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Charged Pion Electroproduction
on Light Nuclei near the Threshold

Sadataka FURUI

Institute of physics, University of Tokyo,
Komaba, Meguro-Ku. Tokyo 153, Japan

Abstract : 7#* electroproductions from !2C, *0, °Be, "Li and ®Li leading to the low
lying states of corresponding daughter nuclei are analyzed in the distorted wave impulse
approximation. We compare the experimental data with results of various nuclear wave
functions and study qualitative features of the renormalization effects of the pion-produc-
tion vertices in nuclei. The angular distribution of pions produced from °Be shows

an enhancement of longitudinal spin-isospin modes which could have the same origin as

the renormalization of the induced pseudoscalar axial current vertex of nuclei.

§ 1. Introduction

In recent years, the subject of electro- and photo-production of pions from nuclei
has received considerable attention both from theoretical and experimental points of view!
Such experiments should shed light on nuclear effects such as core polarization and pion
exchange effects or renormalization of pion-production vertices in nuclei.

The renormalization effects at the threshold region of the pion photoproduction
have been studied by several authors especially by Rho and Ericson? In this case, the
Kroll-Ruderman theorem or the soft pion theorem allows us to take the production vertex
as the axial current vertex wbich consists of the Gamow-Teller operator and the induced
pseudo-scalar operator if the possible G-parity violating induced tensor operator is ignored.
Due to the nucleon-nucleon correlation, these pieces of the vertex are expected to receive
renormalization effects as was pointed out by Rho and Ohta-Wakamatsu® These renor-
malization effects have the same origin as that of 7z NN vertex in nuclear matter?
Consequently, the study of the Gamow-Teller coupling constant g, and the induced
pseudoscalar coupling constant g, of nuclei from [ -decay, u-capture, threshold pion

photoproduction and radiative pion capture data and the study of the 7z NN coupling
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constant g from pionic atom and elastic pion-nucleus scattering data have been per-
formed” In the case of the pion photo-production from nuclei above the threshold, the
soft pion approach should be modified greatly since the produced pion undergoes a
strong final-state interaction and the photo-production amplitude has an appreciable
energy dependence. The origin of the renormalization effect is, however, expected to be
similar.

We consider the transverse and longitudinal spin-isospin modes which contain the
0, spin flip operator and the o0, spin non-flip operator, respectively. The former
corresponds to the excitation through the Gamow-Teller operator and the latter through
the induced pseudoscalar operator at the soft pion limit. The longitudinal spin-isospin
mode can generate coherent virtual pion waves, and large renormalization effects can
show up due to the long range correlation. The effect is discussed by Bell and Llewe-

llyn Smith in their analysis of pion productions from nuclei by accelerator neutrino as

6)

e

the © shadow effect 7. When the pion energy is less than about 50MeV, the “ shadow
effect ” is, in fact, an enhancement in contrast to the (.33 ) resonance region and above,
where the effect is a strong suppression. The relation between the enhancement of the
induced pseudoscalar vertex and the property of pion field in nuclear matter such as
pion condensation was discussed by Rho!’

As in the case of other electromagnetic processes and weak processes of nuclei,
the dependence on nuclear wave functions or the core polarization and the configuration
mixing should also be taken into account. In the previous paper ( hereafter refered as
I ) we analyzed, using the modified equivalent photon approximation, the kinetic energy
spectra of pions produced from '2C and 'O [ref. 8 ). Dividing the cross section by
the number of the equivalent photons, we can obtain the angular distribution of the
pion photoproduction. Note that the pion electroproduction has advantages over the
radiative pion capture and the 4 -capture by this possibility of detecting the momentum
transfer dependence of the nuclear form factor. We can obtain information of the nuclear
wave functions different from that obtained from the electron scattering, since the transi-
tion operators are different. In I, we used simple, pure shell model wave functions with
normalization parameters adjusted from the electron scattering data. In this paper we
use more refined shell model wave functions and calculate the angular distribution of

pions produced by the equivalent photons.

The quantitative estimation of the renormalization effects in finite nuclei needs
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information of the isovector spin-spin correlation functions of the nuclei. We shall
postpone the quantitative estimation to a future study and try to see, in this paper, how
the distorted wave impulse approximation ( DWIA) can reproduce the experimental
data. From the systematic comparison of the data and the DWIA results, it will become
possible to extract the renormalization effect. If an_analogy of the soft pion results of
nuclear matter is allowed, we expect about 10 % reduction of the transverse spin-isospin
modes and an enhancement of the longitudinal spin-isospin modes by even a factor of
two or more’) We analyze the experimental results on the targeis '2C, 160, °Be, "Li,
5Li and % Al given by Shoda et al ™

In the sect.2, using the DWIA, we obtain the angular distribution of pions
produced by equivalent photons. The sect. 3.deals with the experimental data and the

comparison with the numerical results. Finally in sect. 4 we present a summary and

discussions.

§ 2. Pion production from nuclei by equivalent photons

In this section we obtain the angular distribution of the pions produced by the
equivalent photons that are emitted from the electron beams. In I, we already obtained
the kinetic energy spectrum of pions with the DWIA formalism. In order to obtain the
angular distribution, we need only to divide the cross section by the number of the
equivalent pI;otons and to multiply a kinematical factor.

In our model, the total cross section of the pion electroproduction is related to

the differential cross section of the photoproduction by

d%o,,

W(Qf(ﬂ,, 2,)), (2.1)

Oee’z ( Ep) =de,,d.Q,,N’( Ep, Ty, 22)
where E,, T, and £, are all in the laboratory system and denote the incident electron
energy, the pion kinetic energy and the pion production angle, respectively; Qjy is the

< peak condition”® and N° (E,, T,, £,)is the

e

photon momentum that satisfies the
number of equivaient photons whose explicit form is shown in I (eq. ( 2.3)).

The summation X, was introduced there since the averaging over the polarization of
the photon is taken into account in our N ( E,, T,, £,) through the averaging over
the spin of the electron, and the factor 1/2 there was to be cancelled.

Dalitz and Yennie derived the total cross section of electroproduction as,m
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o CEn) = [aQN CE, 0 [ae. 8% (g, (2.2)

where the explicit form of the N ( E,, Q¢ ) is shown in I (eq. ( 2.40* Shoda
et al. extended this formula to the differential cross section and calculated the electro-
production cross section as the photoproduction differential cross section multiplied with
the N(E,, Q¢)°""). There is a discrepancy of about a factor of two between their
N(E,, Q) and our N' (E,, T,, £ ). It is attributed to the assumption on the
nuclear current <J2> oc Q% adopted by Dalitz and Yennie which is correct for the
eleciroexcitation of the nucleus but not for the electroproduction!®  Using their data

of the electroproduction from H, Shoda et al showed that the experimental results are

' if the equivalent photon

" consistent with the photoproduction data of Adamovich et al.
number N ( E,, Q; ) is used. The result with our N"(E,, T,, £,) is worse than
theirs. In virtue of the small production angle, the Kroll-Ruderman term was adopted
for the photoproduction amplitude. There is an ambiguity in subtraction of the back-
ground which we assumed to be (.3 X 10" b /sr- MeV, and of the contribution of
the bremsstrahlung photons produced in the target of LiH which is expected to be of
the order of 10%.

If the Kroll-Ruderman term is adopted, the pion photoproduction cross section of

a nucleus of spin J; is given in the plane wave impulse approximation ( PWIA) as,

lQl do _ a V28 ’ 1 2
k| de 2C25+ DN 201+ m./0p) <JlIBie) /el 5> 6] (2:9)

where o =e2/4m=1,137, g =13.6 and 7_, is the spherical component of the isospin
operator. The masses of the pion, nucleon and the nucleus are denoted by m,, M and
M, respectively, (¢,) is the distortion factor of the pion and Z‘,’l (q) is the fourier

transform of the operator

1

lq|

2’1 (x) =-i (FPXM(x)]) -0

As we showed in I, the model can be extended so as to use DWIA and the energy

dependent photoproduction vertex.

*In the eq. ( 2.4) of I, o1 should be omitted.
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In the case of %O and !2C, we use the Tamm-Dancoff approximation ( TDA)
and the random phase approximation ( RPA) wave functions for the nuclear form factor.
For 'O, we consider the core deformation by including the two-particle two-hole

(2p2h ) components,

210

107> =a,|0p0h > + a5 (0l )" ™77 7° (0P "> +a,| (157,00 0Py (2.4)
With TDA, the wave function of the final nucleus is given by,
|Jo:Tome > = SXaal Gada) Joo Teomrg >, (25)

The term [ )2 in eq. ( 2.3 ) is then replaced by °

{2¢

1
y25(
2:2% momi\ydz 2M (14+m, /M)

2
) | S (@ tas Sag,ay,,/ 65058 n, 05, 12

Pie

X Xpadm Zl’L '(°I+6I)f R, (7)7,(Qr)——— ¢,(kr) Ry, (r)r¥drY, - (k)

s LY s [ VE
><L217< OO>JafA ro 1 exp (021 Q—kI*/4A)
0 L, 1/2 Ja

AV I N L 1 iemea( T 1K
i (5 )MV (§ G D) (o utl)

xﬁ( . )(—wf e | (/=v2]+1 3, - (2.6)

'-mTf -1 mT

where 84 a =1 if A=A and a =a’, and 0 otherwise.'® 16) The phase convention for
N

the nuclear wave function agrees with that of Gillet and VinhMau'"’and is different from

that of Rho and Green!®
In the case of the other light nuclei, we use the intermediate coupling p-shell

wave functions. We write the initial state as

| Sy Ty moy, > =2 Xa | (LaSO T, Tiy 1> (2.7)
and the final state as

| Ji, Te,mze > =S Xo | (LaSs) 5, Tt, Mz > (2.8)



The term [ )% in eq. ( 2.3) is then replaced by,

1 VZg
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(2.9)
where n is the number of the p-shell nucleons and [ cfp ) is the coefficient of the
fractional parentage.lg)

The extension of egs. ( 2.6) and ( 2.9) to use the general photoproduction
amplitudes which allow the excitation of the longitudinal spin-isospin modes is the same

as that of I The distorted wave of the pion is calculated by use of an optical potential

analogous to that of Thies with the parameter of the Lorentz-Lorenz effect & =1°

§ 3. Comparison with experimental data

In this section we show the numerical results of the angular distribution of pions
produced from !2C, %0, °Be, "Li and °Li by the equivalent photons. Shoda et al.
obtained the differential cross section leading to individual low lying states by dividing
the yield of pions near the tip of the kinetic energy spectrum by the number of the
equivalent photons in the same region. When the productions at 0° and 180° are com-
pared, in the present experiments, the kinetic energy of the pions varies by the amount
of 36MeV, the exact value depending on the target. In our DWIA analysis, we fix the
energy of pions and obtain the corresponding photon energy from the kinematics that

¢

satisfies the “ peak condition”.”’ Since the photoproduction amplitude does not change

drastically by a small change in the photon energy, this approximation is sufficient for
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our purpose.
In order to compare with the PWIA analysis with the Heim model wave function,'®
we also performed the PWIA analysis with the shell model wave functions. We took the
pion energy at the tip of the kinetic energy spectrum, but did not perform the angular
transformation from the photon-nucleon center of momentum ( CM) system to the photon-
nucleus CM system since the transformation was not done in the Helm model.
We describe the results separately for each nuclei in the following part of this

section. The incident electron energy and the kinetic energy of the pion chosen for the

DWIA analysis are shown in the parentheses.

3.1 2C (E,=195MeV, T, = 35 MeV )

We consider transitions to the 1* ( gnd ) and ‘the 2+ (0.94MeV ) states of !2B.
The PWIA results with the Helm model®’ by Shoda et al. ) gives the cross section
for the 1* state by about a factor of two larger than the experimental values, but as we
discussed in I, their estimate of the number of equivalent photons is off by about a
factor of two. The pure shell model wave function gives the cross section of the electron
scattering to the isobaric analog state by about a factor of five larger than the experiment,
and so with the same philosophy as the Helm model, the cross section multiplied with
a factor of 1/5 was shown in I. We expect the disagreement at large angles come from
the simplicit}; of the nuclear wave function, and we calculate with the Gillet-VinhMau

' The former wave func-

( G.V.) wave function'’ and Boyarkina (B) wave functior:
tions were tested in g-capture and radiative pion captux;e and give the capture rates about—
a factor of five larger than the experimental data” In the PWIA analysis, we found that
their TDA and RPA do not show large differences in the angular distributions and in

the DWIA analysis we used the TDA. We took the oscillator parameter b =1.64fm.

The DWIA result with the G.V. is shown in Fig.1. With the Boyarkina’s interme-
diate coupling shell model wave function, the forward peak from the 1 state decreases and
the agreement with the data is better than G.V. for which the factor 1/5 is necessary.

In Fig.2 we show the sum of contributions from the 1* and the 2% states calculated in
PWIA denoted by Helm and G. V.p, and that calculated in DWIA denoted by G. V.d and
B.d. Different from Fig. 1, the results with the G. V. are not multiplied by the factor

of 1/5. The experimental values are taken from ref. 9, but multiplied by a factor of 2.5

that is the ratio of Shoda et al's N(E,, Q) and our N (E,, T,, £, ).



90° is

smaller than the. data by about a factor of two,

Although the cross section near

the Boyarkina wave function gives relatively
good overall agreement with the data. The
first peak of the transverse form factor for the
isobaric analog of the 1+ state is reproduced

' So we

relatively well by this wave functior.
do not expect drastic changes from the results
of the Boyarkina wave function.

As far as the vertex renormalization is
concerned, the (-caputure rate of the 0*—1*
- transition shows g;”/gp =1.2+0.5(ref. 24),
which favours the enhancement due to the
The contribution of the

“ shadow effect ”.

longitudinal spin-isospin mode in our case is

small, however, and we do not expect a large -

correction from the renormalization effect.
Shoda et al. discussed the excitations of
higher levels” In Fig. 9a we show the kinetic
energy spectrum of pions at 50° calculated in
PWIA with the G. V. wave functions. For the
lowest 1% state, the factor of 1/5 is multiplied.

Since the level energies are taken from the

model, the thresholds do not agree with the experiment, but the overall agreement is good.

3.2 190 (E, = 200MeV, T, =45MeV )

27

ey, M2
B E;¥I95MeV

-0 EY 60 90 120 150 80"
Fig.1 The angular distribution of
7+ photoproduction from !2C calcu-
lated in DWIA with the G.V. wave
function. A factor of 1/5 is
multiplied.

ub
st

(7.7 e
£, 2194MeV

161

9 Tgna)
o Z03Men)

° 30 &0 90 120 150 Lt
Fig. 2 The angular distribution of
n* photoproduction from *2C calcu-
lated in PWIA and in DWIA. The
sum of the contributions from the
1* and 2% states are shown for
the theoretical values.

We consider transitions to the 27 ( gnd ), 0~ (0.12MeV), 3~ (0.30 MeV ) and

1-( 0.40 MeV) states of *N. Shoda et al'” analyzed their data with the Helm model.

Devanathan et al”® calculated the total cross section of pion photoproduction in the

PWIA using the RPA wave function of G. v

With the volume production model®’

and Migdal model wave function of Rho

the cross section for 200MeV photons calculated

with the RPA is about a factor of 3.3 larger than the experimental data and the cross

section calculated with the Migdal model is by about a factor of 1.6 larger than the
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data. The pure shell model wave function gives the cross section of the electron scatter-
ing to the isobaric analog state by about a factor of three larger than the data and the
electroproduction cross section multiplied with a factor of 1/3 was shown in I. We
improve the model by using the G.V. wave function, the Rho wave function and the
Green-Rho wave function. As in the case of 2C, we did not observe a large difference
in the results of TDA and RPA of the G.V. by use of PWIA. We thus adopted the
TDA for the DWIA analysis.

Figure 3a shows the DWIA results with the G.V. wave functions. Taking into
account the fact that the wave functions yields the g-capture rate by about a factor of
two larger than the experimental dataf?) we multiply a factor of 1/2 here. The solid

line is the sum of the contributions from the 0~,  1~, 2~ and 3~ states which is to be

compared with the experimental data. ‘ At

%7, 7 VN
£y =200MeV

The Migdal model wave function of Rho
suppresses the contribution of the 27 state and
reproduces the p-capture rate, which is domi-
nated by the 2~ and 1~ states, well. The result
with this wave function is shown in Fig. 3b.

We took b=1.75fm for both Rho and G. V.

The dip of the 0~ and the ]~ state contributions

are close to each other, because the main config- f) » 60 90 0 0 L
. . Fig. 3a The angular distribution of
uration is assumed to be 1s,,, Op,, for both 7+ photoproduction from '*O calcu-

lated in DWIA with the G.V. wave

states. )
function. A factor of 1/2 is
The above wave functions are restricted multiplied.
to 1plh excitations. Walker'® and Green and i
u 160(7'Tf)|SN
Rho® included 2p2h components in the core Ey200MeV

of 160Q. The result with the Green and Rho’s
parametrization of the combination HJB and
BGK'® is not so different from the result of
the Rho wave function.

In Fig. 4 the sum of the contributions

from the four states calculated in the PWIA

Ll
HY
i

denoted by Helm, G.V.p and Rho.p and that 0 © & 80 120 150 18d
Fig. 3b The DWIA result with the

Rho wave function.

calculated in the DWIA denoted by G.V.d and
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Rho.d are shown. The experimental points are taken from ref. 10 multiplied with a
factor of three, which is due to the difference of the number of equivalent photons and

the correction from the contribution of the bremsstrahlung photons. The contribution of

the 3~ state is larger than the experimental data. u
The derivation of the vertex renormali-

zation effect from the pg-capture rate is contro-

. 128 .
versial?? In our case, the correction from the

renormalization of the longitudinal spin-isospin
. . N R ) \\\ Hel
modes is expected to be small since the effect 10 O(g‘:;oéw RO
is small for the dominant 2~ state. i
o2(gnd)
0(Q12MeV)
31030 - )
B 7030 )
85
3.3 °Be ( E, =200 MeV, T = 40 MeV ) T T
F o Fig. 4 The angular distribution of
The spin parity of the ground state of n* photoproduction from !*O calcu-

lated in PWIA and DWIA. The sum
of the contributions from the 27,
transitions between the two states contain MI, 0, 3~ and the 1~ states is shown.

°Be and °Li are both 3/2” and the spin-flip

E2 and M3 components. The energy difference between the first excited state and the
ground state of °Li is about 2.7MeV and so the contribution of the ground state can
be separated from the other states without ambiguity. We calculate the cross section
using the intermediate-coupling shell model wave functions of Barker (Ba y*" and Boya-

3)

rkina® The former wave function reproduces the fi-value of the f-decay and the cross

section of the electron scattering to the isobaric analog state well ¥

In Fig. 5 the results of the DWIA with the Barker wave function are shown.
We took b =1.72fm. There is a remarkable enhancement in the M1 and M3 components
of the DWIA results around 90° —120° due to the longitudinal spin-isospin mode. The
contribution is 0 at 0° and 180°.

In Fig. 6 we show the PWIA results denoted by Ba.p and B.p and the DWIA
result denoted by Ba.d. A result similar to our B.p was shown by Nakahara''' The

experimental data are taken from ref.11. They are multiplied by a factor of 2.5 due

to the difference of the number of equivalent photons.
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As for the renormalization effect, Ericson . . ;
s

obtained the correction in the 7NN L 9ge(7, 7)0Li
E, =198 MeV

et al®

coupling constant, g*fg= 7 = 0.9 by apply-
ing the Goldberger-Miyazawa-Oehme sum rule®™ ¢
to the pion-°Be scattering. It was also shown

that the © shadow effect” is in fact an enhance-

ment below about 50 MeV. Using the fact the 102} e T e _
s SN Mt
renormalization of g and g, are essentially the ,f:,’
iy
same, we expect about 10 % reduction of the ,’,/
I
transverse spin-isospin mode. The experimental 7 . . .
0 0 6 50 120 150 180

data shows an enhancement around 120°. .
o Fig. 5 The angular distribution
The enhancement of the longitudinal spin-isospin “of 1t photoproduction from 9Be
mode due to the coherent virtual pion exchange calculated :'n DWIA with Barker
wave function.

in the nucleus is the most natural possibility

to explain the enhancement. For the quantita- ;‘—‘,’
9Be(7, m)%Li
tive analysis, it is necessary to transform the £, 2198 MeV
coordinate system in which z //Q; to the
system in which 2z //q=Q;— k. We present !
+

a detailed discussion of this problem in a later

publication.
10'f

3.4 'Li (E,=200MeV, T, = 38 MeV )

The spin parity of the ground state of ~:::__§§s'_
7Liis 3/27. The ground state of "He is 0% ]
unbound with respect to He +n by 0.4 £0.33
MeV and the width is less than 0.2 MeV™
We assume the state to be an exact isobaric 0 ) 62 30 120 50 180
analog parent of the first 3/27 T=3/2 Fig. 6 The angular distribution
state of 7Li which exists 11.1MeV above the of w* photoproduction from °Be

calculated in PWIA and in DWIA.
ground state. We use Barker wave functionz,g)

which gives the matrix element of the Gamow-Teller transition less than 1/8 of the
corresponding value of °Be. The transition is dominated by E 2 and M3.

