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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 /i, A, •••,/m 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{x), f2{x),... is said to be linearly dependent on an interval / C 5? if there

exists scalai's ci,C2:... ,Cn not all zero such that cifi{x) + C2/2(x) + •• • + c„/„(x) = 0 for all r in I.

If Ci/i(x) + C2/2(x) + ••• + Cnfni^) = ^ lor all X in / implies Ci = C2 = ••• = Cn = 0, then the .set of

functions is called linearly independent.

Wronskian pro\'ided a sufficient condition for the linear independence of n functions on an interval(see

[3], for example), which can be stated as follows. Let /i(x), /2(x),... ,/n(x) be n functions defined on an

interval / with at least n — I time.s differentiable. If the determinant

h

n

f2

f(n-l) f{n-l)
Jl J2

In

f'n

,{n-l)
Jn

is not zero for at least one point in the interval /, then the functions /i(x), /2(x), .... /n(x) are linearly

independent on the interval I.

2000 Mathematics Subject Classification: 15A03.
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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 /i(x) = and f2{x) —3:|x|

are linearly independent on K, but W{fi. f2) = 0 for all a: € 5R.

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 /i(rc),/2(x),...,/n(x) are linearly independent or not, one

way{a usual approach) is to set Y^^=i = 0 for n different points x'̂ s and determine the values of

the coefficients c[s. This article provides a more systematic and formal proof for the linear independence

of n general functions based on th&se 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

/i (a;); /a(a:),..., /n(a-") and a set of n points xi, X2,.. •, x„, we define

^(/l:/a; •••;/n){ari,X2,...,x„} —

/i(a:i) /3{a;i)

h{x2) /a(a:2)

S\{Xn) S2{Xn)

/n(a-i)

/n(a:a)

/n(a^n)

0)

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 Oy is denoted by Mij, the determinant of the submatrix that remains after the

ith row and jih column are deleted from A. The cofactor of entry is denoted by C,j = Mij.

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

det{A) —tXiiCii + <ii2Ci2 -I- • •• -h ciinCi (2)

2 Main result

Lemma 1 Let fiix), f2{x)..... f„{x) be n functions defined on an interval / C 3?, none of which is

identically zero on I. Then the functions /i(a:),/2(x),...,/,i(x) are linearly independent on I if there

exists a set ofn points Xi,X2;.-.;X„ in I such that D{fi,f2..... fn){xi.xi,...,x„} 0.

Proof. Assume there exist n points Xi,X2,... ,x„ in I such that

- 2 -



A FORMAL PROOF FOR THE LINEAR INDEPENDENCE OF GENERAL FUNCTIONS 3

Suppose /i(x), /2(aj),..., /n(x) are linearly dependent. Then there exist scalars ci, 02,..., c„ not all zero

such that Cifi{x) = 0 for all X in /. In particular, then

n

X]ci/i(xj) = 0, j = l,2,...,n
j=i

because xi,X2,...;Xn are in I. Since ci,C2,...,Cn are not all zero, this implies that we must have

•D(/i:/2, ...; fn){xi,x2,...,Xu} = 0- This coutradicts to the fact that D{fi,f2,.. •,fn){xi,x2 x„} ^ 0, and

hence fi (x), /2{x),..., /„(x) must be linearly independent. I

Lemma 2 Let /i(x),/2(x)...../„(x) be n functions defined on an interval I, none of which is iden

tically zero. If /i(x),/2{x),...,/„(x) are linearly independent on I, then there exist a set of n points

xi.X2,... ,Xn in I such that

^(/l I/2j •••)fn){xi,X2:.-,x„ } 0-

Proof. We use mathematical induction on n. For n —2. we assume /i(x),/2(x) are linearly independent

on I. Suppose to the contrary that no set of two points exists in I. That is, for any set of two points

X1.X2 in 7. 7)(/i:/2){n,i2} = 0. Since each function is not identically zero on 7, there exists a point

Xo in 7 such that f\{xo) i=- 0. Then, by the assumption, D{fi, f2){x^,x} = 0 for all x in 7. This implies

fi{xo)f2{x)- f2{xo)fi{x) = 0 for all x in 7. Letting Ci = -/2(xo) and C2 = /i(xo) gives Cifi(x) = 0

for all Xin 7, with Cj,C2 not all zero. This contradicts to the fact that /i (x), /2(x) are linearly independent.

Hence there must exists at least two points xi,X2 € 7 such that 7!>(/i,/2){i,_x2} # 0-

For n = k, we assume the statement that if /i(x),/2(x),...,/fc(x) are linearly independent on 7.

then there exist a set of k points xi,X2, •. --.x/c in 7 such that D(/i,/2,.. •, fk){xi,x2,...,xk} # 0- Now for

n = 1, we assume that /i(x), /2(x). ... , fji(x), /^•+i(x) are linearly independent and suppose that

there do not exist A- + 1 points in 7 such that D{fi.f2,..., /jt+i){i,.x2,....xk+i} ¥" 0. That is. for any set

of A: + 1 points xi,X2,.. • ,Xjt+i in 7, DifiJo, •••,/fc+i){x,,x2....,xfc.i} = 0- Since any nonempty subset of

linearly independent set is linearly independent, /i(x), /2(x),..., /fc(x) are linearly independent and hence

by the n —k statement thereexist k points x°,X2,.... x^ in 7such that D(/i, /2; •••, fk){xi,x°,...,xi} 0-

Let Xbe any point in 7 and consider the A: +1 points x®, .Xj,..., x^., x. By the assumption of the n = A: +1

- 3 -
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statement, /a, •••:fk+i)(xi,x"^ xj.i} = 0 for all a: 6 /. That is,

3 Examples

fi{xi) /2(x?)

71(2:2) 72(2:2)

7*:(2:i) 7fc+i(2:?)

fk{x^) fk+i{x^)

71(2:?) 72(2:?) fkixl) 7fc+i(4)

71(2:) hix) ••• fk{x) fk+l{x)

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

(2)
fc+i

= 0
1=1

for all X e I, where Cfc+iA+i = xj} 0. By letting Ci = Ck+i,i,C2 =

C'fc+i,2> ••• jCfc+i = Ck+i,k+\, we see that Ya-i ® x € /, which is a contradiction to

the linearly indepedence of the functions f\{x), f2{x),... ,fk+i{x) since c^+i 0. Hence, there must ex

ists k + l points Xi, X2, . •x^+i in I such that D{fi,f2: •. •: 7fc+i){ii,i2, ..,a:»r+i} ^ completes

the proof. I

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

linear independence of n general functions.

Proposition 3 Let flix), f2ix)..... fn{x) be functions defined on an interval I C 5?, none of which is

identically zero. Then f\{x), 72(2:),, 7«(2:) o,re linearly independent on I if and only if there exist a set

ofn pointsxi,X2,... ;Xn in I such that D{fi,f2.,.. •: fn){xi,xi....,xn} 7^ 0-

= 0

For example, the three functions 71(2:) = 1, 72(2:) = sinx, 73(2:) = e® are linearly independent on 3? since

at least three points xi = 0,X2 = tt, X3 = tt/'Z exist in 3? such that (1) becomes

1 0 1

10 e"" = 1 - e'' 7^ 0.

1 1

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

1. X rational

£^(7l> 72. 73){0,IT,jr/2} —

7(2-) = \x\, (j{x) =
—1, X irrational.

- 4 -
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1 1

TT -1

That is, the two functions f{x),g{x) are linearly independent on 3?.

Finally, the two fimctions fi{x) = x^ and /2(x) = t|x| arc linearly independent on 3? because

1 -1

1 1

= 2jf: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 x by the vector x in the proofs of the Lemma 1 and 2.

Corollary 4 Let /i(x),/2(x),...,/^(x) be multivariable real-valued functions defined on a subset S C

3?'", none of which is identically zero. Then /i(x), /2(x), ..., fn{x) are linearly independent on S if and

only if there exist n points xi,X2. •••.Xn in S such that D{fi,f2,..., fn)[xi,x2, -.,x„} 0-

For example, the three functions

fi{x,y,z) = x'̂ z\tj\, f2{x,y,z) = f3{x,y,z) = xy-i-z

are linearly independent in since if we let xi = (0;0,0),X2 = (1,1,1),X3 = (1,0,1), then

fzt f3){xi,x-i,X3} —

0 1 0

1 e 3

0 1 2

= -2^0.

The n-points approach is a normal technique for determining the specific values of the coefficients

c(5. 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 \ised 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 (2(X)1) 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

- 7

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 Resuits

Let (a;i,2/i)»...)Um'ym) be a training

sample of m cases where x/s are input

variables of p-vectors and y^'s are target

variables of r classes. We wish to construct a

random forest to use in classifying a new

case X. The random forests algorithm for

generating n trees can be summarized as

follows:

Step 1. Draw n bootstrap samples from the

original data.

Step 2. For each of the bootstrap samples, grow

an un-pruned classification tree, with
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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 K variables.

Step 3. Predict the new case x by aggregating

the predictions of the trees.

Let Af„ be the votes for the most popular

class and let be the votes for the second

most popular class. Then

=

VMri^
(1)

can be used a guideline whether we need to

generate more trees or not. If > 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 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

r 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 (x^,y,), let M^{i)

be the OOB votes for the correct class Vi and

let be the OOB votes for the most

popular wrong class. If we let

Z„(i) = (2)

then, by the same arguments as before, we

can safely say that more trees will not change

the classification results if \Z^{i)\ is

sufficiently large, say, when \Zn{i)\ > c.

Here we define M^{i) and N^ii) a little

differently from the earlier and When

we know the correct class Vi, 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 be a multinomial random
*

vector with sample size n and class
*

probabilities Note that n =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

~ MN(n,(pj,pt)) (3)

from which it follows that

BUi-X,) = n{pi-p^)
and

Var{Xj -X^)= npj{l-pj)+np^ (1 - )+2nVjPa..-

8 -
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By the cetitral limit theorem, the trinomial

distribution in (3) converges to a normal

distribution as n —> oo, so that

-Afc == N(n {Pj-Pk),n [p/l-p^+Pfc(l"Pn-) +2pjpJ)

*

for large values of n . Hence, when Pj = Pk —P
♦

and n is large.

yj2np
^N{0,1)

and

' ^ ==Mo,i) (4)

since

p= {Xj + Xk)/{2n)
when Pj = Pk = p.

Thus the statistic in (4) can be used as an

approximate test of the hypothesis that

Pj —Pk- In other words, we will reject the
hypothesis if we observe large values of

X,-Xk

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 |.2'„(f)|> 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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7HS- RF ^iilE|i!o|| Ti02 ^^^1

Photocatalytic properties of Ti02 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

9. 5f. Ti02 ^^2] UV-Vis ^^^£.7112^- Congo red
1- UV-Vis Ti02 ^^<0, % Ti^2

7} 9X-%: «fl ^ Oz^ «1^
o] 2:5'^ «fl 7H^ 7}^ #-8-

Abstract. To investigate the photodecomposition efficiency of TiQj 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 Ti203 was shifted to

longer wavelength and thin film was deposited under O2/N2 ratio = 2:5 at which the most

efficiency of photodecomposition was shown under the visible light.

1. M ^

1972^1 Fujishima

21- Hondafe Ptl- TiOa# ^

4-I-. ^£(Xenon Lamp)#
#sllsj) #4i7l-

<^1 1972^1 <^^21 2).
^ ^7] 'Nature*<H1 ^ 4«1-

Zl-^21 2l-«l-7l-fe

Ti022l ^#Dll ^#s|-7] o]6{]

Ti02 <^1-14E)-All(3.2 eV)2|- ^El-«a(3.0

eV)S. 71-21^(300-380 nmH 21^11 ^^^7}

aelM- ^eollfe- 7H^®tl ^
-piOzol] Nsl-

Au, Fe '̂'̂ 4 #-&
^-§-^1^17l£ #14.

0121- TiCteofl £

^£l<4 Ti022l #£nll (conduction band)2l- 71-

71"cfl(valence band)'*'l-*='H1 ®im:^l

7H^4 ^4^21 2:Al-«1-«JllAl
71-7] Til ^££ «J1£7^ 011M711-

#31;^ 5a14.

^ 7fAl^ollAi2l :t#S|| Sl-i-#
^o]7l ^SflA-l Ti02 Bl-;51.os. Ar-N2-02

7)^1 #^7HAi RF :i2lEl^oll 2l Sfl Ti02 ^

21-# All^sH. TiCteSi «|-u^cll NO] £
^£l£^ S^^l4. Ti02 2l-n^2l 71-Al^

21 ^#nl| #2l-£7l

0^ UV-Vis #:^^£7}l22l- Congo red #«11 ^^1

# ol-S-sH #^«l-^'4.

n. ^ ^

1. -^^5^71

•& Ti02(99.99%) eI-;^!^
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s)- • -a

Ar-N2-02 7l^] RF Dfnui]
o]s}) Ti02

A]-§-^ ^}-a]^] 7)1 ^£.1-

HI q.E}v}|5ic}-. t}|-fsl ^a-cVoll 2 7llS| El-

^©1 :^^£]o| n}-f'(multilayer)^] ^

oil ^ ^ 5l7l| ^^7i]slo|

^£.d] e|-;^ ^'-i-si (assembly)-e-
n>lli.1]E§ ^EflolJl ^^|E] ^3l|El^-i-

7f^sl-7|j S>fe e|-;^4 7l
:^Afo]o] TjEj-i- 3 cm ~ 10 cm^j-^l

^ ^J-^lolcf. ^i:fl 600 WSl RF ^^J!|- 7]

^ ^1^1 Cfl "^oll ^lEi-i- 7l:^-§- 7}-<i^

^ $X^ ^J-^lolcf. S.E|e1 ^=(650 //min) ^

^^(570 //sec)!- o]-g-cV 7]^ - x

10"® ton-o]'̂ , -?r°t] 7]^] si 3 7l|s1
MFC(mass flow controller)-1- ol-§-®l-oi 2:^'^

^ Sl£^ £H m.

RP13.sC MHz I RP13.S6MHZ

li^FC controSef

Shutter

Substrate

Hcater-

- Target

CXJ- 'DP

WV

X FW

Fig. 1. Schematic diagram of RF sputtering devices.

2. Ti02 7ii\s.

^ ^^Sl «vn}- :^]^c;[]x] E1-7J10, 99.99%<?]

TiOzfil- 99.95%TiN ^-g-^l-^

H71S1- 21 ;g 2 inch, -^-tII

1/4 inch, Sl-SrH^olcl-. 7]^^S.^ 700TCo1^>Sl

i-S-ol|7-i£. ^ ?!e1-^ quartz# 7.|-§-s1-^i:f. 7l

^ #El|oi1 nl-El- 1-2^01

# ^^7l nfl^ofl 71:^Si A]\^^ Djjo-
^7^ Dll^l.|. ^ Al..§.5l.©1 ^Hl

S. S#3i1- 7]:^ N2 7}^s. ^2i

^2lEl^-i: 7H1^# 99.999%21 Ar,

99.99%S1 02, 99.99%s1 N2# Af-g-sl^c)-. ^3]

^>7l # s.B]e] -^S}-#-

ol-g-s>a1 -- X 10"' torr77>^1 -6"Trsl «l]7l#

MFCCmass flow controller)# o]-§-s1-o1 Ar 7] xfl

02 71^1 riElJI N2 717111- Ajsiii ul-ls. ^

#oj^vt:l- .c}l7l ^oll £#£lc>1 El-7jl S'S

oil 7117-1-5} 7l ^3|1 AlElS.

71-^# tq-l, 10 #- -## #71 El
S>^CK

El-^4 7|^Afol£l 7] el# 4.5 cm^ JL7jAl^

##-1: «Js>^t:1-. RF #?1-8- 200 ~ 250 W, 7l

^•#£.-b RTCroom temperature)S. sl-^l iiilEl
^s}- ^ 71121-^ a15.#-S1 ^

7jS)-7l- ^ ©l^ol^^Hi 51-71 ^I'dl-ol TOOroilA-l

<g2lEll- »,9s1-^t:K <g7le1 1 #^11 lOr

^^-grT'l-Al ti'Zl-Al^cf.

3 ^D^oj ^^uil ^7^

«]-Sl-Sl ^711si-

eH# FE-SEM(field emi ssion scanning elec

tron microscope, Hitachi, S-570)# o1-g-s>o1 S.
l^sl aH1^2:-i- #l€-5l-^cK

^^3c. ^®l--#A^{t;i-arismittance and ab

sorbance)# UV-Vis -c-^^^S-TlKUV/vis spect

rophotometer, HP 8453E)# oH^l-al 7l7H(^
^sHI quartz)# quartz 7l:^ol1

200 ~ 600 nmSl nl-^J-cfloila-] ^

Congo red Ti02 '̂•^l-sl

Jl€-s>7l ^-§-71# 2|;gol 13 cmol

:ii #31 -§-^01 1 1# #?lc-1^ -§-71# Af-g-sv
^JL, ZL^ 2<H1 ufBl-vil^inl-.

^>#7lsl >a-cHl Al-si# #2l§>^:ii

SI ^#as1 ^;^1

s]-7l ^«11 ^V-l-2: Sl-^oll iiJZ|-Aj.^l^ ^
^-^--S-OJIOI 28 ~ 32rs. #Al^

Ell oil A^ Sj-#v-g-g- 5>^Cl-. #^011 Al-g-^V

•c: 360 nm*# OrielAVsi 7}si# ^5.

(500 W, Hg(Xe) arc lamp)#- A)-.g-5l-^ji, 71-aI
'̂•^oilA^ ##-§• s1-7l -tI^I-oI # ^EKdichroic

filter)# ol-g-'dl-ol ^-g. 420 nm ~ 630 nm^l 4

^c)-# -#44^-1 ##4^4. 4-§- -§-715.
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7M1-?}- RF TiOi ^<j-^nll

•vEi 25 cm 7]e]o]iAi ^

^ ^o] ^
7H:^VaJ <^^o|]a-1 ^aii 31-^4.

Ti02 44-& 2.5 cm x 2.5 cm ^^^(square)^
quartzl- 4-§-Sl-^:;i Congo

red 20 ppm^ 4-§-sl-^o.o1 .2.'§-i-^4 4-S:

200 m/# 4-§-^l-^ -E-^ ^1-^4.

Reflector

Lame

Fig. 2. Schematic diagram of Congo red

decomposition device.

m. gi!f 51

1. FE-SEMoll £]5h ^ato| 04114^

3<>11 FE-SEM(Hitachi, S-570)^ oj-g-sf

4 Ti02 DiAfl4s# 4El-tfl5i4-. Ti02

4^^^ At-& 14 sccm.^S. 4-s- 02 7)-

i4 N2 71-^1- 4Bi 71-4 a|-g-s ^^4?}: Ti02
444 XRD ^4^444. 4°fl4

Ar 7M11- 14 sccmO-S Jl^?!- C)2:N24 4

^•%r 44 2:5, 2:9, 2:15.^ 44^4, 4'a4-4-i:
2.0 X 10"^ ton- ~ 9.0 X 10"^ torrS 4^4. ^
444-8- a.-^ 1 44 30 ^44. -^44

s.^ 700TCS. 4^A4. ^44 44-8- 5 444

4. 144^ ^44 44(^^ ^4)#^ ^flaH
<S4a.s.4 44444^ 4^-i- 44.

zi^44 02:Nz4 u).i-oi 44 2:5, 2:9, 2:154
ofl 444 44 75 nm, 67 nm, 59 nmS.

44id:ii TiOa 444 3.7)5. 44 >^4 50 nm

M-4id:4. 44^.5. a.4 tiOz 444

cil^s 44444 4711 f^44^:n.

TiOz 444 37]^ 5^ 50 nm 4a4 H7l#

M-4s«4i -S- ^ 44.

Fig. 3. Surface and cross-sectional SEM images of
TiOz films deposited different gas ratio.

(a)(b) 02:N2=2;1, (c)(d) 02:N2=2:9.

(e)(f) 02:N2=2:15

2. ^4

44 5^ UV-Vis ^44a4(HP

8453E)# 4-§-t> ^44444. 4'^4

f^42:4-S: Ar=100%. Ar=14 sccma^ Ji^?}

Oz:N24 4^-8: 44 0:1. 2:0, 4:0, 2:5, 2:9,

2:154 44 44-S: 2.0 x lo'^ ton* ~ 9.0 x
10"' torr4^ ^^444-8: 3.^ 1 44 30 ^4
4. ::z-4at 444 ^5^ 5^ 700r4ai ^4

4 44-8- 5 4444.

40114 Ar=100%S. f^44 TiOz^

444 '^4°114 3.^3 024 N24 ti]^
o] 44 4:0. 0:1, 2:04 ^°.S. 7I-44

4 a.^4. 4^ 444 444

Ar=I00%a. ^44 Ti024 4

40II4 024- Nz4 a)^4 44 4:0, 0:1, 2:04
^^0.5.4 44 4^-^ 7i-A)4

^4 a.^4. 444 -^4144 44 4

444 UV-Vis <^4^ 4-8: 4
°.a. '^J444.

50)17-1^ 024- Nzsl 4^0] 44 2:15,

2:9, 2:54 ^3S. 71-A14 <m5S.2]
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•f-f-ei- •

^^o] 025}-

N2fil «l^ol z)-z}- 2:15, 2:9, 2:5^1 ^3.3.^ ^
^ 7H^ ^^<5l-S-

O] Slfe :e.<i]- ;5l^ :g:'Sq^S. Si
^A] UV-Vis ^1^

Af«tOO%

<V«,M>:1
O,:N^0
pJMO

400 500 600

Wavelength(nm)

Fig. 4. Optical absorption spectra of Ti02 films

deposited with different gas ratio.

02:N^2:1S

Wavetdngth (nm)

Fig. 5. Optical absorption spectra of Ti02 films

deposited with different gas ratio.

3. Congo red

Congo red^l v=kC^ v=-
dt

S. ^ 9X3., O] ^OJIA]

img/l • min)<=»loL, Congo red^l

^(1/min l/hour)<>]^ CTfe- a|-

•!• Congo red^l •^S.(mg/0®i]

^ Al;?3:ol] ^

^-§-^1^ ^ d]^

ln{C/Co)=kt el-fe lA} ^

% ^ 9X^. <=^71 Ai Congo redsl ^

7l^S.(mg/Z)«^ «!]'3-t!:4. 3^ 6<H]7.1 Ti02 #
°H1 Congo red ln(C/(I^)
# ^«{|7.1:iV tsl a.eflS2l 7]
#7lS.^Ei 4 soDfil Congo red

# Congo red aI-^^V^S. €

i 7]-Al:^^ 2:A>§]-'=>1 blank -i^)
^ IV Ar=100%, 02i4 N2S1 zl-4 0:1,

2:0, 2:5S TiCte 44^S.

44 blank, Ar=100%, CfeSj- N24
44 0:1, 2:0, 2:5S. ^^44 Ti02 444

^.05. 7l-Ai4®fl44 3:^4 #4^1 4

444.

