to the
nature of cocontaminants such as various
toxic heavy metal ions and multiple toxic
Xenobiotics (1, 2).

Developing an efficient, reliable ‘multi-capa’
bacteria needs an extensive study on the

* corresponding author
Phone : 82-53-580-5540, Fax : 82-53-580-5540
E-mail: kpy®@kmu,ac, kr

strains with multi-capabilities since plasmid
often contains many heavy metal genes and
genes necessary for aromatic metabolism (3).
Desirable environmental remediation systems
could be made through the study of specific
plasmid/host interactions.

Pseudomonas sp. KMI12TC could have a
number of important applications in the field
of bioremediation and could be mingled into
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indigenous bacterial populations and carry out
highly effective remediation
contaminated field such as various heavy
metals and organic contaminants (4-6). In
order to increase the plasmid stability in toxic
mercury ion, 0.1X LB were added into the
growth medium of the transconjugated
bacteria. The effects of the addition of 0.1X
LB on the stability of the plasmid in the
presence of mercury ion was measured in this
experiment.

process in

MATERIALS AND METHODS

Bacteria and Plasmid System

Pseudomonas sp. KM12TC has both pKM10
and pKM20. Plasmid pKM10 presence in a cell
was determined using its ability to utilize 1
g/l phenol as sole carbon and energy source.
Plasmid pKM20 presence in a cell was
determined using its ability to grow in 5 mM
arsenate. Selective phenol-arsenate agar plates
and appropriate slants of plasmid-bearing
cultures were maintained and re-streaked as
needed. In order to grow the cells, single
colonies of transconjugant Pseudomonas sp.
KMI12TC had been purified by two successive
platings, and these purified colonies were used
for starter culture. After one day growth at 2
8T, the cultures were diluted 10*-fold in 10
ml of prewarmed appropriate medium. The
cells were grown in the 0, 3, or 10 uM HgClz
for up to four weeks in successive batch
cultures. After appropriate dilutions of the
cultures being plated on nonselective and
selective agar plates, at least 100 individual
colonies from each diluted sample were replica
plated to plates containing appropriate selective
or nonselective agar plates. Resistance to the
arsenate was correlated with the presence of a
plasmid pKM20, whereas the growth at phenol
plates was correlated with the presence of

pKM]10.

Mercury resistance analysis

The overnight cultures in LB were diluted
100-fold in 5 ml phenol - As/basal medium
supplemented with 0, 3, or 10 nM HgClz2 for
the mercury resistance test. The diluted
cultures were incubated in a rotary shaker
(150 rpm) at 28C for up to 12 hr. 01X LB

medium was added as needed. Turbidity (Asc)
was measured using a UV-vis spectrophotometer
(Biochrome 4060, Pharmacia Biotech, USA).

Selective and Non-selective Media

Four different media were used in this
research: (i) Non-selective Luria-Bertani (LB)
medium containing 10 g of Bacto Peptone, 5 g
of Bacto yeast extract, and 5 g of NaCl in 1
liter of distilled water at pH75 (i)
pKM10-selective (phenol degradation-selective)
phenol/basal medium (basal medium
supplemented with phenol as the sole carbon
and energy source at a concentration of 1 g/1).

The basal medium contained the following
(per liter of deionized water): 213 g of
NazHPQs, 2.04 g of KH2POs, 1 g of (NH4)2503,
0.067 g of CaClz- 2H20, 0.248 g of MgClz-
6H20, 05 mg of FeSQOs-7H20, 04 mg of
ZnSO0s - TH20, 0.002 mg of MnClz - 4H20, 0.05
mg of CoClz - 6H20, 0.01 mg of NiClz - 6Hz0,
0015mg of H3BO3, and 025 mg of EDTA.
The pH of the medium was 7.0 (il
pKM20-selective (arsenical resistance-
selective) As/LB medium (LB supplemented
with 5 mM NaHAsOs - 7TH20); (iv) both
pKM10 and pKM20-selective (both phenol
~degradation and arsenical resistance
-selective) phenol + As/basal medium (basal
medium supplemented with both phenol and
arsenate as specified above). All agar plates
were prepared by adding bacto agar (Difco,
Detroit, U.S.A.) in an amount of 15 g/l
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Estimation of plasmid stability and
activity

Pseudomonas sp. KM12TC were grown and
prepared as described above. 0.1 ml of the
appropriately diluted cells were spread on
appropriate agar plates and incubated for two
days at 28C. Then, colonies on the plates
were quantified by direct counts. For the
measurement of the presence of the specific
plasmid, plasmid-harboring (or plasmid-free)
cells were identified by replica plating. First,
0.1 ml of appropriately diluted cells was
spread on nonselective agar LB plates and
incubated as described above. The plates were
then replica-plated to selective agar plates
containing (i) corresponding plasmid-selective
arsenate, or (ii) phenol, or (iii) both. The
selective medium of choice for replica-plating
was as follows. Phenol-degradation phenotype
(pKM10) was quantified by replica-plating on
phenol/basal agar plates; arsenical-resistant
phenotype (pKM20) on As/LB agar plates;
dual phenotypes (both phenol-degradation and
arsenical-resistant phenotypes in a single cell)
on phenol - As/basal agar plates. All plates
were incubated as described above. Colonies
were directly counted and evaluated.