Due to the accidental cancellation the DWIA result of the angular distribution
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is larger than the PWIA result by about a factor of 2.5 at angles larger than 50° and

comparablé at 0° The DWIA result with b= 1.72fm is shown in Fig. 7. In Fig. 9b

the kinetic energy spectrumm of pions produced at 50° is shown. The solid line is

the PWIA result with Barker wave functions multiplied with a factor of 2.5.

Whether the. enhancement of the longi-
tudinal spin-isospin mode occurs in this

nucleus is an interesting problem.

3.5, °Li (E,=180MeV, K T, = 28 MeV )
The spin parity of the ground states
of 6Li and ®He are 1*and 0% respectively.
We calculate the cross section using the
Barker wave functions®” (Ba ), the harmon-
ic oscillator wave functions of Donnelly
and Walecka (STAN-HO)&” and those of
Saskachewan ( SASK-A,B)®. The Barker
wave function reproduce the ft-value of the
pB-decay. Both the STAN-HO and the
SASK-A, B reproduce the electron scattering
to the isobaric analog of the (' state well,
but the L =1 configulation in the 07 state
is about 0% for the STAN-HO and SASK-
B and about 26% for the SASK-A. The
p-capture, radiative pion capture and the
threshold pion photoproduction data favour
the SASK-A wave function.’

In Fig. 8 the DWIA results of Barker
wave function ( Ba.d ) and of SASK-A
(SASK.d) are compared. We took b= 203
fm, the value for the STAN-HO, for Ba.d
and b=2.19fm for SASK. d.

In Fig. 9c we show the kinetic energy

spectrum of pions produced at 60°and 30°

o . - r ;
Ssr

(7, ™ He
E,2200MeV

107

120

Fig. 7 The angular distribution of
7+ photoproduction from "Li calcu-
lated in DWIA with the Barker
wave function.

ub
ST

8Li(7, 1" %He
E, 2200MeV

0 30 70 %0 B0
Fig. 8 The angular distribution of
n* photoproduction from 6Li calcu-
lated in DWIA with the Barker

wave function and the SASK-A

wave function.
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At these angles the contribution of the longitudinal spin-isospin mode becomes comparable
to that of the transverse mode. The relative magnitude of the results of Barker, SASK-A,

B and STAN-HO do not agree with that of the total cross section of the threshold pion

. 3
photoproduction. 4
The experimental data of the angular distribution are as yet preliminary and it is

premature to discuss the validity of the wave functions. The experimental result at 30°

seems to be much smaller than the theoretical values.

[ 6L
% 0sf C  E=1g0Mev
b3 9=60°
&
0
=S
o
Tk
Dl £ 0
S : b
-
Tre(MeV) 3"
‘o
- b L =
2 E=200MeV ,,blra
§ 05 9=50° ile
g
& Il
S } ‘
o
e o ) 3! .
0 3B 40 45 50
Trr(MeV) 0

Fig. 9a The kinetic energy spectrum of pion electroproduction from '2C
calculated in PWIA with the G.V. wave function. The contri-
bution of the 1+ state is multiplied by a factor of 1/5.

Fig. 9b The kinetic energy spectrum of z* electroproduction from "Li
calculated in PWIA with the Barker wave function. A factor
of 2.5 is multiplied for the theoretical values.

Fig. 9c The kinetic energy spectrum of =z* electroproduction from °Li
calculated in DWIA. The curves correspond to Barker,
—-—-—SASK-A, ——— SASK-B and ----— STAN-HO.

§ 4. Summary and discussion
In this paper we analyzed the angular distributions of 7z~ produced from 12C,1% 0,
9Be, 7Li and ®Li by 180- 200MeV electrons by employing the modified equivalent

photon approximation. We restricted the analysis to the low lying states but the model
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can-be extended to higher excited states. In Fig. 10 the PWIA result with the Gillet-
VinhMau wave functions are shown. In the case of !2C, the contribution of the 1*
state shown by the dotted line should be multiplied by a factor of 1/5 in order to
compare with the experiment. In the region higher than 15MeV from the ground
state of the daughter nuclei, we expect large contributions from positive parity states.

In the case of low lying levels of *N,

the agreement between theory and the exper- do (5upisrmen "0 dY (oM
dQdTr dQdTr

. . Gvp Gvp

iment is worse than that of ?B. The re- )

. 8d 180"
sult .did not change essentially by inclusion 1\—
2] 1
.16 -
of the 2p 2h components in '*O. The dis 1 =5 5
crepancy can be due to the defficiency of 1

the wave function of the 3~ state. 120

In the case of °Be, it is necessary to

9¢

enhance the longitudinal spin-isospin mode

to reproduce the experimental data. We
discussed that the coherent virtual pion
exchange in the nucleus can enhance the
mode through the same mechanism as the
renormalization of the induced pseudoscalar
vertex in nuclear matter. According to

Ohta-Wakamatsu® the renormalization of g
p

is reduction, but the main origin of the re- % AN 3”1”(Mc,\,-)
s -

duction comes from the pion decay vertex
Fig. 10a The kinetic energy spectrum

. 7)
in the nuclear matter as shown by Rho of pion electroproduction from 6O

and irrelevant for the pion photoproduction calculated in PWIA with the G. V.

wave functions.
above threshold. There are a few reasons Fig. 10b The PWIA result of '2C calcu-

to expect the manifestation of the renormal- lated with the G.V. wave functions.
The contribution of the 17 state is

ization effect in odd nuclei. First, in the shown by the dotted line.

pion self energy, there is an additional

contribution from NN ~! particle hole polarization which is absent in even nuclei at the
static limit. Second, the modes which have the same spin parity as a pion are dominant
at angles near 9(° for some odd nuclei and the effect is not masked by other contribu-

tions. The angular distribution of pion electroproduction from 7Li is desired for the
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check of our model.

The analysis can be extended to ?”Al. Preliminary data do not show a forward
peak and we do not expect large component of d,, d;,zz for the low lying states of 2" Mg.
In the case of ®Y measured by Shoda et al'’ bremsstrahlung in the target is
non-negligible and the analysis needs care. The shape of the bremsstrahlung spectrum at

the tip deviates from the Bethe-Heitler formula due to the distortion of the electron
wave’® Similar effect can occur in the spectrum of the equivalent photons. In the case
of light nuclei, however, we expect the correction to be small since the effect is impor-
tant in the region | p’'| /E» < &Z where p’ and E, are the momentum and the
energy of the final electron, respectively. At this region, it is necessary to consider the
shape of the wave packet of the electron, but we ignored it in the present analysis.

To summarize, the charged pion electroproduction near threshold is a powerful
tool for studying the nuclear structure especially those excited by the spin-flip operator,
and it compliments studies of electron scattering, radiative pion capture, f-decay and
‘p-capture as was typically shown in the case of °Li. Although the accuracy of the
experimental data is as yet insufficient for the detailed study, we expect a substantial
improvement in very near future.

As a future experiment, we propose a comparison of 7z* electroproduction and
7~ electroproduction from the same light nuclei. Although the latter is difficult due
to the backgr;)und of the electrons, useful information on the structure of mirror nu-

clei could be extracted from the mirror transitions.

The author thanks Profs. K. Yazaki, T. Terasawa, R.Seki, A. Arima and Dr.
M. Wakamatsu for stimulating discussion and suggestions. Thanks are also due to
Prof. K. Shoda,” K. Nakahara, H.Ohashi and M. Yamazaki for informative discussion and

supplying their data before publication.
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A Study of the *Ti(7r, p) Cross Section

M. N. Thompson, K. Shodal M. Sugawaraf J. I.Weise, T. Saito]
H. Tsubota!T H. Miyase:” T Tamae! H. Ohashjf T. Urano! T. Tanaka'
and M. Yamazaki'

TLabomtory of Nuclear Science, Tohoku University, Tomizawa, Sendar.
Physics Department, University of Melbourne, Parkville 3052, Australia
TTColl“ege of General Education, Tohoku University, Kawauchi, Sendai

§ 1. Introduction

As part of a program to study isospin and deformation effects in the giant
dipole resonance region of the f;, even-even nuclei, the proton cross section of *®Ti
was measured.

Previous measurments at Tohoku of the proton cross sections for this investiga-
tion have included *?Ca, ®2Cr (ref. 1), % Fe(ref. 2), * Ca(ref. 3) and *°Ti (ref. 4),
the corresponding ( 7, n) cross sections for * Ca(ref. 5), * Cr(ref. 6 ), preliminary
® T (ref. 7) and °Ti (ref. 8), and ° Fe(ref. 9) being obtained using the 35 MeV

Melbourne University Betatron.

§ 2. Experiment

The target consisted of a thin ( 5.02 mg/cm® ) foil enriched to 99.2% in “Ti.

A background using natural titanium which consists mainly of **Ti ( 73.9%) was
unnecessary owing to the high enrichment of the target.

The protons following electrodisintegration were analysed using a Browne-Buechner
type broad range magnetic spectrometer. Spectra were taken for electron energies
ranging from 14.6 MeV to 29 MeV in 200 keV intervals and by summing all protons
with energies above 3.4 MeV, a yield curve for the reaction *Ti (e, e'’p) was obtain—

ed. Five such yield curves were measured, the sum of which is shown in Figure 1.



44

72

58 [~

4.3 —

YIELD

. RELATIVE
T

00 = wrreerese peett

| | 1 I

14-0

200 230 26-0 29-0
ENERGY (MeV)

Fig. 1. Average of five yield curves.

§3 Alialysis and Discussion

The photoproton cross section can be obtained from this yield curve via the

variable bin Penfold- Liess methed'® using the virtual photon spectrum. The result

is shown in Fig. 2.
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Fig. 2. *®Ti( r, p)cross section. Average of all yield curves.
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The cross section is broad with a FWHM of 8 MeV. The centroid of the cross
section occurs at = 22 MeV. The statistics are good and two peaks, one at = 21
MeV and one at = 22.5 MeV, are well resolved.

According to El isospin selection rules the GDR state should be spljt into two
isospin states 7. and T-. The T state has the same isospin as the ground state,

-7
2

i.e. Ty= and the 7. state has isospin 7, + 1. Proton decay from the T. state

to the ground state and low lying states of the residual nucleus is Coulomb inhibited
by a substantial amount compared to the decay of the 7. state to these states.
Therefore, one might expect the (r, p) cross section to reflect largely the decay of
the 7. state. Neutron decay from the 7. state to the ground state and low lying
states on the other hand is isospin forbidden. Whereas neutron decay from the 7«
state is allowed so one might expect the ( 7, n) cross section to be representative of
the decay of the 7¢ state.

®Ti has ground state isospin T, =2 which according to Akyuz and Fallieros'!)
coressponds to a splitting of the 7. and 7 states by 3.75 MeV. The preliminary
(7, n) cross section of *Ti (ref. 7) is broad and flat. This may be due to a (7,
2n ) contribution feasible at excitations in excess of 20.5 MeV. The centroid of this
cross section appears to be at =19 MeV. The difference in energy between the cen-
troidsof the ( 7, n) and ( 7, p) cross section is = 3 MeV which compares favourably
with that predicted by Akyuz and Fallieros.

It should be remembered that in the (7, n ) and (7, p) cross sections both
isospin components are present. Before a more meaningful comparison is made
between theory and experiment, the two isospin components must be separated out.

Such a program is currently under way.
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£ (SSD ), ZOMOEEFEZRLFEFHEZHOI

5 1K 40 MeV OEFHE T Fe
0N, %Zn, PZr OEMEREH L %1% Parameters of the targets.
7o, &N G aRiFDOT RV

Target Abundance Thickness (mg/cm?)

Fe R FINTDHD, ERF (%) (r, a) (r o)
. - . S2Cr 99 4.98
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Density Effect in K-shell Ionization by
Ultrarelativistic Electrons

M. Kamiya, K. Ishii,] Y. Kinefuchi, H.Endo, S.Morita,
K. Seral and M. Oyamadaﬂr

Department of Physics, Faculty of Science, Tohoku University
TCycloz‘ron and Radioisotope Center, Tohoku University
TTLabomz‘ory of Nuclear Science, Faculty of Science, Tohoku University

§ 1. Introduction

As was described a previous report!’ in order to detect the density effect in
innershell ionization, which has theoretically been expected, from accurate absolute
ionization cross section measurements, some difficulties are expected from big uncertain-
ties in-absorption corrections and detection efficiencies for lower x-ray energy and it
would be much effective to measure the energy dependence of cross section or relative
change of the cross section with incident energy.

The impact parameter contributing mainly to innershell ionization is comparable
to the atomic radius and the contribution decreases as the impact parameter becomes
larger. However, the increase in the cross section in very high incident energy region
comes from collisions of large impact parameter and the density effect is expected
to be more easily observed in the change of the cross section than in the absolute

cross section itself.

§2. Results and Discussion

Experimental details have already been described in the previous report except
that a proportional counter was used as the x-ray detector. Here, K-shell ionization
cross sections of C, Na, Mg, Al and Cl have been measured at electron energies of
70 and 230 MeV. A typical spectrum obtained is shown in Fig. 1. Targets of C, Mg
and Al are self-supporting and the target of NaCl was prepared by vacuum evapora-
tion on a Mylar foil. Except C, for which the absolute cross section was not obtain-
ed, overall experimental errors of the ionization cross sections are estimated to be

20 % and the relative errors are to be 3—6%.
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Fig. 1. (a) Mg K x-ray spectrum obtained

at E. = 230 MeV.

In Fig 2, the experimental cross
sections are compared with predictions
from the revised Kolbenstvedt theory
and it is found that the experimental
values for Na and Mg are 70 % of
the theoretical ones and 90 % for Al
and CI.

an increase of 15 % in the cross

Though the theory predicts

section for an increase in the electron
energy from :70 to 230 MeV, all the

experimental cross sections, except
those for Al,show increase of only

a few percent, as is shown in Fig 3.
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(b) Same as in (a) except for NaCl.
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Fig 2. K-shell ionization cross sections are

compared with predictions from the
revised Kolbenstvedt theory.

Fig 4 shows the intensity ratio Na Cl obtained with a NaCl target. Though the

theory predicts almost the same value of the ratios at the two bombarding energies,

the experimental value for the ratio at 230 MeV is clearly less than that at

70 MeV.

These experimental results are quite consistent with and support the contribution
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Fig 3. Ratios of cross section at 70 and Fig 4.Intensity ratio of Na and Cl at 70
230 MeV. Solid line is estimated and 230 MeV.
from the revised Kolbenstvedt theory.

from the density effect. Further experimental study, however, is needed to obtain a

conclusive evidence of the effect, and is now in progress.
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WARTEETH /o v/ DBOEEBPA + L — MIRD & 572 pH CHBAA L 2 ¢ & 055
5N T3, M0bb, 8] (1) @pH3.6~6.0%, a,xuwbh (1) BLT=v 4 (1)
@pH55~6.5%, =v4v (1) 36.3~7.87 @ pHEH CTEBMICHBT 3, F1K
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a Mn
oCr
§ . ®Zn
= § nCo
L 50 Il 50 ¢ Ni
=
R A Pb
#
o
1M BPAMEH (K@ #F2K BPALLEH (K
TVYEZTLR), F R ULR).

BT A8 (1) icoWTO—EFEWAS, 2-9vh (D) BLUF=y v (1D kK2
TREVEOpH TR LTED, aoicev Y (1) TEAZRTHHIELEY 7 uRD
HEELAFLO—HLTOE D, T4/ —VvOEFKOBICT Y =7 bREIRICER L pHAME
THa0OMNEREEZ SN-DT, KfF b)) v L EKEBLF b Y Y LKERTpHAZHT L
170 ZOFEREE 2KICRT, B 1KIc 5NTRERICKE L BIEER B 57,
8 () pH8mS, =v#Y (1) FpH 9 THEHTE LD, 7 us (D
THENT Y F DA LN pHE ~ 9 TIHIHE S N7z, Bag & Lahiri® (& BP A OB &R
tk (M (BPA); ) OREEEH%E pHEEEIKLDRD, 50 VA +4 v —K%k (0.1M
NaClOs, 25+ 0.1°C) T8 (I), =& (L), as-ovk (), #HEp (1) BT
2V HY (1) K2V TEFNRZN1T. 44, 10.72, 10.56, 10.58 BT 9.60 LV HEERT
W BLAER DR & T 5 BN BEAORSE EHICEE IKET 5L 0O &
WTE B, AEBRERD L FENTEOMEDRBpH 3 IfHEE 0, EFH~OBA DK
1% L— MERRE KBRS A T 5 pH AR & 72 % 7o, BICTEREHED /DD L
XK, BREBKEEEbN S,

3.2 JkEMEs (M) k&

iR AE 3RICR T, HNTROWEF pH 8~ 9 TITRA B &b T, TOH
DI IEEEREE (1) 2BV TRITHEOKBRIEMA RS 5 p HAR & 31ZE CERZRL T
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100 100,
v Cu
A Mn
@ oCr
e ® Zn
# 50 ® Lo g
= o Ni
# x Pb
| | | | 1 1 | 1
2 4 6 8 10
pH pH
FIX KEggk (m) ~odbik. AR KM~ v Ay ~DHE.

50, M= —BOTRIBIMTEKBIYOUWBIERICIEE S CThKRE{EE (I) O
HFICE D, hBICEDCENZTEDEZL SND, KEBLE () (KL pH TRA A ¥
Bk, @O pH T A v RBHERT C EBHISNTO S, EBREREOILIEDEE MK
SRR IC L BIREDSERMIZEEZ SN D,

3.3 KkM—Ebv A HELE

TR Y A BB A VU SSMAE LTRISNTE O, B4 R AE T 5, F70K
sk (M) 1K SRTERULOPEHE WZ S, FARICHEERERT, 704 (D
ZROTKERLE (M) K SXTEO pH 5 EE L 5T Ehbn - foo IBRERE %
ORI b= Hvidses (I) &

Cr®* + 3MnO:+40H™ — 2CrO%™ + 3 Mn*'+ 2H,0
BAKIEEEL7 B4 () KEOBEBHSNTED, TORIKM_BIL~ Y ~D
SISO T 5 EEA DB, —F ABRMKIC LIk @ib= 4~k 1 4 ¥ O
BEHLERY ICEBE s oA (1D (0.1 MBIRBRIERD 55542 100 §5 C &2
NTH 0, KRB A7 B & A AR A 4 Sk & LRI LA OB D
EEERLDEEOHTENTE B, A
3.4 EHHOSH

AR UGS & O EFIZ D0 THE 2 RITR L 720 'Y TRLU 7L S ITIK
GiC & B EOREEABEG 210~ Y v DAE—ERA LT — 2Ly FEIEEILK
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Hok MTICRE LARRIES LUHE.
ik B R B BEEOERE ¥HrH (keV) HERESXOTHROESD

Cr °®2Cr (r,n)Cr 27.8H 320 56Fe (7,2n)%'Cr
Mn 5°Mn (7,n)%*Mn 303 H 835 56Fe (7,pn)**Mn
Fe 5Fe (7,p)**Mn  2.576 ] 846 SSMn (n, 7)% Mn
Co %Co (7,n)%Co 71.3H 810 $Ca (7,n)Ca (4.53H
{ SN (7.pn Yo 813 keV)
Ni °8Ni (7,n)*Ni 36 Esf 1378 25Mg (7,p )**Na (15 B
Zn %8Zn (r,p)"Cu 59 Kffi 185 NGa (7,2)"Cu 1368 keV)
%67n (7,n)%Zn 245H 1115 214B§ (1120KeV, RERKHHEE)
Cu %Cu (7r,n)*Cu 12. 8 5[4 1346 667n (7,pn)%Cu 4
Pb 2Pb (r,n)®Pb 52. 1 K 279 204 g (7,n )2 Hg (46.9H,
219 keV)

CthiEFAEE=4 — Lize DILED & 5 BERIGICEL BIFEDIEMICZ < FVOERDICK S8
EILONWTHEE LIz, —v FURINLVNDOERTE, FRIFLETHEIY /A VYV LE
LUHNVYY L EZNENMNa, YCa BERL, THEEBL -7 OEROPEL S2HIC
EWECHERITTHLLE S, CNEDHEICOV TR INE THRANT & fedbip k%
FIRTB3CEICEDBL T ENTEEETFHENS,

22T, #5530 MeV HIBES TR L alak 28 KL L T—EARICHR L
THERY U IR A el UTc, C DIIED b—EB T D 4545 L. —MAERLE, o 3
7 h 2otk T BITEDMEEITI » 2o RILILHE: ERFEE L TE S hcflliEset
O TR FVORERD S BMTROREHEDOYHREFHN L, HIRIHERERT, &
EEREEE (SR DE L 24 cn® Ge (Li) BB EA O 70 B OBOFATREIKE <
% - T E L TR L RIE R & P L T L 2ok & TRAEDBRICE T O VA&
A MY —DENHD, THOOBEELERT S LEROEEICOVTERMENSS, BP Ak
BHTE, = v rLHPPREVUANIERIBESTE L BN 2, KIZRI{L~ v YT
37 0L DBELSRER TS 720 KBRS (1) TERPEI Y7 0 AOHESLEL TS 51t
2=y T WBPREN,

RicEZRE & LT Orchard Leaves IcPl Fodkgh: 28 Lo 7# X7 brOflE L
THBEDOE A L BPALBHOBEAICOWTH S RICRT . FFBIETO 2~ bR
DHEALOEIL 1 BZBBLBATD D TH B0, 2Na, PKHERFL T35, BPA
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EI3FRk BLUHETORETROMFNEK (%) .