Y. Chiba^^ ^^4 44-^S. 4«fl ^344

Ti2037> 7]-A] 4 4^s.4 ^^447]- *^44^

^ 44^ 44ji :aji45i4.^^' 444 024 N2
4 4^^ 44 0:1, 2:0, 2:5s. ^^44 Ti02 4
44 XRD 44-011Al Ti2037l- 7]-A]^6DA^ Congo

redl- ^414^ d] htI] 444 4^5. :e.44.

• U)nk(k»-3MX1IT^
O Ar«100«(lc*4.t9X1(r^
» CVN^1(k»-1.03X10*
V O^N^(K«-12«11J*
• O^N^5(k'-1.50X10^

7imB([n&i.)

Fig. 6. Kinetics of the photocatalytic degradation of

Congo red.

VI. U ^

aL^4 ^44^ 44oll4 TiCte
A]]4.4^ 4^-^5.44 Ar-N2-02 4^ ^44

oijA^ Ti02 44011 Al <144

Ar=l00%, O24 N24 44 71-4 4 ^^4 ^4-

^?ioll 4€- 444 441^3:, UV-Vis

Congo red 4^«11 3:^ ^4 4^3^ 2:44^.^
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RF o|^ jjQ^ yl-5}-fi] ^inl]

-f-sH C))3l)

Ti02 DjAfl^^oilA] <y;<fo) 3,7]^ 50
nm M|«21s] h7)1- 7)^il)s] -B-^o]

^ ^«y<y-^oi

UV-Vis TiCte ^eJ-o)
7f ^#01)01] ^nfji <^s|^ <^1-M-e]-
^1 ^2:^ ^}^]:n. xl# nfllicf 6]-i4e]-;H1s1- f-Ef
^ ^ Ti2037l- -g-TllSlol afl 71-Al^
^4^ Si^ -i- ^ si
SI4. O24 N24 u]^o] 2:5-y oj) 71-4 :g-
4^ 4^4 ^4. 4 2::?ioH4 444 4
^4 Congo red :i4 y}^ ^sfl
^-i- 05. :^^o|| 5:^0] 71-4
S.

^ Q >- ?
at a nr T

^AFfij ^

2007\l£ 4444^ ^^4-47]^
7114 4444 444=444 4^4 44^^
4«l4Si-g-.
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Ea^O|0||4A|^B^|oJo^ 0|A^S^E|E^^ g-^D|l
ll-^4 7|-A|S^ ?.^^C>||A-i

o|S3 •

Synthesis and Photodegradation Properties of Ti02 Photocatalysts
Immobilized by Triethoxysilane imder Visible Light

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

fi. Ti02-i- sHl'H triethoxysilane
triethoxysilaneSi H Tia# l* wjS. TiOz

<^1 THFSf -fr7l-§-Di)oil^ 7]^ -§-8Bsl;=^l ^

Si/Ti^l Hl^c.] 0.541%ol^ Sj-tl" 1.415%*?]^ Ti025^

triethoxysilaneTi02^ ^vl^]-7l congo red

methylene blue 71-a]<^^o1]a-1 ^ congo red Aife
triethoxysilane^l 7102^.4 TiCh^} ^1 methylene blue
^•§•^01] Al^ triethoxysilane<=»l Ti027]- ^ W-& ^#''11 ^aJ-§- i4El-vfl^t:l-.

Abstract. We have synthesized the silicone immobilized Ti02 compounds by dehydrogenation

reaction of triethoxysilane with Ti02 in toluene as solvent. The synthesized materials are

insoluble in usual organic solvents such as THF and CHCI3. However we have washed the

prepared compounds with CHCI3 to remove remained organic materials. The ratios of Si/Ti of
immobilized Ti02 photocatalysts I and n were analyzed to be 0.541% and 1.415% by using XRF,
respectively. We have also observed Si resonance peak of expected Q-unit by ^Si CPAlAS
solid state NMR. We have investigated photocatalytic activity of the immobilized Ti02 in the
water solution of Congo Red dye and Methylene Blue dye under visible range light. We have

observed that the pure Ti02 has better photocatalytic activity than that of triethoxysilane

immobilized Ti02 in the solution of Congo Red dye, however triethoxysilane immobilized Ti02

has better photocatalytic activity than that of pure TiOa in the solution of Methylene Blue dye.

I. A^ Berzelius7l-
A]^

^4i{Silicon)^- aI^^vojIa^ c}^^SL ^ SiCl47V 1857M
o. ^diS. ^AjSl-^- Sdl Wohler^ ^ 7]-<i^

^.S. ^4: ^5] ^]-x4ol ^7l^j5.ol) A-] 3^7] HCl7l^l# -f-j^-Al 7lA-] trichlorosilane^ ^
14^011 1824^4 ^^1 A^§>^fecl], HSiCbl- Tllaisl-fetll o]
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5^

1860\i^ Friedel4 Craftsfe

tetrachlorosilane°fl diethylzinc-1-

ISQgid-T-E:! 1944^1 4^1 ^

*1^ Kipping-c: -^7lTf-4i S}-^-!-®!
silanol 4-§-7ll- ¥ 71] 7Va1ji 51^^ nfl^ l:Oj-

^o] Haj.;^]^A^

fee]] KippingS] 6]^:^

^Hl'^-^'iiCpolysiloxane) ^
o] ^ofl

5]e<^] #<^Ai H7l] ^^17}- slJl ^
^S] 1-1-7]- Al];g^-:^-^^(Sick House Syndrome)

^^^A] A] ^6] <gnl. T^m-X] ^^S]

vfl-^ollA-] «1]#£]^ C^Bl 7]-A] ^^A^ -?r7]S}-^

-i-s. 91^ Bll^o] 4;-^ Jiji s]ui 0)4.

-R-7i4^#s «atv si-71^^, 4"^
f- ^4 4444- in«aoi]7]] e 4«1]^ A>

44 4^4 4 41- •f44

^44.

Al]^^^54 4«fl-i- #4jiA|- 4Bi A>'a^]4
4-7]]4 Ai 4^1- 4ai 4, -1 f4Ai

£. Ti02 4#41- 4-8-4 4tAj -8-7]-§-44 ^-

44 4f^i: ^oi 4^1- 431 44. 4 ^

#44 €4fe Ti027l- -8-444 4^4 ^-^1:4

4 4^ 4 3:A]-44 aI-1^44 4:4 44
4^# 4-2-4^ 4, 4 4 2:A]-4 4-g-i-

4 4vi ^#44 44^ 44
<^44^. •^b1447 Ti02fe 4-B ^#44

44 Ai^iv 4-8-, 444 -¥-4^^, 4i^-8-
7]#4 5:44 ^44, 4:^^^ ^ xj^^oj

A^ f-4 71-4 ^4a-i 4 b] 7]-A]
S^-B: ^44 -8-8-431 ^4.®' ^ 4^^4a1si
Ti02 ^#44 4^-1- 431 5)^4, ^44

^#41- A>.g-4^ 4 o)o]A] 4

2.444 4-^-2lS. Aj-g-^ ^5)71] <a¥4]f:-4
#40] ojcf.'o £444

•s'Cdispersibillity)# fe4fe 4^1- 4Tr4 ^ ^

44 ^4.

•S- fe-^4Alfe- triethoxysiiane-i" Ti024 4-8-

44 •€ 4 €•(silicon)o] ^^4 Ti02

a^4jla]- 44. 44, 4^7]] •^Aj^ Xj02

4^1-8: 1-Aj4 ^447] 44A1 44
7>Ai 7]7]^4^ 42aV 44. £4. ^^4

Ti024 4AJ4 triethoxysilane<=>l 4A14 Ti024
444 Congo red ^-8-44 methylene blue =r

-8-4^ 7]-Ai:^ 444Ai 4^4 441- ^®S4
4 4^4 4-A^# 44431A]- 44.

n. ^ ^

1. A)«)

444Ai A|-.g-4 triethoxysilanefe 44"4
AldrichAl-4 A] 4^ A]..g.4^^4 -g-nfls. A>.g-4

£4 AldrichAHjA] ^*^44 Aj-g-#^

4. 4-S-e 7]4]fe 44 4 A^ a544^ 99.999%

444 3i^£.l- 44 4-i- ^444 Al-g-451

4. AjA^l-^ ^447] 4«flA-] X4 ^4^47]
(XRF)€ AV.g-4514. x4 ^4^47l(XRF)fe

PHILIPSAl-4 PW2400-i- A]-g-4^4. ®Si CP-
MAS NMR Varian unity Inova-600

4- Ai..g-44 #445514. XRD A-;ajH^^
Philips X'pert APD^ a>4-44 ^44^4. 4

444 Af-g-^ 44"4 NewportA]-

4 Research ARC source^ Af^-^-^ai, 7|-a14-

4 444Ai #ni]#Aj.|. 471-471 44] A>4>a

44 4 441- Af-g-44 400nm ol44 44-^

7l-Aife ^-i- 444^4.

2. ^Qllaf

^4 -8-°114 l-f-5il-8- Na ^#4
benzophenone£.S. 4^ 4^a]^ ^4^11

44 A]-g-4^c].. 5LS 4-4fe -i-^ 4^4

4 Af-g-Bl-ojn, 44Aj^ 444 4^^
c}]7]4ollAi 'ia|4^4,

3. Triethoxysilane£.S. ^"^11! Ti02 4^

# ( I ) 31 (11)4

® 250 mL -f-ewl-^- 1-4^3.01] ^^47]# 4
4#jl o}.s^ 47] 44A] 4^44. #4

^aoj] -^444A] ^Aj^ Ti02 (8 g, 100

mmol)4 triethoxysilane (0.26 g, 1.6 mmol) 5l
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toluene 28 g-l- ^

Hofl Ti02 (8 g, 100 mmol)

2}- triethoxysilane (0.65 g, 4.0 mmol) ^

28 g# ^^4. f-el-^Hl- 7>'i°j-Efl7loil
^v^ll- t!:i=f. 15 r^jS.

S. 7}<^^M7]S] -8:£1- 60 tS. S>

C«^ 71-^ t!:4. ^ 8>^1^ ja^-i- '?!:

(2) (D«^l>^1 Sl-tl-l-i: ^"^715.

-§-°lll- TflTltl: ^

«=>! #S.S.£f-(CHCl3)-^S.

^^.2.^011 cf'^l ^2:5H "3-^1

€ Ti02Sl-^^# (Dsf (0)^ sj-^cl-i- 4
4 7.38 g ^ 7.47 g-S-

4. 7|-A|^ ?^5^ol|A-| Congo reds| ^-^sH

® 50 ppm Congo red •§-'̂ 200 mL-1-

^<^1 7112:^ Ti02 0.1

g-i- 2111 ^1-7] ^611 «a-

® o>7^S}.Slfe 7l-A|^
2:A>s>ol jg--g-sl] In]-. Visible

lamp<^l^-l JL-8r2l Sll: ^afll- oj-
^l®l-7] ^zl-^^l-t ^^lt!:4.

® l^m 20^ ^^-2-S., lAjil
4a1^7H^ 1a]^ 7^^±s. 5 mlfil ll-i-

<5^^ aII^sH UV-Vis ^^7]S. ^^Al:^o1] «}-

€• Congo red 2] ^s.# ^#114. -§-'5^ ^fl^lA]
membrane filter-1- a1-§-s]-c»1 TiC)2^^-i: ^sl'^l^.

® ^^-^(498 nm)-i: ^BlJl Al^ofl aj-.^ ^
S.^^# ZLEfl^S. M-Hl-vflcl-.

5. 7|-A|S" methylene biues| ^i-

(D 15 ppm Methylene Blue -§-"5^ 200 mL#

ll-g-^iol] 43i^ Ti02 ^

0.1 gl- ^^yslcf. fill <^11# ^7]
^Sll •y-'MoilA-i lA]^

7d 3:Af^>ol 11cf. Visible

lamp^A^ 31^21 ^0^1 2111 oj-

^lsl-7l -i^ltl-cl-.

® 17-1^ -g-ll 20^ 5 ml2l al-g-®-^

•i: 7ll^§l-cxl UV-Vis ^^7lS. tiJr^AliHl ix\^

Methylene Blue 21 ^#11^. -g-o^

^ 7.1 membrane filter^- 7.1-^$>ol Ti02^'^-i-

® ^44d(665 nm)# ^Hl:n. 4^0]] 4^ ^
£^41- nellss. 44'54.

6.

Ti02 ^^°lll-2l ^i^ll 3g7l-4

7l 4^ Figure 14 44
4^4.

Cooling watar

Reflector Lamp

Reator

uv f ltor

pH meter &
thermometer

Masnetlc etirrer |

Figure 1. Scheme of the photodegradation reactor

m I2f SI

Triethoxysilane^l" Ti02 ^21 ^•§--i-

=^^44 4^1- I ^ n4 44 4-§-4^

Scheme 14 444 Si4.

Scheme 1

Ti02 + HSi(0Et)3
toluene

OEt

iTi—O—Sif OEt

OEt

4^1-1 4 n
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^ 14ns] XRF 45.^- Table 1

sf Table 2<=^] 444 Si4. Figure 2-&

Sl-^1- 14 n«^l 444 2051:4 44

47l{kcps) f^44 Si 43-a- 44^^ ^

4s^44. 4444 •¥• 4^#4 44^ Si/Ti

4 41- 4 ^ S14. ^^^4 4^# I

4 Si4 4^^ 0.541%^^4 4^1- ns] Si4

4-i:^ 1.415%s. 444 Si4.

4^-i- 14 314 ^^^444 ^Si
CP/MAS NMR Figure 34 444Si

4. 4 #4:a^, -8i ~ -90 ppm4
4 4^c)-4^ Q-444 Si 4^1- 44^ ^ Si

4. 4^-^5-4 ^±d{] 4:4i7]- 47H ^^4,
^•, TiOa^]- triethoxysilane4 ^^4^-§-i: 4" ^

Si4. 44 4:44, triethoxysilane4 -^4:4

4 7)14 4:^7]- ^^^44 Si^ •^4^^4

Ti024 ^±7} 1^444 ^44

4 7])4 4:ili7|- ^-^44 Si^ 4Si4^

444.

XRD Figure 44 54 444Si4.

Figure 4fe- triethoxysilane-i- £.447] ^4 Ti02

7>44 XRD ^4^3^431. Figure 5-&
triethoxysilane# £-4^ ^4 XRD ;^^^£^44.
^^1^4 A}-g-i|}- Ti02^ anatase 444 ruble 4

44 Ti4Sife ^^44 Ti02SSfe4, triethoxysilane
4 Ti02 44 31 ^2:4 E- ^47]-

^44. 4^ ^4 ^4^ 4^1-4 £44

^4444-i- 444 ^ SiSi4.

Table 1. XRF data of compound I

Concentrations of sample DS0623-1
Compound i Cone.

(%)

Compound Cone. ICompound Cone, iCompound! Cone. |Compound iCone.
J%L m. _(?y- u?yL.

iCompound

Si

«I

0.541 j
«

Cone.

m.
1.415

«

0.787
«

Ca

Ti

Zn

«I Rh! «

98.672i C19H3BON | F255.68

Table 2. XRF data of compound II

Concentrations of sample DS0623-2

01 0.794

Compound! Cone, jCompound ICone. ICompound: Cone. :Compound
I (%) i i (%) '

CaI «i Rh ! « iC19H380N i F255.41 :
TI i 97.792 j _<< j i j

kcps

16H SIKA

144

ifuCfcev-i.

146

^ COBDOURd I

— Coopound II

2Theta (-)

Figure 2. Si peak of compound I and n by XRF.

- 20 -

Cone.

(%)



Es}.o)o|)4Al^ell^^S. 7)-Al^^ 5

Q-Unit

/\
SSSS^S

Mill/

Fixore 3. ®Si-CP/MAS solid state NMR spectrum of compound I.

X'Peit Graphics & Idontify
Qfiich;ea4^

6000:1

Korea Bisie Seianas tosttuts

KPert OnpNes & Identify
ffffgfrWat

Korea Bwlc

Figure 4. XRD spectrum of TiCfe.

Figure 5. XRD spectrum of compound 1.
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O] tg ^ . HV<^ Efl

Ti02^

triethoxysilane^S. TiOa*^!

Figure 6^]^^ 7}a]^
<^^ollA-] ^-^n]| ^afl ^tl: Congo red^l

4€- ^£>^41: Figure 7i

4 ^]^>47l 4sll

ln(Co/C)l- 4-g- ^l^Kt)i cHsU 14

44'^ ^<^14. Congo red 444 ^^4

TiOa ^44 triethoxysilane4 444 Ti02 #

Dm4 ^4^4 4M4 ^^^4 #4^ 4-i:

4 4 4-^4 444 44 ^
SD^O] ^0]7]^ 5}^ ^ oi^c}._

—•— TiO,
• O- Compound( 1 )
—Compound(li )

r- Uphton

Q,

\ ^
\

\
\

\
\

\

\ a N

•'O

SO 100 ISO 200

Time (mtn)

Fisore 6. The photocatalytic degradation curves of

Congo red.

• TiO, (k=2.S471 E-2. R'eO.9854)
O CompoundC 1) (k>1.9276E.2. R'°0.9182)
T Compound(II) (k<a.3352E-3.R'=0.819p

Plot 1 Regr
•O

o •

ri--^ T

100 ISO

Time (min)

Figure 7. The photocatalytic degradation rates of

Congo red.

44. 4^ ^^4 ^4 <^s.6\] cfl^o^

44 444 ^^4 Ti024 triethoxysilane 44
4 Ti024 -^4# 4444 4«fl
methylene blue 4^44 4^

# ^«S444. Figure 844fe 71-44 4^44
4-i-4 44 methylene blue ^-§-^4

444 4€- ^£441- 4-4ifl4ai, Figure 94

4fe 4 441-4 4444
ln(Co/C)l- 4-§- 44(t)4 44 l^>

4-4-hE 444.

-•— TIO,
O Compound( I )

-^— Compound( 11 }
— UQhlOn

•60 -40 20 40

Time (min)

Figure 8. The photocatalytic degradation curvers of

methylene blue.

S 1.0

• TiO,(k°2.Sei5E-2R^0.9932)
O Compaund( 1){k°3.4228E-2 R'«0.99a0)
T Compaund( 11)(k°4.0043E.2R'»0.e899)

— Plot 1 Re^r

0 10 20 30 40 50 60 70

Time (min)

Figure 9. The photocatalytic degradation rates of

methylene blue.

Congo red ^-§-'44 44 ^444 4

4-4-4 44, methylene blue ^-§-'^4 ^#^11

4^44444 triethoxysilane4 ^^l^ Ti027]-

^^4 Ti02:a.4 ^4^ 1-^ ^l-4^4 4 ^
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^oj-^ ^ o^ojcf :E5>, ^7]^

•t^ ^^5l]^£5. ^

W.

TiC)23- #'^'i'^S. s}<^ triethoxysilane
2}-S] ^-i--i- -f-^V*^ triethoxysilane^ ^^^17}

7102^1 ^Vrtsq- Ti02

4. Ti02 4^1-^ THF

-fi-7l-g-nl]o)l-fe 4^1 •%-n^^] 'd

4$!^ ^1 2.^^ -H-7lzil-^ 7)171471 4^114

€S.S.i#^S. -^34^514. x>y ^^^^714

^Si CP/MAS NMR
4^#4 AjH^ ^44^4. H4 444 Ti02

oil 44 XRD ^4 ;i4, 47^4

Ti02^ anatase 4*^4 rutile4'y4 44Sl^ 4

44 Ti025ife'4 triethoxysiiane-i" 2.'tl4 Ti02

441- 44 ^2:ollfe 4471- §1^4. 4^4

444 triethoxysiiane-i 444 Ti024 4-e-^II
44471 444 7M44 4^«114

44^ "^-445^4. 50ppm4 congo red -§-4^

^^44<^]4fe ^^4 Ti027l- 144 ^44 ^

44-§-^ #4- 44°fl ^^4-S-2. 1-4 444

2.4 444 4444 444

4®! 7j-4;4fe 4# 444 444. 444

15 ppni4 methylene blue -§-"2^4 ^5)14 4 "^14

4 444 ff-di4 440I 14444

4 ^44^^ 4^ 44-4 4^ 4

44 "T- 444. *^1 44^ triethoxysilane 44

4 Ti02^ 44 -a-711-oll rflSll ^^4 Ti022.4

4^«ll^-i- 42.S. 75444 4 4

44 01-8-44 444 44447ils.7-l4 AV^g-ol

4444.
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The Study of Clinical Examination by Using Instructional
Magnetic Resonance Imaging(MRI)

Moo-Seoung Cho, Jae Young Bae

Department cf Chemistry, Collage cf Natural Science, Keimyung University, Daegu 704-701, Korea

a Imaging; MRI)^ 7]^^±S. 2^ Til (pulse sequence)®!]
^7{] tll^ MR l-2]Sl-Sl-^ 4

€• "^^4 ^eI|4 ^4-1- 01SD471 4«!l ^^2:3|®!j cfltl- «1H ji#«H
MRI4 ol«t)«4 31-Sr^ 7]i 7.}s.s. t!-4.

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. Ai g

f^®!lfe #41-

4(ultrasound; US) ^44 MRI ^4

5a4. MRife us<^ «]«i] ^^ys]
^ ^ 5a4. 44 ^42:4

®!| 444 MRI^ 4# 44^

4 »8-^iL4 4 4444 44\E4. 444

44^4 44 44444 4-§-4ji 9X^

44444#4 (computed tomography; CT) 4

4 44 MRIfe 444 ^44 444 42:£.7]-
HBjoi] 4 44 4 (artifact)®] 444

4 440] 5^0]-. 1144 444 1- 4

7]4 442:4 44 7]-4^4 40]oi) 4^ sjj^

(distortion) ^4 44 44^5. 444 ^47]-

544.'"'

MR 44-& —4 ®l]S(spine echo; SE)

44444 ®l]3(field echo; FE) 4^4 €

2:4 444 y"(repetition time; Tr) ^ ®!|3L4y:
(echo time; Te), 44 4^(flip angle) 4-b 4
444 4 244 4]S. ®] 44 y'dongitudinal or

spin lattice relaxation time; Ti)4 42. ®]44
4(transverse or spin-spin relaxation time; T2)

444 ^£.(proton density; PD, p) 4
^ 4:£4^4 4®]®!] 7]4«]] 44®] 444

4-.""' MR 44^ 2:4®!] 44 •S:®!]^®] ^7]
4)^®!] 442:44 4244 ^44®] -t-^44

4444:^ 44 2:44 44®!] 44] ^44
4.®^ 2:4 :ii-fr4 Ti. T2 51^ 4- 2:4 44 4

®<J=®!] 44] 44 ^ 44®] $X^ 42S. ®^

44 SI4-.'°'"
MR 44®!] 4 244 Ti 7j-2:<gAj.(Weighted
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image: 2i^s] Ti<^l
<^]^] H-Til ^o]ji Tjo] ci o^-g-Tll

c]-. ZL?]JL T2 7J-2;eg >^V(Weighted image;

T2WI)i^ife n ^c}]5. T271- ^^A]
iiojji T27\

i-l-El-vjlcl.. £

;^l<i^l ^«Jjol H].:^7ll S)J1 2:^5]
7li ;^1-S7l- 71]^^

^ 2i^s] -fi--?- ^^2}- 7]-^«l-

711 ^4.