Phenol-degradation efficiencies

For the phenol-degradation assay, the
culture was grown in 250ml Erlenmeyer flasks
on a rotary shaker (150 rpm) at 28T for the
specified time. The modified colorimetric
method (9) was used to follow the degradation
of phenol. Bacterial culture (1 ml) was added
to an Effendorf tube containing 50 pl of 2 N
NH4OH and 25 pl of 2% 4-aminoantipyrine.
Then 25 ul of 8% KisFe(CN)s was added. After
mixing, the tube containing the whole mixture
was centrifuged to remove cells. Asiwo of the
supernatant was measured. In this way,

standard curve was obtained and the curve
was used to determine phenol concentrations.

RESULTS AND DISCUSSION

Effects of the addition of 0.1X LB on
growth of Pseudomonas sp. KM12TC
in mercury ion

To study effects of the addition of rich
media (0.1X LB) on the maintenance of either
pKMI10 or pKM20 in transconjugant Pseudomonas
sp. KMI12TC (7, 8) grown in 3 uM or 10 uyM
mercury ion, the overnight cultures in LB
were diluted 100-fold in 5 ml phenol -
As/basal medium supplemented with 0, 3, 10,
or 15 uM HgClz for the mercury resistance
test. The growth of Pseudomonas sp.
KMI2TC was followed up to 12 hours as
shown in Figs. 1. Figure 1 shows that when

S

0D A 600 sn
< 2 =
< L <
N\
ce,
N
~

N

Fig. 1. Effect of 01X LB on the growth of
Pseudomonas sp. KMI12TC in mercury
ions Overnight cultures of Pseudomonas
sp. KM10 were diluted in 5 ml phenol -
As/basal medium supplemented with 0, 3,
10 pM or 10 pyM HgCl2 suppplemented
with 0.1X LB for the mercury resistance
test and growth was followed by using a
spectrophotometer. The bacterial cultures
were grown as described in Materials and
Methods. Symbols: 0, growth  of
Pseudomonas sp. KMI12TC in the absence
of HgClzs @, in 3 uM of HgClz [J, in 10
uM of HgCl; B, in 10 pM of HgCl
suppplemented with 0.1X LB.
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the cells were grown in phenol - As/basal
medium as described in Materials and Methods,
the cells could grow in subtoxic amount of
mercury (3 pM) as expected but failed to
grow in toxic amount of mercury (10 uM).
High concentration of mercury greatly
impaired the growth of Pseudomonas sp.
KMI2TC. When 0.1X LB was added to the
phenol - As/basal medium, the cells could
begin to grow significantly as shown in Fig.
1. The addition of 0.1X LB to the phenol *
As/basal medium exerted some positive effects
to the survival of the cells in spite of toxicity
of 10 yM mercury ion.

Effects of on the stability of each
plasmid grown in subtoxic amount of
mercury ions

Plasmid survival could be affected by many
growth conditions. In order to examine any
harsh
conditions such as toxic heavy metal ions, the
stability of artificially
naturally occurring plasmids after long term

preference in plasmid survival in

transconjugated or

growth in toxic heavy metals was examined
as described in Materials and Methods. To
examine the effect of toxic heavy metal ion on
the stability of plasmids, the Pseudomonas sp.
KMI12TC cells from overnight culture were
appropriately diluted and grown in 0 or 3 UM
mercury chloride as described in Materials and
Methods. Then, the cells were spread on
appropriate selection agar plates and incubated
for two days at 28T for direct counting as
described in Materials and Methods. In this
experiment, the presence of specific plasmid at
different growth conditions after one to three
weeks growth were examined.

Figure 2A and 2B shows that the survival
percents in the absence or presence of 3 WM
mercury ion after the specified periods of

growth varied insignificantly. When cells were
grown in the absence of mercury the survival
percent of both plasmids was about 94% after
a week of growth (Fig. 2A). When the cells
were grown for three weeks the survival
percent was decreased up to 81% (Fig. 2A).
When the cells were grown in 3 UM mercury
ion for a week, the survival percent of both
plasmid was about 92% and after three weeks,
the survival rate was about 78%. There was
no significant
between the growth in the absence or presence
of subtoxic amount of mercury. Subtoxic amount
of mercury failed to show any destabilization
effect on the stability of plasmids.

difference in the percents

100 100
& %0
F o
g w0 3w
0 0
0 o
0 1 2 3 0 1 2 3
Weeks Weeks

Fig. 2. Estimation of plasmid activities of Fseudomonas
sp. KM12TC after growth in the absence and
presence of subtoxic amount of mercury ion.
The plasmid activity was expressed as
percent survival as described in Materials
and Methods. A: in the absence of mercury,
B: in the 3 yM HgClz; Symbols: from left to
right, the cells harboring both plasmids, the
cells harboring pKMIO0, the cells harboring
pKM20, and The cells harboring none.