Jo& (FIE L) BP AMSEH Mn O #£2& Fe (OHs ik
Cr *Cr 105.2 + 2.9 4.6+ 1.3 57.3 + 2.2
Mn % Mn 102.1 £ 2. 4 95.0 = 2.3 96.4 £ 2. 4
Co %Co -~ 102.2 £ 2. 2 95.3+ 2.1 93.5 %+ 2.2
Ni °®"Ni 88.4+£ 3.6 90.9 £ 3.5 80.9+ 3.1
Cu % Cu 99.5 + 5.7 97.8 + 5.2 90.4 £ 4.9
Zn %Zn 110.2 + 8.3 87.6 £ 7.3 89.3 7.6
Pb 2% Pp 100.2 £ 6.0 121.5 £ 6.3 89.7 £ 5.2
K OBEZEFREICHES SETRZETH b

[ <
| ’ C ) B 413B%. 1 1FMNE
3 51N O
10+ 3 . 2
5 s
: 3 h H] 2
T AN = - u
| L\J\ i I S :
10+ J‘*«L\Ajjﬁ 3
Iy Q"*’W\ l,tlbﬁ“‘l'w\“'
10F !
s‘?ﬂ
? o :

D k] s |
2 10 » <
| N Tg 8¢ s e

N N ® q §

% ,d— s ¥ ?‘ <« = b
A ‘l 1 ; 5 ¥ (2) BPAJEMISE
= \'JL’\;I A . 3,08 A%, 8. BSRRMIE
1d}- ~J"*;~=;

Tty Mk@"u»L\l
L o R
Ll 1
) g @
10+ =
g
14}
10} -
-
H
1 | 1 | | | Il 1 i}
200 %00 500 800 -, .z 1000

% 5K Orchard Leaves D7z ~<R7 b,
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¥ 4% Orchard Leaves DEEBHE (ppm).

L& SCHRfE 27 28 B P A& Mn O 3k Fe (OH)sdtik
Cr (2.3) 2.1%20.9

Mn 91 £ 4 143+ 3 121 £ 2 89 & 2
Fe 300 £ 20 200+£ 80 310 &= 70 330 = 60
Co (0.2) 0.2+ 0.1 0.2+0.1 0.1+ 0.1
Ni 1.3£0.2 0.84 0.1 1.3 £0.1 1.0+ 0.1
Zn 25+ 3 29.94 1.2 26.7 + 1.4 17.2+ 1.2
Pb 45+ 3 37.3+ 0.7 43.7 0.8 45.3£ 0.8

A KB DR FREITLEIS SHFTRETDH %,

ROz ~<7 FUTE, 7Cu, 2°2Pb, **Mn BLUPNi OXEE — 7 D SN HEIEFIC
Ml E Lo HREBFHEHMETE#ENEZr OB -2 blFicBionl, EEBEREH4X
IR, 2hEN 1 EOERERTH B HHlliEIcE b155 HaliBE bt Lice BENSFH
2Ty aaBlUarwh BAEOREICENMETH O, BHSME, HIERAFOLEIC LR
BEDA] LA BHENSH D CEDDIP o1 7046, 200 E, =y v, Hi#hE LUHT
FEIFREBERAE L EDPTEPEICHEEZRN L TO SBEDBH b,

BRI, EREILBRIC X 3R ENEECEREDOS 2 HETH D, IFBIET
BERTBCENTER Do fc= o, 8, 7aaBXUa Wb EET TR (ERILBH
Ty o LEBL 6K DEREEMANATES C ENTE B, S, TROFRTHE LK
FHOBER L ORBRAIED I EARNOFAIC+AEL >FBREME S T LT N,

ABIFIC B 72 0 U F 727 BRI AR, /RSB IIEIE, ke
ERft 3 KO~ ¥ v 7~ T OB B L EDE 5

g £ x
D A;K .Lavrukhina, T. V. Malysheva and F.I.Pavlotskaya : Chemical
Analysis  of Rvaa’z'oactive Materials (lliffe Books Ltd, London
1967 ).
2) A.K.Majundar : N —Benzoylphenylhydroxylamine and its analogues
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5)
6)
7
8)
)

100
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(Pergamon Press , Oxford 1972)

H. V. Weiss and W.H.Shipman: Anal. Chem. 34 (1962) 1010.

H. V. Weiss, M.G.Lai and A . Gillespie : Anal. Chim. Acta 25 ( 1961 )
550. ‘

H.V. Weiss and M.G.Lai: Talanta 8 (1961) 72,

P.D. LaFleur : J. Radioanal. Chem. 19 (1974) 227.

S.P.Bag and S.Lahiri : J.Ind. Chem. Soc. 52 ( 1975 ) 593.
S.P.Bag and S.Lahiri : J.Inorg.nucl.chem, 38 (1976) 1611.
C.Bigliocca , F. Girardi, J.Pauly , E.Sabbioni, S. Meloni and A.Prova-—
soli : Anal. Chem. 39 (1967) 1634

B, #ATNE, BAREE . REOARSE 9 (1976) 27T
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F45) FEROIREMBEICES
== 30) & K| il

R BEpt s, mEns®
TR « AES*

§1. ¥
mﬁ,ﬁFiﬁAﬁawiéﬁﬁﬁ%ﬁﬁéﬂwénfﬂ%,ﬁ%%%%@%ﬁﬁ%ﬁk%

BHAMEENE T b, tROTORVBHICEVBELHHLATOETRTHD, LhK
XK O ME £ ROMBEAFESRE CRESNTHS ™ LrL, 20ZpTken
AR RETH Y, BEEROBANOELD LS SIBEDEL, REIHHIEDHRLE

|

s,
%%6@0&@Kib%b%ﬂt?%%%&K&%ﬂ%ﬁﬁﬁ&mmM,ﬁ%@ﬁﬁﬂ%k

SR, BESXOREEDOSTT ChAHETHY, ELOTHRICHLTZOBA
FEnis shTna?, eRikonTdZeman 58 v ) 3 vHOMBOEREVIF VY
FAANNY VBEHRER O RELBETHTIL TV 5,

AR, EELRBEVETRONE XORETHEORVATE B, € ROLBRE,
%mﬁ%m&bfﬂénfwéiﬁfuFCmmymwow—mmmm@mmM®)%ﬁwf
EEOREYBEERI Ui, 72, Z0IBHE LTRBTHEIMEAITIC LD 4 x RRHOE
ZESTL, BEOBOERERBLCENTE .,

§2 ¥ B

21 B E

F4+Y FREEIZ /- OBRRLULTHV,

e () ARG  BREBI e ZALBO 1 NKRILS b)Y LBEETER LR, B
BeEmbE L, KTHRLTLOME /MmloEREBREL, FkE L,

UAS(I) b L—W—EE BT A F v 7 CHRELER=RILeHEDBO 1 NKRIL
F b YU AT L, BERTIONERARE LTS V¥ YTl Lk, 01 NERE
WCHmE U THREE U,
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“M(V)FV—#—%ﬁ:ﬁ%btﬁ&E@mti%¢%®lNK@&%rUvA@ﬁf
v L, BRI KT AKEMA CMEERL Ui, ZFEEE, 0.1 NFEBERTHER L THR L.

ZOMOREIT N THRERREZOLEM T,

2.2 RETRSH

#xﬁ%m%%@&Zg%?»i:ﬁA@%KaAf&vvrm&ﬂbkaﬂ&,k&@&
S e LTRBIC LTRE LEBABO e EASD e — XLy b EXE—RBICAREICH
AL, RIAEEFEEYHEBEROBTF 74+ v 7 2B T30MeV OHBIE ST 4.5 R
BELK,

2.3 EBRBFOLHORRRME

EED b L —F— B AU KERICF A F ) FOT 8/ — KD 0. 1mlEMATLES 5.0
ml T30 BERVEETHLT S, AEED20ml £ R IF LV VEBTAKE L, TOHUH
EAFHFHMNal (THREZEROTHET 5,

2.4 HXREOSHTERE ‘

RS L7 4 R B X OB EERE A, Then500sg 0 ek (D) OEEDA 572100
mloaz=pre—h—CBL, BHETm SERBIOmM Z2MATHy b7 L— b ETHE
SR B, BB MR DSEE BV E THERMA %, BAKRROBENSTS T
MEEEEG 2, AHE, RBREEMIZSNKCEL L CKTHRLTIVILAYIVL0.2 g
A, 105 HEMAT 2, A%, BEEASERICHEL, T2AILEVRO L g2MATI
v EABITL, 25 X10MOFAF ) FOTE / =R 0. 1ml £ 2 T30 AHKEY
2, EEL7FL—b%£1,2-v7oax4v20ml TIOBMIRDEETHET 5, 1.2
—vysonzz vBAENOSERICEL, L5mgnh FIvaska&tspH10 3 OREAK
30ml AMATEE () #3mihd 3, KBALRAELECE U TRBERSmI ZNA %,
2.5 X 102MDF 4 F ) FOTZ / —nIEHKO 0.5ml #MA T30 WRKELEK, Fv—+
%12 -Ysooxgv50mlT30BHERVEETMET 5, HLORER, ,2-v7
noxg YED20ml #R0, BHEZHET 5.

§3 WBRLEER

3.1 FHFU FICLBERORE

EE-FAF ) FOMBEEE LT BEOERIC OV TR L, BREE 1RIORTD,
puE LR E T, REICFL— OB sED SN, MERIOTHICLBIT 10D T,
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L L, 20 AOBEERNTH808LE
OMMHEERL, BHTH 1,2 -Y7an
T4 38 BEL - EbE VTR ER U,
ROBEHBIIZIOW TTITHD, 5oL
kit z RO IBEERHOEME & bITHb
EDROT BB HS 0o, LkOERT
BFEL—- OB OOOR YD BERRHE30
BWELi,
FHEBRTH L — POERSOITDENT
EBHODEN -1DT, FAF ) FEIKE
BICMZTHhodL— bPEHMET 2ETOR

# 1% Effect of organic solvents on
extraction of As(D thionalate.

Solvent Extraction %
CH;CICH,Cl 98
CHCl; 94
Cs Hy 90
MIBK 84
Cs H; Cl 81
CCl, 4
Aq phase : 5 NH,SO,

Thionalide : 3.0 X 10™*M

BEMAZEZ, BEOFAF ) FTHEZT o eR () ek (V) Ol dhiiReR
1R T, eXR (M) R3~5NBEBAKEXUpH 6~ 8 DEH S 300DMETEEN

KB INB T EDBHOLEN
100

-7

—%, eR(V)IRZhLOD
ZETTRE<HEINLL -
foo Ffc, BEFR () ol
BIETBROFEEL5NOWR,
B, WBRIC OV TR LR
B, #h#h98%, 93%, 73

E %

o
(=}

%Th T,

A

S

3 g 10
HS0, . N pH

# 1 Extraction curves of As () and As (V)

3.2 EXR(I) ORBHEM
i
1 THONERLS, *
L — b DR D 1 b DB R
A£304, 1,2 - Y/ oIz

—thionalates.

Thionalide : 3.0x10™*M, Solvent: 1, 2
—dichloroethane,

Standing time : As(ID-®-5min.,~-@-10
min.,~@-30 min. As (V) -0O-30 min.

VEARBEEES LTS NEBARR»OOERE () ORBYEMB 2HRET L1,
FEMBETE, BETIEBEABT ALV ROVRAEEZRILCEE, @B EHEELORE
HhB>hC—ETHBLEBURETHE, 20T, BxDEOE R () (HLEEHEIRZ—E)
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ot 5 NFBREKIC 2h 20 3.0 X 107M, 50 X10*Mo F 4+ ) F&MA, 1,2-9
sunzsy ol LT EREORSESHE L, 228 2RICRT,

zhzh, 100 ugld
Foe&R (M )it LT3 0 X

80 ug,

107*M, 5.0 X 10*M O F 4 F
JyFTHBizhseR () o
BR—ETHO, R (M) &
FAF ) FEORIGEB—ET
HBHTEMBHOLEL T,
BB A 2 Ko dhir % N
LTkwr& A, 2.88, 2.81
Thy, eR(M)EFF4FY
FE1:3oFr—MEERL
TW3HDEEZLND,

33 BER

Activity, cpm(x10%)

_____ O Jh O-

1 rys
100 200
'As(II) carrier, ug

L L
500 1000

%2 Reproducibility of substoichiometric
extraction of As (D),
Thionalide +O-5.0 X 107*M, -@-3.0 X 107
M.

() OREMBEMEOFREMARF L, B2ROL S NHELE:, B—MRARKD
SorZ () ORMIcE T 2 5 EOBEOHRMEER®IZ0.9%6THYD, COMTEOHE

# 2% Reproducibility of the substoichiometric extraction
from the test solutions of the same component.

Series of Activity of extract, cpm
Test soln,No.
experiment Ist extraction 2nd extraction
1 1 5824
2 5928
3 5855
4 5788
5 5857
5850 T 52
2 6 5841 5973
7 5893 5904
8 5924 5881

As(Il) : 203 2#g, Thionalide : 5.0 X 10™*M.
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209 BEBHTF CNTINBC EDB DI ET o7, Fho, FRUBEIIFE Y BOREE
BB e D, A—tslh b < DE LA T 2R 2555, 200 < DE Uik
DVNTHE2EICRTLORRVERIE SN,

3.4 HESRAALYORE

e% (1) OREYBMMICE X ZTHELEA 4 Y ORBERE L, BREF3RIKS,
KL T vFE 0100 ug OltEHNEE (1) OREMEMEEHET 5 &l Shre
9, ZNPAOELBA A Y ZN 5D Img OIETEREAEHE LD 70

# 3% Interference of diverse ions in substoichiometric
extraction of As (1) thionalate.

Ton Activity of extract, cpm
None 5766
Fe3* 5744
Co®* 5648

Ni 2* 5723
Cu®* 5681
Zn** 5719
Cr® 5660
Pb#* 5.784
Hg?t * 2587
ca* 5725
S+ *) 3721

Amount of ion added:1mg, * 100xg,
As() : 203 #g, Thionalide : 5.0 X 10™*M.

3.5 EHHOIN O OEBRRE

ERROSHFTTIE, ARAEH - WRTHAMRT v e RBBILIhTINTER (V)
LB oTB, EE(VIBFAFY FEFL— PEERLEO D ARYERMBICEL S,
e (M) KB LRETHIFE ST,

BRHELTIVILA ) Y 25BN, FAEYBETCRIEROSITELRIENLD, §T
DEE(V)ABLTIHESRODOT, ZOFELVKRIFIZEICRTOEDL >,

$7, () OREYBHMBICET B KBET ¥ F € Y OUEDOBREIT DO TR LI
bbb, t£ () OFMBELVT vF & Y OMBERE LR, KBRodmbsnig
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WpHI0~11Te# () IELICHFHMBIEh, TYyFE VI SNGBARISBIZEAL
EINBNCEDBHOLENE o1, #-T, THOSNHBAR,ISFAF ) FTEH (D)
ML, 0% pH 10~ 11 OBRBCFEMB L THrOARYEML T ZC LT, ChoDR
BA A v OELRSCENSTER, LHLIDES, F4F Y Fbp H10~ 11 OERICHE
mmgn,tﬁ(ﬁ)@%ﬂﬁémmmﬁ%&aéocwﬁmomrﬁ,@mméné%ﬁf
Y FZBEOH FITLT, AFIVLAFL-MELTABHEICHBLTER () K ZEH
M TCEBTE I,

3.6 Y XRRPOEROIN

24 DBIECH->TH A RBRFTOERENNTL, BEEEL4RTCRT,

% 4% Analytical results.

Sample taken, mg 256. 9 232. 4 236. 8

Amount of As in

standard, g 23.9 23.9 24.6
Activity obtained 93183 21625 20425
from sample

Activity obtained

from standard 20603 16673 15060
Amount of As found 82 6 79.3 766

in sample, ppm

Activity is expressed in counts . 2000sec

Ge(LIMRHEBICLIOAMD OMBABE L HKDT I 7 Y a YO TR PVEIEL
kR, ™As OXEE -7 EB. G.oXEBEE—s A IC@IEL - BRONT, flioTRk
LONMRITRTHELEBHOLTH -7z, 3EDOIFHS, tXOBHRLLTT.5 T
3.0 ppm DEEBMESE LN, TOMUBEERAENI EBEMEOEHVKRSB LN,

KFRICH IO, WBNEE - L RIEKZRFRBEEFRBRO/ KRG BBHEE, LRER
BB LU~y I —T D2 CBELELPLEFET,

& % x @
1) B.Sjostrand : Anal. Chem. 36 (1964) 814.
2) K.Samsahl, P.O.Wester and O. Landstrom :ibid. 40 (1968) 181.
3) G.H.Morrison and N.M. Potter :ibid. 44 (1972) 839.
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4) E.Orvini, T.E.Gills and P. D.LaFleur : ibid. 46 (1974) 1294.

5) K.K.S. Pillay, C.C. Thomas and J. C.M.Hyche : J: Radioanal. Chem. 20
(1974) 597.

6) MMIEk, BEFHFK MEE : 4LE 24 (1975) 709.

7) F. W.Wilshire, J. P. Lambert and F. E.Butler : Anal. Chem. 47 (1975)
2399. |

8) P. Lievens, R. Cornelis and J. Hoste : Anal. Chim. Acta 80 (1975) 97.

9) S.J.Yeh, P.Y.Chen, C.N.Ke, S.T.Hsu and S.Tanaka:ibid. 87 (1976)
119.

10 N. Suzuki and K.Kudo :ibid. 32 (1965) 456.

1) IEEF, $AKIEH : Bft 86 (1965) 1050.

12 K.Kudo and N. Suzuki : J. Radioanal. Chem. 26 (1975) 327.

13) A. Zeman, J. Ruzika, J. Stary and E.Kleckova: Talanta 11 (1964) 1143.

14) Welcher : O}ganz'c Analytical Reagents (D.Van Nostrand, 1959 ) 5th ed.,
Vol IV. p. 164,

15 hREB= airbE 12 (1963) 241



P ZEHE 1% H15 19846 A 95

BRBEEER DA F v SRR 7 B % )
AT 2459RFTOMESBTROLE
e Skl gy

AL
ILFEETF - HARIER

§$1L B X

HEMEPORESBRTROGEER T OEPNEREA LN EBERE LTHEETH 5, B
EATHERIEROTECE L TERERITETH) Lo b ST RARMILTRTS S
72w, ARG OMBESBTEORBERIKE L k0> ENTE %, UL, FEREE .
BT 5 B —RICERA TR ICRET 2807 b Y 7 AEHELSERT 50T, BY
BELLOBHELRIET 2 I CIKEBAAE LD, AEOr S ixv¥F -4 >MEELS
D ETCERBBEOEENRKECB L EBENERE L THT ONE, 2 THREMEEZE D= b
)y 0 Ab S HREOBITROSERRICHBBET 50 10 L 02 STREISHMTOH
RELFBC LB TESE, CORBNORLYOFELE LTE, BEMBE, &8O KEBRLE~
DY F U — MEFIE LTOBEBRILEY~DOILZ DT 4 2 v QMBI E OBA BRI S
TETW5, KFRTE, V- P EROBEOERME, 4+ v RHBEIEOLERE D % R
ERAL, RBEHOA A v E LT, 414 YREEEEMELOEBF L — oA 4 vtx 4k
REETENTREZBIERICOBEEET 2 HESY O E LB FT~0OBR R4,

H%&Be LTI Cr, Mn, Fe, Co, Ni, Cu, Zn 8XUPb D8 TEKEEY, FL —
PEREELTCE bRy -5 -2 vk YBER O, @B+ LV — 04 & Y RBBEICHT
ERBREOREBRETII V-V kTl o7, 3/, EAERAKBEE~OEEOHEADH &
L TIINBS D&Y EEERE Orchard Leaves Ofhic 37 o 4 Mk B2 0k 4 L B F stk
%, WELZTOZOSAMBROGEHEBCSOTHRE Lk,

§2 ¥ B
21 RIbPLU—H—

AERRETICHER L& THEO P L= =05 5% Cr, *Mn, *Co, * Co, ¥ Ni, ¥ Cu,
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23 ph IEALAEOEF 74 F » 7 KL BRBRIBIC LD BE LSO TH B 15, P Fe, ®Zn
i Amersham Radiochemical Center, England » SHA b/f: bOEHRLTHO,
Fho0BRBEET L CICKHMEEE 1 RICRT, * Cr, *Mn, *Co, “Co, “Cu #%
heEhg =4 o+ OEEERSBE LU TER L

#1k 60MeVHBBEHICLIVEELL PV —Y —.

