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Measurement of the Structure Factor of CS.
Liquid under High Pressure and High Temperature

M. Ueno, M. Misawa  and K. Suzuki

The Research Institute for Iron, Steel and Other Metals,
Tohoku University, Sendai-980, Japan

§ 1. Introduction

The structure of liquids consisting of non—spherical molecules has been known
to be effectively described in terms of the center— center correlation and orientation—
al correlation among the molecules in the liquid state"’. These correlation function
should be drastically changed as a function of temperature and pressure over the
whole liquid range from the triple point to the critical point.

In this study the structure factor S, (Q) of CS; liquid has been measured at

Molecular number density

Pressure (atm)

300 0! 0008 ) 0006 0004 (molecules/ A )
200}
640K _|
600 —
100 +
560 —1|
) Critical point
360 Saturqted/ line (552 K,780atm)
297
oLl
‘006 008 010 02 Q4 016 018

Volume( |/ mot )
Fig. 1 P-V-T phase diagram of CSz fluid calculated from
Nishiumi—Saito’s equation of states?
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five thermodynamical states in the phase diagram® of CS, fluid as shown in Fig 1,

using a liquid total scattering spectrometer® installed on a 300 MeV electron

LINAC Tohoku University.

§ 2. Experimental
CS, liquid sample (extra pure reagent grade, Wako Pure Chemical Co. Ltd.)

was contained in a high pressure cell made of a typical Ni—Cr— Mo steel SNCM—
8 (JIS: G4103). The detailed design of the cell is illustrated in Fig. 2. An elec—
tric heater to heat the sample mounted inside the cell and pressure is hydrodynam-—

ically applied to the sample by a hand pump.

AN

s
)

Incident

beam

%

5 1. sample

\\VZ

2. pressure cell

3. metal- sheathed

el

6 heater
4. metal- sheathed

TR

7
I

YT

%

Il

7

thermocouple

5.0 ring

i

!

6. back up ring

=

K< 7. silver solder

i

8. cooling water

9. pressure supply

0 2 4
cm

Fig. 2 Design of high pressure and
high temperature cell.



In order to supress the contri—
bution of scattering from the cell to
an observed time —of —flight( T—O—
F) spectrum, beam narrowers were,
as shown in Fig 3. inserted in both
the incident and scattered neutron
beam paths in the total scattering
spectrometer. Scattered neutrons
were simultaneously counted at four
scattering angles 260=5, 15, 30
and 60°.

Figure 4 is an example of the
sample contained in the cell (S),
a vanadium standard sample (V) ,
the empty cell (C) and background

(BG) observed at the four scattering

209

S: sample

C: cell
S;: slit
C;: counter

—
0 2 4 6
cm

l Incident beam

s,
S.

Fig.3 Arrangement of neutron beam
narrowers.

angles respectively. The final structure factors Sy, (@) of CS, liquid have been

obtained from the T—O-F spectra by correcting the contributions due to the cell

and background, multiple scattering and Placzek recoil effect. Details of the

experimental setup and data processing during this work are fully reported in

Ueno’s master thesis®.
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Fig4 T-O-F spectra of CS; liquid sample contained in the cell
(S) , vanadium standard sample (V) , empty cell (C) , and back—

ground (

BG) observed at Run II (425 K and 35 atm).
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§ 3. Result and Discussion
The structure factors Sm (@) of CS, liquid observed at the five thermodynami—
cal states are shown in Fig. 5. The Sn(@) for Run I (297 K, 1 atm) is in a

good agreement with previous results>®.

A drastic variation in the Sy @) is

found in the low wave number region Run V¥
of the scatfering vector @. On the other
hand little change appears in the oscil— Run ¥
latory behavior of the Sy (@) over the ;
liqi.gh Q region subsequent to the third g. Run IL
peak, which is quite close to the é’;

»

molecular form factor® F,(Q) of a CS,
molecule in the liquid state existing at 1010
room temperature and one atmosphere. 8

This means that the size and shape of

a CS, molecule in the liquid state are *
kept with little change over the whole 04
liquid range. 02
Both the position and height of 0
the first peak in the S, () decrease
monotonically as the thermodynamical Fig. 5 Structure factors S (@) of