Effects of the addition of 0.1X LB on
the stability of each plasmid grown in
toxic amount of mercury ions

Toxic heavy metal ion could reduce the
stability of plasmids because toxic heavy
metal ion might be a factor which can
influence the stability. The effect of the
addition of 0.1X LB on the stability of
plasmids were examined by estimating the
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d Plasmid for Bi dhation in Pseud

sp. KMIZIC in the presence of merawry in D

retention and  expression of the phenol
-degrading pKMI0 and arsenical resistant
pKM20 in the host
KMI12TC.

The Pseudomonas sp. KMI2TC cells from
overnight culture were appropriately diluted
and grown in 10 pM mercury chloride or in
10 uM mercury chloride supplemented with

0.1X LB medium as described in Materials and

Pseudomonas  sp.

Methods. Then, the cells were spread on
appropriate selection solid agar plates and
incubated for two days at 28C for direct
described in
Methods. In this experiment, the presence of

counting as Materials  and
specific plasmid at different growth conditions
up to four weeks growth was examined. The
direct cell plating was performed to examine
changes in total stability of plasmid of either
phenol degradation or heavy metal-resistance
to quantify the effects of the addition of 0.1X
LB on the stability of the each plasmid.

When cells were grown at 10 pM mercury
chloride, the survival percent of both plasmids
was about 24% after a week of growth (Fig.
3A). But after growth of a week, the number
of cells growing was so small that it was not
possible to gather some significant data.
Therefore no more data was shown in Fig
3A. But when 0.1X LB (final concentration)
was added to the growth media, the plasmid
survival percent was increased up to 34%
after one week of growth (Fig. 3B). When the
cells were grown for four weeks, the survival
percentof both plasmid was about 10%. The
cells harboring either pKM10 or pKMZ20 were
19-23% after a week growth and 5-4% after
four weeks of growth. The survival percent
was increased when 0.1X LB was added. The
addition of 0.1X LB could compensate the
destabilization effect of toxic heavy metal ion
on the stability of plasmids.

Percent (%}
Percent (%)

Weeks

Fig. 3. Effects of the addition of 0.1X LB on the
plasmid activities of Pseudomonas sp. KM12TC.

The plasmid activity was expressed as
percent survival as described in Matenals
and Methods. A: in the 10 pM HgCl, B:
01X LB added to the 10 upuM HgCly
Symbols: from left to right, the cells
harboring both plasmids, the cells harboring
pKMI10, the cells harboring pKM20, and The
cells harboring none.

Effects of the addition of rich medium
on the phenol degradation efficiencies

Toxic heavy metals could affect metabolic
microorganisms in  different
experiment, the

activities  of
concentrations. In  this
efficiencies of phenol degradation at different
concentration of mercury ions after one
months of growth in 0, 3, or 10 pM HgCl2
supplemented with 0.1X LB were examined.
Pseudomonas sp. KM12TC grown for a month
and tested for phenol degradation efficiency as
described before.

The figure 4
degradation efficiency of Pseudomonas sp.
KMI12TC in phenol + As/basal medium at 28T
after specified growth time. Pseudomonas sp.
KMI2TC grown for a month in the absence
of mercury or in the presence of subtoxic

shows that the phenol

amount of mercury took no longer than two
days to degrade about 95% of phenol
Pseudomonas sp. KM12TC grown in 10 uM
HgClz failed to degrade any significant amount
of phenol (data not shown). But Pseudomonas
sp. KMIZ2ZTC grown in 10 upyM HgCl
supplemented with 0.1X LB took about seven
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days to degrade approximately 95% of phenol
probably due to the loss of plasmid pKM20
during the growth period. These results
corresponded with previous results which
showed that a little higher plasmid survival
percentages in case of the addition of 0.1X LB
in growth medium.

These results suggested that in order to
prevent the higher loss of plasmid activity in
the presence of toxic heavy metal ions in
continuous liquid cultures, the addition of rich
media might be necessary to reduce the loss
of plasmids, resulting in the stable maintenance
of newly introduced genetic elements for
successful remediation of contaminated areas
by many different kinds of toxicants.
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2 o HEZ AL FIAES 42 E L] Astd HY FExAE dAAAT B2 A
e dEe FE 80%AM &) /M Ehed, dEe FFo ¥&4E F HEFFE T8
60% FEoME Zide ZFFoAT HiATEE 01% HCIE A7 & 3297 40% e &
Z90] 71 %1, Y2FFES FEXR FFol BSFE FUEAG FEAUFE Y2 FFE 01%
citric acid& H7HE 40% ol&Eol 7HF & FFE Jehiden, 42T & & &2
o 50~70%, 40% A&E F& o 80%=2 Fhth oo A} HEA FEEue BHT 40% 9
g&ol M4 % ¥ His §F F2&0 44