BTE P L—d—E AR UBSUS RS () BRERO¥R £ #(MeV)

Cr S Cr %Fe(r, an)*Cr 30 271.8d  0.320

Mn %Mn %Fe(r, pn)**Mn 30 303 d 0.835

Fe P Fe* ' 45d 1.2

Co 8Co ®Ni (r,pn)*®Co 20 71.3d 0.511, 0.8105

Co %Ni(r,p) *Co 20 270d 0.1219, 0.1363
®Ni (r,n)57Niﬂ—:57Co

Ni S"Ni ®Ni(r,n) *Ni 10 36.0h 0.511, 1.37, 1.89
Cu Cu ®7n(r,p) “Cu 60 50 h 0.185

Zn ®Zn* 245d 0.511, 1.115
Pb 203 ph 24Ph(r,n ) Pb 10 52.1h 0.279

x P HEA

2.2 FL—bREOEK

FU—rREELTHO Ao R Y -5 -2k YB (ka=12X10", 25.010.1C")
25l - R LoFEN IR, b E)F YL to o yERTEe A Y -5 - Xk
VEBROT vE=TLEELTAR LI, taRo YIRFEETHERL, bofe -5 -2
R VBIKD SERRE LI
23 REHE

RERT N CHIRERSEER O, BFRESEERIIERRA A VEEH0 5 MICIE5 X 5H
B TRE Lz, 44 vR#AE I3 Dowex 1 X 8 ( 100 ~ 200 mesh ) 2 2N-NaOH & &
U 2N -HCl TXEICHINE L THEEICCl Hic L, 40°CIC 24 BRR - TR L2 b DZA L
120
2.4 EBRRE

BEBE LV — L DA 4 YREBEIE~ORBBERT OB, RO XD BBRIFICHE > THER
Uizo T5b5H, PaRBYRNVKVEBKEKR RIPLv—%—TI7 WV LEEEAL VOB



97

I, BEREEZNFNERKBEN 1.2 X 107°M, 111 X 10°M, EeERA A VEES
0.3MIKE B XD ICELEICA, £281330ml &L, FREDO pH BICHB L cica &
VERBHIEO—EREMATRE SBT—ERBBIRES Lz, 20BII27 (vE—ERL
THBENEL, co5ml £ ) TF U YRBEICE > THAEENa T (TD) FHFRY ¥ F
L—v s v h Y R —THIRE L, HEEAEREZREED b o Ko YRk Y EBIER, R
M L—y— i, BERRERS LEKSml A RY) IF LY RREICE -7 b DERVT,
RPBERIRXDOL DK LTRD I,

ﬁ@&%%(%)=fﬁiﬁi X 100
T

Ar © HBEERM OKSEE ( cpm)

As ¢ Rifg & FHER OB RMEOMHEE ( cpm )
2.5 EHRHOITEE
HE R R b 00 38 T 5k 0 R Ry A3 AT Hetlg (BREER)
118 1 OBIEICHE » T 10 318 WE, BEXZRRENA TEIKL
EHKCTHRLT20mlicd 5,
7 vE=T7/KTHh

APDC M, BEEE, €7 1«7 3 VERORKE
& Ui BRIBRIS o 3tic S0MeV # B 9.0 X 107°M, (OAC)=0.1M, 3.0x 107

ST 3 ~ ARHRS Lck, RN MIC7E 3 & HICMA %o
BLaERBmTBRKLL, 2T 6??6@
BELL, BEESROREATER g

Loy MCHIERS (EZ 13 mm)
L, AEMEDSIO,, KCIO, 2 A#K%E v B

HEGEE & & 1T 30MeV HISIIEST T 4 ~ 6 B RER S
HAOTABL TRV, AEREEREK

v
Ge(Li) #Hi28 (68cit), 1024 F+ YA FEEFITET
SmITHB®, SHIC P BED VAL plazss ros -

¥
T VERIE IR A RARBE 3.6 X 1072M BERH
Kb EHEmA, 7TYE=T/KTpH BB EREDT OB

b, ZEREAM1 gFZEZ13mm O
Ry MCINERR L TEEORLY y b

% 6~8ICHEBL, B4 VEEN0IMICES LS CHBEBHEEKEMNZ TLOA 4V
TEBIEA L5 g MATIRESDBTIRMKRE S Lie, AREAVTABL, BIEHE4 7
YHTA0 CITR B 10 BERISEAR Lrc, S48 LcigA T v = v A5HICEls, B 15mm,
B X 13mm OBERRNC Uz, THRARZ e A b)) —icid 68ciGe (Li) ¥EAB BB E

1024 7+ YANMBESTBEEAY, LROUERFE, REICRE U hBEEREHE
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L7z, WEEERE v o —2BKCBaBOERENTREEML, B KEMLTL5—

BLkbOxAI, TORSERERE?2

EWFELEESIDTHB, 1, LK

Lk ==z THRBEE (ug/8)

BEERE OF S DERICERT 2V 4 b ﬁi ;Zia gx
) —OEAEBIET 5%, HEEESE D Fe Fe, O, "~ 550
BACIRES 5mm, EE13mm OIE<L Co  Co 05 - 50

» , . Ni  NiO 60
v FTHIBRZRIATHE L, EEICHN Cu CuO 200
1 EAKOBHNME B LIUEEORICHEE Zn ZnO 200

BETEBEEIRICRT,

Pb PbO ; 60

B3R EREDITCHE L RIEE 2 0ERBKIZOCIKIFE LSS 1 #R.

iE % RIS LEEo  ERLARLE BEL 5 T
Cr ®Cr(r,n)®Cr 27.8d 0.319
Mn ®Mn(7, n)*Mn 303 d 0.835
Fe S"Fe (7, p)*Mn 2.576 h 0.847
Co *Co(r,n)*®Co 71.3 d 0.811 ®Ca(r,n)*"Ca
(4.53H, 0.810MeV)
Ni  ®Ni (7, n)%Ni 36.0 b 1.378 BMg (7,p)*Na
( 15.0/5f4, 1.368MeV)
Cu ®*Cu(r,n)*Cu 12.8 h 1.340
Zn  *Zn(r,p)%Cu 59 h 0.185
Pb 2 Pb(r, n)*Pb 52.1'h 0.279

§3 HREEER

3.1 EpmaE

311 RESHMLIZBRREERLE ORBK

£EBFL— MBI LUTRE S B ERBRELEDOBLFERD 5 12D OEBRIEITHE R fE
B%01g, pH7.50RBTHER LKL, NI(D) K> TORREE 2 KITRY, MndD,
Fe(), Co(Il), Ni(I), Cu(ll), Zn(I), Pb(I) B 104 DRE Sk TR



e L CFHICE Lz b, Cr (IicB LT
AEROBHTRERICRERE TS 2L
BELNED» T, UBROERICEVTIRIR
&SR A 1R TT » 720
3.2 ERMKEEEXRBEEL OBF
Ni(I) & Pb() oF L — MTOWTHEHR
HIEEE ERMEEREDBFKERYD 1203,
Ni(ID o#REH IRICR L, Ni(D T}
BRE20. 1 g DETRERZBRENT OO
T35, PbDoG&RERALCHIEER
OETIZ T NICHBIRIT S RIKE R 0%
TH 10, TRAEBELIOGICLEEIC
TR DR ERIZISD TH - 1o
3.1.3 PH :XBRER L DBR
EEBFL— MOV TpH EXHBBER
ORBRERDRERPEARNTH S, LD
HobhRLI>KKEEBIA Y2 bofo v -
5 -2k VBFL—FELTIRERLKER
BREEXE 2 pHEEMB LA TH S, &7
SeBTELRBFICHOERBNICHERKT
Brzpicid, KaKopH%A25<pH LTI
FEIT NI LT EBPLITIE - 1,
3.1.4 BEEFL—-POTBMBEEH
RPEEFER (FHRE) Kp BIRDESHIC
EEINBY

M) BEE(S)

99

(]

()
[}

il

S
£ 5l
&
&
1
0 1 1 1 1

2 4
I & O M (ERR )
BN REOBBERBIEERDOBR.
(NiJ=1.7 ppm,
BEEE :0.1g.

100 (C © ©—6 o—
S
Hu
=
&
¥
0 0.l5 1.|0
e E & (9)
BN WHEEE L SBRBEEFEOBR.
(NiJ=17ppm,
k& DR - 1R
& (ml)

Ko

T I(s) 100 - RER (%)

BilEE (g)

(M™) (1) EHEBICB O THIBBREE L84 4+ VY BE
M™) (s) : PHERICE N THEBRPICEE L-2BM + VBE
AKAETCEILBAAYELTCRI PV —H—FZHNTWBEDTEEA A VEEI—E20H
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100

REBESE )
3

O
ol TN TN TNUUN VO U NN TN T N W B | N T WA T S A T T |

0 7 % 0 7 14
PH
100re0—60-6—6—o6< 6-6-6—00-00~<y
§ .
B
# s0r r
=
# Fe Co
g
>< | HN T VN NN T Y Y T T A T 3 11O, IS TN TS U TN JUONN S N T S M |
0 7 14 0 . 7 14
100 0—O-0-6 —06—6
\AQ p,v
S 0]
B (o}
# s50r -
=
# Ni Cu
i
[N T T T T A W B B W | U W TS T WO VAN AN TR WA S O N |
0 7pH 14 0 7 14
100——0-0-6—06 =TT
8
# 501 r
=
& Zn Pb
& o0
| S TS TN N TN TN T TN S T N | U DU TN TN TN OIS NS NSNS U W - 1
0 7 14

7 14 0
AN pH EXHBEREFEEDRER.
ERA 4 VEE 1 ~2ppm,
fofoy—5 -2k Y BEE 12 X10MM,
REHBR - 1R

BEh A OVRBBBORTHEETEESNLIZENBTES, T5bb

K = Ai — Ae « HE(ml) 9)
P Ae KR (g)

Al BREDHIO—EBBROBIROBSEE (cpm )

Ae: lREDICIVEMEICE LU RBERDO—EBBDOBKEHE (cpm )
QROK, ZRNTEEBFL— FORBMBEERE KD, BROSBRES 1 ~2ppml,
RE, MIEBEZEL I TRDBEADIog Ky OVFEEEZFL4RCRT, T, MEORH
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DEBERD il Co(IDiTo0 THRIEE AR KeBF V- FORBBREEK.
JRE (g/ml) ERBBEREDBEFKERK

B gt # log Kp

BIAERAE SNICRT, NE DR /&
Mn 4.9%0.2

B =50 X 107*MA T TG L1 & A
" GRS Fe 457103

] | N

bhsad, chidl g OMETH ppm DEE Co 51404
DEBEERE 2] BELABTX 5 LITHY 7n 18+03

T3, e, HOLEBEFL - LDV THE SRA A VBE 1~ 2ppm,

BOERLZT 71208, BREIEBOEH L fo®o v -5 - Rk VEREE

e D12 X107M,
STRIZEKETH -7, BE OSSR 1 65F9.

100, © O
s
%
£ sof
&
&
0 50 10.0 15.0

HisER R (<107 ¢/ ml)
%5 BiEEE KEEXBBREROERK.
(Co)=1.75ppm,
bofoy—5 -2k VEREE 1.2 X107*M,
RE DKM - 18/
3.2 EEHMOIH
81 NOEIEICH > TBowen's Kale, NBS®SRM ~ 1577 Bovine Liver 38 X USR
M- 1571 Orchard Leaves O 3RDEEREESHT L SARSEERIC K 208 SR %
Bovine LiverDr 227 P WVICX - TRLADBE 6N TH 5, NTIRBHE DB
H3#) 30 B 72 DT * Na OBEREHSRD Sh 545, BMIEMRICHE I NS “Na32ERBOKS
ETTH->TRBSD #Na 2B T EMTH L,
ERBRBRABOSRIC—FELTRLLEIVTH 2, ARREBZICH I » TIEHEE, WE
HEFAH I TCOMICH*CuB LU *MnOARBYBBE L%, Cu, Fello>\WTHEEMA



0% 5
&
hQ
Yo W fg M
10° . Q
B n % 42650
a*:-g;;!c»l,_hwﬂ < I E e R 2. 28 BRS
g ) 3
0% 0 B2
= §g ";
ﬂ 5
N
102} i &
& ;! 'm I _
. LD N
10¢ - : 2
& 2 . a 'y
. 3 3 2 ¢ 3 - ol
0%} = 2 N o z 3
e 1T g o | $ N 3
“‘izfc‘L! . & . ,"2_ 3
T N
1000 A & h :
%R 318
) 5E B 057 Bl
]01 1 1 1 ] i 1 1 I | J
0 200 400 600 800 1000

K-6 30MeV &|8iEE RS L7 Bovine Liver &kl» 5 bofa vy -5 -2
+ VB —-Dowex 1 X 8 RATHE®RORE & ARD r A7 b,

Fo5k EYRBEEIHOEERLR.

Bowen’s Kale Bovine Liver Orchard Leaves
YEREDY | £ B E | SEE | K B E | ORMEY | E B (E
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Cr 0.33 1.3 0.5~35 | 24 2.3 2.2
Mn 4.9 13.5 10.3 [10.3£1.0 | 17.8 16.1 | 91%4 53.7 45.8
Co 0.056 | 0.2 0.18 0.6 0.2 0.1
Ni  [(26,11.0)] 19.1 27.2 | (0.21) 02 04| 1.3%02 | 07 0.8
Zn 32 31.6 30.0 | 130+ 10 136 138 | 25%3 23.2 25.6
Pb 3.2 27 23/03%008| 05 04| 45%3 39.7 36.1

BRLELED T, ZnDERICET Cud AR E A B L3, BERFORBR 5 Cull,
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Zn(ID) 1 5 < pH< 7 10T 100 B S e 703 Zn > SHIKT 5 Cu s kIR HE LAY
CHEOTHEBEOBEHATT EAHEEE, BIEHEHERRE T Cut ks EICLD Zn
DEEBEIELN S,

ﬁ%%%m%btm,ﬁE%EﬁlwmﬂiméwmﬁmfuMnuﬂmKﬁﬁ&;<—ﬁ

Uteo 37, ABOREHCE LTS MOMIET -7 0% MRRHNOEE, THICHDS
THEEZIRNEADONS,

Akl ©d % Bovine Liver &, #E#ARER @ Orchard Leaves 73 5 Ui Kale & TR
2} )y 7 ROMBIEKRESHD, Kb, (LESEOHRORLLEEZ DN, KOFE
i, WThORRICEBONTHENTREHEE L2 ERITHRI S8 L THERMET
ZOREHCHETELEBbNB, T, LESEICET ZRMHIT 24 K ~30 BHETHO,
BCo PISNDOBBORSES r X <7 tox b Y —LTHEAB 20 1 BELATETL,
FEB R I N TN ERESERINLE VA S,

%%@K&%ﬁ%%ﬁﬁ@%%@&&?%tb@@ﬁ%ﬁm,%@@E%Wﬁﬂ@k§§®
REHUE A SE E 5 RARKOSITITEA LT &0,

Kt htb, roo yoSREEBEE N S E LRSI KA RIEN T
OWFHF 51 - BILEBHICECRBF O LET, BB NED -k RICKFRFKEE
Mo/ \ RSB %, AREREBBLELIU~ Yy Y Iv—70k 2 IWELALH L LS
7,

& % X ik
1) R.A.Nadkarni and G-H-Morrison : Anal-Chem. 45 (1973) 1957.
2) J.A.Velandia and A.K.Perkons : J.Radioanal. Chem. 14 (1973) 171.
3) D.E.Appleby and J Savory : Anal. Chim. Acta 62 (1972) 317.
4) F.Girardi and E.Sabbioni : J.Radioanal- Chem. 1 (1968) 169.
5) KE®BF, BHREZ - oiTds 14 (1976) 583.
6) M.-Matsui : Bull. Chem- Soc- Japan 39 (1965) 1114.
7) H-V.Weiss and M-G.Lai : Talanta 8 (1961) 72.
8) FREHEK : HTHEE 14 (1976) 573.
9) H.Tanaka, M.Chikuma, A.Harada, T.Ueda and S.-Yube : Talanta 23
(1976) 489.
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100 FFR, BEFEAE, TFE8S - 83,6 (1962) 703.

11) T.Nozoe, S-Seto, T-Ikemi and T.Arai IProceedinés of Japan Academy
26,7 (1950) 38.

12 EBbHEE 2 SEEIBE LEHR (1967) 338.

13) P.D. LaFleur : J.Radioanal. Chem. 19 (1974) 227.



EDT RS F11% H15 1978E6 A 105

HBEFHEMETNOA—FF v T v
B KIS TR Rt H 0 BB 1T & A A IRHE
#eRgpl o E) 77 OEREST

AL HER®
Tk - SN BARER

§$1. &

Y 7P VR, EERDICERBERICELET ZLHATEN 1 DOTH S, (LEMICRIEZBRILK
BARL, £OEYERPICEY 2BHOREZBRT 5 &3, BRECHETH LD, €0
teoicid, EYthdhicppm BEVSVTEAEAT S E) 77 0%, ERICERT 5 HHEDREIL
DSRIR &2 5B,

HEE) 77T YORRICE, HESIEY EFBOCSHED T BT EET 15 & s
NWONTED, EBEORKREOSBICRFA VT VERHAE L ToMBENER S, ki
BT COSEERKOBRNAEENAT I FEBE LN TE L, T8bL, ) 77 VR
WK TF A YT VBRA & ¥V EFUB L CTERT 2 BFEBIEAE, TIvTra—n) 7507
27— nEOABMERETHIE L TRECHRAT I HETH L, CO5E, BEROBRE
EABHI, ZECHBTIL00RBOEEESH I LBiEHINTE L, %, &
AR (M)®Ee FoFyrT I vEEOETLHPLCu (BEXHE10), Fe?* (BEXHE 3 )
RWEDMSRAA VERE IR L LT L - TREEZBMNT 2 HESBRE INTV B0, £0
FEREROBEADES IOV TRALZHS LT EEDLN B,

KFETR, CTOHEEROEREELBFRE L, BEELTIC®Mo 205 L —4—
EK£oT,mmmyﬁm«$ﬁymﬁ%bk%ﬁ%§7iV%%wmw,%%&kzﬁéﬁ
BMERELDOBEADATEN TV BT EAH LI LT, T, EERICEYEREERDPO
)7 FVOEBIKIGAL, OEREX, WAL EERST LRI ODVLTE~RS, 1,
m$ﬂ$®&ﬁmmwtﬁ£%”M0bv—ﬁvm%&ﬁmmxbﬁﬁLto
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§2 ® B
21 & E
2.1.1 *Me bL—H~—

Radiochemical Centre, Amersham & VA L7 (NH,), *Mo O,OKIEKDO—EES,
Kf%ﬁbfﬁmbkokmﬁﬁﬁ,%ﬁ%KZWmCU%@Moténk§®f,%@@m
HEBRICIZ, 0. 14 CilKYT B8R MZ .