91^]^ A 21^"^] 'fltb 7]^^
5.^ ^#(phantom)

4 141- 91^^}^ "y^l^l ^7ll-^(^^) ^ 1

^(parameter) ^®ll7>i <:iSL^S.®ll

a] ^(repetition time; Tr), ®ll37>l?]:(echo

time; Te), ^^7>1 ^(inversion time; Ti) ^ <^7l

^^^S] 4S. ^ 1-^ z]-(fiip angle; ff) ^

si cflsB A]z]-;^ ^^4 tgojs^

1- #^^7lS.4 ^S^Sl-1- 7-B^^ «>5|c)-. 4 €

^^]"i 4s1- M-b1-\4- ^^4 '^'^-Al-S.l-

*?l^lsl •T-T-'^^si- ^711 ttlH4^4.

'g^si 4^1-4 aliiL4 o]^4 all;g^

^41- MRI4 44=^1:

4^^4si ^§-4^ :iiL44 4

2: 4S.'>11 4-§-4:n.Ai- ^1:4.

J[. U M

1. urn ^ 7R

44-4-fe 7}7]^^M]7]7} 0.5 ^l#4(tesla; T)4

2:45.71-4 MRI 7l7l(Max Plus System , GE,

America)4 ^^4-§- 24(head coil)^ 4^4-

^4. 5 1.5T 7}7]

^4*^4 7l7l(Magnetom Symphony Maestro

Class, Siemens, Germany) 4 CP Head array

coil^ 4-§-4^4. MR ^4^5^

PDA-85(Japan, Konica Co., digital type) ^4
71* 4-§-4514.

2.

9inM C114 44-4^^ ^-i-sl 44 C-110144
v]Mt\7] 4^ 4444 444 444.

44-<=>114fe MR 44-«=>l] 44 444 444^ ^

44 44 ^455.4 ^4 44 4J:7d-2. 44

1- 3711 4 *45S. 4-44 444 Gd-DTPA

(diethylenetriaminqjentaacetic add) 3:44 (contrast

medium)* 4-§-44 44*4 rfl^H*

4.'® 44-44* 4* *45S. 4-§-4-€ 54
44 Magnevist(Schering Co. Germany)* t.]-*

«>4 44-4- ®}44. 444 *44 44"^*

*-§- ^*4 44-31-4 4-§-4-44 *5444

*:* 445S. Table H 44 44s>4ai 54

4 7}-%- -?-*4 44-4- 2:4* Table 24- :Q:t\.,

44-4 *£*4* 44 **4444 4*4

44-4- 4214* 44*** 44«V3 *4:44

4*4- *4 *5*44^4 *4«>44-.

54: 44 *** 544- *4* 4-4- *44

4-*«1-3 44 4*4 4sl-*4 44-4 44*

4** 44571 444 FE'^554 1* 44-

* 571 3D TOF(Time of flite)4-4* 4*

*4 *47cJ- *^* €4444.

Table 1. Pulse sequences and shift factors(0.5T MRI system).

MR Imaging
Flip Angle

(c?)

Tr

(msec)

T,

(msec)

Te

(msec)

Weighted

Image

Image of

Figure

SE

- 500 - 25 T, A

- 2000 - 20 PD B

- 2000 - 70 T2 C

EE
90° 300 - 14 T, D

0

0
CO

300 - 20 T2 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

TRtmsec) Te (msec) Weighted Image Gd-DTPA Image of Figure 6

IB. gy ni#

4-i-g: Table li

cflsflAi 33!f-2l r-tlolE]

1- ^jlsH JL^-^ ^ol4.

^7)21- 1-^ ^4lAl-7l^ 1: ^-^4

Olofl 2]^ SH^^^'-^S.Ai Al-Ololl^ ;<}.

^^7]- SIAb) <y;^llo|lA^ ^7)71-

o] 51'^.'^'' M-Efvi- yf2|-

^°1 ^71-^^01 H)7l a.oj:ol

TiWI^ll ulsi! FE-a TaWI^HAi ^

^7]^ 'yx7l- ^o]7] Tin

Ti ^ T2WI 3.^ <Hw7ll ols^

iv ^4 -B-

^4 ^ -i-^l
9ln]s] MRI^ cfl?!- C}13;£

^7) «^^4 ^^0)14 AjAV ^

^44 ^4i44 4^ -f- 4 44 4444 S-

#4 4444-^ 44 44514.'^
Fig. 14 r3(AT)-& Table H) 44 €44

4^1 444444. 47lAi $]4€, 444

4. 4€4 4=1! €4€ 4^ €f- 4€ 444
4 4Jil4jiA|- ?]:4.

47lAi A^ SE'^o.^4 €4€ t,wi44.

4:^4 44€4 4=llAi TiWI44^ 4€4 4

4€.a4 ^-8: €^€.£# 44M14 4711 .^4

4. ^^4^14 7>4-^ 1^44^4-8: Ti4 €44
€7l 4^4 7>^J- 7j^ 4€°.^ 4444.

€43:4 f^4 4€Af^ 44 .a.4 l-4Ai €

€ €71 4^4 ^ 3:44 €^€€^4 4471-

7-14 ^3)- Aji^Vo] <^€(chemical shift

artifact)-5-S 444711 S]3L €4 444 4€7)-

4 3~4ppm 447]- €4.^
MR 4€4Ai 443:4-8: ^rt^Al-44

4 €34 444 Ti€^ 7>€ €44:ii 7]-€€

^ €4. 44^1 Tio] 44-8: €3171-

4 7>Aj- Ii-Tii i4Ei-id:4.

B^ PDWI^^A-] 7l€7ll ^43 «1€4

€4 ^^4 €^44. 4 4^4-8: 4€:i4 €
Til 444:31 €€-8: 4^€ 47lS 4

4-4:.5.4 A4 TiWl.e.4 €5:7j-£7]- €3s]oi

€711 444:4.

Fig. 1-1. Ti Weighted (A) and PD (B) Weighted
images by SE method:

a: Th= 500, Te= 25. B: Tn= 2000, Tk= 20.

C^ T2WI3A-1 .a.4 4 4€4

5. €4 €€4 ^3.3-S. 3l=-q€ -^4Ai -^^.7}

7^-471! 44 431 44-8: €711 444.^4

4lAi4- €•& 444 4€ €€-!• €€44 44

514. 4 4^ 4^14 ^371- ^711^4 ui^
21- 4.^21 ^7ls. ^7)1^1-71 ^J4€4.

D4 E^ SE'^ofl eAl-€ €€€ €4 4=11
FE^3.s. #444 €44 €€44. D^
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TiWI^S-^i Al5:7j-£7|- 7j-

71-^ ^7)1 M-Ef

!d:cf. Ti^l ^7l ol]^^] ^Tfl

Fifi. 1-2. T2 Weighted iiTiage(C) by SE method and Ti

Weighted image(D) by FE method: C: Tr=

2000, Tk= 70, D: a= 90o. Tr= 300, Te= 14.

T2WI-OS ^

^?jl 7}^ SlTlI

7\^ i}•4^3^ O)

Ffe T,# ^ ^

^ IR'^oII TiWI^lB^ 3:^s\

7} 7j-el-a^ s]7l| ufE^ldoi ^7]]

TiO] ^A7] -ils?!-
^A] ^?]1 ^E^-^^j;l:^-. Altg-®, Ti<=] ^7]

'tis: 7^£7f 7^eH 7f7j. s^7i) i^Ef^ti:!-.

i

Fis. 1-3. T2 Weighted image(E) by FE method and

Ti Weighted image(F) by IR methcxl; E: q

= 30'. T„= 300. Ti.;= 20, F: Tii= 1500, Ti=

400, Tk= 25.

0]^$] 4 ygs. alHSfl

TiWI<HlA-1 ^A] ^E^ldai SI

^41^-S- T27} 7^7] nfl^ol) 70:£7^H7V
7^Z\C^ TvWIoll-^i Ei H-Tfl t+El-V^C]-. 6) ^

^ TiWIiiEf T.wi-^l-^i e] 4 s)
^4. TiWH-^i^ TiO) ^7l oli^oii

-t]S7j-£7l- ^o}A] 7^7\\ M-El-id:.^.^ T271- 7^t^^

# ^X7^^7} 7j-4o^ SlTll M-Eflct

q-. TiO] I3-71 -tlsi=i^£7|- 7J-

TiWI^l^lfe S]A] T2WI<H]Ai^ T271- ^7)

-tI:£7j-£7)- ^ofA^ ^711 ufEl-i^t:]-. ne1

Uf olAflo] .^7)].^oi]A-1^ SE^ ^ FE-a^ TiWI

oll7.i ^#5] -^^oilA-i^ 46] S].4

^ 21^1

Table 3-8: £lsfl ^

-a- clt<^lElsl- Fig. 1(A-F}21

SI:4 ElH5f<7^ u)^t> cflssi- ^o]^

i4Emi5fl:a ^214- oj^n# "-i|

s]«ij^, A]»g- 2i^B\ i4<i

m^B: UB:

71- ^B\), 4^^#, AlHj-.ar

7^4 =11 aj^tl -B7]t}c^

Fig. 2(A~D)2l «^4g: Table 24 4

44 "^44 4-^-4^ ^f-4 ^47)] ^^4- ^

4 7>7! ^71-4 -^^-i- 44-^5.

4 4iil4jL7l-

A^ ^4711# 7>.g-47| ^d\] T1W14

4. 4 44'gr Fig. 14 44" A4 444 Tr4

^ai Te7} ^B: 2:?147-1 €-445a4-.

4-& TiWIH Tr^- -4A] 4°.^4 Ti4 44 4
SH7|- ^7] 41^4 4«^^4 4

^4-:a ^ ^ Sl.^4 4 444 Table 4

4 M-Ei-vScf, a4 TiWl47i 444 "44 ^ 4

"4^ ^44- ^4-¥-4fe 4J:7^£4 447> 4

4 M-em^i ^^4-. oi^o. Table 14 ^14 SE

^ .a.4 Tii4 4444 4-4- ^4 ^4 4^ ^j-

j^7)-oi7l- ^o>^7l 4^0.^ 7|zi-^tT. new

4^4 ^^4^ 1^7^ ^4

5^0.4 -^4^ ^^^44 31^71 4^4

T1W147W -tl^7)- 44" ^4 4-4-4-:2-

44." T2Wl47ife •^f^-^47F ^4 7^
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Table 3. Comparison of the density values of the image for the phantom and Fig. 1

^^^-^P^se sequence
components^^^^

SE EE
IR(F)

Ti(A) PD(B) T2(C) Ti(D) T2(E)

White matter 0.64 1.12 1.82 0.39 1.64 0.66

Bean curd* 0.83 1.26 2.43 0.52 1.50 0.31

Gray matter 0.84 0.68 0.90 1.11 1.38 2.45

Boiled egg* 1.34 0.87 2.01 1.22 1.32 1.77

Cerebral

spinal fluid
1.93 2.25 0.86 2.43 0.77 1.91

Tap water* 1.90 1.22 0.86 2.23 0.49 2.26

Fat 0.25 1.45 2.10 0.43 2.58 0.21

Edible oU* 0.36 0.84 2.12 0.64 1.75 0.18

(*fe 44 M Mt}7] 44 444^^4 4-§-^ ^4
),4

B4 PD ^ T2WI«^l>Hfe 4-§-«>
7] ^jiAis ^711 ^

^ ^4.

Dfe Gd-DTPA# SE5]

TiWI^lcf. SE^S] TiWI4

Gd-DTPAi ^7>

Gd-DTPA^ alBflsVfe-

S. Gd-DTPA^ 2:31 o] Ti ^ T2

1- 5U7l^ TiWlol]>^i ^3171-

cl 7j-$}7l] «y- ^ ajtcf. oi^Al^
o] ^ 2^01 2:<^7ll A].^ «•!^7.1^0]

3L47} Hcf^ ^ ^4.

Table 3^ 7l]

^^1- :i2^aL ^]^^3\- 3)-§.-^01

alJiL<^lA^ A]S. ti]^s]-7ll M-^l-M- $X^. ZL^JL 2i

<^71]^ ^-^-2:3121- tg4l2:3)ol ^<=>]^}7\]

t!-4.

Table. 4^ Ti*, T2" Fig. 2 ^

S.1- TiWI^l
A>-§- ^ (Ti*) ^ 4-§- ^(T2")^

^-i-sl ^ Gd-DTPA ^-§-^-^ (100:1)^^

4 als«ll

Table 34 SE^<H]4

4?]:^ Table 44 ^ ^f^4-4 »!
HiA-i ^ <y4s>ai Si4". 4 *^^4 4

MRI4 4J3i7<}-:£ ^}o]<^] 4t!- 44-^3.4

1-44 #^1- 44^4 SE^ a
^ EE'S4 T2W14 44 ^

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

PDWI and T2WI.

components T,* T2" PD T2

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 0.92 0.92 1.42 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^)1^1 ^"y=

^ ^4 ^^6]] cfllV ^^-8:

44 44-i- <^14-44.

l"-i

Fig. 2-1. Ti Weighted(A) and FD(B) Weighted images

by SE method before the injection of Gd-

DTPA; A: Tii= 600, 'i'i:= 20, B: Th= 2300,

T,.;= 40.

:^ol BH).^ 4 Ti ^ T2WI

^1 44§i°l 3.^ MRI4 ^o}a] ^
Tfl Table 3.5.5.^^ TiWl4 T2WMI4
0) uiHl- ai4. IR^-g- 44"

•Sr #4440) oHe]- ^-i-4 ^

44 S/N^ 4m44 Fig. l-3'^]4 44 4^.

44^ -§-4 4^444 ^4 3:44 4x4-5.
1- ^ 4^ 4-44 44.

Fig. 2-2. Tt Weighted image(C) before the injection

of Gd-DTFA and Ti Weighted image(D)

after the injection of Gd-DTFA by SE

method: C: Tr= 2300, Tk= 120, D: Tr=

600, T|.;= 20

Fig. 3.4 A, Bfe- X7]4S11 FE 4'^ 5

5 #<^^1: 3D TOF(Time of flite) ^444. 4

44«fl4 45 a4 44 44a 444

5#^ 14°I| 311444. 4 44-S: 444

^7l7l- ^;(11&)-B.^ ^44 44^4 4

3fl 444 4455 i: ^ X14. 4^a SE 4

44 FE 44554 #44 SE T2WI4

FE T2WI^4 ^4 ^^5i-7i] 444 Si4. 5#

T1W144 4445 44444-i: 44#

44(FE TiWI)4 SE444 44# 44(SE

T,WI)4 4311 444 444 44# 4 571] 4

444 44 "114 44 5:^5 #4 7f55 44

€ ^ Sl-i: ^44.

Fig. 3. Right normal vessels which were in the

square turned out to be distorted by

magnetic susceptibilityiWhite arrow).

4^14 4# MR #44 7]^#

4# 44#^ 44 MRI4 7]^4 #a> ^ oj-

44 431)444 44# 444 ^1431-^4. 4

4 71-44 #5711# 44 7)^4 slfe SE4 FE
% IR#4 544 ^#4 44# 7l^##44

45 5444 oj^oi] 4#5|:ii 44544 7l

X 7]-55 4431-7]^] 214 44 #55

4444.

SE#, FE# # IR#4 Ti WI# 45 45S1I

5# 4^1 -^7H-?-4 #44, 4444, 4

#544 44444 4# 44

4 444. #4 44, 44#. #444- 443]-
Til 4-E1-4-A-1 0)^31. #44-J7 ^cf. 3;#4]4- 4
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ol-§-?b :il%^

Hslfe ^f- f-21

£^S]<H Sl7l ne^ofl ^

Jlf'^c}- £47]- 3.t\.JL MRI
7yA]-§- 3i<=i4S. 4-§-s]^ Gd-DTPA^ ^44

Ti^l] cfltl: ^#£41- ^ M-4^^ 44 9X^

4£5. ^-g-^ ^ ^44-. ^#4

1-4 4l)-4 4-4-4 4-§-4 4«ll ^4-47]] 44-

4 •^4-4 ^4 (chemical shift artifact)

4^4 444 444^ ^714 #

4 ^4i7V7l4-4 7]-2]-^4

444 44 44-4 4^44-4 4* 444^4

4 444 44-4- ujia^l-^s. %-§-€ ^

4-i- ^44.

441- €4t^ 44-4- ^1- 4 1-44 ^44-
4 4# ^^444 4# ^4-l- Ji#4

Ai 44 MRI 4AH 4-g-t ^ 4ji, 44-4 ^

^444: 71-s.s. 4a]4-.^5.4 a.4

7-114:4 4^ MRI4 7)^4 44^^-1: 44: 7]-

S.S. 4-§-71-47]- ^4-ai 4- ^ ^4. a?}- ^4

7] 'gaL 2]t4 Aii^i- oj-g-sj-^ MRI4 7]^

4 44H^-§- ^ 51431 44t!:

4. -§-§-^5. ol-g-4fe 4-^4^ 4-44 ^4^

7d-£4-'=>ll 4^ 4i4-7l 7flf-4 44-<HlAi rflSH

4 f'7j-jL2].7]- 44- 7]t:l]t]:4.
^ «^^ollA-] nfl^ ^u] OJJI ^71] ^A]

«1I44- 7]^^ H^-g- ^•i-4 44- cflo]

44 51^14 -T-^ 1444-^ 44 44-444
ujjii 44431 51 fe- 44 ^^4 4 7}

7)4 #4 4-7], 2:44 ^7]«ill C1I4: r-ll
o]Ei Sf)4fi] 7>oi^ 4^^ 4S{| oi)^

^44144- -9-rfcS 4-g-4- ^ 51^ ^44. 4-4
011 a}-e]-A-] :^W]7J- ^^o)] 2:2]

^44 s])^4-4 ^^<=>11 4«ll 7|-si-^o] ^].oioi]

44: 44-4 4444-.5-S. 144 44£S. ^

44 47^1 44^ 514Ai ^44 -444

€ ^ 517] nfl^o]] ^o]7). 4

1-4 444 7>^ 4 44 441 4-^5.

44-14-.
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2,5-Dianninobenzamide^lti2.| IfSl'-aiil- -^71-

0|A1|S|. . 0|?E1:§:'

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

3. SLSf-l- 2,5-diaminobenzaiiiide^'i^

2,5-Diaminobeiizamide 2-fluoro-5-nitrobenzoic acidS.-^E]

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-fIuoro-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. Ai g

ol, I:<g4 71^5] ^^oi] 44 4^1

4^0] ^4^4 ^4. ^4 ^^^14 ^34^

Efl4 ^44 1^3 44 f^^4 7]-

4 44^ 4^4. # 44 >^144 #44

^#4 €444 #4##
A].i|4 44. 4.3 4^4

4jL SI4. €^4 #4 «a-4

#444, ^44 1444 44 7i)7i|4oi 4-011
11 71-^1 iE. #7]-€4.'

nHHi 1,0004 44 €44 4
-8: 7>4 4444 1144. 4

444 11444 is. 41-4 4#€ 1

144. 444 ^44# s-f-4 #4#
7li 4^4 4^ 1-14 7)11^5. #1 ^ Si

4. :i#4:4 ^-8: 4^ 14 l* 144 4= 1/3

IS# 41-1: ^ SI4 4SI4. #1, 111

# 14, ll- #144 1# 44 •## #44
l-l-^4 4- 11# 41-1 ^ SI4. 4-4
1/31£# 1-41 4S., l-4--a-l #4

414 4S.1# -1-44 4S.1 ^ SI4. 444
7la 4^1- #€ 4- 11 144 #14 4#

4 4"# 5L41SS. 4S.€ ^ SI# 4S.14
1## 4-4 41-4 4^ 7l-#l# #4^1 14.

14-4# llS4l7il, :£H-S-7ii, 11^3. €4
1 14 #4 4-8-4S 4S4 4# 7fll-
#1# cfl## ai 1114 411 144 ^

# 4#4 ¥4SI4.^'' lls 4^ 1 4 A>4
1 7ll€l 411 14SS.# Gleevec, Iressa,

Avastin, Tarceva, Sutent, Velcade, Erbitux,

Herceptin #4 SiSi 4 #4 41-SS. 444
€l7l- 30- 80% IS 1141-4 4s €14
65%7l- 4 €41 421)15.5. €4151- 4

s 41. 411 14## 4 €11- 1# #4
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ol-HlSl • • o]^X

^7}^3L Si4.

10^ <?1^7l:?l:<^l ai^€4.'' ^ S.^ ^
^6j)Ai-^Bl >««1^5H ^7l

1,2,3 ^ ^

Tl^lTll €4. o] Sife ^

1-^ ^ 0.01% ^H^lcf. '^'g-^l:

^ 7l«yiVi:l-al

5a4. 421-^i ^31-
tl-^Sl s%7}^ f'.a.sH^h
^.^s. 711^^ ^ 5afe ^

^ 5^Jl1- 7M ^^1-sl ^#<^1 ^^^<>14. a
^ ^o] 5)71 ^tl: ^JlI- 4*3=^1:

# .e.4fe ^ $a^ :ii

-R-t!: ^2:1- 7>4al 5144 444 -f^t!:

4'a-3L41- ii4fe jl-n-t!: ^^4 4^1-i-#
4:a.4ji 711 44 444^4 4

41- 444-31 5a4.

1990\lcfl4 #4 -^54^4 4^44 €4

•§• ^#-i-®14- S^Sj-^Ccombinatorial chemistry)

# -#41 ^44 chemical library# 4•§•44 #

4 -Sr^ 5.4 (molecular target)®!] 44" 315#
:i;3.E]^(high throughput screening, HTS)5S.

444 hit# 444 44fe 44# 44 *^44
JL 5a4-. i4-7] HTSfe 4^14 target 4:4^4

#4# #44-fe' cell-free assay7]- 'x# ®]#5i
54-, 4e<>!]^ 4)54 7l# ^4- ^

4# #44-4 ^4 #4#

(cell/phenotype-based screening: 4)5/4# 7]
#: ^3.44)4 4f^4 44 f'7]-siui 5a4-. 4]

S7l^ ^344# #5-4 #4# 4^1 4-44

#5 Si3, 44 3:#4- #44 44# 4##
7]^ 444 7l-^«H. 45 #444 45 #

444 #711 ## «H7il# # 5a# #4 44#
43 5a4-. £# 711571^ ^3214# 44- 4

4 44 7H #47]-®! ^o]7} «aoi\+ #44
45®!] # 4 544# #55 ^4431 5a#

4-4# 54®!] 4#«1-# 4#4 7l]#o!] 54-4

44-.'

# ##47i# 4#-7i]5 Aj-g-i ^ ®lfe All5.^
#54 #•!•# 444 2,5-ciiaminobenzamide #5
4# #-44-5 4#-54-# 4]57l#: #71-## 4
#44 5AV^#4-.