Abstract. Optimized conditions were set to extract fruit pigment of Rubus coreanum Extraction

yield of fruit pigment for Rubus coreanum was higher when ethanol was controlled at 80%. The
amount of phenol increased with the amount of ethanol but decreased when ethanol was
controlled at 60%. The density of pigment was higher in water-based extracts containing 0.1%
HCI and in ethanol-based extracts(40%). The amount of pigment increased with the amount of
Rubus coreanum. The amount of pigment by time of extraction was higher in ethanol-based
extracts(40%) containing 0.1% citric acid. Extraction ratio was 50% to 70% in water-based
extracts and about 80% in ethanol-based extracts(40%). Thus, the amount of pigment, phenol
concentration and extraction ratio were higher when ethanol(40%) was used as solvent for
extracting essence of Rubus coreanum.

I.M B (1-6), H2Z HEAd Wy #Ho] nZHAA
EEAE 84 F2, 22, € F A8 A
A5 E¥A(Rubus coreanum)e %ol 21 EAEe] ARHn on o sF A

o] glon olxz &g YA dn EgE Z BEANe BEA AmoA o 20~25% A
Aul g s ke] ALE flo] A stEE FEE o] BAZo] wAgsim Qlok 53, AF9 4
AFoz AEFHH o7t vi¢ ad =3, & & EFo wet Az S5 222 Jeun
22 dojole @538, #7144, vgT, GEA Ao} AT BEHQY FTAL AARsE FLH
opdAl Mi AR, Axd 3 ¢ WY B EAdAxz uj$ Fgsith Yutzyozm AE
q 5 ugd 7154 EAHol = Mo g NEY 7223 2 AFHAC o
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2 AgA

M3t FAe AEst dojuez olF WA
371 gt HEE JIF ¥ o AAHA 4E
MAaE A7tste Bye] del AgEHn gl 2
gy HT AFFAML Ao g AAHA
A7 A71HEAN M2 AN ENL N
of g FAo] EopA X JUTHT-10).

Anthocyanin® 84 M4a2A4 X%, Uig
71, %3, £FuF 3 F40, JF57F, A4
A, A D Feie} e e == 719 AR
713 2 o} doj Fol &A3tx, pH we}
FHo e HY EF4 vy 2 49
O3 F84 ML2AM AdAN o 30049F 9
anthocyanin®] &Asle ZHez Uiz oy
(11-13), A - M) HAML2A Ha9 o] f
7Fx17F ldm FE& w3 itk Anthocyanin
MAEL vER, vdd, df4, B4 F FE
AEE dF i 2uAES MIEJ}
Z718ln de #HY F2o FHLASA BESH
o] 7] WEol FHAF2o] FAYPNARZ o
£53 9len od g AF7} oln| FeloA
g3 7Y Folt

T3 H anti-inflammatory activities, redox
potentials, anticonvulsant activity, antioxidative
activity 9 MEHH 4L 7HASo] WA
HA AiYd ® ¢ ol 7T EARAM B
Aol EolAln Ut

A & AFNEe B2 F2 FF F
FAEMHE 883d Yo F&5 9 52
& ZAMEl] HQ 48 iz g83tnzx o

I. M2 ¥ WY

1. M&

£ AYel 48R AR 2053 WABE 3
FAA sEs] WE AW BEx ©E
FYete] F28 FFen e B ALIA

2. MAREZY M

golol 9% MA F& : HIAN22A BE
$7) A8 Sule B3 dvee Agsde
5 &ole] X+ 0, 10, 20, 30, 40, 60, 80 %
95%°IATH12). oW FEZAE By iz

10%° ztzte] Boj& H7bste] 30T, 1242 &
¢ shaking®@ ¥ o 78l ofoff& £t

A FHAbel A7 Mia F& : GEA A
Mael & 5738 ®o7] A8 pHIt ¥ EFE
Agg BA4E Jehlls M4 54 o83
o] HCl, ascorbic acid®}t 714k acetic acid,
citric acid, lactic acid, tartaric acid, phosphoric
acid) 5& &3 40% ol&tel 242 0.1% H7t
g F EEA Bg FE8A0H(14).