2.1.2 PY—n—FIFNH7I2 (TNOA)

RO & D% i EZE THE LY bpa, 180~188°C BB EB Iz, Tk MR
Ja~FHVICHEBEO%, INHCI XU1 NNaOH EZHEICRD FETHRILEL, RRIC
Cl B & LTHEM L2
2.1.3 EUTFURER

150mg DMo Oy WADBDBT Y= T AMATKAETHA LN OER Ui, ZI3ER
ZEIETHOKTHRL, SHEBRE 2F100mOEERK &L, $1405, ol
WE#I3 1mg Mo/ ml WHIMET 3, FRIKCHL - T, THAEBEERRL TRV,

2.1.4 Z0HhoHAESR

BB —s kAR, 0.15g D CuCl 2 BERICE» L, 10ml & LTO0.15mol/1Cu()
BRELILOEDTH B,

OBRERUCREEITRERELER L, KERIERO/CITH L CHRLEE LTH
Wi, KIZHEAEE LTHL K,

2.2 EBRRFICHITIBELR

)T F YOS (Dy) 1 ®Mo ZH W FL—4 —FE TRy, MHEOZERICET 5K
HRBEEEEICE 7, T7b 5, ERAOBRLSERILBEIC Mo L —¥—EER
BEoEBBELIUFA YT YBREAGUKER (2FE10ml ) EEFEHOARBEEKEE N
Z, —EREMRVESTHE®, MALSFNFh—EEEXR Y ZF LV ERECBLEDH
FBNal (T1) Y vFL—vavyho & —T¥®Tc D r BHELHE L, TR,

B~ IT

QQmTC
Ty,,=67h T2 =6.0h

99TC

Mo

OBMHFLEAEFE O DICHRBEARE L TH O 1, 158, 23BETHR N FEEICEST S,
Fi, BEERY 7 o~FH Y THERLZTNOADAMICA v TI v Ta—u -l KSR
(1:1)BEBEREFRSA W,
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BOtE o T, 2#&e— bR, FERAICHRIL 72 50 ml © KD S 10 ml o i
TRERIAIR T 2 R L7z, A% 5ml 0 0.02mol/1 EDTA-2 Na KIFK, 4 %7 X
S e VEBUKETHE L, B8 AEAE L TARERE, lem €L ICARTRN
EARE LR, ) 7F VEER, SEHECOOT Ippm BE & L, WK ZhZ 0o
B ARV, |
2.3 EEGEVIFUML—Y—DOEE

KRB OSITICKEEZBA T 28, £RIEOMFIERE, ﬁﬁﬂﬁi ¥ Mo &R TZOEER
Wi, TOMLY—F—RBLUTOIIICHELLLDTH D,

Thbhs, EBF74F 9705060 MV HBBEHTEBLT =9 22 HET 5 EE 1 RIC
RT LD WNRIEBFEINE, DD B, ¥MoFLEKT 5 ERIEIE, '“Ru(r, an) *Mo
T, Mo ®& K ED (dpm) 17, KRICL - TKkDEN 3,

D(dpm) =Ny* F+Y (E) « (1 —¢*t)

# 1% Photonuclear reactions on ruthenium.

Target : Principal
(Abundance %) Reaction Product Ty r ~rays (ke V)
%Ru ( 55) (r,n) % Ru 1.7h 340 625 1090
®Ru( 1.9 (r,n)
 Ru 2.9d 215
®Ru (12.7) (r, 2n)
104 Ry (18.9) (r,n) 18 Ry 39.6d 497
%Ru ( 55) (r,pn) % Tc 4.8h 702 849 871
%Ru ( 55) (r,p) % Tc 20.0h 765
BRu( 1.9) (r,pn) % Tc 4.3d 768 805 841
Ry (12.7) (r,p)
9P 6. 0h 140
1 Ru (17.0) (r,pn)
% Ru ( 5.5) (r, a2n) %Mo 5. 7h 122 257
%Ru ( 5.5) (r, 2pn)
%M\ o 6.9h 262 685 1479
®Ru( 1.9 (r, an)
1 Ru (17.0) (r, 2p)
2Ry (31.6) (r, 2pn) % Mo 67.0h 181 740 778

104 Ru (18.9) (r, an)




108

p L, Ny ™RuoELE, F:HEE(R-min”), ¥ (E) P G OINE (mole™ -

RY), A :@EEH BXU!  RBEKETHZ.
mé,05g®Ru%ﬁ%bt%,Y(E):SX1W/mm-Rtﬁ%5c&ﬁf%5@ﬁ

@EHgE 1 4 X 10'R/min &3 1id, 2.84Ci ® *Mo MEIEKTH SN2, ChERHIL

s c B TENE, ERBRAAROBMICTAITH 2, FoNEEEAE INOLD

CEE L. 3T, BHEOSENT =Y ABKEDRORESERRT LY v ABRKEKEE

T 40°C ISR » TERALIESE Lo, Ru poo e
NaClo ~ NaOH , 40°C
0.5g DT =Y BRI, KE RUO; , TeQ, , Moo/
PR 4N NaOH
iﬁi@j‘ N U v L‘@‘l&( 5 X 4 ) ) pyridine , extract (10 min.)
s R rg. E . :
ml & -7, (S liméﬁfg@@?—éo _oiﬁ,o[ L Te0, . i HCl to pH 4,CCl,,extract(5 min.)
iz KERILF b U KB A . R
4 heat, Cl, 1, adjust to pH 4
mz, 4NICHET L, COE, lﬁﬁ:ﬂ
column
ﬁ’éODRuOZ@“%Bb)@J_Eé‘ﬂT; elute with 1N HClr L |
_eluate _eluate
FEORuOF KETEDT, adjust to 2N HCL

a-Benzoineoxime soln., CHCl3 extract (1hr.)

SEORBEERSF b)Y LBER oo o
AMATRILL, EBIZHLLLU Mith 2N HCl

back extract with conc. HClL (1hr)

W4 NKERILF b)Y LAERTE o9 aq.

wash with CHCl3 , evaporate
add NHAOH , dry
dilute with water

K#BHDORuO;, TcO; i3, € ROTYA
U vkicH Eh, MoOF 12k # 18 Scheme for carrier— free separation

i, g of ¥Mo from ruthenium.
MICE Do KHOREERD S * Irradiation: 60 MeV bremsstrahlung for

FILAEY Y vick bl L

BB ET; Y VML 10 hr (1.4 X 10" R/min).
] *x Production rate: 2.8 #Ci/500mg Ru
DB KiT, AHBERTH (Yield 5% 10%/mole* R).

AMSEETHRRIL, P —2BOLT =9 sERuO, & LT, PUEMLRSE THERE LIz, K
HASRL, MELTEZESER L, AH%BUOpHL CHAELT, H50LHERILLTS
WifaA 4 VAR HRIE Dowex 1 X8 DA FAICEL, BETSH L—2BEORUO; BLUTcO;
L OB RAFT ~ 120 #1 F7 AICE10ml ®pH 4 KEHEH L CGBEEONaCl ZHLIL T
Wi Urotk, 1 NEBRT®MoOF £ U LY sz, 2 NERBREICL, 0 25% (w
/V)a—dvf47#*VA—15/—wﬁﬁ%Mi,7GD$WAfmﬁbt?ﬁ%ﬁm
O NEBRTE, BERTYMELTREKIC, nar VA TERBEEEBRELK. bL, C
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CIHHHEN T =9 60T 7 2 F U AORESED DN BHEICR, ¢- AV AFVLic LD
AR BRI A 2 AR VIR, BRERZELKTbN ., BERERIE, HrIcARLTRE
wEEE, PROFT VE=TRKEMATERBRE T 2BMELBE LT, (NH), *MoO,»
KB EL, chzKTHRL TRV, ‘

€5 LT oI ) 77 Y KAHD TRA<7 briz, B2ROLS D, K
{LEHCEME EBD N, BIEIKEZ, 33cm® Ge(Li) BB RT 1024 F +» Y IV ESD

MEEEH O,
105 -
99Mo
¥~
e
SE
-2
~ 93mM° L
1049 o v
< G
- o~
| 5
A N e
) ( E '
ol [© i o
l 4 s <
- 4T T e ‘ ~
4 .“l-'.‘;v;:l l : i [Te] I 3 R
_ Ar 1 boow , b N
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1 1 ¥ oy Lr‘,‘. . | E
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~ 102— u.";..‘ . 1 ] 2 ey
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c . .:'," K2s ,q
g R ! _:]
o |, I
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10'F T S
Opmo el "
0 ! ] ! ! | 1 1
10 0 200 400

1 .
600 ) 800
Channel number

% 2K Gamma-—ray spectrum of radiomolybdenum separated from
ruthenium target.

2.4 EHAHOSH

KL - T, ERICAEHERRIT O ) 77 25T 2BORAF — 414, FIXIKCRL
7LD B, A -7 5 2ahicR e 2 g BLUEIBE Mo O—EBEMA, WEE
BBRICL 2BRK/CD%, AEHELAEMICE L THREBOEE L, $1ml F TERBREIE,
KEMAT ~2 BHBBERKET 20 RRBEBEOEEDL ST, Hvy T rDBHE
W, ROV AT 20T, ABLTH, $H50ml O KERIC0.25%a -~
A vFFon—x8 ) —NEKRIOmMl ZMZ, @ XV 4 vAFafike LT—hAZ nak
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NVATHIE LT, EFER» SRS

Biological sample 2.0g

%, KBIKEVa -V /4 v+ *Mo(C.F)
HNO3-H,S04 evaporate to fume
Afa"ﬁ%ﬂﬂz‘., suoafkvaTHEBL adjust to 1-2% H,SQ,aq. soln.
0.25% ©-Benzoineoxime
<, —B\ﬁ@ﬁ‘&*ﬁ 6C7J[Ii5 N 7}(15&@’14 CHCl4 extract (2 min.)
ofg: T,

721, BEBRCTEMB TS, 7ok
NATH-Tho, BREELRBIHL,

org. atl:l.

TRave v, BLE—H, F4v wash with CHCl3 N
ascorbic acid,CuCl, KSCNagq-
5% TNOA-cyclohexane

back wash with water
back extract with conc.HCl (2min)

T ‘/@ﬂ((’éﬁ%%n%hﬁﬁﬁﬁl( 78 extract (2min)
BESIMAS, BEE, 5FTNOA org e
back wash with(EDTA aq.
—v7a~FY YEWK S5m]l THE L, ascorbic acid aq.
SEOEDTA, T2 3L E ¥ BKEHR (o]
absorbance at 465nm
’C%ﬂ’cﬂ%@ﬁ‘ 5 z & I .:t V) ) YEé‘ radioactivity measurement

LicgkAB<Y gl Zilres # 38 Scheme for separation and deter—
. mination of molybdenum in bio-

MAEBELTlemBIREeMcHET, 465 logical materials-

nm OBMELD, RERLTHVTE

)7 VBEARD B EEDIC, KHENTEORE» SRKROMELEL, Athox) 77

VBAERD B, 2BRIEONEIIE2~TIBTH -,

§3 # g
3.1 SRR
3.1 MRS

REDBMEDy, EPBEBREE ANDE LB T2 M THERIZIOBL LERL, L0 EE
%mmmmgoféDmu@&—ﬁfééobmb,ﬁ@,%ﬁy?vﬁwﬁﬁﬁﬁﬁmﬁw
Thd, FEAER2CT B0, DBokE SRR 1RKME Lk,

BE, KRBT, MEBROERBEEZREIEICLY, MEBFEICH 2 b0 &F—HMKDKHE
ERNCRBILTINA, BU IBHKRE S LTHREEERD L, COBYHICIVEOOTR
Hi3, Duo =500~2000 T, FA4NDOHELICHRTRED, TRHDL, —kAMBINL
BRI E AT TARMRKOK & OEERICEL LEME shd, EXFAOSELS—KL
WhrotcEBbh b,
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3.1.2 FHL7VBEBLUEREE DK
bl
EBREEBIUFA VT VBREELE)Y

77 RBEOBEE, B5K5 X086 {”\\“\\\oﬂ_;o___w
SR, RREY D4 VT I T T —
vGi—AA) —PHELRE (1 : 1) BA

Bk smB & EBRETL, 5% TNOA-
vra~dFH ick A OBEELREL

VA

7o OO EIE K51, TNOAIKL 3
BosEmWakEEEZ, BE—EMEER
TEREFERGLL, ER, F4AYT VRO
MFCONT, EREH» S bHMEBIREEFT
5, 21, TNOARIZ, Y7 ua~FH v

10" +

10° 1 1 i

AFRPAEEELTED, hBikoBBENL 0 30 60 90 @
b1, BB R ORIBE & LT Time (min)
BaThHb, % 48 Dependences of shaking time
3.1.3 TNOAREIKAEH on Dwe.

Dol 4 3 TNOABENIREKR, BTROXSIKEZ ok, 2. 4mol /1 HERERK,
L5mol /1 FA YT VBRKEER»SOMINE, FAYT YBEES T2 4mol /1 BRER
HWIEH A O O O#RIZ, AIETIE (TNOAI<0.2%T, REDEE1I 0.1 5<(TNOA]
TR & 3% 2 DEMBIGRE 8- 7o
3.2 WAXEERC LB
3.21 ExnH, XEAFOEE

MHEOBFBHAORBENABNLERIEENDLEDTH S,

LSmd/l%ﬁv7y@*%ﬁ@%477&»7»:-»(%AAf—u]4ffuf?

YAME UG, BEERRBE—EELRL, TAaVvEYRPE—HA 4 YOiEOH
MBBEAFERELE LB, T3, FAVYT VA & VICK 2BITORKR, &t DETH H
HELECED, 465 nm ICBIN E — 7 2R T Sk nsaEp L, AR EhE " en s
Zohsb,

—J, 5%TNOA-v 7 o ~*4 VIEREDORNE ORREE/IE, 0.35mol/1 nEa, &



Dmo

112

10°f
[
[
102t
10}
0 -
10 [SCN]=15mol/ |
O. 5 VA TNOA
o i-AA-CCly
10'
2 - L 1
10 107! 100 10!
fHC1) (mol/ 1)

# 58 Concentration dependence of

‘hydrochloric acid on Dy -

THBLOE—RHA A Y2 MR NE, 7
VT —AEBBETICREBEESL»E, K
KHEEEBEICB TR, Tvh 7 —%%
EIC, BODIKRBILENH DL, KEE
O TI, TRINVE VEE, B—HRA
vofETICHE LT, BEEAELZTS
oL, 153, TNOAHIER TEF 4~
T VERIGRE 235 < 125 & BE IS BOLE A
BECIL B,
3.22 BB, FALTUBRBEORE
FTRarve Vg, B4 OEET
CHBBLUF A YT VBROBELE 4T
AL X TE SN BOLE ORRFEL &
HLLEzbDK, BINTHE, WTHhoH

10°f
[}
100 T
]
10
(<]
s
a
0
10 [HC1)= 2.4mol /1
o : 5% TNOA
o: i-AA-CCl,
-1
10 T
-2 ] 1 1
10 107 100 107
[SCN)(mol /1)
# 6 Concentration dependence of
thiocyanate on Dy,
3 .
10°[ _J(SCN}=1.5 mol/ |
[HCl)=2.4 mol /1
o:[HCUJ=2.4 mol /1l
18}
10}
[*]
b3
o
100+
-1
10-[
| . . ,
10 107 100 101
[TNOA] (viv k)
# 7 Concentration dependence of TN

OA on distribution of molybdenum.
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1) d<AA—CCl ‘
- ) 4 0.3 2)  53TNOA

[SCN"]=1.54 mol/1 [SCN"]1=0.35 mol/1
[HC1] =2.4 mol/1 [HC1] =3.6 mol/1

Absorbance at 465nm
o
=
T
Absorbance at 465nm
o
b
T

1 1 1 [l 1 1 1 1 L
0 1.0 2.0 3.0 4.0 5.0 a 1.0 2.0 3.0 4.0 5.0

time (hr) time (hr)

% 8 Effect of standing time on absorbance of molybdenum +thio—
cyanate extracted from aqueous HCI-KSCN solutions.
(J: with ascorbic acid and CuCl,
O : with ascorbic acid,
At no reducing agents.

a3l 0.3k
Ao A A re
a 3
=1
£ g
S 0. 2 0.
2 =
° —a 09— o 0—g o0 8 [HC1]=3.6 mol/1
= 8
@ ik 3 -
2 [SCN"1=0.35 mol/1 £ o [SCN=1.4 mol/1
RS ai[HC1]=6,0 mol/1 & O s 1.08
2 0: 4.8 < o 0.35
Ef A a: 0.117
. 5e, 9 : 0.058
1 L i 1 i L L 1 i 1
0 1.0 2.0 3,0 7.0 5.0 0 T.0 7.0 3.0 7.0 5.0
time (hr) time (hr)

# 9K Stability of colored species in 5% TNOA extracts.

b, BERIVvAT—DPELNTED, AEROEHBETE, BERELUT4 VT YREENR
BEE, BEAEIE -, UL, dEDSEBETE, BEotfttie, 74 YT VRO
RDEH SNIDT, LIBORMEIT 3 6mol /1 HEEEY, 0.35mol /154y T VERIKAIRE
L, 5TNOA—v 7 u~F+4 VFKRTHIT 22 &iC L,
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33 ®mE®

P EoERBRFORR, RERHEICENT
FIOROLIBRERHE SN, HEDT:
»i—AA-CCLLAZTORERORKITRL
fods, R onFEROERE, BAEEOLE
e T, 73 ‘/Séi)fﬁa"b;(b‘éo 1A
DI OSFREEEI, ernoa=1.92X10*
BLU ean=16X10"Th »7,

34 EEME

RIEC & 2 EHIREEDE D TE R E B
2%FICR L1, NBS X OEEH D Spinach,
Orchard Leaves, Bovine Liver 0%
VT vEERB LI, LINb,
SRR, FoRLUEAS 7, Orchard
Leaves & Bovine Liver D3, XHAfE &
B —%K%mR L%, Spinach it & EhsMo
OHFER, chETKBREDHIEALCE
MTERZNBDTH S,

3~4@ED

06 }

0: 5% TNOA
o:i-AA-CCly

€ 05
c
[Te)
©
<
. 04
It
o
g
s 03
o)
]
0
<
.02
01
0° 10 20 30
(Mol (ug /1)
%10 Calibration curves for molyb-

denum.

# 2% Molybdenum abundances in standard biological materials.

Material This work (ppm) Literature (ppm)

NBS SRM - 1570 +

Spinach 0.57 £ 0.01

NBS SRM - 1571 + 0.33 £0.07 1)
Orchard Leaves 0.37 %0.04 0.23 1002 2)
NBS SRM- 1577 (g' ?/s)s +0.36 ?g

- + .78 T 0.
Bovine Liver 8.09 =052 g %g +0 14 gg

1) G.Guzzi et al. (1976).
2) A.Chattopadhyay (1974),

3) NBS information value.

4) P.Lievens et al. (1975).
5) E.Steinnes (1975).
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§4 & E

SBRIEONRIT, FHT0 BALTH >7245, ®Mo b L—#—A2AOTEHLLET A, K10
BIIRALDOBRIC, 0BT a—XVSA VA FYAHBOBRICEDLNTNBEZ EBDLD T,
@ -S4 VA FYLAHBICBOTY YEROMESHEOFEICIE B T LD SN THEHS,
Orchard Leaves'. BV %2020 %8ATOEDT, cBENERETTF2RERNICKE S EEZ
55,

MHESMAE 25 00EMAT L, MEPROAOXBORELEHELTEETH S,
Duo D TNOABEIKfEEMHIZ, EBRBUFA VT VBAK> SOMM &, EBRBYEKERL SO
BT, GE20ERBHREZTEINEI N LR, T VEMBAIETLRD
AP LTI S X DI RO L S nBTHRAIN S, 7, T vs(l)
KDL S ICEERERT 5, |

Ry;Norg +H* +SCN™ 2 Ry NH' SCNpy, (1)

—%, BV FFY(VI)R, FAYT VEBA 4 Vick D 5MEICEILEN, oxypentathio—

cyanatomolybdate( V) ion 24K L, Q)X TRINZ IS BHEFEBKOILDEEZEZ OGN

5,
2 Ry NH* SCNyrg+ (MoO (SCN 512
2 (RyNH*); (MoO (SCN)s)%;,+ 2 SCN™ (2)
RRCEBRRTEBIROXL S BB FEENEL SN B,
2 Ry NH* Cljrg + MoOCIZ™ 2(R35 NH), MoOCIZ; org + 2 CI™ (3)

(72722L, R=CsH;, TH5, )

TNOABEN 1 %5 8T EERL OANTHELBETTI20E, TIV-F4v 7 VRIE
DEABRRNEEZONS, #-T, TIVRELXCHhUER LTS, SEEOEMIIFRE
TERV, BATFETIVH0ETOENARERITLEIILT 2 LB3BCHREINTSE
D, TNPBEBICECIEERT I VELUBEOBHICL > THRIEYS, 8L%0.1mol /1
(TNOA=14%) kM4 5., '

XHkic EhiE, RBEEIL Fe (MoO (SCN)s) ©Cuy (MoO (SCN); ) BELEZLSNTE
D, COLHMOEEA A Y OREMLEL I THREYY L L, MliEE LdomEbo
THBEEZoNDDS, KMBRICET B8+ > ABEP O (MoO (SCN); 1¥ DA
REPREN, BEERA~OMBEOHRABECTES L EELL208ENTH 5,

AR RORER, REOFA VT VRBREICHEREL LTy 7 o~F4 VICHE#H L TNOA
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Auotid, ) 77 vosRkon, BXEoRERE, SFRLREEEOATENTSS,
Sk R IB AR A U o K % Mo bv—ﬁ—@ﬁiﬁ@%&%aifi{, Z 0 5rEEk LA A
HIELDPHOLILINILEDTH %, ;
EMEREREOE Y 7F VEEER—RICsub ppm VXAV TH - T, EETHEEORY
FEHBAEIOIELNOT, AEREDBHFELLTHRATESEEZL b,
KFFEIC 5 1 0 BB A - 72 FAL A BT 0/ UK2E B B #iS & £ GRS L, 135
Bleewy -7k cBECELR L ET 5,

& % X L33

1) E.B. Sandell : Colorimetric Determination of Traces of Metals 3rd. ed-
( Interscience New York 1959 ) p. 640.