2. ^ ^

2-1. 44 51 717]

714-& Aldrich, Acros, Junsei, 345 #-#4
«}• #4 71]## 34S. a>#4.7!4 #54 ##
4 71)44 4#4#4-. 'H-NMR 51 ''C-NMR ^4
5## Bruker AVANCE 400 ##-41- 4#44

##4-. 43fe- d(doublet), t(triplet), q(quartet),
m(multiplet), dt(doublet of triplet) #55. 54
4#3, #ii]|S.# CDCb, CD3OD 5# DMSO-

ds# a1.#4-^54 5###S.# TMS# 4#4
#4. 44#4 #H# Knauer HPLC# 4#4

4 3:a]-4-S14-. 4-41-4 45 4# #71] 5##
Welgene 7]-4 WelCount™ cell viability assay
kit# ^#44 4#4^4.

2-2.

2-(4-Methyl-piperidin-l-yl)-5-nitro-ben2oic acid (la)

2-fluoro-5-nitrobenzoic acid lg(5.4mmol)#

70ml4 acetonitrile®!] #4 4-methyIpiperidine

0.956ml(8.1mmol)# 71-45 124# ## ##4

44 #4^514-. #4# 71)71# ci-
# ethyl acetate# 71-45 5% citric acid #45
5 134^^4-. MgS04S. ## 71)714 4-# #
#44-45 ethyl acetate# #-###5 71)714

4 571) 441- 1.297g4 90% ^#5 #S14.
'H NMR (CDCI3+CD3OD 400Hz) : 6 9.07(1H,
d. J=2.39), 8.43(1H, dd J=8.82, 2.76), 7.65(1H, d,

J=8.83), 3.20(2H, d, J=11.73), 3.03(2H, td,

J=11.91, 2.14), 1.96(2H, dd, J=13.38, 1.68),
1.61(1H, m), 1.57(2H, qd, J=11.83, 3.86), 1.08

(3H, d, J=6.47)

2-(3,4-Dihydro-l/^-isoquinoUn-2-yl)-5-nitro-ben2oic

acid (Id)

1,2,3,4-tetrahydroisoqunoline 0.75ml(5.96mmol)

# la4 44 #4 ## ##55. #444 571)
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oHlsi •

5-Amino-A^cyclopropyl-2-(4-methyi-piperidin-l-yl)-

benzamide (3a)

2a 0.093g(0.30mmol)-i- 30ml methanol<=>ll

^ Pd/C s>oilAi lAl^V ^

oj:

All7]S]-Jl -g-n})# 7j-og.^^5.

0.083g^ 99%S]

4. 'H NMR (CDCI3 400Hz) : 6 10.9(1H, s),
7.58(1H, d, J=2.92), 7.03(1H, d, J=8.28), 6.71(1H,

dd, J=8.43, 2.93), 2.99(1H, m), 2.95(2H, d,

J=12.13), 2.67(2H, td, J=11.80. 2.22), 1.78(3H, d,

J=12.78), 1.52(1H, m), 1.24(2H, qd, J=12.64,

3.58), 1.01(3H, d, J=6.31), 0.84(2H, q, J=5.44),

0.57(2H, q, J=5.02)

5-Amino-Af-(3-dimethylamino-propyl)-2-(4-methyl-

piperidin-l-yD-benzamide (3b)

2b 0.097g(0.27mmol)-i- 3a^ ^-cr

HTll Sl-f-i- 0.98g^ 98.8%

SI NMR (CDCI3 400Hz) : 6

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), 3.50(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), 1.53(1H. m),

1.35(2H, m), 1.01(4H, d, J=6.48)

5-Amino-A^(2-diethylaiTuno-€thyl)-2-(4-inethyl-piperidin-

l-yD-benzamide (3c)

2c 0.11g(0.31mmol)-i- 3as) H}"

^ a Ail 0.099gSl 93.7%sl

'h NMR (CDCb 400Hz) : 6
10.73(1H, s), 7.57(1H, s), 7.05(1H, d, J=8.4),

6.71(IH, d, J=8), 3.78(2H, s), 3.54(2H, q, J=6.4),

2.97(2H, d, J=11.2), 2.70~2.58(8H, m), 1.76(2H,

d, J=12.8), 1.50(1H, m), 1.37(2H, q, J=12),

1.01(9H, m)

5-Amino-2-(3,4-dihydro-I//-isoquinolin-2-yl)-^-(3-

dimethylamino-propyD-benzamide (3d)

2d 0.12g(0.32mmol)^ 3aSl

^^5l-c«l, fiAi] Q.llg^ 96%s1

'h NMR (CDCb 400Hz) : 6

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=8.47), 7.02(1H, d,

J=7.18), 6.77(1H, dd, J=8.37, 2.67), 4.00(2H, s),

3.31(2H, q, J=6.03), 3.22(2H, t, J=5.71), 3.04(2H,

t, J=5.45), 2.26(2H, t, J=7.28), 2.14(6H, s),

1.54(2H, p, J=7.42)

5-Amino-2-(3,4-dihydro-l//-isoquinolin-2-yl)-A^(3-

methoxy-propyD-benzamide (3e)

2e 0.12g(0.32mmol)^ SaSl »8-
5A|] Q.lOgi- 99%S1

'H NMR (CDCb 400Hz) : 6
10.55(1H, t), 7.59(1H, d, J=2.54), 7.22 ~7.16(3H,

m), 7.06(1H, d, J=8.45), 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),

3.07(3H, s), 3.01(2H, t, J=6.22), 1.52(2H, p,

J=6.47)

5-Benzoylamino-JV-cyclopropyl-2-(4-inethyl-piperidin-

l-yl)-benzamide (4a)

3a 0.045g(0.16mmol)^ DCM^ll ^ pyridine

0.013ml(0.16mmoi)# ^al 10^^

chloroacetyl chloride 0.013ml(0.16mmol)-i- 71-^.2:

7l^ cf-B" ethyl acetate-i" 5% citric acid

MgS04S. ## ^]7]^ 4

•o ethyl acetate-i- Aj]
7l4ji hexane:ethyl acetate(l:2)-i <^1-8-4

.4£^ell45. ^Ail4c«l s.^]

4-®^ «ySil4. 'H NMR (DMSO 400Hz) : 6
9.93(1H, s), 9.47(1H, d, J=4.30), 7.52(1H, d,

J=2.68), 7.30(1H, dd, J=8.69, 2.70). 6.81(IH, d,

J=8.72), 3.78(2H, s), 2.51(2H, d, J=11.52),

2.45(1H, m), 1.30(2H, d, J=11.35), 1.50(1H, m),

0.78(2H, qd, J=3.49), 0.51(3H, d, J=6.50),

0.32(2H, q, J=5.03), 0.07(2H, q, J=6.14). '̂ C
NMR (CDCb+DMSO lOOHz) : 6 167.4, 165.1,

148.6, 135.2, 128.0, 123.8, 122.4, 122.2, 54.3,

43.6, 35.2, 32.1, 30.3, 29.9, 22.8, 22.2, 6.6
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2,5-Diaminobenzamide:^]'M2l 3j7}-

5-(2-ChIoro-acetylamino)-A^(3-dimethylaniino-propyl)-

2-(4-methyl-piperidin-l-yl)-ben2amide (4b)

3b 0.089g(0.27mmol)^ 10ml DCMi ^

pyridine 0.025ml(0.31mmol)-i- ^al 10^^

chloroacetyi chloride 0.022ml(0.28mmol)-i-

7l-5>JL 4^1 -g-uflfe

7i]7l«V r^-%- MeOH:DCM(7:93)# -§-«}:

O.OSlg^ 73.6%sl NMR

(DMSO 400Hz): 6 10.41(1H, t, J=5.32), 8.86(1H,

s), 8.15(1H. dd, J=5.99. 2.72), 7.98(1H, d,

J=2.72), 4.21(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). NMR (CDCI3 lOOHz) :

6 166.2, 164.7, 149.2, 134.3, 128.5, 124.1, 123.1,

122.2, 57.8, 54.5, 45.8, 43.4, 38.2, 35.5, 30.5, 28.3,

22.3

5-(2-Chloro-acetylamino)-Ar-(2-diethylamino-ethyl)-2-

(4-nnethyl-piperidin-1-yl)-benzamide (4c)

3c 0.05g(0.15mmol)2l- chloroacetyl chloride

0.013ml(0.16mmol)# 4bs]

MeOH:DCM(7:93)^

0.046g^ 75.1%5^ iR NMR
(CDCI3 400Hz) : 5 10.25(1H, s), 9.00.(1H, s),

8.1KIH, dd, J=8.6,2.8), 7.97(1H, d, J=2.8),

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), 1.54~1.50(1H, m), 1.40(2H, qd, J=12,

3.6), 1.06~1.03(9H, m). NMR (CDCI3

lOOHz) : 5 166.5, 164.8, 149.3, 134.2, 128.4,

123.1, 122.0, 54.6, 52.0, 47.2, 43.5, 37.7, 35.1,

30.6, 22.2, 11.4

5-Amino-2-(3,4-dihydro-l/f-isoquinolin-2-yl)-At-(3-

dimethylamino-propyO-benzamide (4d)

3d 0.11g(0.31mmol)j4 chloroacethyl chloride

0.025ml(0.31mmol)^ 4bSl

±S. MeOH:DCM(7:93)^

HS.D>£aefl5£)s. S.4 0.069g

-g- 51%^! ^-irS. NMR (CDCb

400Hz) : 5 lO.lKlH, t, J=5.16), 9.36(1H, s),

8.15(1H, d, J=8.68), 8.08(1H, d, J=2.52), 7.25(1H,

d, J=8.60), 7.19~7.15(3H, m), 7.05(1H, d,

J=7.16), 4.24(2H, s), 4.07(2H, s), 3.32(6H, t,

J=4.40), 3.05(2H, s), 2.12(2H, t, J=7.23), 2.03

(6H, s), 1.44(2H, p, J=7.15). NMR (CDCb

lOOHz) : 6 166.1, 165.0, 147.8, 135.0, 134.2,

133.6, 129.4, 128.6, 127.3, 126.7, 126.6, 124.3,

123.1, 122.3, 57.3, 56.9, 51.1, 45.5, 43.6, 38.2,

29.9, 27.4

5-(2-Chloro-acetylamino)-2-(3,4-dihydro-l/f-isoquinolin-

2-yl)-./V-(3-niethoxy-propyl)-benzamide (4e)

3e 0.10g(0.29mmol)j'f chloroacethyl chloride

0.024ml(0.30mmol)^ 4aS] IJ-'S

AS. hexane^ethyl acetate(l:l)-i- ®l-§-

^ S.^] ^^1-

0.030gl- 24%s] <^^4. NMR

(CDCb 400Hz): 6 lO.OKlH, t, J=4.92), 8.90(1H,

s), 8.20(1H, dd, J=8.72, 2.72), 8.02(1H, d,

J=2.68), 7.27(1H, d, J=8.92), 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=5.58),

1.55(2H, p, J=6.47). '̂ C NMR (CDCb lOOHz) :
6 166.1, 164.8, 148.0, 134.6, 134.2, 133.7, 129.4,

128.8, 127.3, 126.7, 126.6, 124.3, 123.3, 122.3,

70.6, 58.9, 56.8, 51.2, 43.4, 37.3, 29.7, 29.6

3.51 urn

2,5-Diaminobenzamide 14
2-fluoro-5-nitrobenzoic acid^

fluorine-i" amine^lS. •?•, amide^^A

S. acid7loil R21- £<^4^4 5^ nitro

711- palladium 4-§-4«^ ^^44 4-e-

amine7l4 acid chloride-l- ^-§-44 R3# A*?]

4^4.
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o]Afl3] . • o]^j:

NO,

F O

(C)

(a)

R*

R2

R1 O

3

NO,

R1 O

1

(5_
R»

(b)

R?

NH

*P2

R2

R1 O

2

R2

R1 O

4

1. 2,5-Diaminobenzamide^ *8"

(1) CHaCN. reflux; (2) EDC, HOBT, DMF;

(3) Pd/Ha, MeOH; (4) i ) R3 = R4C0CI, pyridine,

DCM, ii) R3 = R5C00H, EDC, HOBT, DMF

^^8^1 A549(3il'a-), SNU484(^
<a-), HepG2(:LPa-), Caki(^^'y-), AMC-HN4(^

57H "flsH XTT assay

# Mi ^8^

iS. D.®
4afe Cakifif AMC-HN4 ^

sl-<^ i4e]-»4]^c]-. ^-§-<5^011 cll^ -§•
^7M7l7l R21- amine7ll-

>4), N,N-diethyIaiTiino dhyl^

4cfe Caki

ncflS. 3-(N,N-dimethylamino)

propyl-l- 4bS] Mi
Rl# 4-methyl piperidine®!]

1,2,3,4-tetxahydroisoqunolinei

#2] ^7H^i Mli ^8^8-

7|-s];^] ^Xti4-(4b, 4d). nslM- 3-methoxypropylS.

^4] Mi 2^7il^ol CfA] ^7]-£1

5icf(4e). R2^1M7}- RIS] a
7m- R221 ^^7]- ®Mi ^8^8-

M-El-!di^(4a. 4e). 2,5-

Diaminobenzamide -n-iTll-i-o] <y-/M)i ^

Tll^l-fe 2|-^7l^^ 01-2) 2:Al-£]2l ^sl-55ii4, R3

2) chloro acetyl-b -E jLrfcM-
«l7}-^7j x-lsflTllS. 7}

S14."

a 1. 3}-?H-2l Mi 7^^- a711^.

R3.
NH

R2

R1 O

% inhibition at lOuM

R1 R2 R3
purity

{%)
A549

SNU

484

Hep

G2
Caki

AMC-

HN4

HU-

fib

4a •O KN—<3 98.6 58 ND 58 90 88 0

4b O CI^J/ 91.7 10 30 20 0 14 ND

4c •o r 97.4 38 23 75 91 70 ND

4d oo c^S/ 99.8 0 23 17 0 12 ND

4e oo 96.6 26 24 70 88 79 ND

*ND : -a ^^21 Si-A.
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2,5-Diaminobenzamide7l]'ifil ^7}

4. g

5711 s] 2,5-(lianiinobenzamide ^I'l^l

'H-NMR ^ "C-NMR

^#-8: HPLC# «^l-§-«H ^£1-

i|El-ifl5i4. 4a Sl-^l-

^ lOuM ^£<>11 Caki 4 AMC-HN4 ''MS.

^<^1 tflsH 88%<^1 ^2] 7.^^ :e.5ijL,

4c^ 4e HepG2. Caki ^ AMC-HN4

Ma^oil ^^1^^ M-Ei-vfl^ici-.

'̂ I]5.<^1 2,5-diaminobenzamide

<^1 3L^# S
<slJl, £.^1: ^l^^joll S-O]^

o] ^2i7} 7m^ ^tiiAi^i.

j2. ^4.

^Ms\ m

^ mi^s I47l 71]^4451 44€

o]c{i ^a].s.^44.
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Keimyung University

TiOi/ Sn02^l
^•1 ^EM\ 7|-^ ^a\o\

^«)-4

Characteristics of the Ti02/Sn02 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. 'f'oll trimethylamine-i-

^ 7ll2}-s]-od ^ Sn02

•^^5. Pd, Ru, Rh, Ptsf In-i- ^7^^
^^3}- ^^\7\ 8.08mm x 10mm x 0.68mmfi1 Al2037l^.os. ^

oj^Tl] 7}^ ^^Adl-

7lf- lOOmm^ 1.55]E] -§-^3] -g-7l<Hl feo] 40mm Jl^ a]^ ^ 7}^% #

7l-Aifi] lOO-lOOOppm'S-^^ trimethylamine, dimethylamine^ ammonia gas# 7.]-§-

ioor~4oorfii #£.^^®ii7.i #£# 7f^ #^-Sr 4

4 250r4Ai iwt% Pd/Ti02/Sn02'y 4 7}-4 4# #

lwt% Pd/Ti02/Sn02'y 4 7]-4 44!xil:4.

^a114: 7]-^^a-]^ Sn02, Trimethylamine, ##S.

Abstract, This study investigates the use of Ti02, Pd, Pt, In, Ru, and Rh that greatly

improves the sensitivity to trimethylamine gas. The Metal-Sn02 thick films were prepared by

screen-printing method onto AI2O3 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-Sn02 mixed thick films depended on the content and variety of Metal. It was found that

sensitivity and selectivity of the sensing materials with lwt% Pd and 10wt% TiCh to TMA gas

at 250C showed the best result.

Keywords: Gas sensor, Sn02, trimethylamine, fish freshness

1. M ^ ^ 51-5-4, 4444 4
4# A 4# 514. #4 4

4# 44 Ai-s]# ISO 90004 Aisj^s. 4-^5 ^4 4##4®I14 4^.4 ^ 4^ 4

#44 4# #4 #44 4# 44:£7l- #oi.;^i 4444 #444 444 ##
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sHo) «>cf. <^14^ ^VeH, ^

Efl <^e1 7}^] 4el- ^sj]5] ^]-ol7>
4^1^01 7^;.it ^ W. 7]

§4 4^44, 4^, pH ^4, 4-

-2.M4 4^, #

4, trimethylamine4 44^4 4^4 ATP ^®11 4

444fe 444 €41- #44^ 4^4 44-4JI XI

4. 4 444 4E114 ^^11, ^Ji4 ^41- 4

44H1- 4^4ss. 4444 444^1. 4^
7]^ci{]7^] 4^44 44 4^ 44S'L> ^4t ^ Xl

4 nfl^oil 444- 444 5.^44, 4^4 4^4 4

44:a #444:4 444 4-8-44 44441 €4-.

4-4-4 4#4 44H1- ^444 ^44:-^^. ^44
^ 4-^^s.4 4#44 t44fe •^414 7}^^ 7^7]

4# 4-'S4 X14. 4#fe 44H4 ^44'a4

trimethylamine, dimethylamine, ammonia #4 4^4

7}^?} 4'#44, #4 trimethylamine7]-:ife

444 44S71- ^4^## t4^4 ^44 #4t^

4. 4°11, 4£4 7]-^^4# 4-8-4^ 44®114

'4#4fe trimethylamine 7]-;i-i- 4:^4-^-2.
^ Xi^cl], 4fe 7]-^ ^4-o]l 4-^ ^§).oil

4-4- 441-^4 4££.7]- 4^^ 4-8-

444. 44^ ^£^14 7l-^^Aifi] 711 ss.

Sn02, ZnO, TiOz #4 'del 4-8-4^ Xl4.

-& '?!^<^14^ Sn02l- # -i-4£

t!: Sn02<^l 444 #44 4441- 4^

441-4 Ti02l ^7}t}jL, 4#44- 4£1 #
44471 44 #41^#4 Pd, Pt, In, Ru, Rh

-§-# 4^d -¥-4145- ^71-44 4-144 441

44- ^4^ ^444 7Vi'{ilA-i

1- ^14444-. 4 7l-^>{|iA^5. 7].^
^£4 tcj-s 7j-£<2). ^a>s>4c1-.

-g- ^144441 A].<gsi.^^(SnCL, • 5H2O)

1 4-8-44 1444^££ ^444 #144

41 Sn02l 4£4^4.

£4, ^4 144 4714 #44 4-441- 4

44 Ti02l 444 £4wll£ 4-4-l#4 ^
44 # A>7]£l^7l3. £4444 #14X1

Sn024 471-444.
7l-Ai>^A-io] 7l#44 3:44 4£4- 4#41-

*^44471 444 #41-#-i- 444££ 7^7}-

44£4, ^ 441 Figure HI 44444. 4

444 ^¥- 441#XI Pd4- Pt, Ru, Rh, In-I:
l~3wt% ¥-71147]- 4£# 4^4 ^ 4444

^£44 Imll- 471-44 4411-1: 444 4

4 ^ #111 471-44 ^4 -8-41 ^l£4^

4. Sn02 14-014 Ti0a^Sn02 111 47]-44

44111 4444 ^ 7>7l514:713. £444

4 7.]A]t] 7}-<i44 44114 444 Sn02 1

444 Ti(VSn02 141 7113:444. 41 14

1 1101C44 1244 4£:4£ 600r44 244

4i444 141 lifl44 -^4141 4Xi4.

Catalyst metal -i- HQ-ImL@25*0, SOmin stirring

J3.

SnOj powder @251), Ihstining

I>yingat 1lOt) for24h

Calcining at6001) for2h

Grinding

Fig. 1. Preparation of metal/Ti02/Sn02 powder.

4^711 7ll3€ ^Ail^lS] 3:Ad4l-

Table Hi 444 Xi4.

#4 ^M2\ xijA]

#444 4# 44 441 3.7\] # #¥-££

4-1 # XI4. 444 4414X1 44#41 ^
£4 4££ XI41141 444 7^7]^s]

441- ^Aj41 4444.

444 4# 4 447}- vfl4€ 441 440)]

- 42 -



TiOa/ SnOi-^] lt-S.^11 7>i ^a^S]

Table 1. Weight ratio of sensor material and dopants.

A

material

Metal

oxide
Metal catalyst

Sn02 Ti02 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

(13mmx8mmx0.67niin)e]

pt-t 0.5mm All

3lEm Ni-Cr^

^ Figure 2<^]

1- M-H^-ifl^ii:)-.

Sensor material

Pi electrode

Support

Fig. 2. Structure of the gas sensor.

444

10wt%7l- £]i

30wt?^4

4 paste# 4'

i-44 44 ^4# #4 -¥-44

I- 4444 Ethylene glycol4

-m ^7fsH 444 ^H# 7>

¥-#4 ^Aj^ 4#44 714 4

oil =4^44 ^A^4^4. ^a^4 ^4

24A]^V ^3:s>j7 ^i2:7lo11

A-i 5t/10minS. llOr^HlAi 12a]^V ^

3: ^ eOOtoflA-l lAl^ ^^.|elg}.^4

Al]3l-^ 7l->i^Ail- 250mmx200mmx

200mm<y lOL -g-^sl -§-71^^-] ^o] somm ^

:il^ A.]^ ^ :t7f :5lxl-l- ^

°V] ^sfl #=^-a:£S|- 12a.1:l^
-g-7] ^J-^1

nfl <a^SS.ulElS.

4. 4114^ -^71 7l-^7isj.oi| cfl

tl: 7>isl -H-'y^i] 44 ^44 7l«J-£l a]^ o]

^144, 4-§- ^-5.5. ^^4^4.

S = Ra/Rg

^^7HAl Ra-b 7fi 7l«j-ol4. Rg

^ 71-^ ^ 71^^014. ^

•^l^i Af^?} :g.ar n^

^ 71-^# 444711 S)4 7i4ol 44:4
711 SlH^ S 44 -SAiS] 7J-S71- ^^4

4^ 4444.

Figure 34 4 4^4^^ A>-g-4 7>i 44 4"

4£# 444 Si 4.

Fig. 3. Experimental apparatus used for gas-sensing
experiments.