BEA H g e F& : fl9 FAE v
gog2 g4 F& £ujE ALEo HEA
Hgo W Y4 FE2E54E zAEIAY. o
FE&xzde B2 #% 5 10, 15 % 20%=2 4
Aagen F£5Lx 30TAAAM 124 g
shakingsle #2359}

FZ3040) g i : Lujo] BEz
10%E Ad7ksted 30T, 12412 52 32 - o437
T F dol JdE HiE gA M2 98 A
43t 33 W8 & . oF3le A g F43
At

3. 7184 TYE HY, pH, YE X B 5T
7 zdold Yo7 2289 7HeA THE
g2 AEZTAON Fao 33 w2 243

o Algd i@ ABF(%)e2 YERA

pH%:* pH meter(Metrohm 691, Swiss)& &#
dtgey 9xe FHEIEANI Atago Co,
Japan)& Al4dd FAd. FAL 0IN
NaOH &4oz2 F3AAYste zAgFoz &
et

4. & oz g £Y

Zt #2889 HEA £d $FS Amerinedt
Ough®] % (15)°l o1&l v 4 4 Fspgict

%, #2888 1004 4% A 5mL Folin-
ciocalteu A%} 5mLE 78t Eftstn 38 ¥
10% Na:CO3 5mLE& Yol A9gsln 143 42
ol A wrx|ste] 700nmelA FH=E FAH s
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Bez B4 AL 2az9) HH 3

ter’s color value %

3

5. MazT Y Hu
b

Mao| S48 &

0

HorEEE 3E8 8 UV-spectrophotometer
(Shimadzu UV-1601PC, Japan)& |43l 520
nmolA 33 FAso HPFoz uyehyglen,
Hunter’s color valuet= UV-spectrophotometer
(Shimadzu UV-1601PC, Japan)& o]&3le L
(lightness), a (redness), b (yellowness) &< &
Aot B8x vt 23048 Mo 34
&2 o Ao o& AAsAcHle). E2a v
o] AMA MrFe BRA wozRE 3y A
2F BF % gtez vy

he ked Axd
Bz 0o WA 42

A2 3 &%) =

6. detbEs % diFTFE 53

FEFE HTFE 1085 A4 g4 ge
plate count agar(Difco, USA)& A}£39 100
w BEFE F 37T, 48A3F o)A uiRs F A4
¥ UAEY ALXE A2 s 1| mL @
colony forming unit (CFU)& Aok W3
@& desoxycholate lactose agar(Difco, USA)
g o839 ZFsch HY 1 mLE petri
dishel ¥ 32 ®ix& FUg ¥ FAslo g2
A7l FEMAE o A $2A RE 30C
ol A 24Xt o)A wl)ata] HAe e A4
=8

o. 23 o ng

1. Solol chat M2 FESN

B2 FAES o]g¥ M 2 WA
L Fxol WE Yir FZEHLS 80% oE
oM MqAF% 9512 713 Egon, B 23
29 4 FEE 2572 1Y 2L AL ¥y
HTable 1). A& FZo] g YArETE o
ge 8Fo 28FE F/lsg o 95% g
oM E 7692 YAFEs oA Aoz
Btk Kim $(16)°] Hng M1 Foje 2

E5AME e HT BoA 2253 &
ok JEly B Ay Aol AxE wy.
¢ anthocyaninZll Mo R EAR] B A
22 WA Z F&Eo dE F e YPe
T8 o@dE FFol ¥4 E & HEY
ZFL Fhslthol 60% olgkg ol M RE 7iste
ZEgolden 2054 mg%Q 40% olge 2z
o ol 714 & Aoz Vel

Table 1. Extraction pigment concentration and total
phenols by ethanol concentration in Rubus
coreanum peel

Ethanol conc.  Pigment conc. Total phenols

(%) (nm) (mg%)
0 257 78.74
10 3.07 96.98
20 4.10 125.3
30 5.11 1558
40 753 205.4
60 8.39 195.8
80 951 190.7
95 769 133.6

2. & Holol| mE M4 FEEN

FAERZ BAste BEREA4 ue 22zAL
&dst7) A3 0.1%9 4 Hrhsid o 542
2HBAY. MAEEE 01% HCIE #7113 2
F2Y47 40% clge F299 AL 2 3436
% 36122 /M %I B F5HAME 2Y7}
T7h 40% e FZHo)ME 01% ascorbic
acidg A71sF 2% 30138 106022 7} yigt
o oo AoE § SU7°] BRI TTRA
Ed #3y F2¥ o 0.1% HClo] 713 =4 &
28U A9 FAY AF¥goez vehgo
(Table 2). % =& 3o ZA¢ B F29e
0.1% HCI®l A 165.32 mg%, 40% °ol&t&< 0.1%
ascorbic acidell Al 294.00 mg%& %A JElG 2
B 5299 BE HFRT 40% dEe 25
Hol A F #HE o] A Yeldch z 22
o] 3 Hunter's color valuet Table 394
BE upol o] g HME B F2d9e M
=7 EE€4E W), A @ MR 25}
HolA = ZH¥oZ Kim F(18)9 AFF &4
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o, A3E, YA #8559 AEAoPY HaF
&9 A9 FABIA LY 40% AL F&A
9 AeE AusE AR YU

Table 2. Extraction pigment concentration and total

phenols by acids species in Rubus
coreanum peel

Pigment conc. Total phenols

3. B4} vl g M FHESHM

B3 40% oAgEo] ZZ 0.1% citric acidg
Wotste BEz g gad ol ¥
4 54 vuddc. YagEe F3ENFS
A HFFAN BE 9 ko] golALE Ft
e A HAoy ANE g3 Ha FFA