2) W.T.Elwell and D.F.Wood : Analytical Chemistry of Molybdenum and
Tungsten ( Pergamon Press 1970 ).

3) C.M. Johnson and T.H.Arkley.- Anal. Chem. 26 (1954) 572.

4) F.N.Word : ibid. 23 (1951) 788.

5) K.Sugawara, M Tanaka and S.Okabe : Bull. Chem. Soc- Japan 32(1958)
221.

6) W.Salvin, FR#MR  EFELHT (IRIFE 1970) -

7) E.Steinnes : Anal- Chim. Acta 57 (1971) 249.

8) E.G. Lillie and L.P.Greenland : ibid. 69 (1974) 313.

9) L.C.Hurd and H.O-Allen: Ind. Eng. Chem. Anal. Ed. (1935) 396.

10) C.E.Crouthamel and C.E. Johnson: Anal. Chem. 26 (1954) 1284.

1) E.T. Borrows et al.: J.Chem. Soc. (1947) 197.

120 FiFR, (MBS B/ 84 (1963) 249.

13) T.Kiba, A-Miura and Y. Sugioka: Bull. Chem. Soc- Japan 36 (1963) 663

149 E.H.Huffman, R.L.Osward and L. A. Williams : J. Inorg. Nucl. Chem- 3
(1956) 49.

15 P.Y.Peng and E.B.Sandell : Anal- Chim. Acta 29 (1963) 325-

16) G- B. Jones : ibid. 10 (1954) 584.

17 ®%EEHLL, MEATR, WAREEF At 82 (1961) 580
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18 A-M Wilson and O-K. McFarland : Anal. Chem. 36 (1964) 2488.

19 G.J.DeJong and U.A.Th Brinkman: J.Radicanal. Chem. 35 (1977) 223.
200 G.J.DeJong, U.-A. Th. Brinkman and W.Th. Kok : ibid. 35 (1977) 245.

21) A.T.Dick and J.B. Bingley : Nature 158 (1946) 516.
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Fr53%2 (p—7AFu 7T =) FUB
F MY T AICEBAE YT LDNTEE

HAERAL
1T « KARSL - |INFEE

mj

§1. #

MAZUERYOhTS, BRI Y Cs JREBHED =5 —& LCHEICEETDH 5,
ChE TICBIERE 1% Cs DERBICOVTE L OMEBRINTE, THT772=VFT
B+ YA ( Na—TPB)EMNT, ¥ Cs ~TPB 2R S & 5571 13, 1130 DRk R A B
P A, RRBEHTE (VK, ¥ Rb &) OFEENH 5 HIM@EL L ->T 5,

Moore %2 25sNa—TPB ORI E LCRFE LT b+ X (p — 704 B 7 2 =V) K
vEF ) a(Na—TFPB ), Y I L4 4 VABIRWIICBE S E AHEER - TV 5,
iz Na—TFPB AWV T, BEEHOYCs oERbRAHENTL 2,

AW i, Na—TFPBO$IE B X CREHICOVTHIR LR 2 bLiC, BRINT
W3 Cs DA ENAHET AT EABNE Ui, = OEISIIIBICIE 20 ) v LB KTV E
Uv A ENENORHIERAEEE L, Fho%E bL—3—ELTNa—TFPBIC & 5 538
SpEAERET L7

§20 £ B
SR T8 Na—TFPB %, Moore SOH#E2 KfE->T, T—Fr—F LY LD B
B L7, IRE SR EE BT b mic, TEHERAE O TRMMEBRERET Bk

2.1

B L1, BonkABERICOVT,

SHE C 6419%, H 4.41%, NaB(C¢H,F),+2H, O &LT,

HE@ C 64.02%, H 448%

HERAE110°CT 1 ERMAL 2 b DIKDNT,

SHfE C 69.35%, 6948%, H 405%, 405%, NaB(C¢H,F), &L T
HEM C 6959%, H 389%

43581 L7z Na—TFPBK#E#K I, 6 7 AU LIE LT HEBIRED SN - fohs, ER
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I3 F DERNICH B L THW S,

ZOMORER, TNTRRSE AV,

2.2 WESYLBLUHYILDML—H—RAH

HALAHAGEFEF 74 + » 7 12k 0 60 MeV HlEHEER %2, RbCl 8LV Ca( OH), I
L, ¥ Rb, 84RBV3‘5J:Uf85Rb A, znZH®Rb (7, 3n)®"Rb, ®*Rb(r, n )¥Rb B
UWRb( 7, n )ERb KIGic kD, T BK ko0 Tik*Calr, p WK RIhick DBIE LT
SR IRBEBIE A A VIIEEIC L 0 Ay Y Lh HEBAIRETHEE L TRV

2.3 LB

Wil — BERE - b ) v AEEAKICHEBED T VA ) @BIERREMA, TnikNa—TFPB
G A INZ 2828 mlic LTRb(Cs) —TFPB OhilE Ak S i, COREW%E, 1)55°C
TN AR S Bk, 1 ERDKS LIkl %E A8, 703 2)hki 9 Ciokim LTLE
FIRICAB LI, WFNDBAD, 0 COKTHEILEZEE L, Hika0m OXXT7F23
IC2 0, Tk, T b VICHERL, 0moD AR 75 ZXIICFREZT 12, ENENDER
F05mEORY)TF L VREBEICED, FORHEEEGe(Li) BT /2I3HFAENa (T
s L7z 1k PHAZROTHRIE L, THBIEEZ KD,

2.4 AEmEE

Bl —BERR - b ) v SEFEBKIC, TVHVEBA A4 Y BELP Na—TFPB 2 MA2E% 5
mlic L, CHICEBAESmAZMATHBE T MR T8k, S008I SEDOK
BHEARE LT, iR ERD I,

§ 3. EBRBIUBE

137 Cs —TF PB DREHHE /T &, EBREIC K 0RO 2 LRIES—BT 5 T L5, LIRILE
IR I HHEE DT Ic L DSk 1z, ALz Na—TFPBO#E, £v v LA4 Y ENa-TFPB
OB WAL S TCs—TFPB OB ERERD fER L 0PBLE LB SN, P7Cs -
TFPB OBINERIZ, pH2~7 OB KA FTRIETNUIBIZTHD, VEIY LA
Yk vY sty ERBEEEELTH TS, HESRA 4 VBEICH L Na—TFPB 7258 %
ICEEST ABR0 Cs—TFPB BN R EEEZ T LN COHE v I LLADT VA Y
SBA A Y OWBEE AR T 57201, H ) UL, VEYYLRDVWTENTNBREGHERLL
EWABOWTHBINEERD 2, FBIRIKRSNTHWEXSIL, “KOXEBEEC—73LEK7 77
va VickRHENE 0, pH64 (Cs)=536%x10°M, (Na—TFPB)=849x10°M,“K



120

s 137¢g
3y
3

10 [
= 43y
S ]
> |
[
>
=
Q
<€
]
[m]
=

102 r

PPT ‘FILTRATE
L r 44 1 1
6 7 6 7
ENERGY (MEV)

% 1K Gamma—ray spectra of ppt and filtrate
fractions in the Cs—K TFPB system.
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g2 Gamma-ray spectra of ppt and filtrate
fractions in the Cs—Rb TFPB system.
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12 TR DS T 1 Cs ~TFPB ILBINE L 99.3 % T 5 Dickt L, *K-TFPB Ik
BINEL 03B Th >te —HNEVILILDNTE, FIRIKESNELS T, LEBD 777
vavithE Yy AOBEHENKRINSN B, £ TRb—TFPB LBINRICEELER 52
R %t L7

B ICH T 5 pH OBBAE 1 RICE LWin, KEA A VBENE 12 5IKONTNa-
TFPB#OEL, Rb—TFPB OHBINHERIADY 5, LBAREEE L & C DM IIRE
45, UL pH4BETE, Rb-TFPBOLBINEIZ—E Th b, 55°CTHhBER L1
& IURIEOOME 1250 BREREETNE 16107 &E—EHEERLTY 5, KAT
THEERIEA T B8 0 BRIk FIC, Rb—TFPBI3Z OSMRERICHE-> T Lk
+5C bbb,

%1% Effect of pH on the Rb-TFBP precipitation yield.

®Rb*), M (Na~TFPBJ,M pH Procedure  Yield MBI
7.06x107° 11.2%107 1.4 0°C, 1hr 539 2.41x107°
2.7 655 1.60x10°

46 67.6 1.47x10°

6.7 67.9 1.45x10°

12.3 662 1.56x10°

587x107° 11.2x107 27 5°C,30m/0°C,lhr  37.0 3.34x107
3.1 46.6  2.65%x10°

4.4 60.1 1.79x10°

5.2 634 1.61x10°

6.7 605 1.77x10°

2% Effect of Cs ion on the Rb- TFPB precipitation yield.

(Cs*1, M (Rb*), M (Na-TFPB), M Yildg SCMbilty
429%x1073 1.16x1073 12.8x1073 31.8 6.44x107°
2.63x1073 414 1.14%x107

411x10°° 434  1.56x107°

558x 10~ 517  1.52x10°

7.06%1078 530 1.58x107°




122

VY A F Y IHET BEADR-TFPBIBINE%: pH 4.6 KBV TRDO I FERD, B
QERINTNS, VEIT AL X VIBENSWVIESITIE, Rb—TFPBOWBINERII, B
EREICL->TH52 6050, ELKBICONTRb-—TFPBDCs—TFPB DiLicLitd 51
FBH_ELITH S,

Cs-TPBi3=toxvevichlishdz tBMonT 5%, £/Cs-TFPBb=hu~
V¥V IT99% DI THI éi’tré 9, LirL=taxvEy KD SEERSRETD 57201,
—roRVEVEZ OO RV ATERLZEBADRb -TFPBOMHERApH 5.4 TR, B
3&EDOLIK, = boxRvEUYBOBLEETNTHNE, Rb-TFPB ORI -—EM
(89.2%) %7Rd .

Cs—TFPBBLUPRb-TFPBO=}F o~x ‘/—E‘/’\U‘Jﬂﬂﬂjﬁﬁ% pHAEZE L S B TR IFER
%% 3MIcRd, Cs—TFPBIt DWW TE, =taxvyEy: sookvaDEErzs3 : 2&

#33% Extraction of Rb with Na- TFPB.

Ce¢ H; NO, : CHCl; pH % Extraction
0 5 5.4 1.0
1 4 5.4 78.5
2 3 5.4 88.6
3 2 5.4 89.7
4 1 5.4 87.9
5 0 5.4 90.6

LEBOMBETH 5, WTFNOEAD, pHAEL 21K ONTHHROEFHRD 50 5,
L7 L Rb—TFPB DI EA pH2 T TIKBIZ 2#A TH Y, €v oLl yy D5k
BRESTENEEZL LGNS,

DEOERNS, €vyadsh) v LDEIENaTFPBEHWARMRNICITEDONE T
Lhbot, LbLvE Yy Ald, Rb—TFPBOBERERICHE > THRBINEE 52X 5, Na—
TFPBAEEEREIHD ¥ Cs DD Ic AV 2BA I, LRAERSH, O BER, Bk
SOV TISIRFNTIMENDS Io
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100
Cs-TFPB
90+ °
[ J
3 Rb-TFPB
=
(8]
<
o
=
>
w
° 80k
[ ]
1 1 1 1 1 1
0 1 2 3 4 5 6 7
pH

H3 Solvent extracton behavior of Cs (Rb)—
TFPB into nitrobenzene.
Aq. phase, acetate buffer,
Org. phase, Rb: nitroberzene,
Cs: nitrobenzene — CHCl; ( 3: 2).

ARFRAIT LS ITH T 0 M\ O fofd W e AR P EZ A AR B B %, DR

gL, = v =Tl ARELRSH LET, BRO—FII REREHEREICLET L
AL TEH LTI,

s % X ik
1) H. Okashita and H. Natsume : J. Nucl. Sci. Tech. 9(1972)241.

2) C. E.Moore, F. P. Cassaretto, H. Posvic and J. J. McLafferty: Anal. Chim. Acta 35
(1965) 1.

3) C.M. Tsai, G. Izawa, T. Omori and T. Shiokawa : Radiochem. Radioanal . Lett. 20
(1975) 167.

4) 1wk, REFR, B RRE

5) C.M. Tsai, G. Izawa and T. Shiokawa : Radiochem. Radioanal. Lett. 13(1973)179.

6) J.Krtil, M. Fojtik and M. Kyrs : Coll. Czech. Chem. Comm. 27 (1962)2069 .
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BARE~ADY 7= V—TTAFL—F
D TBP &DWEZNEMH

E Bt
PRIERE— - FIHEEE - EH SR

§1. #&
VFEN=F /AR Y TuF T ey (TTA) + L — b OEEHIHICE LT, ) # b
) 7 F v ( TBP ) 75 & Ohit AL T 53t7E 4 5 & fHss AR 2 Ak L, BEZR I L O M4
LS N, COREIIERBDOEELM R, ’\##/Q&O)z\774/,+\(“ﬁﬂﬁﬂ
MRPBAREL, 700k AEETRINSOY,
RBABEAZBONTPEERORE ABFEEERICRETES 5 EEA 50, WDrDREG
B~ D Y 7 = VEEEDOBER R I DV THANT,

il

§2. # &

v VYOREH (D) B PUDr - BEEERIE X DR 7,

BABEAD Y 7 = VEAD SO TTA(HA) BEMKAEMERE 1 KITRd K5I, TTA
DOHTHTBP(S)HET BBETDH, LbIAN 2 DEEE N S, T/, pHIZX T 5log D
OZECIZAB — 2 DEMRE LS T EEMHENPDI

—7, TBPEEKEHIZE2RKIORT XD ICAE 1 OEHELD, 1 LIMED AR
THEALERESL,

oD ENS, TTABEME XU TBPAE FOMEFEHRIZNL 1B LH2)KXTED
INb,

KEX
UO%* + 2HA —— U0, A, + 2H" ()]
Koy,
U0t + 2HA + S=— UOZAZS + 2H* (2)

ThHbL, BARELZAOCTOHHEBRE—AERLE UL, TTATIHUO, A, 8BLU TBP
HETTIRUO,A,*STHY, BABEORDBLCHBOEERIZ IR EPERINTS,
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/

/

21 // B
[ o/ 80(V1y) % Hex—Cl -ﬁzo//y
‘~ / / Vg4
3.66x107M .

w o o
TBP @ J ?: or 0?2%50%
L

o/ V.

s 20%
o ° o /o
(o] o
o L ’52//
oF no TBP ./ (HA) =0.01M
o /o pH=3.0 / pH = 2.0
/ . 2 ‘ . |
. -4 -3 -2
/ tog [TBP]
_1 -
o F2 Effect of TBP concentrations.
/ 50% (Vy) CCl, - Cl-Bz
-3 -2 -1

log[HA]

#1 Effect of TTA concentration on
distribution ratios of uranyl com—
plexes .

§ 3. BRAzNRMLER
BESR K BMHEHRF 1 RICAONE LD IC, B—IEHTRIERE NI A =5 —
(0 org) DINE WEIETRE WMEAADN D 5,

%1% Synergic extraction constants of UO, (TTA), - TBP.

Solvent Oorg log Kex,s*’
Hexane 7.3 3.49
Carbon tetrachloride 8.6 3.02
Benzene 9.15 2.68
Toluene 8.9 2.85
Chloroform 9.3 1.53
Chlorobenzene 9.5 2.75

% Evaluated from values of log Ks ! and log Kex 2 5 Kex,s=Kex XKs.
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B x ORAHEEOHK ( FEAR ) 2oL THHERERDE 3KITRT, CNoDRERIE

4 4
o) 9\
\\O\HSX— Bz <)\O\Hex Cl-Bz
3r \o 3‘\ \0\0
\0 .\ 0
e—, . ° *0 > 0 —_ . 0_1_3—93-1
" Tol—Ba — - cCl,— Cl-Bz / :
- @
b 4 x
a
o \ s /
° \A &
2 \ 2|
a CHCl;—CI-Bz
Y
Hex— CHCI,\A
\6\4 A0
1 I 1 L
0 0.5 1 0 0.5 1
Volume fraction Volume fraction
%3 Synergic extraction constants in mixed solvent systems.
WOLHICEHTE D, DHHEREIEHEOREOHFINMERS C B—BEEESERE,OHD

FNETRT 2) BIRENT A —5 —PHEN P VI VY ERNVEYDREARTOEALIZDIE N, 3)
BIRE /NS A — 4 —DEDOREZ VEBEOHAER TRADTNOAE W, 4) 7 oo i v aEEL

FZTREBENMBAEL, TBPE/ oot VA lORRRHAFHICLSDEEI SN,

§ 4. IEFEHH

BRI RRENEICRBDH 52 DF L— MHBILBZ 5 L0 5, D MIHREBEAL
THBRMEDORE LI 550, D Sl SRS 51 EOFHBRM SN T B,
FAKITIE~F Y VEBRANOHH, BIXOEBEE~N+Y YH 507 0o RV LAT2ER
ICFRRE, W LB AR,

FRICLAREBEOETOMEDANK SY, FHREHEOEH L ICs o v sV ATHRT
5ENRENAEZLET TR EDbr b, ORBIFZROMMEEEALKT 555 ITIT L
DELHObNETEDD, HiMHBREEFA LT, MEORE SN EDSEERRDRE b
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wHNnsLEEZ SN, BERITTH 5,

| /
O
Extrn.
(HA) = 0.01M
| (BR)=1.83x 7
21 103M in Hex
Back extrn
J (diluted 1: 2
with Hex)
1r
2- Back extrn.
a ‘ (diluted 1:2
g with CHCIy)
0 .
/ ‘
_1 -
A
/ , A
2 3 4
pH

H4 Extraction and back extraction
of UO, (TTA), -TBP.

g & X #

1) K. Akiba and N. Suzuki :

Bull. Chem. Soc. Japan 44(1971)1043.
2) K. Akiba, N. Suzuki ,

H. Asano and T. Kanno : J. Radioanal. Chem.7(1971)203
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FESTFAT VT LA FTICED
et 4+ D4 A+ xR E KR

TGRS AR - SEILAngE T

§1. #&

A VB KSR TR LA 4 v EBA A v sEEL, A A4 Y DIRETHE
BIEICHITT A ETHD, 14 VHOERIKENTA 4 Y OKMBERSHTLEZX 505,
13 BRI AED O KT O RS> RAKFIROMDTH 0, BEOLRAF ¥ LB A4 ¥ OBk
EARLOFREE 155 C Eh O RIIMINGT 5 LHERSNS, A RTRT LI TFLT Y
T A A VERBWTEAD O M4 A Y, VT VBAL Y, WNVKVEBAA VE=

i

FORYEYEBIG L2 V7 axy Vi LZOMHEE -y —ZHOTRD, £
ZOKFBIA —NT A w ¥ v —BEIRLORD I, BWRPDA 4 Y OIRFEERD 6L L
T NMRED D IRE? Y% 4 5 AT ER L DR KB ESNTHS, Ll
H=T 4y e —EREREEPOKR D TABEICL ORD ZHET, T sniA 4 %
ICPETS S EBROK D FHABERD SN eOARFRICEL TV B LEER SN 5o

§2. 8 B

2.1 ®&  E

a4y ELTIREA LY, BitA 4y, 3vitaty, vT7 A4y, VT
VBA K Y, FAYT VALY, BRAA Y, TREL YBALY, AVBRBRAA Y, ~F
GVBAt Y, REBEBAA Y, A9 VBAZY, XFNVITVBRATY, THAVEBRAAVE
KOS ILBAZT Y THDZEDH Y D LEER N, HAELLTOBA A Y BT I T
FUTVE=ILAZXVTHY, ZOKEBIMIKERER O, MHEEE LTEREL LTS
boRyvEvEl2vsonvzy vEROEKcsaoxyEyY, JoeExvyEYy, 700

FWVLBEIORVEVY BRI,

St BE BEARFTER
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2.2 FL—Y-—
BArOBRA+YDOH ) Y LEELGEEICHAL, ZEHFLINACOIRRI - TRHF %
Foulr, n) UBTHERLZYC (fy, =2035), % Cl(t,,=32045), ®™Br( t,,=
43805 ) BRUIPI( Y, =13A )& bL—%—& LT, ‘

2.3 RBEME

BEBDH Y v L% 0.04MKIEIK & LIEIED 0.1MABILT + 5 7 F VT v &= LKE
BERBO=baRvEVYHE0EF 1.2V 7001y YEMATOIERO T, 14 6%
it Urzo M OKEEEEEEZRBIIL, EHEMERSORMEE, v = VAINaI(T) -~
FITER VT VTF v v 20 PHA THREEERIE 217120, MIHERZRD /2, 14 Y2 HmL
1EHEEE TN TOBMENBER I — VT4 v ¥+ —HEETRY, KOTFEEELI, C
DA & YIHCPEIT S K DT RIN DK D FHIRD £ 10 & 0 BREEICE A4 D THEB L
hORMOKDNF4E 77 v 7 & LT LW TKIIKDEERD 12,

§3 BRRBLUEER

3.1 V7 UEEAF UEOHEEE kAN

HHEFE LTHOAEF NS TFAT Y EZI LA VEDORKEET I TLVFLNT VESY
LAFVIRA D=7 ZEREFERA A VERBIREIE LY B EAEKML TV IENWEALS
NTVBY, ZNHERD Sntc A 4 Yt OKFEIE A A~ DK E AL T,

VT MIA A Y, VT VBA A VBIEF L VT VEEA A VOKBKRICTF NS TFUT Y
EZY LA YOKBEEMATA A V2K SE, =roxvEryBLTF1L2 Y700
& VICHIH Lo R & 2 oK E 5 1 KICR 9, i3 CN <OCN <SCN™ DJIHTHE

100
— bt 4
S £
= o)
G 60— c 3
¢ c
* o L@
ui 40— 8 E 2 o
s o
20 ® S 8 8
[¢]
ol | | 0 |_ L L
CN  OCN SCN CN OCN SCN
® Nitrobenzen 0 1,2-Dichloroethane

%1 Extraction and hydration of XCN
into organic solvent.
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15 BASKFIE L DNEF 1T 1S > TW By A & VXt IcfE 5 K S F Ol 3 IRK DBk ICdH 5
bEN5,

(C4H¢),N(aq) +XCN +mH, 0~ (C,Hg), N" (org ) ---XCN™ - mH, O

(C,Ho )y N* & XCN™ L DFEAIRBA 4 v LA 4 v OHBHEHEETH 545, XCN™ &
H, O & DFEARKEHEHN LD ELHESN D,

3.2 NOsUEmAF Ol E KM

ORI A A v, BAMIA A v BLUI VA4 vDO=taoRvEy L L2V 70
WIH Y NDHIHE & DKM ERT

100
[ 3
o —
80 X4
[ ]
;
CGO'— 3
o s
® 401 g 20
bt o
& . z 8
= 20 1+ )
8 ! ! 1
0—L L
e B T cr Br I

@ Nitrobenzen 01,2-Dichloroethane

%2 Extraction and hydration of X
into organic solvent.