^4 SI :ii^

i!!Ai ^4

4 45^4A-14 ^ #44 Sn02 #4 ^ 44
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^^wll- ^^^«H 7]-^^^l-§- -i-^

^ ^1 pH# 9.5S. ui

^ 1-^^ SnCfel-

S. ;«I12:^1 ^ 1-^3). >iAi l-^o]

^ -y- XRD5.
^^l-l- Figure M-B^Ml^cl-. Figure "y*

^ Ti02fii ^7]- <3=0] TiCfeSi
^S.7> ^-i- ^ ^

•y ^2is. ^^^71- M-Ei-M-fe ^-i- "y- ^

20M%TiCySnO,
1()iA<%TiC^®nq
5M%TiQ^nG^
IwRMTO/STrq

JUJL

JLjIJLi—ji
20 30 40 SO eo 70 80

7heta29

Fis. 4. XRD patterns of SnOa mixed with the

various ratios of TiOa calcined at 600TC.

«y7H cfl^

Table 2<=^ Table t ^ 9X^o]

^1-^'y SnOa 3L7]^ 132.2nmoli^,

wia^^«^l 7.16mVgS. M-El-iiiji, Ti0a5] ^7}^o]
'^^7}3L7]7} ^

7]-«l-fe ^3).^^5.

SnOa^fl Ti027}- 10wt% ^7}^ ^^7} <34 H7l^

80.3nmqaL, 8.38mVgS.

Ti027h Mym Sn02S| 7[± 7jx\

71-^ ^-§-^S|7l

7^S.% ^Ajoil ^7] ^^>30] ^^^1-
qo): ;^4. ^7] ^7] ^S.#

2:?iqcf. ^

811 TiOal- q-"y=t^ ^nMS. ^7}^ ^ 7\^1 ^
•%• ^>3^ ^7.}^ :i3l.l- Figure 5«>1| qE]-vfl^

q. Figure 5®ll qq\+ qq SnOa^ 7]-^q
^S-ofl qq q£7f ^ qoi7]- qq

lwt% TiOaq 5wt% TiOa# SnOa®!] ^7}
qi7]- qq^iiqq, ^ q

£ qq^ e^fcq^q, nqq I0wt% TiOal-

SnOai ^7>§a^ 7]-^ qq qs.q
qq7]- ^oi 4^ ^ oj^4.

ra

a

I
>

5
M
C
o

CO

-•-20wt%rcO,/SnO,
-♦-iowt%-no,/sto,

•A-- 5wt%TiO,/SnO,
—r- 1wt%TiO,/SnO,
-♦•-SnO,

400 600 800

Concontration (ppm)

1000

Fig. 5. Sensitivity with the amount of TiOz to the

various concentrations of TMA Kas at 2501:.

-t!jA-|#^0|| CH«1

Figure 6-b SnOa^fl ^71-^1

Table 2. Crystallite size, d-spacing and surface area of SnOa added with TiOa

Sample SnOa
Iwt%-Ti02

/SnOa

5wt%-TiC)a

/SnOa

10wt%-TiOa

/SnOa

D-spacing( A) 2.9140 2.9192 2.9189 2.9208

Crystallite size (nm) 132.2 110.2 100.2 80.3

Surface area(mVg) 7.16 8.03 8.01 8.38
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TxOi/ Sn02?i) ^S.^) 7}^ >glA^Sl

4 n).4 ^44^^

«?) 7j-£ ^41- 44»^ ^014. Sn02fe

a€- ^£.011 250 1C«^14 4£7}- #711 4

Hl-Vi: ^^<»11, SnOa-^l 1 wt% Ti02# ^7}-s)-i^

200 1C£ 4-^l-Sr£7V Sn02"=>il

10 wt% Ti02l- ^7>47m- 1 wt% Pt4 10

wt% Ti02l- ^-f ^£7}- 71-^

^£S. M-El-ldcl-. <^1^^ ^4-1-^ ^^=4 #

°11^^4 #^<511 a|-4 t>]]ui47]-

^£ol]4 4^71] ^4-47] nl|^<»14.

ai 5'

I

I
CO

§ 2-1
<0

n

150

♦- 1%f>(>4-10%-lK)ySnC^
• - 1%PWSnO,
A - 1(K&.-I1Q/S«,
T^"

•♦- ivnq/sio,
4" SrO.

200 250 300

Concentration (ppn)

350

Fig. 6. Saisitivity of the gas sensor to trimethylamine

gas with the temperature (gas concentration :

100 ppm).

i!lA-i#^ol| [iHtl

71-^'^Aiol 7]-g-^?i<?l 4^4^ "i

^•cr "144 S{^£M- Trimethylamine gas<=fl

4-£4 ^ol7l ^t\c^ ^4

^7]-4^4. Ti02/Sn02i ^

^44 451^ 4 ^^7> 4££

^ ^71-4 o<}=4 ^ • 1-4^^®!] 44

4711 s]4 47]4££4 441- f^7]-Ai7|^

£ ££44 al4^. 444 #°ll4-§-4 5:41-
^47] 4«114fe 7]-^4 44 #44 ^#44#

3.7\] 4££4 4£4- 44^^^ ^ •S-4--Sr£4 4

4^ ^££ ££4514-^.
Figure 74fe 44 ^#4 #^4 4€- #4

7f^4 4-H# 4-4-rflsi4-. ^#4444 10wt%-

Ti02/Sn024 7]^ 44 1-4S. 44

44 7f4 ^7>4^4-. £^44 4

^ 51^4 In44- Ptfe £44 ^71- 4£4- 4£

71- >^44^ 4££ 44-!i5t£4- Pdl- ^7)-^^

4, 7d-£7]- 4# 44 ^ 10wt%-TiO2/SnO2

4 4#£4 4 ## 4# 4- ^ 444.

4 £4 1%-Pd+I0wt%-Ti02/Sn024 44#^

4 ^-^4 71-^4 TMA gas# 4# #41-^4
ul«l| 4^ #££ 444444, ## 444#

£44# ^# 4 ^ 444.

^ 6-

•>
s

<0 4-

2-

—•— 1%«+10%-TlO^«nO,
- • - 1%4>H10%-TK>^nO,
• A-•1%riHlOVT10^nO,

, -T-1%^tu+10%.TO/SnO,
"•I -.♦- 1%.RlH-10%-TIO^nO,

•

\r:r.::. '..-a-••

200 400 600

Concentration (ppm)

800

Fig. 7. Sensitivitiy with catalyst /10wt%TiO2/SnC)2

to the various concentrations of TMA gas

at 25010.

Figure 84# 44 ^#4 ##4 44 #4
7]-i4 4-£* 4-31-141^4. ^#4:4#4 lOwt%

-Ti02/Sn024 4^^^# 7]-^- 44 44
4el 71-4 ^71-4^4. £^44 #

^ Sl#4 In44 Pt# £44 ^7)-4 £4 #£

7]- #44# 4££ 44ld:£4 Pd# ^71-^-i:

4, #£7]- 4# 44 # 10wt%-TiO2/SnO2

4#£4 4 ## 4# # ^ ^^4.

4£4 1%-Pd+I0wt%-Ti02/Sn024 44#^

4 #€4 71-^4 TMA gas# 4# ^4 #^4

44 4# #££ 4447]#4, ## 444#

£44# ^# # ^ 444.
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I 4
s

S
w 3H

Contsnt of Pd+10VTIO/SnO,
Contootof Ru+10VTIO^SnO,

0.5 1.0 1.5 2.0

Content (w/t %)

Z5 3.0

Fig. 8. Sensitivity with the contents of Pd and Ru
catalysts to the 200ppm of TMA gas at 250"C.

^Ai#^0|| Of# TMA 7[±s\

Figure SnCfe®ll TlQj-l- ^7]-®]-^ *y=2f
^ 42} Trimethylamine gas, Dimethylamine
gas, Ammonia gas^ll

250icoi]^i -^£4 44 44\fl 5144.
•8:^7} 2501C*y 4 Trimethylamine gas4 4S.7]-

7}^ #^7] 4^4 Trimethylamine gas4 4S-#
4i247] 444 4# 4^ 25or4 4 #^4^4

Figure 944 'a- ^ SX^^] lwt%Ti(VSna4
4^17> 0.5 44.^5. 444ji 10wt%Ti(VSnO2-fe-

lwt%TiCVSn02ii4 7J-£4 4<=>14 2 <=>]^ 444

44, #41- 444^^ 4-fii4 4^4 44 'Id

4^^4 #4 -a- ^ Sl5i4. Figure 10

o
Q£

M 2

6-

2-

Trimcthyanine
DimottiytaiTino
Ammonia

200 400 600

Concentfxttion (ppm)

(a) SnOa

• Tibnethyamfne
- Dfmettiylanilna
• -A- - Ammonia

200 400 600

Concentration (ppm)

800

>

3.0 n

2.5-

2.0-

1.5

1.0

6-

-•—Trtmottiyafrtne
-»- Dfmothylaniine

A 'Ammonia

200 400 600

Concentration (ppm)

(c) lwt%-Ti(VSn02

-•— Trimethylamine
-e- Dimeth^mine

A ' Ammonia

200 400 600

Concentration (ppm)

(b) lwt%-Pd /SnOa (d) 10wt%Ti(VSnOa

Fig. 9. Sensitivity of the various sensor materials to the different gases at 2501C.
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-ids) TiOz/ Sn02;^l 7}di

•^% lwt%Pd/10wt%TiO2/SnO2S ^

S1^®1 Trimethylamineoll
x3i\t}c^ cf€- 7]-ioll ^}o]7} 6

c>]^±s. q-Bl-M- 71-^j- ^

A Si^4. lwt%Pd/10wt%Ti(VSnO2'a ^
-^71- Dimethylamine gas4 Ammonia gas^4

Trimethylamine gas-l- ^ ji 4-§-# %

10-

8-

8
o

O)

6-

—•—Trimethylamine
- • - DmeOi^amine
• -A- • Ammonia

Jl:-

200 400 600

Concentration (ppm)

800

Fig. 10. Sensitivity of the sensor material lwt%Pd/

10wt%TiC)2/SnC)2 to the different gases at

250r.

^ TMA cfltb 4S.4 ^

44"^ Ti024 <^e1 ^<^1^

^•i: ^7Vt!- Sn02^1 ^1444 =>•

^4^4. ^4^ 444

^4441-4 4, ^^4 4,

^4, ^ 444 tii44
4 44 4-1-4 44 444 4S14.

1. TMA 7}d^6\] 44 4-S.fe ^-i-^ Sn02®il

Ti024 ^71-44 ^7].g].^^4

10wt% 471-^4 7]-4 -f^4^4.

2. #^4 4®11 44 4-S.71- 4-^711

4413^-^4 Pdl- lwt% ^7}-?a4 4 7>4 4
£7> .f^4^4.

3. i-^o] -^1^ ^4^^ 4£7V 4^4^

^4 44 44<^1 44 44^ Si-^4 4

2501^^ 4 7}A A^A 4^4S4

4. lwt%Pd/10wt%Ti(VSnO2S. ^4^

TMA 7l-^«»il 44 4-S.4 Dimethylamine 4

Ammonia 7}^^^ 44 4444 ^VA •4t'4^4
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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 cf Natural Science, Keimyung University, Daegu 704-701, Korea

a o^, Jl cj^l7l- -S- A1IS.O] diethyl-L-taitratel-

^ ^71)5] ''•IIS.-e: 21^2. 4, 2-diphenylphosphinobenzoylamido-3-

diphenylphosphinobenzoate-l,4-diethylbutanodiate# 56% -r"^ m.pfe

83 [a]D=+16.95°(c=2.4, CH2Cl2)^4. <=>]
•§• ^"ys]-7l l-(p-tolylsulfonyl) cycIopent-5-eno[4,3-d]-(3aS,6aR)-oxazolidin-2-one^

^]f]7] Pd #nl)s. ^-g-Al^cf. S^^VHSt)- ^e)-# ^^-|- 4:1^^ Hj^S. 3}-^a1^c-1

M ee 54%^3l, 81%^cf. €2-^ cfa?!]
sl^V^-y al-Bl-A-1 ee HTfl ^

Abstract. The new unsymmetrical ligand, 4, 2-diphenylphosphinobenzoyl-amido-3-

diphenylphosphinobenzoate-l,4-diethylbutan<xiiate with the polarization of [a]D=+16.95°(c=2.4 in

CH2CI2) and m.p of 83 C 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

l-(p-tolylsulfonyl)cyclopent-5-eno[4,3-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 C2-chiral ligands used in

our lab. It seemed that this compound as a unsymmetrical ligand would had a similar Pd-complex

intermediate to other C2-chiral ligand.

^ C2-^c|l^ b]^H7V ^4-i- ^^4 4
<^^44 ^ 02-^4^1 B]4H1- 4^^# 4°s., § -^44 41-1-

44 4-8-A14 1-g- ji 4^144 ^4^ 444S-S.
4H.S. 44^-n-7l^4(chiral organic synthesis) :?V-|- -f-sllA-] ^«]|;Sl)7l- 4 4^1 5-tj4

•a •tI'?]: 4*544 ^4.'^ Trost ^ -fe- 4444 ^-cr ee (high enantiomeric
^ 4-71 4^4 44 4444 444 1-4 4 excess)444 44 ^ 44:ii 44
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o^o vP
Aph, ^^H|!>PIPPh 2

I

"NH PPh;

o
n

,—/'"m PPh2

Vo'
I

\\ T* 0-^0

N-rr '̂̂ o
l/ P 9 PPh2
y °<3
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NH PPh-

NH PPh ^

Ph

Ph
I

'rO
NH r»'"

IV

Scheme 1. C2-Chiral Phosphine Ligands

cf.'° 4-§- scheme H ^ °1°1 4-§-

scheme 2<^1 Trost7l- ee

'^71 ^ ^

^ eTll-

R R

Chiral Backbone

Scheme 2. Complex Intermediate for Asymmetric

Synthesis

Scheme 14] % ^s] Cz-^ Hi

scheme 2

(chiral backbone) <=>1 D-mannitol-i- #

s>5|7lt4(I-ra), dibenzyl#

S. Sl-fe C2-^

•& scheme 2^1 ligandsj- -n-'̂ l't}-
^ #5] ligandl- >^llS.ol 1(R),4(S)-

dihydroxycyclopent-2-ene2l- p-toluenesulfonyl

isocyanate# ^-§-7>l^ul tris (dibenzy-
Iideneacetone)dipalladium(0)-chloroform

^1 l-(p-td>dsulfcn64) cycicpent-

5-eno[4,3-d]-(3aS,6aR)-oxazolidin-2-oneol 4 •§•

^1-

•& 7H^ diethyl taitratel-

(unsymmetric iigand)^ ^
cf. c^7]oll ^ofls. o]

-g-Sl-S-S., l-(p-toiylsulfonyl)
cyciopent-5-eno-[4,3~d]-(3aS, 6aR)-oxazoIidin-2-

oneSl ^7111- ^Al-^l-e^ ZL
"J-g- ^«lal, aldl^ -B-7l^^j^ ^

^ ^-g-ofl cfldflA^JE Sa]-b1-^ ^

n. ^ m

7p|.

•& Aldrich, Mercka]-,
OL^ZL StremA> All^oiojcf. c^e] -g-nfl

S. Aldrich, Mercka}- zi^JL

potassium, sodium, CaH2-f'-B ^-g-Al^lJL Tj]^
^^a1?]^a-1 6|.a^ 7l-:il-

^-i- AV-g-sV^cf. ^sll- A|.-§.^>
chromatography-§- silica gel 60(-^-'y
MerckAV All^)ol^cf. ^'?ls>7l

A]-§-^V 71711-^ NMR-gr 'H-^I- "C- IlHlJl
#^^7) Bruker Digital Avance

DRX 400, Varian XL-300, Varian Gemini 2(X)
% 7]-A] ^-Ajoil oj^^l-^cf. Mass

Spectral Kratos MS 9 KFA spectrometer-!-
Carlo Erba Elemental

Analyzer CHNS-0 EA1108S.-^El

^ Sl-^#£l -g-^Cm.pl-c: Thomas-Hoover

-§-^ #^^7]S. ^AjsV^cl-. a
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7l JASCO DIP-360(50 mm cell)

IR-cr Nicolet 205 spectrometer-1-

®l-§-®l-«^ spectra-i-

Diethyl tartrate-nnonotriflate(l)s|

Et02C\ OHEtOjCv OH 2.6-di-tBu-py. TfjO r~ - + i]
EtOjC ''OSO2CF3 Et02C^ OSO2CF3./''OH

Et02C
72%

EtOjCv

100ml Schlenk tube®!] diethyl-L-tartrate 0.855

mL(5 mmoD^l- 30ml methylene chloride-1-

^91 -78 'CS. triflicanhydride

0.84mL(5 mmoD-l- ^^^1 7]-t!-i^. 5^

2,6-di-tert-butylpyridine 1.235 mL(5.5

mmoDl- 7}^^. 2 a]^V

4^1 -SrSl- ^91 24Al^V

4 ^-s-# ^^44^ 4 3S.4S.

Ii44(20% ethylacetate/hexane)®!!
7lf.a«a: 1.225 g (72 %)4

Monotriflate 1 : Rf = 0.5 (30% ethylacetate/

hexane); [alo = +32.1° (c=l.ll, CH2CI2)

IR(neat film, from CDCI3 solution) : 3500, 2990,

1777, 1746, 1423, 1268, 1246, 1212, 1143,

1031, 926, 881 cm"'
'H-NMR(CDCb, 300MHz) : 5 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=7.2 Hz,

2H), 4.84(dd, J=5.85, 1.51 Hz, IH), 5.46(d.

J=1.97 Hz, IH)

'̂ C-NMR(CDCb, 75MHz) : 6 13.75, 13.82, 63.46,
63.49, 70.7, 76.4, 118.3(q, Jc.f=319.4 Hz),

164.2, 169.1

Diethyl tartrate-vinyltrjflate(2)sj

Et02Cv OH 2.6-<IMBu-py. TfjO
./''OhEt02C

72%

Et02C\
. •*• L

Et02C '̂'OS02CF3 Et02C' OSO2CF3

100ml Schlenk tube®ll diethyl-L-tartrate 0.513

mL(3 mmol)4 20ml methylene chloride-l-

•4'y -78 LS. ^44 ^®ll, triflicanhydride

0.978mL(5.82 mmoDl- ^^1-715. €€«1 71-44.

5^ ^oll 2,6-di-tert-butylpyridine 4.041

mL(18 mmoDl- 7]-44. 2 ^14

4 ^^44 ^5.# ^91
1A14 d 4-g-i- A] 44. 4b14^ 4

H.S.4S.-^44(30% ethylacetate/hexane)®!] 4

m ^44^44, 44 ^44^ ^^4 44

1-, 2S. 4444:ii 7lf-s.4oid 465
mg(1.45 mmol, 48 %)4 44ia4. 4-|-

^44^ 4^4 44#, 144 200

mg(0.59 mmol, 20%)45i4. 4714 4^4 44

44#, 1# #444 # 51^4.
Vinyltriflate 2 : Rf = 0.73 (30% ethylacetate

/hexane)

IR(neat film, from CDCb solution) : 2989,

1747(sh), 1732, 1669, 1434, 1275, 1212,

1140, 1080, 1030, 932, 859 cm''
'H-NMR(CDCb, 300MHz) : 5 1.35(t, J=7.15

Hz, 3H), 1.37(t, J=5.5 Hz, 3H), 4.31(q,

J=7.15 Hz, 2H), 4.38(q, J=5.5 Hz, 2H),

6.89(s, IH)

'̂ C-NMR(CDCb, 75MHz) : 5 13.65, 13.68,
62.24, 63.59, 118.3(q, Jc.f=320.8 Hz), 120.8,

143, 159.27, 161.5

Diethyl tartrate-azidoalcohol(S)4

EtOzCv OH NaNg. DMF

Et02C '''OSO2CF3

EtOjCv^OH

Et02C''T^3

100ml Schlenk tube®l] diethyl-L-tartrate

monotroiflate, 1 1.225 g(3.62 mmol)4 lOmL
dimethylformamide# 71-4'^ 4x1 #4 #-8:4
4 44 sodiumazide 2.35 g(36 mmoD-l- ^44

4. 4-i-^4## 12 44 #4 s444#4.
4-S-## 70 mL methylene chlorideS. #4 #

50 mL #S. ril 4^11 1)14MgS04S. ###
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^4^ ' "^1^31

evaporators.

1-, 30] 7]^-^ns. ^ir-B: 0.704
g (84%)5J^.

Azide 3 : Rf = 0.43 (30% ethylacetate/hexane):

[qId = +5.7 ° (c=0.96, CH2CI2)

IR(neat film, from CDCI3 solution) : 3486, 2988,
2119, 1747, 1374, 1208, 1112, 1030, 862
cm

'H-NMR(CDCl3, 300MHz) : 6 1.31(t, J=6.2 Hz,
6H), 3.43(s, br, IH), 4.22 - 4.38(m, 4H),
4.65(s, br, IH)

'̂ C-NMR(CDCl3, 75MHz) : 6 13.98(2CH3),
62.34, 62.60, 64.36, 72.0, 166.90, 170.74

MS(70eV) : cal. M*-C(32Et 158.056566, found

158.056594

2-Diphenvlphosphinobenzoylamido-3-

Diphenylphosphino-benzoate-1.4-diethy

ldibutanoate(4:)^

^COOH

EtOjC -N(CH)3

EtOjCyoH tHF ^ EfOiCyo-^O
Et02C pphj

° /A

50mL Schlenk tube®!] 200 mg(0.865 mmol)

s) azide 3|-^-i-(3)j4 362 mg(1.384 mmol)

triphenyiphosphane-i" 3 mL THF# -§-°ll
S., £ 0.036 mL(2 mmoD^l 1-(N2 A

t-Vcf. ^-§--§-^4# 18 ^1^1 Jil^A]^cf.