Acids (nm) (mg%) £ EEA o §Po] BE4E gade Yo
Control 301 79.74 2 Jestt (Table 4).
Ascorbic 325 141.46 o )
Acetic 333 67.80 Table 4. Ch?ractenstxcs of quality for solvent and
Water Citric 440 73.30 ratio of Rubus coreanum peel
Lactic 442 68.46 Peel PigmentPigment Total Total
Phosphoric i3.46 06.44 content content content phenols Phenols/g
Hydrochloric 3436 16532 (%) (m) (g (mg%) (mg%)
Control 11.32 255.08 5 133 0266 4744 949
Ascorbic 1060 994,00 Cont- 10 234 0234 7104 7.0
Acetic 11.42 903.80 rol 20 2.65 0132 7870 393
Ethanol .. Wat- 30 2.93 0098 8096 270
w9 e 163 199.70 o 5 18 0312 4864 973
Lactic 1665 18932 0% 10 am 02m s 6%
Phosphoric 2323 180.70 CMC 9y 337 0168 7848 392
Hydrochloric ~ 36.12 2136 ad 3 424 011 %m 3w
5 242 0484 10838 21.67
Table 3. Hunter's color value for acid species of Cont- 10 668 0668 16986 16.99
extraction solution from Rubus coreanum rol 20 1454 0727 30800 1540
Aci Hunter’s color value Etha 30 1810 0603 35800 1193
cids
L a b mol oo 5 636 1272 11332 2266
Control 2793 5687 1894 40% ci'm,z 10 1128 1128 18602 1860
Ascorbic 2975 59.11 19.84 acid 20 1964 0982 29840 1492

Acetic 30.03 59.38 20.50
Water Citric 2864 59.06 19.74
Lactic 2861 59.21 19.84
Phosphoric  21.05 53.27 14.68
Hydrochloric  15.53 42.45 10.81
Control 18.12 47.32 1257
Ascorbic 19.89 50.64 13.02
Acetic 20.17 51.36 1397
Citric 1852 48.40 12.90
Lactic 18.03 4127 12.56
Phosphoric ~ 20.60 53.21 14.36
Hydrochloric  20.20 52.85 14.09

Ethanol
40%

30 2683 0894 3820 1287

ol d& FEY MiagFe Lud g
v el vl go] ¥S4F W FH° YUt
B Jvelgou AdAFHoz AF g UE 4
agFZoM e vre] FFo] BEFEF A8 F
8 Ma0l 13 322 BT F2E5A %o
U g3 v ol 2&4E M o] WA
ettt £3 F HE Fx A2¥FH fA
g AYo R einke



22 34 AL FEz2Ae 448 5

gt F&54d M g3 F$ 7Y
T 01% citric acid® H7Fg 40% o g0}
€ FEdEg EA Jebgen] 53 01%
citric acid® A7l 40% olgrolA 13428 71
F R B FEAEG o 49 ol & §IF
o2 yeigt. MagFe] dd & Ay
BH & F&U 4% 138 F29A4 50~70% °l
4 3eE Ao & 40% gL FEoAME
80% oldoz 3Fgo] ERR, 01% citric
acid& AH7Hs & FE24E A9 e Fd
Ae 28 F22 90% o9 ¥ g d B
Aot F HE §FE Y2 FFo) v § F&
A3 40% olEE FEA9 ¥F A+ &9 Ao

7t Ao £33 40% ol@ge A$ FHE
2} 0.1% citric acid H7F¢ 7+e] el Aoz
HA el £33 F sHE4 3EEY 35S
A B 2999 A$ 13 204 60%01¥
Uetk ot 23], 33 F&71A e @ &5
Hen, 40% ole& 23 F22 90% ol
o &g dg F UAAh 24 nyYE &
2o 037~076g2 RE FoA upgoz
25U, ojde Az FXY 40% g
2 F239E A B8 FAEMh F45
o gle M4 9 F HE §F 59 F580
ol Fdo] £ H42Yg A F U A
o2 Algdd

Table 5. Characteristics of quality by extraction frequency for solvent

Pigment content (nm)

Pigment recovery rate (%)

Extraction frequency

Ist 2nd 3rd Total 1st 2nd 3rd Total
Control 234 059 027 320 73.13 18.44 8.43 100
Water —
o.19:c§mc 277 1.46 0.85 508 54.53 2874 16.73 100
Control 668 0.58 0.25 751 8895 7.72 333 100
Ethanol
9% .
40% % 151 063 1342 | 8405 1125 470 100
citric acid

Table 6. Total phenols and soluble solids by extraction frequency for solvent

Extraction frequency

Total phenols (mg%)

(%)

Total phenols recovery rate

Soluble solid contents (%)

Ist 2nd 3rd Total 1st 2nd 3rd Total Ist 2nd 3rd  Total
Control 71.04 2534 1478 111.16 6391 2280 1329 100 0326 0050 trace 100.326
Water
[+
,0,'1/), 6558 2522 1332 104.12 6299 2422 1279 100 0.406 0.142 trace 100.406
citric acid
Control 169.86 31.00 17.76 21862 77.70 14.18 812 100 0200 0.144 trace 100.29
Ethanol
40%  01%
. ., 186,02 29.78 1337 229.17 81.17 1300 583 100 0628 0.132 trace 0.760
citric acid
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Effective action for the scalar field theory with higher vertices
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We derive a new kind of recursion relation to obtain the one-particle-irreducible Feynman diagrams for
the effective action. By using this method, we have obtained the graphical representation of the four-loop
effective action in the case of the general bosonic field theory which has vertices higher than the four-point

vertex.