KRTE D/ 75O DSHI RS & <, KR L ABaA 4 V54 4 VRHETERL LIC < 10 8 & AR L
CBD, EIA A OBABEENAA & VHOWEER LT 5 D EBbA, BHA +
SRR > T By —F, 3 0L 4 Y OBAERA 4 ¥ HOME RN b0 &
Hhild, BlEiccnd oFr M4+ D44 E%, ko BR#® & PKenjo”

% 1% Ionic radii, B coefficients and hydration numbers of halide ions.

Ton Radius (nm ) B* (25°C) Hydration number
CI- 0.181 - 0.007 3.3
Br~ 0.196 - 0.044 1.8

- 0.220 — 0.074 1.0
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DRD 1= b a Xy VPTOKIBERT . 14 VERIKE L BILHE > TBREDAIK
I D, RGBSR & 72 - THKMICS E DK BEREENIKE VT I TF LTV ES
VLA AV EGAL VEERL LT 25, Kenjo 053K FoKFIB & 313X L0 —BAERL
TnsEEbnsg,

3.3 AINKRKVEAFUOHEHELKINH

IBHOREHEA VR VA A v & 1 BHOFERANVE VBAZ YDA 4 VD= o~
vEvE L2V oIy YNOMMB LK ESE IN, FARITRT, TFvEd L0

60—

40—

oce
oe

[ J
20 o °e
(o]

0. _ L _ | l_
CHj (CH2COO  CH3(CH27CO0  CH3(CHp8COT  CH3(CH210CO0

°le Extraction

20— °
o [

o—% ol _ L _ |
CH3CO0  CH3CH2C00 (CHy2CHCOO  CH3(CH2,COO  CgHsCOO

%3 Extraction of RCOO  into organic solvent.

[ ] ®
12— — = ®__ __
hd Nitrobenzen °
10—
28k
€
2
6_
C
f-j 1,2-Dichloroethane
T A
o o o
S e T - [e]
T
2_
oLl |

l | L
CcHsCOO  CHa(CHPGCOO  CH3(CHp,CO0  CH(CHy3CO0  CHACHACOO

E4 Hydration number of RCOO « N*(C, H, ),.
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37 ) VEDRERDBEZ BICHE > THIHR MG 228 = b oY EVYDHEATH L2 V7
OISy VOBATORIMRREAE—ETH b, TNETFVEDT IVEIIZKINE
¢ AR VEDEED RIS A VK F O VEOBRRICKH LTOKRGFAKSRS L KR
LTWBEDEEZONE, THROLEKMETSH 57V F vk L TRARMIZS 508
BKMERTHE TV ED BV T Y VEICKH L TEAMILANSEDEEZ 5N 5,

3.4 AFUHBREORE

B A A DBEE 0.04 M & L2 IR AME G g A 4 S DBEAUEL 120 B2 A A
Vi DAF VHDOBEICENTE %, |
A& VBEICLOKINBBRELENEIDERND DT NI TFNTVEZT LAY
DEEABLSE, VA4 Y EDAF VIE L2 Vvevzy VITH L ERERS
MicRd, £0DN52x3d a0 RIF—EDOKIEERT EBDON 5,

1.0~©
........... .o.-__._.o___._--._._-____.Q-o__.
g 08 o [e)
£
2o6H
c
©
"_5 04—
o
>
T 02
0 | | | |
0 0.04 0.08 012 016 N

Concentraion of ion pair

%5 Hydration number of (n—C, Hg )y N**1
with 1, 2—dichloroethane .

3.5 mtAR
EIN~BIMEBOTHHEES= boRvEyE L2V 78029 Y ETEEURS A
VLR KB AER LTV A, TR WIEREIC K > TEOFEP E TORMB A A]
BETHEDERLTVEEDEEDLN, A4 Y EKDIFEOHANERDOBRIGITHE > THIH SN
BRI DS IRE B, T DA IRIRHE X AT IT & 27K RIS THR S MERD 55 1 KA,
BRI E XS AEALERD, A4+ VIKKERBE LTV AR TORDBHEDIZ-ED
XELM, FBP2RRKF VNI TFANTVEZTLAA Y EI AL YDA & VW EERE
ZEZ THIH LB ORI AR T . T OKIBIIKERES DREFTOREETOOTL 5KGT
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%% 22 Hydration numbers of (C,Hg )y N*+ I7

Solvent Hydration number
Nitrobenzene 0.89
1. 2 Dichloroethane 0.86
Chlorobenzene 0.63
Bromobenzene 0.74
Chloroform 0.43
Benzene 0.34

BaRDOTO B0, MHBEEOBIEIVNS < 12 B1ITHE > TKFIEAVNES 15T B,

g2 % X #

1) R.W. Creekmore and C. N, Reilly : J. Phys. Chem. 73 (1969) 1563 .

2) S. C.Mohr, W. D. Wik and G.M. Barrow: J. Am. Chem. Soc. 87 (1965) 3048.

3) R. Jasinski and S. Carroll : Anal. Chem. 40 (1968) 1908.

4) R. A. Robinson and R. H. Stokes : Electrolyte Solutions. ( Butterworths, London 1959)
p 125

5) T. Kenjo and R. M. Diamond : J. Phys. Chem. 76 (1972) 2454.

6) G. Engel and H. G. Herz: Ber. Bunsenges . Physik. Chem. 72 (1968) 808.

7) T. Kenjo and R. M. Diamond : J. Inorg. Nucl . Chem. 36 (1974) 183.
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4mH 27 v —RUEEL GMAR 25 D BUE

IR T RER - /\KERSS

$1. B

S, BBLIOEMICET 2EBLAMICE N TRERICE 78> THERT 58/~ L —+ —
BOBEEERYI O MW I3—RICH 2 7 o= b 75 75 DFH A X & BRI &GS ICE U &
HEHIET 2 EICE > TIFRDON B, T OB Zho Bt VERTE DS H o 2 U O Rk 5
ZOERERL EAEER L ERIGEY TRBESA VSN S, —MITIIGME, Nal (T1)
ST ey v BROT Oy 3 S ARIME I EEF 0 B DS E DB,

INETEELEIZMCH; X(X=H, F, Cl Br)-H®™Br (or H¥*"Br) &t T Br
B & U Br D% BAAEL S T T B SREMEHEERY O S E 2 EOEMGMEZA O
Fo 4 n BIGMBHEAE H 27 o= N 75 7ICE#E LTITE L, ¥ Br B XU % Br OFETHRSHS
N5 B (—BMrgaxat) 2RISR T S LIk Lic, L L EEdRics» TE
Bd BRI DM ZE b0, BREE 100°CUFTHEM L 256, —Hailaltay
HOMBERICEE LT — ) Y VOFERER D, TN Z0 DAY DHEDKUFHERE Z5KD 5
T ERARARETH -1z, LI -TlEEHALENEECREE T2 TE T2 /0~ 77
ATZENZNOBRFFHEARYICHY T 2892 —B AR 0~ b7 7 7HOTHELZ OB
HEABIET A EICL>TITH o7, L L ZOEA LIE LIZHESL X UHEED o Ot
I OB EDBIE TR RERELENE L SE & ICBRENERETH B L EDREAND
5o TOEIETEND &L IKETSREEERY TE £ 0 5 BURMERESABIZO X S I
B BIEHATH D /2D BEANE L 2 A0 ISP RO B RS RAR T O L EIClE
9 HHTEM GMBRHBOBESOZEN T,

AL EOBSE, S & ICKEMCeHs X(X=H, F, Cl, Br ) RiCB L TKEEDHERE
e ARE X BriESE LAY E DT 4 L THEREACME ORRBIELH A 7o

Kﬁfﬁ%ﬁttm%ﬁﬁz7m—GM%@%ﬁ@momrﬁN5&t%K%%@%ﬁ%i
KOV THEKRT 5,



§2. BELEEBIUHE

TE I ICHERMER L TE - H 2B AR A GME (Aloka GM— 2003 ) OHINEE X
THRERE LR, FRTHEALAEABELZ 1,000~1,200V OfIc 7 7 b —hidb 205ER
IKIEBieoN7 7 b —@HHR< 556, 100 C UL TR—EFKBFBIIR o0, DL IR
BRI T EE R SR 4 R DBHAERIE AT T 5 C & (TR0, § AEAHE
& L THbk S 5 IR REAE < 155 ICONEHEEERAE < 15 0 [ I B TEIE b ST
Y7 b4 5CETHB. CRRCMENOTUADS TEBAH L 155 C & ICRRT 55D
EZONE, COLSHARHUALMCMEL SR TERA LSAR, EE, REODOTH
BEESHBKBOERN &2 5-DCMEBROHEGER 56 & & bICHITHE A 2k S DEH
SICDABICULERTEE N, FHESRINIChhEEDE L THEERE 2 27 (TI ) K&
HIZOBIE SR DB 5D A BT 7 RICHT BRIIEIED TE EBEOERIC
BEATE M- /oo 2 TEEGMEOEAGRBFICE T 5H(LDOKE RIFRDEA T 2D
EEICERT 5 b0EEL, CMEREN2E A2 70 —JGRICL, #AFKEEHLT 5L
Iz & 0 EIRESIT 35 1 B EHRO E RIRIE O AR £ 5T L 7,

Fet
(8]
T

% 3
Pﬁaﬁ 2

x
© 3 o%o
« O ﬁo ]
= B> oo =
210 ﬁﬁﬁd L *éﬁ;
5 &; e N
2 /’Z—o/ ’
Sasl |
2ol | J
Q
O 2 N X — 0 3cm
11 12 13 14 15
Volt age(KV)
\ ) . . B2 4rnHR7o-AHEGMBKRTEZE.
1M ﬁxﬂ)\QGM%(Aloka, LQARAOBLIUHO 2 HRI78<2 570560
GM—2003) DR T 2OADBL MO 3 BEEMo ( 0.1mé)
1,20°C 2,60°C 3,100°C 4. GMB ( 3/N——r3A Ly 7 2 ) RHRES - 2N =1
4,150°C 5, 200°C. 5. LRI (~5mg/ch) 6 ATV LAFLY—

7.577av¥E 8 F7avnNyFvy
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FoOMICBIWE L/ 4« HR 7 o —BIRBGCME ODEEL R T GMEDF VS —FRT V1
2 TERR (~5mg/ch ) BEBET 7 V54 FTHUS—IKEEL, SoIKTT7RY Ny FV
THERBNTHREMEAZRDBNIC) =2 LEEnE IR L, GMBERMRaI N— V-1 Ly 72
EEMILi-boTRBICIZa N—1vEZOTEAYL, —HBMICIIMo # ( 0.1mé)ZH
#ro 8mo DLFRINA Loy 7 ZHSZAEBLV T 70 VETHRERE DL DHRQHR (He
198%,47777,2%)%%LtoC@iﬁmﬂﬁLkGM%@ﬁg%ﬁggUQﬁxﬁ
EORBEE 3, ARITRT, FRTQH R 10~300 ml /min OFEFAICH F 55 HBEHREE]

4 ~~
- @ b3 3
3 o R 1
EG_ &Rf o ® 4/ 2
% ve) 4 5/
53 84/ E ' —3'5 ;ﬂég;a%({
E -0 " § %4_
O 4 F -
- c, .
o 1. 10mUmin £} ’2 fa(c))"cc
z » P N 5 3. 130°C
S, L 3. 100 3 2 T e
S ® o 4. 300 - o R 4. 180°C
0 o i N 1 N o L 1 1
11 1.2 13 14 15 1.1 1.2 1.3 14 15
Voltage (KV) Voltage (KV)
%30 NG & OB AR ENEE &R
B QR REDLE. | BIRICH & 3 BERE

NIEFEOBYR (FE3K) 155, WFNDOFETHELZ 200V DT 7 b —dh 0, I HMIRLE
BELITFRA LB INIENT &80 5,

U LIFEDSA X < 72 B ICONFHBIBEBEMEBEEMIc > 7 b L 300ml /min T
4B 10 ml /min TOZN L0 BKZ 100 VKL,

—HRBEICH T BHHNREANEE L OBFK (F4R) »OSRAKRTIE 7 7 b -3
LB EDD 180CIKBVTELZ 150VDT 7 F—42FHOBOFHEZRL TS, &
to 23 LIAABIGME DIBE & B2 0FHEIER IO T 2 RELELIIIBALRBRL 5 51K T
Hoto EOICHBICH BT ONFKBIEEE SESZVERE 180 COBETREBLZ 100
VOULEND -7,
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CDEHICEWELE AR 70 —BIGMERMEOGMELEL DT CNIBEB LU AR
ERHE b5, SR TEBIESRE IS T bLED I LRG0 REESTIETS 5 C
EDHIBA L7, ERICCOHR 7 0 —RIRBAGCGMBRHEEZAOSHHCs Hs Br 8K U Ce Hy F—
H ®™Br 12 350 C O7Br 0 RIS TR S 5 & TS LA R O RIS R
BB I, RIEHE 180°C OBIUFICANIT LEBED S V4 H27 a< k75 &5
ICTde M IS M & 5 ICRAERINICHES 4 2 BOREE € — 7 1K KD GME T LIE LI
HBHNIT =) Y TRELBDONT NS BEMEERIO D BRI TH B T EER LI,

A y GehsBr
.3
: ;
2 B CgHgBr
: \
Ug ‘, ! CGHI.FBI'

Retention time

FBOEX 4rnAR7o-BIGMKRHESBEH W/ IV94F TR 0= TF 4.
A SMEC,H;Br—H®=Br (HBr/ C¢Hs Br =0.1) B:XifH
Ce¢ Hs F—H 8=Br (HBr JCeHs F=0.1) DBfigetr: vya—v
A4 vDC550 (Celite 545, 80~100mesh)# 7 4HE X : 2m
) ¥—HZ: He.

§3. % & &

ASRBELIHR 70 —BGMERTSNIBREREERES 180CHELDOFHRICBN TS &
DD TLEICEE URSHROERKRENAIRETH 5, AEBRFICAR 7 0= s 77108
IC s LIRS s 5 DI ERS LA OEREATICR OB L T EbDEEZ SN 5,

AHR7o0—BRRBGCGMBHZEEIET 2IKH I OCGMERA 7 ML %2 LT/l Ww-HE
FHHT TIBLERICERHLE T,
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FY bro ryHHE PCum s vk v SEE

B
JURZE T « ST IRER

A générator for producing several 100 #Ci quantities of carrier —free,
radiochemically pure ®2Cu was prepared for medical uses. The parent,®Zn,
was produced by the ®Zn (7, 2n)reaction, and adsorbed on an anion exchange
column (Dowex 1X8). The carrier -free daughter, ®Cu, was then eluted
with IN HCl. The eluate was neutralized iﬁmediate]y to PH=45-50 by

adding small volumes of sodium carbonate solution.

§$1. F &

BERREES, AAL¥EAB TR Y b o v OB TREGEE IC X BRE/MESHDTENT
BT EHMD, BEREE YN o U RN D B AR EE LT 5, RO
58, TS UETAHLEICELTEOBZ OB THABS NS C LSBT LI, EER
O EGTE — LR DAL & 0 S BIRICH B IR HERIG B BRI EFIR 45 & T nupsaThE
L1583, TROBENRED O BEEAL L BE A SE G U TR LFIR T 200 THZE
RuEpH, BREE IV ENDTELD B,

AT 2Zn CERE : 9.3 —2Cu CERI: 9.74) OBERFIZMALIEXY
MO VHREHASCUD IV FY SEBORBERICOVTERNLEZDT, THIROVTHRET %,

B0 34 o boYARIALT, FELTONi(e, 2n), “Ni(’He, n) &
B0E®Cu (p, 2n) RIGICL DFIRECBIEST LI LEMTE B, BTV =T »7ILLb
470 (7, 20) THENEDBONRICEESTZLEBTE S, ¥17 0oy ERALL
FEMRIGICENIE, CZndEIATI OIS LV HFIENS Z0, BFY =T v 7 L35
A =7y b ERNHAEE B DEEATREOALTY, LALEFY=7»27Th 07K
HEDHE v =5 —E60MeV— 150 sADB T E—2%2bBb0THRELES, BiFE
1 9240 1.65mCid #Zn 842 EHTE) +0K vk vV EBOBKERIEE &
LTHRTE 5,
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Solid Solubility and Residual Resistivity -of Scandium
in Aluminum*

Shinichiro Fujikawa, Mitsuo Sugaya’f*Hajime Takei ***

and Kenichi Hirano

Department of Materials Science, Faculty of Engineering,
Tohoku University, Sendai 980, Japan

The solid solubility and the residual resistivity of Sc in Al were determined by means
of the measurement of electrical resistivity at 77 K of Al-Sc alloys air-cooled after
annealing at various temperatures for the sufficient time to complete the precipitation
of the equilibrium phase ( ScAls ). Moreover, the solidus line of Al-rich side was
determined using a thermal analysis. The solid solubilities of Sc in Al were
determind to be 0.186 at. % at 913 K, 0.160 at. % at 893 K, 0.134 at.% at 873 K,
0.117 at. % at 863 K, 0.104 at.% at 853 K, 0.086 at.% at 833 K, 0.068 at.% 813K,
0.058 at. % at 793 K, 0.045 at.% at 773 K and 0.033 at. % at 743 K. From the
temperature dependence of the solid solubility the excess entropy of mixing ( 4s)
and the heat of mixing (44 ) associated with solid solution of Sc in Al were
calculated to be 6.0 R and 59 kJ mol ™!, respectively. The compound ScAl; reacts
eutectically with Al to from an Al-rich solid solution. The eutectic temperature is
found to be ( 823 + 1 )K. The maximum solid solubility of Sc in Al was estimated
using the values of 4s and 44 to be 0.21 at.% at the eutectic temperature. The
resistivity increment caused by Sc atoms in solution is linearly proportional to the
concentration of Sc. The residual resistivity for Sc in Al is found to be ( 3.4%+0.1)

x 1078 Q+ mat. %.
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§ 1. Introduction

It is well known that a small amount of transition metals exerts a pronounced
influence on the structure and the properties of Al and Al alloys. The information
about the Al-rich side of the phase diagram of Al-transition metal system is useful
to understand behavior of the transition metals in Al and Al alloys. Moreover, the
residual resistivities of the  transition metals in Al are useful to investigate the electro-
nic structure of the Al-rich solid solution. The reliable data of the solid solubility
and the residual resistivity of Sc in Al have not been reported. In addition, there
is a controversy on whether the Al-rich side of Al- Sc system is a eutectic or
peritectic typel.)