H.# ^ (^ 2 Al^V ^

vacuum pump# ®l-§-), 10 mL

methylene chloride®!] ^®1 574 mg(1.82 mmol)
2-diphenylphosphinobenzoic acidj^j- 5.28 mg(0.0432

mmol) 4-N,N-dimethylaminopyridine#: 7l-sl-<^

^•§•'*'1^ ^ 392.6 mg(1.90 mmol)^ dicyclohexyl-
carbodiimide# #-8-®ll'H ^-S*

Al7l^ «J!j# SL®J=.2.S. A^A^^o]

-§-°ll# #2)^ ^©1] 20% ethylacetate/hexane#
-§-ms. ^ 3.s.4S.:2e|]2]©l| slsljA-]

380 mg(56%)

A-i] m.p# 8310^4. Rf=0.27 (30%
ethylacetate-hexane), [0)0=16.95 °(c=2.4, CHeCh)
IR(neat film from CDCI3 solution) : 3360, 3055,

2983, 1760, 1756, 1747, 1673, 1668, 1586,
1550, 1505, 1435, 1373, 1278, 1242, 1211,
1109, 1028, 911, 744, 733, 697 cm"'

'H-NMR(CDCl3, 400MHz) : 6 1.24(t, J=4.06,
6H), 4.20(m, 4H), 5.47(dd, J=8.56, 2.79 Hz,

IH), 6.98(m, 2H), 7.07-7.41(m, 25H),
7.65(m, IH), 8.12(m, IH)

'̂ C-NMR(CDCl3, lOOMHz) : 6 13.91, 52.95,
61.80, 62.11, 72.95, 127.78, 127.84, 128.25,
128.34, 128.47, 128.53, 128.59, 130.41,

131.10, 132.28, 133.42, 133.45, 133.56,

133.69, 133.72, 133.84, 134.19, 134.44,

136.97, 137.12, 137.25, 137.31, 137.39,

139.75, 140.06, 140.4, 165.01, 166.11, 167.8,

168.19

'̂P-NMR(CDCl3, 161.9MHz) : 6 -5.41(s), -9.37(s)
Elemental Analysis : C46H41NO7P2 (Mw=

781.77992)

calculated (%) C 70.67 H 5.29 N 1.79

found (%) C 70.88 H 5.17 N 1.81

sftf# 4-i- 5.IZ1HS. o|§lM-(p-tolylsulfonyl)
cyclopent-5-eno (4,3 -d)-(3aS,6aR)
-oxazolidin-2-oneS|

Alls.#- el^H Sl-^-i- 4, 2-diphenylphos-

phinobenzoylamido-3-diphenylphosphinoben-zoate

-1,4-diethyldibutanoate# ®l-§-sl-*^,
cyclopentoxazolidin-2-one®ll #

®1 ^-S-aIt'I 7l#>a-®]^^#^]^ AjAj^s. ee ^
-I- ^®1^7] cl-§-4 ###

50ml Schlenk tube®l] l(R),4(S)-dihydroxycy-

clopent-2-ene 0.6g(6 mmoDj'l- •r-'v THF 5mL#
7|.i^ ^®ll p-toluenesulfonyl isocyanate 1.89 mL(

12.3 mmol)# "J-i-S. 7|-s1-^a^ ^-S-a]^c1-. cf#

50mL Schlenk tube# Ar7l-^S. a]]#- ^©1] 3)-^#

4 0.63g(0.6 mmol)j4 tris-(dibenzylideneacetone)

dipalladium (0)-chloroform 156 mg(0.15
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StoJA All5.^ a]tlt\^ S]L>H2] oj-g.

mmoD-i- ^®11 7j-oj-5i.^t:|.7i. Ar7l-il- -t

THF SmLl- -§-''1)5.

<^1 -§-^-^^ «v}-§-i-^

Ul-J?l7ll sjjl Ots.

^7]S] biscarbamate

7}-sl-jl, 0roll7.i 37.]^ ^«e>

S]:-§-<^l -§-°Bl- 7il7l5>ji

^ HS.D>£ZlEl)3l)(20%

ethylacetate-hexane -§-°l])®fl

o] ^^1-# ^'ysl-71

1.35 g

(81%) 5i^-. [alo = -76.3°(c = 2.68 methylene

chloride -§-°l))^.^^, ee 54%olSim-.

in. SI al#

aimn^ 4S|

-g- 4\1^1 >^115.^ H]
ojE. A>.g-

^ of], ee

^«5§l-^aL ^TllS.

4-§- 71-^^^o] ^
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QCM Study of ^-casein Adsorption
on the Hydrophobic Surface n: Effect of pH and Anions

Su-Kyung Park • Myunghee Lee • and Chinkap Chung
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9. Of. QCM^

^ ^ tb ol-§-£l5icf.
.g.cj|o] iS-yHlojo)

^o] "Ss] u]^ pH^ ^£®ll

^y- ^ si5i4. atv -§-®-^ vfl <y=o]-g-2).^ ^2], -i-oi^fii
^ ZL ^TllSio] h;<1 ^-g-# "a- ^

^*-l|(H. -g-o]^, pH

Abstract. QCM has been used to characterize the adsorption of j0-casein on a hydrophobic

surface. Self assembled monolayer of 1-octadecanethioI 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 i^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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al 514.
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Fig. 1 A scheme of the QCM cell; (a) the top side,

(b) the front .side, (c) the expanded diagram

of the Quartz Crystal section.
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Fig. 2 QCM result showing the formation of CHs

(CH2)i7SH SAM on the gold surface.
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Fig. 3 The effect of salt on the adsorption of P

-casein: ^casein concentration O.lmg/mL, (a)

the case of no added salt, (b) the case of

added salt.
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Fig. 4 The effect of pH on the adsorption of fi

-casein: j^casein concentration 0.1mg/mL.(a)

pH 11 buffer, (b) pH 6 buffer.
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Fig. 5 Adsorption kinetics of jS-casein on the

hydrophobic surface at different NaCI

concentrations; jf?-casein' concentration

O.lmg/mL, pH 7 buffer.
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Fig. 6 Adsorption kinetics of /?-casein on the

hydrophobic surface at different NaNOa

concentrations: /?-casein concentration

O.lmg/mL, pH
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Keimyung University Daegu 704-701, Korea

3. 2f. <>llA-] ^]^^7^^]{'i\^)iTetragnatha shinanoensis Okuma

& Chikuni, 1978)-1-

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): amdicula, 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)

Tetragnatha shinanoensis Okuma and

Chikuni, 1978, p.l, figs. 1-13; Yaginuma, 1986,

p.133, fig. 71.3; Okuma, 1988, p.l76, figs. 7A-J;

Chikuni, 1989, p.94, fig. 13.

Material examined. 1^, 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

- 63 -



m

Bo-Keun Seo

8

10

Figs. 1-10. Tetragnatha shinanoensis Okuma and Chikuni, 1978:
1. Male, left chelicera, retrolateral view. 2. Ditto, dorso-prolateral view of tip.
3. Ditto, prolateral view. 4. Left palp, prolateral view.
5. Ditto, paracymbium. 6. Female, left chelicera, prolateral view.
7. Ditto, retrolateral view. 8. Female, eye area.
9. Ditto, abdomen. 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).

Sternum 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 10.44. Fem. Vc

2.79. Tib 1/c 3.09. Met I/c 3.31. Met. I/tar. I

4.01. Met. IV/tar. IV 3.80. Fem. I 1/d 21.65.

Tib. I 1/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 1.4 times of their

diameter from the laterals. Posterior median

eyes separated by 1.6 times of their diameter,

by 1.3 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.

I/c 2.64. Tib I/c 2.92. Met I/c 3.32. Met. I/tar.

I 4.62. Met. IV/tar. IV 3.81. Fem. I 1/d 18.74.

Tib. I 1/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 1.32/1.93; cephalic width 0.79/1.12

sternum length 1.06/1.47, width 0.79/1.12

labium length 0.26/0.42, width 0.35/0.35

anterior eye row 0.74/0.49; posterior eye row

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/

6.42, 6.69/7.30, 1.67/1.58), H 12.95/13.42

(3.83/3.96, 0.75/0.88, 3.61/3.74, 3.70/3.70, 1.06/

1.14), m 5.98/6.51(2.02/2.20, 0.53/0.62, 1.23/1.41,

1.50/1.58, 0.70/0.70), IV 11.44/12.50(3.70/3.96,

0.57/0.70, 2.95/3.17, 3.34/3.70, 0.88/0.97). Palp

2.42/2.77(0.97/0.97, 0.31/0.35, 0.35/0.48, 0.79/

0.97).

Remarks. Male of this species may be

confused with T. 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. 1 Mt. Geum (Gyeongsangnam-do,

Namhae-gun), 29 May 2005 (J. Y. Park). 2$,

1^^, Mt. Geryong (Chungcheongnam-do), 16

Jun. 2006 (S. H. Shin). U, 1?, Mt. Naejang

(Jeonlabuk-do), 12 Jun. 2006 (S. Y. Kim). 2^,

Mt Juwang (Gyeongsangbuk-do), 2 Jun. 2006 (S.

H. Shin). 2^, 1^, Mt. Sokri (Chungcheongbuk-

do), 21 May 2006 (C. W. Lee).
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a Of. -g- -?-7l7llBnl.^^ -§-SllSm S-^1- ^«11
^7l7ll5n>^ ^7]7\]^v\^ -g-Sfl^ol ^

G2S}- G4S. •¥• l% black sugar G2S1-

G42]

Gefil ;i4, cfl2:^:a.4 -H-7lGe2l ^:£7]- iL<sl- 7V-8-31-Geol ^1-vflS.

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 mbcture 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 E

^ Ge S.3L7} ^5
^<>11 ^ well-

being ^lril-1- 7]^'^-§- 7]-^
7l#ol ^7}^ 7]^^^ 7H^£)JI Sinf.

^7}^^ 32^<y Ge^ 7.]

1948^! "]

^ Ml-c-ll'y Hziefl 4^7}7}

Ge ^71)

-^El 0]o^^ ol^Tll

Ge ^

^47> 73^ Vfl
6\]A] 2)-g-S>7il S]§l-^o]:ollAl

7} 7.l2l-£)5i4(i). •^•71'y-ril^ Ge^ Transistor^!
^£71- ^ ^ 7^tg;*ll7|- ZL 7}n]^ ol-g-S^l-7]fe O]

^7] nfl^ofl S.^.%. 7}7]jL o]

-§-s!fe -fi-7]^>E!lfi! Ge
O! ^

NK7!]5Lsl- mactophage^ "?lElifll.g-

-^£., cytotoxic T-lympho cyte^!

^ 7]^% 7V^c)-(2, 3, 4, 5. 6. 7).
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^;^ll 513.^ ^7lGe (Ge02)

% -a-7lGe^S. ^^4 Ge^l

ijl 9, 10, 11).
-^7]Ge«^] ^^s\•

^4^}^ Ge^^ t.3.^n]^ ^=?-'=>]

q-(12, 13). usiq- ^^1 Xfl ^^^o] 9X^ Ge^

<^^-§-<^1 9X3. ^l-§-SL^<^l
^ <^sl 7l-;^l 7flAis]i 014.

nj-sj-A-i .g. Gefil ^7lS)-oil

^ ^7l-t}- •T-7lGe(Inorganic
Germanium)-i: -^7lGe.^S 7l-§-^5}-^

7M 7l^Aj U1S.S. Ai

^ -§-§-7l-^Aj^ ^^l-l- :aals}alAl- ^Cf.

n. umm SI

1. 5!

^2)1- Ge

^ 7]-^ ^>a-4 ^

^eis.'a= ^ ^7iAi^ •a^a-Tiitiii £«a=

•k 'a^sH 4-§-®>^^^, ^
¥<hia)

4-§-s>^cl-.

-T-7lGe-c: Inorganic Germanium(Ge02)^^-i-
A>-g-5>^ai, ^jq-g- LBBflAl

(Table 1), 1% •^'^^ullAKblack sugar 10 g/L),
^^tillA](LB«llAl + A>-g-5]-^Cl-.

Table 1. Composition of LB medium

Peptone

Yeast extract

NaCl

10 g

5 g

5 e/£ (pH 7.0)

•2"^^ -S-s]^ m1]a]o1] 1%s1 inorganic
Germanium^ ^7l-^c>^ ^-o, ^ll41tl" S.

1 g^ «iS-^ 9 ni«S. slAjs].o^ 4 «114

oil 3|Al«-q-i- 100 371C, 160 rpm

sampling4'^ 16,OCX) rpm^flAl 10 rnin

^ ^ 300 fd ^#4^ ^27l«»llAq 4
2:A]?1 ^ ICP-MS(ELAN 9000, Perkin- Elmer

Co.)S. Ge^^-i- S-^fA]

S.# ^:il Ge024-i: ^

^ A>.g.4^4.

^ wH^ll- «11

a|s. "T"7]Ge'^ -^7lGe.5-S. -§-®11a]7]

^^^5l^]-7] ^

Hl£«a=^ ^4 ^>2. 100 )[f«-l:
371CollAi 24 -48 hr^ all'a=4<^

2. Ge standard curve ^11^

Ge4 #Ajoii 4-§-t> ICP-MS^

filslofl Ai^o] 441^, ^.g, <y:4 ^44

7life Ge^£l- assay

<='l-§-§>^4.

(^ *511-8: Aldrich Germanium ICP/DCP

standard solution(contains 9,985 ;/g/m£=9,985ppm)

-I- <^l-§-^3i O.Dfe 10,000 ppm.9.S. ^<]:(=9,985
ppm O.DS]t-(O.Dx0.002))4^c)..

Ge standard curve #^j-8: phenylfluorone

solution(phenylfluorone solution : 9-phenyl-3-

fluorone 32 mg, ethanol 85 m£, 6 N HCl 1 m£

/ethanol 100 m^) 2 ra£4 cyclohexanoKFluka

Co.) 1 Utei- ^71-^ ^ 7|.^4;£^ ^4^

Ge sample solution 2 roC-l: ^7]-4^'^.
o] -8:011 30 min «<}-a1 ^ 4 ^<>1

UV spectrophotometer-1- ®]-§-4"^ 525 nm*=H]Al ^
#^^7}-^ Ge solution ^£.fe 1—5 ppm

o]s.S. Ge ^£.7]- 51-8- #-^7]-

7ll <^14 PF sol'n «(1-'S).

3. ^alS^oii ctf# ^7|GeS| ^7|^(7F§

sf)^ as

4 Ge02 0.1 g#
444 .^^4ail4 20 tnH] l«-!)^<il

371coilAi 7®^^ 160 rpm£S tiH*a=4^4.
•^Al^o] :^7|-§lol Ge02 0.1 g4 ^7]-^

4«ll^l# «l]*a=7l4 1,

3, 5, 7*^^ 2 in«

*y -?-7lGe5l ^^Al47l ^afl 3*^^
^ 16,000 rpm, 10 min •?l'y •§•214'^

^*5^# PF sol'n •^7lGeSl ^4# #
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4. ^^a|l7:|

^7lGee^ ^7]m G2S^

G4el 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.) ^ 3

Tt. 160 rpm, 24 hr

OeOnmoH-^i ABS^^-S.

5. uH^. ^y\Ge ^
01§11

«11^, A]^ ^7H
-H 4d

7}^^ Ge G2fi|- G4# «H°cf

ol-^ ^ 1-2^^^ 33]
nfl ^-¥-Alnl-4 513}. £<a=^

A}^^ All^sl-^1:}-. '?]i:H^7V7> ^5il5}
°^7^7]7J:

oi2^ 5j-fi} ^ £oj:^ Aj^o} s^e}^

512} 23} A^e]5l-^4.

^A^ Ai^S. aa^, 51

-i- ^iSA]^ :f: 4^sH 0.5 g°ll 10 me

# 7|-^'4 <^^4 ?l" 14,000 rpm, 15 min

^e}5}o} 1 me# PF sol'n -fr?}
Ge

in. ai4 a! :iiil

1. Ge

4}^^# SlJl GeOi# ^#«^aa
Ajofl 10## «a## 1,853. 888

ppm(/ig/me)<=1i^ ICP## ### Table 22]- ##.
ri}^^2l #(1,^ ppm)2}- aliEfffo} .^7} Ge

2} #^0] #?1| M-E}-# ^°1] -T-^l Ge#
7l-g-S} t ^ ^7a7^ <^] '̂-5l#c}.. 4
5}-A^ Table 2^Aio^ ^a^# #aJojaj- 5_-

5# «a#?l: ^-#^4A]^H]Ai ^Til q-E}-#

-?-£} ^#qaflAloi|Ai .^7lGe ^5#ff2]
q Aj-^o} 7}-# # #.$.5. ^A^s}#q.

Table 2. ICP value of soluble Ge in various media

by soil sample incubation

^bation time(days)

Medium

L 758 180
SS' B 1.202 2270

L B 389 545
L 934 1.216

GS" B 1,187 2,948
L B 5a3 1.189

* : Fresh ginseng, : Gum-san ginseng,
L : LB medium, B : black sugar
L + B : mixed medium, : ppm.

Control : 1,854 ppm(//R/niG for 10 days incubation
in black sugar medium.

2. ^S-!

^2} #2H1a^ -S-7]Ge a|#^2} 07}l7l-
ofl qq # ####2} ^e] q##

^•^1'̂ -} tI# =>7] #S>o}
3]A}5]-q ig# aH#=l-#4. Ge

.a.## ^1^# 'Hl^, :^2-^ ^
4711 #Eiq#q. ##?!: SI,

82. S3, S4 (Fig. DS -i-il-y-^ollA-l .g-e}#
# Gl. G2, G3. G4 (Fig. 2)5. ## ##«]-#c}-.

Fig. 1. Four strains isolated from the soil sample
attached to fresh ginseng root.

Fig. 2. Four strains isolated from the soil sample
attached to gum-san ginseng root.
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3. Ge standard curve

Ge standard curved Table 3^

^SX:n. Fig. S^S.

Table 3. Absorbance value of Ge standard solution

8
%
•e 0.4

ppm

0.5

1.0

2.0

2.5

4.0

5.0

Absorbance(525nm)

0.396

0.492

0.610

0.667

0.930

1.022

y - 0.I4IX « 0.3337

1.9 3.0 3.5 3.0 3

Ge conceniniion(ppm)

FIr. 3. Standard curve of Ge concentration.

4. ^7l(7h§£f)Ge ^21

^ SI, 82,

S3, S45i)- Gl, G2, G3, G4fe 0.5% ^7] Ge<^l ^
7}^ S% 5% 7°^^
^V^cf. ulloJ:«^^ol) tc|.s GeS] «?}=

{ppm)'8r Table 4, Fig. 4, -n-tty

^ Table 5, Fig. 5^
^ -n-71

Ge^i ppmSl:^ Ge

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

Strains

IncubatiwT"---.^^^
time(davs)

SI S2 S3 S4

1 5911 5198 5331 5420

3 6510 6379 5947 6036

5 5540 5448 5747 5895

7 7429 5705 6075 6889

* Control(D|ASl- nl^7l-^)^ ^o^X\s.
^f-'a^l-Tll ul|;^loi) ^7lGe-g: 0.5%^7>sH

td uiloj:s>^ji, .^4) 71-g-'̂ ^ Ge
5,721 ppm <^1^14.

IQ^HII ^^11 0.003^d£-
S. 7]$] 11^4.

sooo

7500

7000

6500

I. 6000
a

5500

5000

4500

4000

Inctibaliontime(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

Incubatiort\.,,^^
time(davs)

Gl G2 G3 G4

1 7770 9660 6522 6202

3 7497 8743 8504 9618

5 7483 6709 6495 6820

7 5441 6202 6205 6049

lOOOO

9000

8000

§. 7000
&

6000

5000

4000

locnbatiaa time(days)

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

ginseng root.

44^ 4711 •¥-7lGe(Ge02)^ ^7}

^ wi)^<f4^ Ge ^

4 ^4'=>114 S14 S4i?-4 hI1

4= Ge 7}7^ ^7l] 441^-^4

(Table 4, Fig. 4), -Srelt!: S^^y

G2fe 44= 144, G4^ 344 44=4^i control
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^7l7||aD>^ ^

"^1 0]^ GeSi ^^-i- :a.ol^ ^

91^ A 9X9iA (Table 5, Fig. 5). ^l

02, G4^o] ^7]Ge-%: 7l-g-Sl-s>^ ^^o)

SV ig7l-5]^cf.

5. -^£15^21 ^q| ^^m\ aJE

02, 04 ^

14 S.^ YM«114«^l^i 44

4-^ 4?14^^4(Table 6), ^4S4-£1- iSl

14fe YMB11717]- 4^44ai 4S44M- 4i!:"y44

71-1- 41-1- 7}-§-4^£. 47f

•y black sugar b1I47]- <a=:§:44jL 171-4^4.

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

various media.

"'^...Medium B NB YM PDB

Strains Absorbance(660nm)

G2 0.33 0.27 0.58 0.02

G4 0.38 0.60 1.40 0.69

B : 1% Blacksugar medium

6. hI1^4 ^s\m

S.A l^-§- 45.1- 4^47)444 ^-45-^

1% ^14 444 0.5% -?-7l0e^ 31

A Bflll ^ lO^BH SI444 34 44414.
44 4^4 £1 ^ 4 £44^ 4£1- ^114

44 0e4 4^^ ^4414. Table 744 £

^ 44 14 S.A 44 £4^4 0e4 4

-8- 1 ppm££ #441£4, 34 44 ^ £4

®il4 5-7 ppm 4£ 4#414. 44 ^ 4£

£ 71144 1^ sampled #44 Oel4

<^1 4^ 2 ppm4£ ^711 l-t4l£4. 4^

Oe -g-sfl-Sl ^7]Ge% 7l-g-44jl 7|-g-41 Oe

4 4££ #44 # 114.

Table 7. Concentration of Ge on the young radish

field

Treatments
Young radish Soil of young radish

Control'*T reatment Control^' Treatment

Ge
concentration 2 4 1 6

(ppm)

1) untreated radish

2) untreated soil

b1]#4 £4-444lAife 14 :^^e1oiiAife cfla?:
•^oll ulsfl 44"?'°llAi 0e4 4£7|- 2 ppmlS.

^A] 41£4 2, 34 445^ Oe4 4£ 44

1: £44 4^ 44414(Table 8). 4

44^ uH#4 4# 4-§-4fe Oe4 #^44 ^

71-4471- 44 4## Oe4 ^iA^^r) cfA]

144^1 a]-5.44, 44 4-1-4

^4= 44 4:€-4fe 0e4 44 4471- 1

# 4££ #4414. 444 44"4-1-4 44

3l^41 44 44, ^ 44 -^4 4£7l-

^5-4431 44414.

Table 8. Concentration of Ge on the cabbage field

Treatments
Primary Secondary Tertiary

Control Treatment Control Treatment Control Treatment

Ge concentration(ppm) 3.5 5.4 1.2 1.3 1.2 1.4

444 ^

^£S. £4

£71-

144 14 444fe- 2 ppm^s. ^A] 4#41£4, 24 444fe 1 ppm ^44^
444®llAi d Oe4 4#1- 414 A- ll£, 24 444 0e4 4

444®1] wl«l) 2 ppm4£ ^A\ 4#414(Table 9).

plant parts

Melon leaf

Melon

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

Ge concentration(ppm)

Primary treatment Secondary treatment

Control

5.1

5.0

Sample

- 71

7

6.5

Control

7

5.5

Sample

8

7.5



<^1^ Table 75] v}^7\:^]S. 7l-g-Sl-^
Geo] Aj^o] ;g4^011 ttfe}- £®J=oi]A-i

zLe]ji ol^-iv 14s. ^1^4. 4

44^"^ 42:^4 Ge4 ^A\ 1#^

4^-i- 4-f2i7l-

4-§-4^^5-5. 7l-g->^^ Ge^^^H.71-

4# £4=(4.-¥-, 4-f^: 1 ppm^j£. ^4

47l7iloil 4«1] ^^4 14s. ^14514.

1. Man Ki Park, Jeong Hill Park, Sang

Beom Han, II Ho Park, Analysis of

organic germaniu, Ge-132, J. Kor. Soa.

Anal. Sci, Vol. 8, No 3, 371-374, (1995)

2. Seok-Hwan Kim, Tae-Hyn Jo and

Jong-won Choi, Effect of (je-132 on the

Hepatic Bromobenzene Metabolizing

Enzyme System in Rats, J. Korean Sac

Nutr. 22 (6), 702-708, (1993)

3. Eun-Jeong Kim, Kyeoung-Im Lee and
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D. Lb. plantarum KCTC SlOSo] 12^]^ pH7l-

4.1S. <444 ^§^o] ni)4- ijj-s homohiochii KFRI 234fe pH 4.8S.