DOI: 10.1103/PhysRevD.74.067702

L. INTRODUCTION

In quantum field theory, the effective action plays an
important role in studies of the vacuum instability, the
dynamical symmetry breaking, and the dynamics of com-
posite particles [1]. It is well known that the effective
action of the given particle physics model can be cbtained
from the 1PI vacuum diagrams with the generalized propa-
gator and the vertices which depend on the classical field
[2]. There exist various packages such as FEYNARTS [3] and
QGRAF [4] to determine the Green functions of the given
particle physics model. Recently, a systematic approach to
obtain the recursive generation of the connected and the
1PI Feynman diagrams of the multicomponent ¢*-theory,
QED and the scalar QED was d by using the func-
tional integral identity [ D® % F{®] = 0 [S-11]. More-
over the recursive generation of the two-particle-
irreducible (2PI) effective action have been analyzed [12]
and the four-particle- irreducible (4PI) effective action was
obtained by using the result of the 2PI effective action [13].
In this paper, we propose a new kind of recursion relation
to obtain the 1PI Feynman diagrams for the effective
action. In Sec. II, we derive the recursion relation for the
effective action and apply this method to the general
bosonic field theory which have vertices higher than the
four-point vertex and obtain the graphical representation of
the four-loop effective action. In Sec. II, we give some
discussions and conclusions.

II. A NEW RECURSION RELATION FOR THE
FEYNMAN DIAGRAMS OF THE EFFECTIVE
ACTION

In this section, we will first derive a recursion relation
for the Feynman diagrams of the effective action for the
action given by

sto1= [Founge, +s=el.

where the interaction S™={®] contains the higher vertices
which appear in lattice regularization [14] as well as the
cubic and the quartic interactions. In this paper, we use a
notation where the capital letters contain both the space-
time variables and the internal indices and the repeated

1550-7998/ 2006 /74(6)/067702(4)

067702-1

PACS numbers: 11.15.Bt, 12.38.Bx

capital letters mean both the integration over continuous
variables and the sum over internal indices. For example, if
the capital letter A contains a space-time variable x and the
internal index i,

o=y [ AT (D (). @

The generating functional for the Green functional W[J/] is
given by the functional integral

1 1
exv{- ;W[J]} = [ Do exp{- 7 (8@®) - Jﬂh)}- 3
Here £: is an expansion parameter and we will put 2 = 1 at

final stage. The effective action I'[¢] is defined by the
Legendre transformation of the Green functional W{J] as

Mél= WlJ]— L da (O]
where
SWJ]
A Pa 5, 5)
By using (4) and (5), we can obtain the relation
el _ _

and from (3) and (4), we can write
oxp|~3T1#1] = [ DOexp~2(5(®) = 1@~ 40}
)]
By expanding the effective action I'[¢] around 4 as
I =3 #T¢] ®)
1=

we can obtain the loopwise expansion of I'[¢] [15]. Now
let us change the variable of the functional integral ® —
P + ¢ and expand S(® + @) as

SO + ¢ = S[#]+ 3 - Sa,.a[61P4, ... Bay O)
=N

~where
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3¥s{¢]
] ¢ ™ eee 8¢ A
Actually the vertex S, _,, corresponds to one point in

space-time. By substituting (9) into (7), we can obtain
the first two terms of the effective action as

Sa,.ald]= (10)

TO[$]=s{#} IW[g]=3TemD™, (D
where
2 gint,
D} = Spsld] = Az4 + ;%5[:3- (12

The higher order effective action I'T¢] is gnven by the 1PI
vacuum diagrams with the propagator D} and the vertices
Sa,..al#] 2]

Now consider the functional identity

(13)

From (6), we can obtain
L/ A )
S¢c Spaddc’
and from (3), (5), and (7) we obtain

8dc_ BWLI]

6"3 51c8.la
=l(¢ é _JDOPPgexpl— HS(P) = T, Da)
O [D®exp[ -} (@) - 7, B0)]

STOl$]_STIeN_ 2 8 v,
( 8A% 84t hb‘DAczhr as

(14)

We have used the fact that I'™ depends on A~! only
through the D} [see (11) and (12)] when n = 1 to obtain
the last line of the above equation. By using the identity

é 5DpQ 8
8D;C DL e SDPQ

8
= ~DaDeogp—. (16

and by substituting (14) and (15) into (13), we obtain

5 [ 8TTe] 11
2 0 = —pp-1| 2 2LP] 1
3D Z;hl‘ w,w[ s ] DFLk.  am

By using (11), we can see that the order & term of (17) is
already satisfied. As usual, let us define the proper self-
energy I1 and the full propagator G as

Zhln‘;’c.

nAcazhla I [¢]

1
3babde .