In the present work, the solid solubility and the residual resistivity of Sc in
Al were investigated by means of the measurement of electrieal resistivity at 77 K.
Moreover, the solidus line of the Al-rich side of the system was determind using a

thermal analysis.

§ 2. Experimental
2.1 Zone-refining of aluminum
In the present work, the 99.999 wt % Al ingots supplied from Sumitomo

Chemical Co., Ltd. were zone -refined to avoid the influence of impurity atoms on
the solid solubility and the residual resistivity of Sc in Al. The starting material
was rolled and cut to a square rod of 1 X 1cm®in cross section and of 25 cm in
length. After the machining, the surface of the rod was polished chemically in a
31 1 mixture of H;PO, and H3;NO; at 363 K. The rod was set in a high purity
graphite boat and placed in a quartz tube. It was melted with induction heating in
vacuum better than 107' Pa. The conditions for the zone-refining are as follows :
the zone speed; 13 cm,h, the zone length; 2 cm and the number of passing ; 10.
The surface of the rod was polished chemically in the solution at 363 K every one
passing. The tail of the zone-refined Al of 5 cm in length was taken off every

five times of passing and the remainder was used for the preparation of specimens.

2.2 Preparation of Al-Se alloys
The Al- Sc master alloys containing 1.81 and 6.85 at. % Sc were prepared by
melting the high purity Al in a high purity graphite crucible and then adding 99.9
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wt % Sc wrapped by the high purity Al foil in the atmosphere of pure argon gas.
The melt was throughly stirred before pouring and cast into a preheated iron mould.
The Al- Sc alloys of desired composition were prepared by dilution of the master
alloys with the high purity Al using the equipment of the zone-refining. Then the
whole part of the specimen of 6 cm in length was kept melting for the sufficient
time to homogenize Sc distribution. The solidification of Al- Sc alloys was rapidly
carried out. Then zone-leveling was not performed, because the distribution coeffi-
cient of Sc in Al is nearly equal to 1. The ingots of Al-Sc alloys were homoge-
nized at 873 K for 10 days and formed into wires of 0.6 mm in diameter by cold-

swaging and drawing.

2.3 Analyses of composition
The concentration of Sc in the Al- Sc alloys was determined using mainly a
flame speétrochemica] analysis and for comparison a photon activation analysis.
Fig. 1 shows the analysis method and the analysis precision of the flame spectro-

chemical analysis used in the present work.

. The photon activation analysis
(1) Analysis method

was carried out by bremsstrahlung

Sample 0.2g
P + Fe3* 5 mg irradiations using an electron linear

+ 20% NaOH 20ml

Decomposition by heating accelerator of Tohoku University.

The specimens of Al and the Al- Sc

Filtration

* HCL alloys were small plates of 4 X8 X
Dissolution of precipitates

*+ Hy0 0.2 mm® A small amount of 99.9

Ditution in volmetric flask(100ml)
wt % Sc was used as the compara-

Flame spectrochemical analysls ) ]
’ tive standard. In order to monitor

(Flame ; CyH,-air, wave length; 604 nm)
the bremsstrahlung flux, accurately

(2) Analysis precision weighted plates of Au, 0.1 mm thick,

Reproducibility (n=5) using

standard solution were placed on the front and the

Arithmetic mean(x)=4.89 mg Sc back of each specimen and irradiated
Range(R) = 0.15

Standard deviation(&-=R/d;) =0.065
Relative standard deviation(=8/x)=1.32°% Each specimen was wrapped in an Al

together with the specimens.

Fig. 1. Analysis method of Sc concentrationin  foil. The 19% Ay activities produced
Al—Sc alloy and analysis precision by - o6
means of flame spectrochemical analysis by the Au (7, n) ™Au process
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were used for comparison. A mean specific activity was used to determine the dose
rate of bremsstrahlung to which the specimen was exposed. The specimens and the
Au monitors were encapsulated into a quartz tube and this unit was placed in a
water-cooled specimen holder on the bremsstrahlung beam axis behind the photon-
producing converter. The average beam current was measured at the converter using
a current monitor. The irradiation conditions are as follows: the electron energy =
30 MeV, the gamma-rays dose rate = about 1.3 X 10°c.kg at the sample position,
and the time of irradiation= 2 hours. The gamma-rays spectra were measured 6
days after the irradiation, using a Li-drifted Ge detector with a sensitive volume

of 24 cm® and 1024 -channel pulse-height analyser.

10°E
l I | s |
0271 u o 3
0.356 Sc H
“Be ) eay 05N
0333 .
—10° — ]
v - 3
g = 196, 3
g o 0.426 T
g _
T \ -
3
o
C107 -
0 100 200 300 400 500

Channel Number
Fig. 2. Gamma-rays spectra of Al-Sc alloy and Au monitor irradiated by
bremsstrahlung.
Figure 2 shows typical gamma-rays spectra of the irradiated Al- Sc alloy and
Au monitor. Values on each peak are energies in MeV. Characterization of gamma-
rays was obtained from a knowledge of the gamma-rays spectra of standard source
(*"Co, **Mn, ®%Na, ®Co, “'Cs, *®Y and *Hg) and nuclear data® The concent-
ration of Sc in Al- Sc alloys was calculated using 0.271 MeV peak of *™Sc produced
by (7, n) reaction.
The results were shown in Table I indicating that the values by the flame
spectrochemical analysis are in good agreement with those by the activation analysis.
The values by the flame spectrochemical analysis were used in determining the

residual resistivity and the solidus temperature.
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Table I Chemical composition of specime/ns

Specimen Flame spectrochemical Photon activation
No. analysis (at. %) analysis (at. %)
1 0.014 0. 02
2 0.016 —
3 0.023 —
4 0.036 —
5 0.037 —
6 0.038 0. 04
7 0.066 —
8 0.068 —
9 0.079 —
10 0.088 —
11 0.113 —
12 0.134 0. 14
13 0.160 —
14 0.186 —
15 0.198 —
16 1.81 1.9
17 6.85 6.0

2.4 Electrical resistivity measurement and thermal treatment

Electrical resistivity was measured with the wire of 0.6 mm in diameter and 60
c¢m in length. The specimen for the electrical resistivity measurement was mounted
on a quartz supporter.

In determining the solid solubility of Sc in Al, much care was expended upon
the thermal treatment from the following aspects.

(1) The precipitation of equilibrium phase ( ScAl;) must be completed at vari-
ous temperatures without supersaturated solute atoms, because generally, the diffusion
of transition metals in Al is slower than self-diffusion of Al

(2) The concentration of quench-in vacancies must be reduced as possible, be-
cause the solid solubility of Sc in Al was supposed to be small and thé cotribution

of quench-in vacancies to electrical resistivity can not be neglected.
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In the present work, the thermal treatment was continuously carried out us-

ing the methed shown in Fig. 3.

T
Each specimen was used repeatedly Air-cooled LiR4 el
6 <<ty

to obtain data at various temperatures, T,

1. €. specimens were replaced in a hori-

. T;
zontel electric furnace after each meas-— :

Temperature

urement was carried out. After anneal-

ing at various temperatures for suffi- 293K

cient times to complete the precipitation

of the ScAl; phase, the specimen was Time

Fig. 3. Schematic diagram of heat treatement
used in the present work.

air-cooled. Following immersion in ace-
tone kept at 273 K, the specimen was
immediately put into liquid nitrogen. The time between the air-cooling and putt-
ing into a liquid nitrogen bath was about 20 seconds. This cooling process may
be slow enough to prevent the production of quenched-in vacancies, but fast enough
to obtain the supersaturated solid solution. The specimens were annealed at the
following temperatures: 923 K ( 3 hours), 913 K ( 4 hours), 903 K (5 hours), 893
K ( 10 hours), 863 K ( 15 hours), 853 K ( 20 hours), 833 K ( 25 hours), 813 K
(39 hours), 793 K ( 45 hours), 773 K ( 65 hours) and 743 K ( 72 hours). The
high purity Al was annealed for 10 minutes at each temperature as follows and
air-colled: 903, 873, 823, 773, 723 and 673 K. The measurement of electrical resistiv—-
ity was carried out at the liquid nitrogen temperature using the precision potenti -
ometer. The correction of the liquid nitrogen temperature was made with a dummy
specimen. The specimen itself was used as current leads.

The high purity Al of 0.6 mm in diameter were spot-welded to the specimen as
a potential leads. The distance between the potential leads on the specimen is a-
bout 30cm. After the measurement, the diameter of the specimen and the distance
between the potential leads were measured and so the specific electrical resistivity

was calculated.

2.5 Thermal analysis
The chromel-alumel thermocouple wrapped with the wire of Al- Sc alloy was

put- into a protective tube. The thermocouple was connected with an X - Y recorder.
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An electric furnace was made ascending or descending in the speed of +1.5 K using

a regulator with programing function.

The solvus temperature was determined from

the temperature of the exothermic and endothermic plateau which appeared in the

straight line of thermoelectric power versus time owing to the fusion or solidification.

The thermoelectric power of thermocouple was checked using the values of the freez—

ing point, and the melting point of the 99.999 wt % Al.

§ 3. Results

Figure 4 shows the resistivities
for the high purity Al and the Al-
Sc alloys as a function of anneal-
ing temperature. The resistivity of
the high purity Al is constant over
all annealing temperature, indicating
that quench-in vacancies were not
introduced by air-cooling. The
resistivity curves of the Al-Sc
alloys consist of the increasing and

the constant parts. The increasing

0.9 , : . —
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g[ 0.6 ® 0.186at.% Sc 8 OO0 _|
< . U
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O 0.4 ]
& .
%
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0.2 | ] |
723 773 823 873 923
Temperature(K)

Fig. 4. Resistivity of Al- Sc alloy plotted
as a function of annealing temperature
for various Sc concentration.

part of the curve is caused by the enlargement of the solid solubility with a rise

in temperature. The whole Sc atoms are in solution above a certain temperature

and the resistivity remains when the
specimen is subjected to further
annealing at higher temperatures.
Figure 5 shows the resistivity
as a function of the concetration
of Sc at various temperatures. In
the present work, the break in the
curve was regarded as solid solubil~
ity. The solid solubilities deter—
mined in such a way were showen

in Table II.

0.9 T T T ox
v 323 K °
x 913K
0.8 © 903 K 893Ko |
® 893 K
4873
~ 07} 5 M -
€ o 853K o
‘ o Bk
& . °
S 0.6} 2 773 —
Z ® 743K
> g 833K ©
2 0.5 ¥ ° o g3k e ]
g i N 5 793K ®
& 0.4 / : N . 773K & —]
. A e 743K °
- v
0.3+ -
0.2 | I I
0 005 0.10 015 0.20

Sc  Concentration(at.%)

Fig. 5. Resistivity of Al-Sc alloy plotted as
a function of Sc concentration for various
annealing temperature.
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Table II. Solid solubility of Sc in Al.

Temperature ( K) Sc concentration (at. %)
913 0.186
893 0. 160
873 0.134
863 0.117
853 0.104
833 0.086
813 0.068
793 0.058
773 0. 045
743 0.033

Generally, for the sufficient dilute solid solution the variation of the solid
solubility with tempearture is given by
C = @48/R 4 @ AR/RT .o il 1)
where C is the solid solubility in atomic fraction, 4sis the excess entropy of mix—
ing, R is gas constant, 44 is the heat of mixing and 7T is temperature (K).
Figure 6 shows the logarithm

T(°C)

of the solid solubility Sc in Al as 6?0 6([)0 5'50 SPO

a function of reciprocal of temper-

T TTTIT

L Lt

ature.

The result is satisfactorily

T
?

expressed by eq. (1). Therefore, apply - 0"

ing the result shown in Fig. 6 to eq.

T ll!llll
| Ill]HI

(1), the values of 4s and 4k are cal-

1

Sc Concentration(at.%)

cultated and shown in Table I,

along with those® of other 3d 10°2 l I l ' L
1.05 110 115 120 125 130 135
transition metals. 103/7 K

Fig. 6. Temperature dependence of solid
solubility of Sc in Al.
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Table II. Maximum solid solubility ( Cmax ), excess entropy of mixing ( 4s)

and heat of mixing ( 44 ) for 3d transition metals in Al

Element (ng"‘%) 4s/ R 4k (k] mol™)
Sc 0.21 6.0 59
Ti 0.57 2.6 60
\Y 0.32 — —
Cr 0.44 0.46 47
Mn 0.9 3.8 67
Fe 0.025 2.3 82
Co 0.009 — -
Ni 0.018 7.6 125
Cu 2.5 1.8 39
The results of the solubility :l: """" . I :-_-LK._I
line and the solidus line are sum- B /6'2]3“" e ]
marized in the phase diagram of < ’
Fig. 7, in comparison with the re- B 73 o + AlySc ]
sult by Mondolfo!’ Figure 7 shows ;
that the compound ScAl; reacts g 823 — - Present work —
eutectically with Al to from an Al- % ° o Mondolfo
rich solid solution. The concentra- B 773 - ]
tion dependence of the solidus
temperature ts very small. The s | | 1
0 01 0.2 03 04

eutectic temperature is estimated
tobe equal to (823x1)K, in
good agrement with that by Mon-
dolfo!! The maximum solid solubil-

ity of Sc in Al was calculated

Sc Concentration (at.%)

Fig. 7. Al-rich side of the equilibrium
phase diagram of Al- Sc system determined
by the present work, in comparison with

that by Mondolfo.

using the values of 4s and 4k to be 0.21 at. % at the eutectic temperature, and

shown in Fig. 6 and Fig. 7.
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Figure. 8. shows the concentra- 0.9 [ ]
tion dependence of the difference 0.8 "'P:,ese”‘ work  ° —
o Ocko
between the resistivities of the T 0.7 — —
constant parts for the Al- Sc alloy % 0.6 — ) ]
and the high purity Al in Fig. 4, g 05— B
. < .
along with the data of Ocko? g 0
4i— —
. 0
From the result the residual resis— =
2 03 —
tivity per atomic percent of Scin = A,0=(3.A:O.I)x|0§z~mlat.°/o
Q L —
Al is found to be (3.4£0.1)+10" 0.2
Q+m “at. %. 01— I
| l
0 -
0 0.1 0.2 0.3
Sc Concentration(at.%)
§ 4. Discussion Fig. 8. Resistivity increment of Al- Sc alloy
as a function of Sc concentration in solid
4.1 Method of determination solution.

for solid solubility of Sc in Al

Figure 4 shows that resistivity hardly depend on the concentration of Sc beyond
the solid solubility, indicating that the contribution of the ScAl; phase can be
ignored in the resistivity of the Al- Sc alloys. Figure 8 shows that the resistivity
increment is linearly proportional to the conccentration of Sc. In determining solid
solubility by means of the measurement of electrical resistivity, the contribution of
equilibrium phase can be ignored and the resistivity increment must be linear pro-
portional to solute concentration. These conditions are satisfied in the present work.
Morever, the thermal treatment of the Al- Sc alloy was carried out to attain to
the equilibrium state at each annealing temperature.
Therefore, the solid solubilities determined in the present work may be authentic.
The conclusion was also supported by the fact that the solid solubilities of Sc in
Al can be represented by one Arrhenius type equation over the whole temperature
range.

There are few of the results that are reliable among the already reported
solid solubilities of the 3d transition metals in Al, because the purity of specimens,
and the methods of measurement and thermal treatment are not appropriate. In
addition, very little data are available for the solubilities of the 4d and 5d transi-

tion metals in Al. Therefore, the solid solubilities of Sc in Al determind in the
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present work are useful to investigate behavior of the transition metals in Al.

4.2 Excess thermodynamic quantities ( 4s and 4h )

Table W shows that the values of 4s and 4k for the Al-Sc solid solution
are simillar to those for the Al-Ti and Al-Mn-solid solution, and the very slight—
ly soluble elements have the large values of 4s. and 4h. The main factors respon-
sible for the heat of mixing are the strain energy (W) caused by the difference
in atomic radii of the solute and solvent atoms, and the valence effect. As the
atomic raddii of Al and Sc atoms are 1.43 and 1.62 A, respectively, W may consid~
erably contribute to 4h. It seems that the entropy of vibration and the entropy

originating in the temperature dependence of W contribute to d4s.

4.3 Eutectic temperature of Al-rich side in the phase diagram of Al-Sc system
Since the solidus temperature shows the slight concentration dependence and
the solidus temperature of the Al- 0.198 at.% Sc alloy is 928 K, it may be conclud—

ed that the eutectic temperature is 928 K, in good agreement with that by Mond-

olfo!’

4.4 Residual resistivity of Sc in Al

Our value of the residual resistivity of Sc in Al agrees well with the experi-
mental value of (3.5+0.5)+107% Q+m “at. % by OcCko* and the theroretical value
of 4+10°8Qem at. % by Mrosan? but disagree with the experimental value of 541078
Q-mat. % by Fickett® '

The experimental values of the residual resistivities of 3d transition metals in
Al by the present work and other workers*¢~% are arranged in order of increasing
atomic number in Fig. 9, which shows a large broad peak around Cr. The peak is
believed to be caused by resonance scattering of the conduction electrons of Al when
the position of the virtual bound state connected with the impurity is very near to
the Fermi energy of Al. Here we will estimate the residual resistivity of 3d tran-
sition metals in Al. The residual resistivity® is expressed in terms of the phase

of the partial waves as follows,

4m ke i( L L)SIC( 7y =y ), e (2)

AP = "5 5 .
ezKFZA 1=0
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where % is the Planck constant, ¢
is concentration in atomic fraction,
Kp is the Fermi wave nuber for
the solvent, Z, is the valence of
the solvent and 7, is the phase shift

corresponding to the 7/th partial wave

ap (Idsszvmlat.%)
T

evaluated at the Fermi surface.

The value of 7, is required to satis < Experimental value

. 1|~ < Theoretical value(Present work)
fy the Friedel sum rule -« Theoretical value(Mrosan)

! ! 1 1 1 ! ! ! !
Sc Ti V Cr Mn Fe Co Ni Cu

2 oo
=—=—>(2/+1)n,, «eeeena. 21 22 23 24 25 26 27 28 29
z T EO( 2010, @) Atomic Number
where Z is the screen charge. In the Fig. 9. Residual resistivity of 3d transition

) metal in Al plotted against atomic number.
calculation of 4p, we ignored 7,

except 7., because 7, is dominant because of the narrow bandvof d electrons. It is
assumed that the screening of Sc, Ti, V, Cr, Mn, Fe, Co and Ni are 2, 3, 4, 5, 6,
7, 8 and 9, respectively *!!

Using egs. (2) and (3), the values of 40 for 3d transition metals in Al were calculat—
ed and shown in Fig. 9, in comparison with the experimental values and theoretical
value® calculated with a muffin-tin impurity model. The theoretical results obtained

in the present work give a satisfactory qualitative interpretation on the characteristic

maximum.

§ 5. Conclusions

(i) The Al- Sc alloys were prepared from 99.9 wt% Sc and the high purity zone-
refined Al. The solubility line of Sc in Al was determined using the measurement
of electrical resistivity, paying attention to the conditions of measurement and thermal
treatment. The solid solubilities of Sc in Al were determined as follows: 0.186 at.
% at 913 K; 0.160 at % at 893 K; 0.134 at% at 873 K; 0.117 at % at 863 K ;
0.104 at % at 853 K; 0.086 at % at 833 K; 0.068 at % at 813 K; 0.058 at % at
793 K; 0.045 at % at 773 K and 0.033 at % at 743 K.

(2) The excess entropy of mixing and the heat of mixing for Al- Sc solid
solution were determined from the temperature dependence of the solid solubilities of

~ Sc in Al to be 6.0 R and 59 kJ mol;' respectively.
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(3) In the Al-rich side of Al- Sc system, Al reacts eutectically with Al and the
eutectic temperature is ( 928 +1 ) K. The maximum solid so]ﬁbility of Sc in Al was
determined to be 0.21 at. % at 928 K.

(4) The residual resistivity of Sc in Al per atomic percent was calculated from
the concentration dependence of the resistivity increment at 77 K of Al-Sc alloys to
be (3.4:x£01)+107%Q-m.“at. %.. The residual resistivities of the 3d transition metals

in Al were discussed with the phase shift analysis.
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D | 20 20 30 70
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s 47 48 49 50 51
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