^ 5a5i4. <=>11-^ ^481) ^ ^4 L6. plantarum KCTC 1048^ 6% NaCl ^£.^14

4^1 8% NaCH14

^ ^i-o] s^Tg-o^ ol-g-oj] ^ homohiochii KFRI 23471- 71-

^ -T-'^^l-^—4 Lb. coryniformis subsp. coryniformis KCTC 3167-8: *^l-§-4 Slt'S'#

4-§-44 ^^^45l4(pH 6.5 64^3-4 Lb. homohiochii KFRI 234fe 64

4-§-44 ^4 44 444 ^44 44s: 3^€-l- ^4 444- 4M 444

Lb. plantarum KCTC 310844 melezitose-1- 4 4S.81-4 ^4 4-8- ^44444-. 4444 ^44

4 34-W- ^7H 5 Dfl^ ^^44 4-1- 4 4-§-4:ii 4^-i- 4 ^ 44

4. ^444 42.4 444, Lb. homohiochii KFRI 2344 ^§-4 gluconic acid 444^ 44 4-§-471

^44 ^34- pH 6.0 442S. 4-444-. 4^ Lb. plantarum KCTC 1048, Lb. plantarum KCTC 3108
-8: 4jil4 S-8: "7^4 •^44^ 4-§"4^ 4-4-44. Lb. graminis KCCM 40697-8: Lb.

homohiochii KFRI 2344- 44 sorbitol-i- 4-8-44 ^4^4.

Abstract. Facultatively heterofermentative Lactobacillus strains isolated from fermented

vegetables were investigated in order to determine their growth kinetics, 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

^ 50% ^
#^014(1, 2). n

•§: catalase7>

11). ^3l oil .6 5. A>-g-£]ol^l^cll, 6

^'S-Ie.g,. glucose)^ 7]
E)- CO2 ZL^3L ^4:144^5. ^

4^, -B-S

4 ^4^4 -f-B-, 434 -B-Tllf-, AV

^44 ^#4 4-ifl ^<^14 ^^44(l3).44t!:

•B*4:'3'̂ Lactobacillus, Bifidobacterium, Strep

tococcus, Leuconostoc, Pediococcus, Sporolac

tobacillus ^4 ^45. 5^^44(1).

Lactobacillus'^•§••44^ ^-§-8: 'f'2114

254 ^^^>4:3:54 4^^3:5-5.5. 5^444

19894 Sergey's Manual ^1 8444^4

obligately homofermentative lactobacilli(444

^>43:5, group- I )4 facultatively heterofer

mentative lactobacil[i(-i-4®l 543.5, group-n
) zie]jl obligately heterofermentative lactoba

cilli(44 45435, group-III)4 353.5 -E-n-
43 $14(13). 4#^ 444711 534 4^4

^^554 444 444 4^4, ^ 4-n-^ 444

454 444 4543 -n-44 5-8-4 47] 4

^44.

41- #4 54 -B-45 44 55, 55 55,
4^ 7]^ ^ 3^443

5 71^-i- 5553 44(6, 7, 8, 9, 1). ^ 55
^4 5454 571]Lactobacillus 55#5

444 5444 5554 447-] 444 47<}-

4 5355545 55 4454(5). 44 54

5354 4 7i 544^ 4354 5^^ 45

53^4 Lb. coryniformis subsp. coryniformis,
Lb. graminis. Lb. homohiochii ^ 27]-7]5] Lb.

plantarum 4554 4'i-4 553

(545, 645, 45^, 55^, 555)5

4 54 4-g- 534 5447] ^44 4 5s.
4^E]>iig-l-4 7^4 . 75SI-54 ^7^# 543

3 oi-i-oi 5501] 71] 445 -B-57^^ 455 ^

4fe5* 5S4 344.

n. ^ ^

55^^: 4 5547] 7>-g-t!: ^715-^fe f.

7^45535 5^ 571-44 lactobacilli

Lb. coryniformis subsp. coryniformis, Lb. gra

minis. Lb. homohiochii 5 27}^] 4 Lb. plan

torum44. 45^ 55554^4 55555

^3 -B-471-444 ^47}-8rSS(KCTC, 44), 5

54553^44 (KCCM, 7-]^) ^ ^^^f.71]

54^4(KFRI, 7^5)47i 455 54 444

5 ^ glycerol4 20% 354 7]544 54
-701C 5534 3454 7}-§-5^^4, -^54

7]-557] 4 44455 571554-. 54 4 ^

^54 Table 15 54-.

Table 1. Five Lactobacillus strains originated from

fermented vegetables

Species and Strains Sources

Lb. coryniformis

subsp. coryniformis
KCTC 3167 Silage

Lb. graminis KCCM 40697 Grass silage

Lb. homohiochii KFRI 234 Kimchi

Lb. plantarum KCTC 1048 ATCC 8014

Lb. plantarum KCTC 3108 Rdded cabbage

- 74 -



^]^rl «l]'y= pHl- ^ 2:

lactobacilli MRS broth

(Difco) lOmfii 20fd^ 4
4ef all<y=S>^4

1244, 2444, 3644, 4844, 724444 «)]

444 3,000 rpm, 4t44 15^4 44

^44 ^ pH meter(Mettler, Model 225)-l- 4

-g-44 4^-44 pHl- #44^4.

47] 444, MRS broth4 NaCl^ ^7f44

2%, 4%, 6% o.s]jL 8%4 ^s.s. 42:4 ^ 10

ni£4 ^4-^^ 20 /d^ 4^4^4. 444 ^s.
•is. ^4^^1- 4^ ^ 344 afl444 3,000

rpm, 4t44 15^4 44^4 ^ pH

# ^44^4.

4- ^5: ^4 ^4: ^451:4 444 4 4

•§• -^4-a 2:4471 •t144, glucose7]- s.444

U-Sr MRS brothl- 42:4^4(5). Glucose?]- 4

7}-£)4 ^Sr MRS broth4 10% 4 44
471-44 7]-4 4544 4-§-444. 444

10% 4 -§-^-^4 ^7]-4 »ill4 5 545^

20 ;f«l- 41^4^4. 444 545^4 wil4^

£4 44 344 «114=44 3,000 rpm, 4ic44

15^4 44-S-44 ^ pH meterS 4''o'44 pH

1- #44^4. ^^4 4-8-4 4^ Table 24

44 25f^(Sigma)44 3^4 4^7]-S. #4

544^4.

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 Glc Sorbitol Sor

Glucose Glu Sucrose Sue

Lactose Lac Trehalose Tre

Maltose Mai Xylitol Xylt
Mannitol Mant Xylose Xyl

Mannose Mann

in. loif §1 :n^

>84- 4-4 2:A}: -f-444-4JL -8-45 7}^t]]

4514 4^1144 ^44 545^ Lb.

coryniformis subsp. coryniformis KCTC 3167,

Lb. graminis KCCM 40697, Lb. homohiochii

KFRI 234, Lb. plantarum KCTC 1048, Lb.

plantarum KCTC 31084 ^8^ 4>84 4<^|-:e.7l

444, 5 7]^±S. 2:A]-s]-^cl-(Fig.
1). MRS broth4 f^5^ 4^4al 124444

>8#^ 44 pH# #7^4514. ^^5l4 4^1144
^44 5A]5^ ^ Lb. plantarum KCTC 3108

4 1244 44 pH7> 4.1S. 444 ^8^4 4-f
4€- 4^ 444 ^ 444. Lb. plantarum

KCTC 1048, KCTC 31084 Lb. coryniformis

subsp. coryniformis KCTC 31674 pH7]- 4.0
42. ^844 444, Lb. homohiochii

KFRI 234fe pH 4.82 ^8^4 A-lSl|4^ji, Lb.

graminis KCCM 40679^ pH 4.41- 4444 «1
^2,^ 7^^s. 44!sl:4. 4 ^#4

1-4 •

44lji4.

24a1:?1:4a-1 ^eUslol

• tAlWuVtt fCMyflfcnaa

baoct^jdeci ttm pMM)

Fig. 1. Comparison of growth characteristics among

facultative heterofermentative Lactobacillus

strains from fermented vegetables.

141-94 ^24 4# 54 44>81:

^444 4«ll 2%, 4%, 6%, 8%4 NaCl4 ^71-

4 MRS broth4 5-i- ^^44 3-14 «1I4 ^
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pHl- 2).

2% NaCl^l tiflxloflAr] Lb. homohiochii

KFRI 2341- ;^11S1§1-31^ pH7l- 4.0 i41'S
i4E}-tfl^4. Lb. homohiochii KFRI 234^

^±s. 8% NaCl Hll^l«^l7.-1 pH

5.2S. cf# pH 6.2 o]^±S.

7-l8{ls]<H ^1-21-^1 Lb. homo

hiochii KFRI 234^ 4€- «lsil

^^51^4. L6. plantarum

KCTC 3108^ 6% NaCl pH 3.6^3.

1^1 44 ^ Lb. coryniformis
subsp. coryniformis KCTC 3167^ 4% NaCl 4

4°1]4 444Si4°J:. 6%<^14fe pH
6.3.9-5. 4^4 4«I144 44lvl:4. Lb.

plantarum KCTC 1048S. 44 6% NaCH]4 ^5
nii-f 44idt4. 4-^^

8% NaCH]4 ^^5^4 4^4

^ ^ 444-.

' Luetobaclllus cofynKtmJs
subsp. oorynilOmi$KCTC 3167

' Laetobacibis gramnis KCCM 40697
Lactobadtus honohkxM KFRI 234

' Lactobadlusptantawm KCTC1046
' Lactobadtus ptsniamm KCTC 3106

2 4 6 8

Concentration of NaQ |%)

Fig. 2. Gsmparison of facultative heterofermentative

LactobacUlus strains from fermented

vegetables growing at different NaCl

concentration.

5^4- Lb.

coryniformis subsp. coryniformis KCTC 3167-8-

pH 6.5 4^'•-9-5 4-44 ^^4 4-§-€ 54:4-i-

4-§-44 ^4^ t ^ 4^4(Fig. 3). 4
•i--8r arabinose D form 4-ir 44 °l-§-44 ^4

^ 4-9.5 44-lsl:54, Lb. gariminis KCCM

406978: 44455 4-§-4 444 pH

5.5 44-55 444 "0:^.7} 45:4 455 44

44. Lb. homohiochii KFRI 234arabinose D

form4 4445 arabinose L form4 ribose 5

45 xylose-fe- pH 4.5 445 ^3:4-c- ^-i- ^

^ Si^4. Lb. plantarum KCTC 10488: 444

55 5444 ^^54 S144 454SI54

ribose-c- pH 4.85 4-§-4fe- ^55 444

4. Lb. plantarum KCTC 31088: arabinose L

form4 ribosel- ^S. ®]-§-4^54, arabinose D

form4 xylose4 4-§-8- 454 455 4444.

' LBdobadlusccryntomis
subsp. Gcrynifcrnis KCTC 3167

' Ladobadlusgranmis KCCM*0637
' LBdObadlia hoiwhioctil KFRI 234

' Lac(obaciruspl9nearunKCTC1046
' t.actDbac)fusp&nearunlCTC3108

Aral

Carbohyihtas

Xyl

Fig. 3. Pentose fermentative characteristics of the

facultative heterofermentative LactobacUlus

strains from fermented vegetables.

64^ 6444 484 444 ^^44

^ '̂ 1=4 LactobacUlus 844 4

48 8^4 S144 ^^.^8 ^4 ^

8 SlSi4(Fig. 4). Lb. homohiochii KFRI 2341-
4445 4-8 58 888 fructose, galactose,

glucose, mannose# 58 ^ 'i-2.4Sl4. -^44

55 rhamnose8 Lb. corynoformis subsp.

corynoformis KCTC 31674 Lb. plantarum

KCTC 10488 pH 5.055 ^584 4544 4

4Sl:54, Lb. plantarum KCTC 31088 pH 5.7
s. ^584 441- ^^4 ^^Jl44 848 ^55

4444. 54 Lb. graminis KCCM 406974
Lb. homohiochii KFRI 2348 pH 6.0 oHi-55

44 ^^3l44 848 455 44id4. 454

Lb. plantarum 84 Lb. coryniformis subsp.

coryniformis KCTC 31678 rhamnose-l- <^184
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cji^v «a?-

^ ^S-S. jaojuf ^VJ-7|. <§.Ajs|.7|l

Lb. homohiochii KFRI 234fe ^ o]

6^*3"-c: fructose^^
5. o] 4°!

^ ol-§-s]-^^i^, 6^'3--8: <5]-§-sl-^l

^-i:

• ffcOaftfy coyiibcu
«te» c»yiMbnrt>KCTC»tC7

• («ctaft«tt0Crw«M>KOCM4Oa7
t ctBMctttf AMnoMbrMmm*

• lacfiQteaOttplMMwRKCTC tMS
• L«cta>«Sk»AMaRrAiKCTC 3tOI

Fig. 4. Hexose fermentative characteristics of the

facultative heterofermentative Lactobadllus

strains from fermented vegetables.

^S.: Lb. planta
rum KCTC 3108^ pH 4.0 M-Bl-tflo] ^

5.€- <^1-§-SH ^

(Fig. 5). Lb. homohiodui KFRI 234cellobiose,

lactose, melibiose, trehalosefe- <^]-§-sl-;<l
.2.3) maltose^ °l-§-^l-'=^ 7)-^^

^6.5. Lb. graminis KCCM 40697^)

^-T" pH 4.4S. cellobiose, sucrose, trehalose#
^ maltose, melibiosefe o]

lactose^ sucrose-fe

pH 5.0.2.S ^]2i^ ^±S. M-El-isitcf.

Lb. coryniformis subsp. coryniformis KCTC

31675f Lb. homohiochii KFRI 234^

sao]>^i uj^iv 3i|^^ ^•

71^ ^ SI4. Lb. plantarum KCTC 3108^ pH
4.5 ol^lS. Elj^E a.¥# ^ <=>]

-8-^1-fe v4E|-!idtcl-. 4 «81)

glucose, galactose ii5)3l fructosel- <^]-§-
siojA-j :a.o)^jL sl^^.

2)-z|-o] nl]7>ul#ol cfecf^

^^7} z)-z)- 4

^S]SI4. <>leltb 4<=>1^ 4 ^ SI
^ 7]3.s. -i- ^ ^514.

I M

- ijci3daci«/t a?0'ftA>^n*

tu&sc
• tacfatea»xigiirMaKCCM406d7
• LjccOaenM^wwoftccfcrKrai 3U
• tmkitntM^GfAintjnnKCTC 1041
• tJCioOacA««!»*c»wf»'CCTC3iOt

Fig. 5. Disaccharides fermentative characteristics

of the facultative heterofermentative

Lactobadllus strains from fermented

vegetables.

-9-^^ ^S.: ^JloII SI«H4 ^]3lollAi

Lb. plantarum melezitose-l-

*^l-§- pH^f 4.0 '4]-^S] 4 —
S. 4H|-id4(Fig. 6). Raffinose ®]-§-oll Sl<H4^
i2.3| Lb. plantarum KCTC 3108Sl'*^l pH7f

4.O.2.S. 444 ^^s) ^^4514.

' Lactobacekeaxynlanis
subtp. earynftnris KCTC31E7

' iMtotacOatrtnmKOCMVSaT
• Udatoeaaftgnahbe/U KFRI 234

, . >Uc<atooaU>pbntarunKCTC104A
' Uctatoatlap(iflearunKCTC3103

S.i

•Ml IW

Cstiahy<3a*t

Fig. 6. Trisaccharide fermentative characteristics

of the facultative heterofermentative

Lactobadllus strains from fermented

vegetables.

^ #2.: Lb. homohiochii

KFRI 2344 ^-T- gluconic acid 44®!!^ ^4
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ol-§-sW pH 6.0 o]^^S. M-E}id:cf
(Fig. 7). Lb. coryniformis subsp. coryniformis

KCTC 3167-8: pH 6.5 gluconic acid'LV

Lb. graminis KCCM 40697

^ amygdalin, esculin-§- ol-§-7l-^ fV ^

Lb. plantarum KCTC 1048, Lb.

plantarum KCTC 3108-8: 4

Lb. plantarum KCTC 1048, Lb. plantarum

KCTC 3108-8: amygdalin, esculin, mannitol,

salicin, sorbitol-^ ^ saccharin,

xylitol-8: q-E^id:
cf. xylitoi^l ol-g-4^1

^-8: xylitol <^l-n-'='14. Lb.

graminis KCCM 40697-^ Lb. homohiochii

KFRI 2344 ^71) sorbitol# «>l-g-44 ^4^4.

• lacbbacdiMaafyn^ffta
subsfj ay)'/ufbmioKCTC3i97

• L«eJBMCA«S6WUno KCCM 4063'
' £acJ0<ncA«3/Kyno/lcc/i>KFRl334
• Uci::AicA«^lVur(KCTCl048
> Ueto6>e#ilt«>^tyvCTKCTC3tQ8

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 O.IX 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

pM mercury ion the stability of artificially transconjugated plasmids was not affected

significantly. But in the presence of 10 pM mercury ion Pseudomonas sp. KM12TC failed to

grow. O.IX 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 pM mercury ion supplemented with O.IX LB medium.

Keywords : Pseudomonas sp. KM12TC, Plasmid Stability.

INTRODUCTION

Genes necessary for the resistance to toxic

heavy metals are found in many different

kinds of bacterial genera and species.

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.i<r

Stability of foreign genes in the same cell.

Once stabillized in cells, such cells might be

used in many cocontaminated sites for

bioremediation. Conjugations would be one of

many methods to construct new bacteria
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. KM12TC 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 process in
contaminated field such as various heavy

metals and organic contaminants (4-6). In
order to increase the plasmid stability in toxic
mercury ion, O.IX LB were added into the

growth medium of the transconjugated
bacteria. The effects of the addition of O.IX

LB on the stability of the plasmid in the

presence of mercury ion was measured in this
experiment.

MATERIALS AND METHODS

Bacteria and Plasmid System

Pseudomonas sp. KM12TC has both pKMlO

and pKM20. Plasmid pKMlO presence in a cell

was determined using its ability to utilize 1

g/1 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.

KM12TC had been purified by two successive

platings, and these purified colonies were used

for starter culture. After one day growth at 2

ST, the cultures were diluted 10^-fold in 10
ml of prewarmed appropriate medium. The

cells were grown in the 0, 3, or 10 pM HgCL

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 1(X) 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

pKMlO.

Mercury resistance analysis

The ovemight cultures in LB were diluted

100-fold in 5 ml phenol • AsA)asal medium
supplemented with 0, 3, or 10 pM HgCk for
the mercury resistance test. The diluted
cultures were incubated in a rotary shaker

(150 rpm) at 281) for up to 12 hr. O.IX LB
medium was added as needed. Turbidity (Aeoo)
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 pH7.5: (ii)

pKMlO-selective (phenol degradation-selective)
phenolA)asal 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): 2.13 g of

Na2HP04, 2.04 g of KH2PO4, 1 g of (NH4)2S04,

0.067 g of CaCl2 • 2H2O, 0.248 g of MgCL •

6H2O, 0.5 mg of FeS04 • 7H2O, 0.4 mg of

ZnS04 • 7H2O, 0.002 mg of MnCk • 4H2O, 0.05

mg of C0CI2 • 6H2O, 0.01 mg of NiCL • 6H2O,
0.015mg of H.3BO3, and 0.25 mg of EDTA.

The pH of the medium was 7.O.; (iii)
pKM20-selective (arsenical resistance-

selective) As/LB medium (LB supplemented

with 5 mM Na2HAs04 • 7H2O); (iv) both

pKMlO 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/1.
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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 28*0. 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

(pKMlO) was Quantified by replica-plating on

phenolAiasal 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 • AsAiasal 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 280 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 pi of 2 N

NH4OH and 25 pi of 2% 4-aminoantipyrine.

Then 25 pi of 8% K3Fe(CN)6 was added. After

mixing, the tube containing the whole mixture

was centrifuged to remove cells. Asio 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 O.IX LB on

growth of Pseudomonas sp. KM12TC

in mercury ion

To study effects of the addition of rich

media (O.IX LB) on the maintenance of either

pKMlO or pKM20 in transcoryugant Pseudomonas

sp. KM12TC (7, 8) grown in 3 pM or 10 pM

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 pM HgCL for the mercury resistance

test. The growth of Pseudomonas sp.

KM12TC was followed up to 12 hours as

shown in Figs. 1. Figure 1 shows that when

>=• U<>

Fig. 1. Effect of O.IX LB on the growth of

Pseudomonas sp. KM12TC in mercury

ions Overnight cultures of Pseudomonas

sp. KMIO were diluted in 5 ml phenol •

As/basal medium supplemented with 0, 3,

10 pM or 10 pM HgCk suppplemented

with O.IX 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: O, growth of

Pseudomonas sp. KM12TC in the absence

of HgCk; •, in 3 pM of HgCk; •, in 10

pM of HgCk; •, in 10 pM of HgCk

suppplemented with O.IX LB.
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the cells were grown in phenol • AsA)asal
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 pM).
High concentration of mercury greatly
impaired the growth of Pseudomonas sp.

KM12TC. When O.IX LB was added to the

phenol • AsA)asal medium, the cells could
begin to grow significantly as shown in Fig.
1. The addition of O.IX LB to the phenol •

As/basal medium exerted some positive effects

to the survival of the cells in spite of toxicity

of 10 pM 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

preference in plasmid survival in harsh

conditions such as toxic heavy metal ions, the

stability of artificially transconjugated or

naturally occurring plasmids after long term

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.

KM12TC cells from overnight culture were

appropriately diluted and grown in 0 or 3 pM

mercury chloride as described in Materials and

Methods. Then, the cells were spread on

appropriate selection agar plates and incubated

for two days at 28 "C 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 pM

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 pM 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 difference in the percents

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.

0 Ituk:

Fig. 2. Estimation of plasmid activities of Pseudomonas
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 pM HgCk; Symbols: from left to

right, the cells harboring both plasmids, the

cells harboring pKMlO, the cells harboring

pKM20, and The cells harboring none.

Effects of the addition of O.IX 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 O.IX LB on the stability of

plasmids were examined by estimating the
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retention and expression of the phenol

-degrading pKMlO and arsenical resistant

pKM20 in the host Pseudomonas sp.

KM12TC.

The Pseudomonas sp. KM12TC cells from

overnight culture were appropriately diluted

and grown in 10 uM mercury chloride or in

10 pM mercury chloride supplemented with

O.IX LB medium as described in Materials and

Methods. Then, the cells were spread on

appropriate selection solid agar plates and

incubated for two days at 2812 for direct

counting as described in Materials and

Methods. In this experiment, the presence of

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 O.IX

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 O.IX 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 pKMlO or pKM20 were

19-23% after a week growth and 5-4% after

four weeks of growth. The survival percent

was increased when O.IX LB was added. The

addition of O.IX LB could compensate the

destabilization effect of toxic heavy metal ion

on the stability of plasmids.

Fig. 3. Effects of the addition of O.IX LB on the

plasmid activities of Pseudomonas sp. KM12TC.