=z
PHYSICAL REVIEW D 74, 067702 (2006)
and
5 ¢]

Gila—="=D+1I 19
48 = 55 5ds A8 AB (19)

so that
(20)

G=D+ DZ(—HD)’.
-1

By substituting (18) and (20) into (17) and by multiplying
D,p., we obtain the recursion relation for the effective
action as

s8I

28D

Dag = —Tr[Z( HD)’] Ym=2, @n

where the notation [...]*” means the order %" term of the
quantity inside of the bracket. Equation (21) is the central
result of this paper and by using this equation, we can
obtain the nth order effective action from the lower order
self-energies. Note that the result of the operation f%; Dup
is equal to multiplying each diagram in I by the number
of its propagators.

Now, let us apply the recursion relation (21) to the
general bosonic field theory which have vertices higher
than the four-point vertex. In case of the two-loop effective
action '@, (21) becomes

8T

8riie)
Sprdds
The derivative with respect to ¢ can act either to the

propagator D,p which contains the term S,5[¢] or to the
vertex Su, a,[#] as

2 rI“’D,M ——" D (22)

8D, - éD™! - -
S = (D 5 D)m DapScroDos  (23)
and
884, aul ]
'Aaécj— = Sa,.aycl®]) (24)

In the graphical representation, a line represents the propa-
gator D, and a n-point vertex has the factor Sy,._4,. Also a
box with an capital letter represents the vertex which has
indices that are not contracted with the propagators at-
tached to it so that

A.B

;KR= Sa.spg.2'Dpp'Dogr..Dgp+
PQ

25
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For example, (23) can be expressed as

] o
-[—O0— las-

—_— — = 26
54’::[ Jas (26)
Then we can obtain from (11) and (18)
e 146 [ éD-!
H(l) = = TrlD
48 Op 605 25¢a S¢p
1
= EI_DPQ Sagr Das Sasp + Dpg Sasrel  (27)
1
= 5[-AOB + AB O].
By using (22), we can obtain
—J

s

By substituting IT" and IT® given in into (29), we obtain
ol — L -1 1 1
gl A EHWEHO®)
1 1 1 1
40-%0-480+%CHD
3D

In the case of the four-loop effective action I'¥, (21)
becomes

ST@
25D

Dup = (IT (3)_2n( DPQH(”

+ H",DPQH‘” Dksn(sls))DBA- 32)

It is straightforward to obtain I'® by following the same
steps as before. The result is

I =T{? + I + AT, (33)

where T¥{ is the Feynman diagrams of the four-loop 1PI
effective action obtained from the three and four-point
vertex and T42[ 4] is the Feynman diagrams of the four-
loop 2P effective action obtained from the higher vertices.

I{[¢] and TE2[4] have been reported previously
(10,12] and we have obtained a result which agrees with
the previous results exactly. AI'®, which is the Feynman
diagrams of the four-loop 1PI effective action obtained
from the higher vertices that were not reported previously,

52 1 1 S 1 1 A

s 50+ i00 = 5540 +5 © +

1 1 1, A B AB 1

"3 MO -G ASE + B +4D) 45 ®-5§-5@
A

1 1 B 1 1 1

3380 - §6CD + 4001~ 5 QO + 34008 +3 GO

T4 £&EFY BEFRYS

PHYSICAL REVIEW D 74, 067702 (2006)
1
g =- —SAQRSBSPDABDPQDRS +3 Sasrg DapDpo

-46 +} OO

(28)

In case of three-loop effective action '), (21) becomes

T

2 £ 29

3= (n(z) - n( DPQH(” )DBA'

I1¥ can be obtained from I'®{$] by operating g‘;ﬁé—#.
The graphical representation of this operation to the dia-
grams of I'®[¢] is given by

#3130 - 3400

(30)

and is given by ‘
aro= -2 DB+xE00-:80

1
-3 G4

+

ITI. DISCUSSIONS AND CONCLUSIONS

In this paper, we have derived a new kind of recursion
relation to obtain the effective action. We have applied this
method to the general bosonic field theory which has
vertices higher than the four-point vertex and have ob-
tained the graphical representation of the four-loop effec-
tive action. The 1PI diagrams of the ¢*-theory with only
three and four-point vertices agreed with previous results
and we have given the results for the 1PI diagrams with the
higher vertices. The extension of the method we have used
in this paper to obtain the recursive generation of the 1PI
effective action to the case of the 2PI and 4PI effective
action is in progress.
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