The plasmid activity was expressed as

percent survival as described in Materials

and Methods. A: in the 10 piM HgCb, B;

O.IX LB added to the 10 uM HgCb:

Symbols: from left to right, the cells

harboring both plasmids, the cells harboring

pKMlO, 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

activities of microorganisms in different

concentrations. In this experiment, the

efficiencies of phenol degradation at different

concentration of mercury ions after one

months of growth in 0, 3, or 10 pM HgCh

supplemented with O.IX LB were examined.

Pseudomonas sp. KM12TC grown for a month

and tested for phenol degradation efficiency as

described before.

The figure 4 shows that the phenol

degradation efficiency of Pseudomonas sp.

KM12TC in phenol • As/basal medium at 28t)

after specified growth time. Pseudomonas sp.

KM12TC grown for a month in the absence

of mercury or in the presence of subtoxic

amount of mercury took no longer than two

days to degrade about 95% of phenol.

Pseudomonas sp. KM12TC grown in 10 pM

HgCL failed to degrade any significant amount

of phenol (data not shown). But Pseudomonas

sp. KM12TC grown in 10 pM HgCla

supplemented with O.IX 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 O.IX 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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a. %-§-^V7l 4^71-4 ^

4;^ 80%oil4 71-^ %•

60% 0.1% HCl^ ^7}^ # 40% ^
^o^o] 7]-^ ^7]-4^4. 0.1%

citric acid# ^71-# 40% 7]-^ 4^## #

4 50-70%, 40% oll^# 4= 80%3. ^44. 4^o^4 #4 ##7l- 1-^14. 40% d\]

4#<^1 ^ ^##<^1 ^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.Al g (1-6), cfl# 4#4 113:4"^4
%-g-^v #4:4. # # 44 7I-4

##7f(7?i/6us coreanum)^ 5i'4 7}-#4#4 7)14*4 4-^4 4 4# 7]-§-

^4 Si-^4 4it4-§-i- ##471] 44 #4# ^ 4^71-44- ##xv 4444 4 20-25% 4
44 ^ #44 4-§- ^4 7]]4 7]-^# ##4 H4 -^##4 #7^4:ii 44. #4, 4#4 ^
4#^s. 4#44 4471- 4# a4. £#, 4 # 44 71147I 444:a
#7]- #401]# -^-714, 44#, #£4 ##4# ### #7^51-# f^iL#

44711 ^ 7J4#4 # ###7i-s. nil-4 #.9-44. 444.5-3. 4#4

4 # 44# 7]#4 -i-^o] ^-B-siol 44 4# ^ #5.4 7]-#2:4 ^ 7i#^;goil 44

- 85 -



^t}7} -yolul-HS. oil-

s>7i 7}^ ^ uj| ^-§-

5iM- yAfloii cflfv
^;5jl7l- 7jl7lS]^A-] Al]5.-g- ^«y<bj-§-Aljifi^ 711^

<^1 C)]?l- fe<='f^lJl ^4(7-10).

Anthocyanin-cr S.S., M-t"^

7n^7|-, ^H-^Jl^nj-fil- :y-^ B^bI #7]Sl 7^^

7]?!: ^ ^ojM- ^°1| -i-«^] 07H5>ji, pH«^l 4el-
^3§-oflAi^El :a.Sl-A^ ^ ^A^S]

^-g-A^ A^^sAi 7]-<y^]oii ^

anthocyanino] ^7)1

(11-13), ^ - 7}^^ €<y>aj:tS.A-l 3l31S] O]^

71-^] 71- Slcfn ^j2. Slcf. Anthcx:yanin

ajE}^, njuil^, jLi f-

^-^51^ ±«|A]-i:fil ^:££.7l-
^7}t\3L Slfe 4'y ^^<^1 si-Til ^asl

'H Sl7l nfl^cHl 2f«y^ihSl f-^3g71-71 as. oi

-§-£lal <^1^11 ^^71- o]v] ^SloilA-l

m ^<^14.

^-5- anti-inflammatory activities, redox

potentials, anticonvulsant activity, antioxidative

activity f-S] 71-^-g-o] ^t^7]
^A-] Ajj^^ ^ oj-qBl- 7l^Aj #^S.Ai ^

^ol ^C>\7]JL ojcf.

ttfel-Ai ^ "y^ollAife ^^7>Sl ^

•^^•i-(^^)^ %-§-sH ^

-i- 2i7}t}c^ ^<y ^-g- A^ihS. #-§-s1-aIAl- tlcf.

n. xHs s!

1. :^l|S

•& ^^°11 A]-^^ 711 2005^! Aj
•i-AHlAi ^51-SH ^-^71- ^711-

2.

-§-''l|<fl 51^ >5^:^ 4^# : ^^A^iS-Ai :t-§-
S>7l ^sflA-l .g-nll^ 1-21. oilll^A Al..g.sl-^^

^ -§-Dllsl 0, 10, 20, 30, 40, 60, 80 ^
95%o1^c1.(12). clnil 4^a> w}-^^

10%®ll Al-A}-sl -§-nM- %^7l-5>al 301C, 12Aiy:

<y: shakingtl ^ <=i4s><y oIo^a ^.^sf^cl-.

^ ^7l-s|l Aq^ : -ys-Aloi-iyTil

s:41- ^<="171 ^1^11 pH7l-

4d^tl- M-El-til^ Aji^oi oi^g-si-

•=*1 HCl, ascorbic acid^ -n-7l44-(acetic acid,

citric acid, lactic acid, tartaric acid, phosphoric

acid) 1-21- 40% o.l% ^71-

^ ^ ^-^Al yl-l: ^#s>^i:f(14).

^^Tj- Ml^oH nq-s : ^oi
JL^Ajol .g-nqi- Al..g.S>ol

Wl^'^1 Cll^l SAfsl-^Cf. oH
4^Al- ^^5, 10, 15 ^ 20%S. ^

^#^5. 30lCiAi l2Aiy: •i-<y:

shakings>cxl -^^-sl-^nl-.

4€- : -§-°ll^l ^-^aV «v

10%# ^7i-5i-<y 301C, i2Aiy: -g-y-

y ^ 'd-y y# A^4i# yy aus.-# -§-1^11# a).

-g-sH 3S1 yy . y^si-oi yojj^

yy.

3. pH. il£ 'U

y 2:yoiiAi yy# ^##si 71-g-Aj

^###(13)<^1 #SH 331 yy

y Aiay ciiy y#^(%)o.s. y-Ei-tiiyci-.

pH# pH meterCMetrohm 691, Swiss)S. -^a^
yy.2.y ys.# ^^^HtIKNI Atago Co.,

Japan)# AV^g-^H ### O.IN

NaOH •%-^A^s. f^si-y^yy #

yyyy.

4. # 511^

Aj ^##y 511 s-A^ -i-y #^-cr Ameriney

oughy yy(i5)y «ia^ A^^^i-ycf.

#, ^### lOOMH 31^1# y«2q 5mL Folin-

ciocalteu Aiy 5mL# 7f^y 3# 4-

10% Na2C03 5mL# ^y #yyjl lyy- ^-8:

yA-1 TOOnm^A-l #3j.£.g. ^7^51-^4.
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5. sd Hunter's color value §1

-^#-1-# UV-spectrophotometer
(Shimadzu UV-1601PC, Japan)^ 520
nm<^l'<--| 32) H-e)-l))$Jad|,
Hunter's color value-fe- UV-spectrophotometer
(Shimadzu UV-1601PC, Japan)!- <=>]-§-sfc*) L
(lightness), a (redness), b (yellowness) #

4-4 ^±s] s)^
H-g- ^o\] 2)^ ^]!-5]-^4(16). 4!-4 ^

:fc!- 3.^ ^±3. H-E)-l5flH-.

43)
^± 21^^(%) = X 100

^^2) ^^)

lOtiH^ 3)^11 cf^
plate count agar(Difco, USA)! ^}-§-5)-<4 100

fd ^ 37TC, 484^^ H|)<y=«v ^
€ 4^5-i-2) 71)^^ 1 mL ^
colony forming unit (CPU)! 4^^)-^4. 4^

desoxycholate lactose agar(Difco, USA)
1- 1 niL! petri
dishofl "43. Ml)4! ^ ^!3)-5)-o^ -g-ji
^]f]JL f^-fMD4f. :^o] 7]) 3010
ol)A) «I1®J=s|-o)

5)-^ 4.

ID m SI

1. cHtl

!-g-A)- o)-§-! ^± ^A)

411-! ^£.<4 4€- -yjih 80% <>114
!4^i 44i^£ 9.51S. 71-Aj. 1-
•i-2) ^± 2.575. 7)-Aj- ;g«j:.|.

4(Table 1). 44! !£4 cfl! 4
4! 444 47)-5)-4£4 95% 44
-i-44! 7.695. ^±^37} !44^ 4
444. Kim •§•(16)4 5.£4 A)-4ji^a].o] ^

i-A!

#!-^d44-b 44!5.4 !-44 ^#Jl2)-7)- ^
44ai 444 ^444 444 44! 5^4.

£4 anthocyanin4 44;4 •n-JL'§!4 4! ^
£5 444 4 ^!!4 44 ! 4! 44!

!44^4. 44! 444 !!^! ! sl)!4
4! !7l-447f 60% 44!44-^4 44:4!
^44Si£4 205.4 mg%4 40% 44! ^#21}
4 444 Af4 !! ^£5 44^514.

Table 1. Extraction pigment concentration and total

phenols by ethanol concentration in Rubus

coreanum peel

Ethanol conc.

(%)

Pigment conc.

(nm)

Total phenols

(mg%)

0 2.57 78.74

10 3.07 96.98

20 4.10 125.3

30 5.11 155.8

40 7.53 205.4

60 8.39 195.8

80 9.51 190.7

95 7.69 133.6

2. 4#

•^4!5. 4'^J4! !!a)- 44

4^47) 4«ll 0.1%2) 4^ 47f44 ^ •!4!

445.S1-4. 0.1% HQ! ^71-4 !
^#21)4 40% o|l4-|. ^#<5^4 44 34.36

4 36.125. 7}^^ ^9}:3 ! ^^7)-
T^7f, 40% 44! 4"!*^44! 0.1% ascorbic

acid! 47)-4 ;g! 3.014 10.60£5. 7}^^ 4$);

4. 442) 44! ! -§-(17)4 5.ai4 ££-^4
1-4 44 «fl 0.1% HQ4 7)-Aj- ^7i) ^
#2)5f4! 444 !44 ^«d=£5 4444
(Table 2). ! sfl! 444 ^! !

0.1% HQ44 165.32 mg%, 40% 44!! 0.1%

ascorbic acid®!)4 294.00 mg%5. !?!) 444aL

! ^#2^4 £! ^71-^^4 40% ®i)4!
4®1)4 #4! 44®) !?!) 4444. 4
®^ofl cii^ Hunter's color value! Table 3®!)^)

5.! 44 4®) 4! ^71-4 ! ^#4!
!£7|- !!^^ 47), ^^3 ^ a..^7)-

^®)-4! Kim !(18)4 45^4 !4
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Table 2. Extraction pigment concentration and total

phenols by acids species in Rubus

coreanum peel

Acids
Pigment conc. Total phenols

Control 3.01 79.74

Ascorbic 3.25 141.46

Acetic 3.33 67.80

Water Citric 4.40 73.30

Lactic 4.42 68.46

Phosphoric 13.46 96.44

Hydrochloric 34.36 165.32

Control 11.32 255.08

Ascorbic 10.60 294.00

Ethanol

40%

Acetic

Citric

11.42

16.53

203.80

199.70

Lactic 16.65 189.32

Phosphoric 23.23 180.70

Hydrochloric 36.12 213.6

Table 3. Hunter's color value for acid species of

extraction solution from Rubus coreanum

Hunter's color value
Acids

L a b

Control 27.93 56.87 18.94

Ascorbic 29.75 59.11 19.84

Acetic 30.03 59.38 20.50

Water Citric 28.64 59.06 19.74

Lactic 28.61 59.21 19.84

Phosphoric 21.05 53.27 14.68

Hydrochloric 15.53 42.45 10.81

Control 18.12 47.32 12.57

Ascorbic 19.89 50.64 13.02

Acetic 20.17 51.36 13.97
Ethanol

40%
Citric 18.52 48.40 12.90

Lactic 18.03 47.27 12.56

Phosphoric 20.60 53.21 14.36

Hydrochloric 20.20 52.^ 14.09

-S." X\ U|#Oi| of#

#4 40% 0.1% citric acidl-

^ •¥-%^7l-^2|-

'L> ^d7}-^ollA^ a.^ H]. -7|.

sl-fe A]^

s. (Table 4).

Table 4. Characteristics of quality for solvent and

ratio of Rubus coreanum peel

Peel Pigment Pigment Total Total
content content content phenols phenols^g

(%) (nm) (g) (mg%) (mg%)

5 1.33 0.266 47.44 9.49

Cont 10 2.34 0.234 71.04 7.10

rol 20 2.65 0.132 78.70 3.93

Wat 30 2.93 0.098 80.96 2.70

er

0.1%

citric

acid

5

10

1.86

2.77

0.372

0.277

48.64

65.58

9.73

6.56

20 3.37 0.168 78.48 3.92

30 4.24 0.141 96.52 3.22

5 2.42 0.484 108.38 21.67

Cont 10 6.68 0.668 169.86 16.99

rol 20 14.54 0.727 308.00 15.40

Etha 30 18.10 0.603 358.00 11.93

-nol

40%
0.1%

citric

acid

5

10

20

6.36

11.28

19.64

1.272

1.128

0.982

113.32

186.02

298.40

22.66

18.60

14.92

30 26.83 0.894 386.20 12.87

or ^^2] Hl^ol m-cii ^±n

A]^ goi] c)]^ xq

AlS-Ofl ^

-B-€ ^±7} 1-a} 2.^ ^#^A)

M- ^ ^^<^1 ^711

i4B]-id:4. at!- # Bil^ -^A).

4. LAd

-^-^A]- Ol^g-tV ^2! T-S-;

Ai ^ Table 5^1- 6^11 M*



^± ^-f

0.1% citric acid-i" ^7]-si 40% ®il ?!•#<=']

# ^711 l4Hl-^.ODj ^t\ 0.1%

citric acid# ^71*^ 40% "i)^•i:'̂ )'*>1 13.42S. 7}

^ -i- ^ 4H1) o]^

O.S. cfltl 3]^^-i- #311

1^ 50-70% o]

# ^ol] U)«fl 40% 6\]^^

80% 2)^^61 0.1% citric

acid# ^7)-# 1- ;^l]i2]# cf# ^^oi]

221 ^#S. 90% o]#o^ 2)^## ^

^4. # 311# «]«ll # ^#

^4 40% oD## ^#"2^5] 2|^#S] ;^>o]

7f ^^0.0] 1-4 40% oil 4#^ #^71-^

4 0.1% citric acid ^71-^ #4 #sy=4 4*^1•£•

^^1 44ld:4. 5E# # 311^# 2}-##4 31^#

1- ^#®-il4 ^-T- IS) ^#<^14 60%o]#

M-El-!d:^4 221, 321 ^#44

4^^4, 40% oil### 221 ^#5. 90% oi#

^ 21^## <^1- ^ $1514. 7l-§-# ji'^# #•

0.37~0.76g.os a.# ^#0114 Dl^-^S.

4#4 ^4-5. #ii4 40% oll##

S. ^#4^# ##7> -^##(4)oil ##4

4 ^ ^ #4 ^##ol
#ov f-^oi 4:^## <a# ^ SI# ^

.5.3. 45.44.

Table 5. Characteristics of quality by extraction frequency for solvent

Pigment content (nm) Pigment recovery rate (%)

Extraction frequency

1st 2nd 3rd Total 1st 2nd 3rd Total

Control 2.34 0.59 0.27 3.20 73.13 18.44 8.43 100

Water
0.1% citric

acid
2.77 1.46 0.85 5.08 54.53 28.74 16.73 100

Ethanol
Control 6.68 0.58 0.25 7.51 88.95 7.72 3.33 100

40% 0.1%

citric acid
11.28 1.51 0.63 13.42 84.05 11.25 4.70 100

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

Water

Extraction frequency

.T, . . . , Total phenols recovery rate ,.j
Total phenols (mg%) Soluble solid contents (%)

\/o)

1st 2nd 3rd Total 1st 2nd 3rd Total 1st 2nd 3rd Total

Control 71.04 25.34 14.78 111.16 63.91 22.80 13.29 100 0.326 0.050 trace 100.326

0.1%

citric acid
65.58 25.22 13.32 104.12 62.99 24.22 12.79 100 0.406 0.142 trace 100.406

Control 169.86 31.00 17.76 218.62 77.70 14.18 8.12 100 0.290 0.144 trace 100.29
Ethanol

40% 0.1%

citric acid
186.02 29.78 13.37 229.17 81.17 13.00 5.83 100 0.628 0.132 trace 0.760
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Wederivea newkindof recursionrelationto obtain the one*particle-irreducible Feynmandiagramsfor

theeffecdve action. Byusing thismethod, wehaveobtained the graphical representation of the four-loop
effective action in thecaseof thegeneral bosonic field theory which hasvertices higherthanthe four-point
vertex.
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1. INTRODUCTION

In quantum field theoiy, 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 obtained
fromthe IPI vacuumdiagrams with thegeneralizedpropa
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 systematicapproachto
obtain the recursive generation of the connected and the
IPI Feynman diagrams of the multicomponent 0'^-theory,
QED and the scalar QEDwas proposedby using the func
tional integral identity / D4>^F[<I>] = 0 [5-11]. 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 IPI Feymnan 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 vertexand obtainthegraphicalrepresentation of
the four-loop effective action. In Sec. in, we give some
discussions and conclusions.

n. A NEW RECURSION RELATION FOR THE
FEYNMAN DIAGRAMS OF THE EFFECTTVE

ACTION

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

5[1>] - (1)

where the interaction S'"[<I>] 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

PACS numbers: ll.lS.Bt. lZ3&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 jcand the
internal index I,

d^xJiix)^i{x). (2)

The generating functional for the Green functional V7[J'\ is
given by the functional integral

expj-iw[/]j =jD<I)expj-i(S(<I>) - (3)
Here fr is an expansion parameter and we will put h = 1 at
final stage. The effective action r[0] is defined by the
Legendre transformation of the Green functional W[y] as

r[^] = vn/]-^0A. (4)

where

<t>A
SW[f\

SJa '
(5)

By using (4) and (5), we can obtain the relation

and from (3) and (4), we can write

exp{-^r[0]|=j D<Dexp|-i(5(<I>) - - 0^))J.
(7)

By expanding the elective action r[0] around h as

r = X'̂ 'r">[<^], (8)
/-o

we can obtain the loopwise expansion of r[0] [IS]. Now
let us change the variable of the functional integral 4> —»

and expand S(4> + 0) as

5[<I> + 0] = 5[0]+ X ... ^A,. (9)
w-i •

where

1550-7998/2006/74{6)/067702(4) 067702-1 ® 2006 The American Physical Society
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S4>a, ''' ^4>as
(10)

Actually the vertex 5^,correqionds to one point in
space-time. By substituting (9) into (7), we can obtain
the first two terms of the effective action as

where

5[01 r<'>[0] =lTrInD-'. (II)

S<f>A84a
(12)

The higher order effective action r[0] is given by the IPI
vacuum diagrams with the propagator Z> and the vertices
Sa,...aM [2].

Now consider the functional identity

SJa S<t>c

d<f>c

From (6), we can obtain

8Ja _

84c ^4>A^i>c'

and from (3), (S), and (7) we obtain

SJg SJcSJb

/0<<»<*»c4>aexp[-i(S(<I»)-yA<I>A)h
/iJ<I»exp[-ii(5(«I»)-7^cl»j] j

^^AC ^^Ac) ^^^AC^

We have used the fact that depends on A~' only
through the Djj'j [see (11) and (12)] when n ^ 1 to obtain
the last line of the aboveequation.By using the identity

(13)

(14)

and

PHYSICAL REVIEW D 74, 067702 (2006)

(19)

so that

G = (-HD)' (20)

By substituting (18) and (20) into (17) and by multiplying
we obtain the recursion relation for the effective

action as

SDao
Dab =-Trj^^(-nD)'J"""(« 2: 2). (21)

where the notation [.. means the order ft" 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 ofthe operation i^Djis
is equal to multiplying each diagram in 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

o «r<2) ^
S4a^^b

*BA' (22)

The derivative with respect to 4 can act either to the
propagator which contains the term or to the
vertex Sa, ..x^[0] as

SO.

S4c =-(-w^L ~DapScpqDqb, (23)

SDEQ

8D2h SD,'PQ OLJpQ

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

-DapDcqj^. (16) and
OUpo

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

n. 08)

84c
c\.4>\^Ai...An (24)

In the graphical representation, a line represents the propa
gator £), and a n-point vertexhas the factor 5a,...a,- 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

(25)

067702-2
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For example. (23) can be expressed as

S0C
l^a = -[ lita-

Then we can obtain &om (11) and (18)

5D-'n'Ji = S!3l=i4-TV
SiPaS^b 2S<Pa

= 2^-DpqSaqb DgsSasp + DpqS^bpq] (27)

= y.-A^B +AB iQl.
By using (22), we can obtain

(26)

PHYSICAL REVIEW D 74, 067702 (2006)

= ——SaqrSbspD^DpqDhs + -^Sabpq DabDrq

-n© OO- (28)

In case of three-loopeffectiveaction F'^', (21) becomes

gr'3>

SDa
•Dab = (nS - n;,';£>penoi)OiM- (29)

can be obtained from by operating

The graphical representation of this operation to the dia
grams of is given by

, A B , AB

+-(B + A ) +- ^
A B

-J(B, +AiQQ) - ^(30^^ *j (30)

By substituting11^ '̂ and givenin into (29), we obtain and is given by

^"•=-s0©-seoo-s©o

^i^&)^iC)0O4cR)
-sdbo

f '̂W=-.iOOO- 55 © - i © - i ®0
-ho-he-heo^M&-

(31)

In the case of the four-loop effective action F '̂*', (21)
becomes

5F<'*>

SD'AB
2>«-(nS-2nSD,en<|i

+ nX)o,flnSjio„ni»)DM.
It is straightforward to obtain F '̂*' by following the same
steps as before. The result is

f(4) = r(^) + rwfl) + ^p(4)^ (33)

where 1^,^^ is the Feytunan diagrams ofthe four-loop 1PI
effective action obtained from the three and four-point
vertex and is the Feynman diagrams of the four-
loop 2PI effective action obtained from the higher vertices.

and F^'[^] have been reported previously
[10,12] and we have obtained a result which agrees with
the previous results exactly. AF '̂*\ which is the Feynman
diagrams of the four-loop IPI effective action obtained
from the higher vertices that were not reported previously.

(32)

m. 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 acdon. The IPI diagrams of the «^^-theory with only
three and four-point vertices agreed with previous results
and we have given the results for the IPI diagrams with the
higher vertices. The extension of the method we have used
in this paper to obtain the recursive generation of the IPI
effective action to the case of the 2PI and 4PI effective
action is in progress.
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