CS, liquid at five thermodynamical

state moves from I to. V. These changes states ( solid lines ) and molecular

in the low Q region of the Sp(Q) are form factor F, (@) of a CS, molecule
. o . in the liquid state existing at room
attributed to the variation in the inter— temperature and one atomosphere

molecular correlations in the liquid state (dotted line).

from I to V. Figure 6 shows 4nr?0,d(r) at each state, where d(r) is the Fourier
transform of Sy, (@) —F; (). Therefore the d(r) corresponds to the intermolecular
pair distribution function of CS, liquid. Dotted lines in Fig 6 indicate the uniform

distribution function which is defined by putting d(#)=1. The peak around r =4A



is reduced and shifted toward a far distance
according to the change in the state from

I to V. However there are still some inter—
molecular correlations even in the state of
Run V.

This experiment has demonstrated that
T—O—-F pulsed neutron diffraction is an
advantageous method for the structural study
under high pressure and high temperature,
because neutrons can penetrate the thick wall
of high pressure cells and the movable
mechanism of the spectrometer is not needed
in T-O—F technique. However there are
tedious procedures for the correction of
attenuation, multiple scattering and inelastic
scattering of white neutons with a broad
energy spectrum, of which prescriptions have

not completely been established so far.

4red(r)
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Qmax(Z\")
= 8.1

0 2 4 6 8 10

r(a)

Fig. 6 Intermolecular radial
distribution functions 4zr20,d(r)
of CS, liquid at five thermody—
namical state ( solid lines), where
d(r) is the Fourier transform

of S @) —F,(Q). Dotted lines
mean the uniform radial distri—
bution 4nr%0, which is defined
by putting d(»)=1.
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A Jointless Observation of Small and Wide Angle
Total Neutron Scattering from CVD Amorphous SisN.

M. Misawa, T. Fukunaga, K. Niihara, T. Hirai and K. Suzuki

The Research Institute for Iron, Steel and Other Metals,
Tohoku University, Sendai-980, Japan

§ 1. Introduction

The atomic structure of chemically vapor— deposited ( CVD) amorphous SizN,
has been recently studied by conventional X—ray diffraction technique' . The
Si—Si pair correlation in SigN; is predominantly observed by X-—ray diffraction,
while the N—N pair correlation is preferentially obtained by neutron diffraction.

Pulsed neutron diffraction can scan the structure factor S(Q) over a wide
range of the scattering vector @ (=47sinf/4) because of using short wavelength
neutrons produced by an electron LINAC. The aim of this study is the measure—
ment of the S(Q) of CVD amorphous SizN, by pulsed neutron diffraction, from
which the characteristics of the atomic scale structures of CVD amorphous SizN;

constructed by covalent chemical bonds are discussed.

§ 2. Experimental

The measurement of the structure factor S(Q) was made using a time— of—
flight ( T-O—F) pulsed neutron diffractometer® installed at Tohoku University
300 MeV Electron LINAC. The sample of CVD amorphous Si;N, was prepared by
chemical vapor—deposition technique at the deposition temperature of 1300°C and
under the total gas pressure of 20 torr. Details of the preparation procedure have
been reported in a previous paper®. The sample was containéd in a vanadium
cylinder of 0.025mm thick wall, 7.8 mm inner diameter and 50 mm length. The
procedures of data processing from the observed T—O—F spectrum to the S(Q)‘

have been fully described in the previous paper? .
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§ 3. Result
The S(Q) of CVD amorphous Si;N, was obtained over the range of @ from

1 to 330 nm™. The result is shown in Fig. 1. The oscillatory behavior of the

2F .
A /\ 1‘1
%)
TJUv v
09
i 1 1 1 1 1
0 50 100 150 200 250 300
Q/nm?
Fig. 1 Experimental structure factor S(@) of CVD amorphous

SigN, .

S(Q) is found up to the value of @ close to 300 nm™ and the so— called small
angle scattering intensity is observed in the low @ region less than 10 nm™.

Figure 2 shows the radial distribution functions ( RDF) which are Fourier—
transformed by truncating the S(Q) at various values of @max. The first peak
around 0.17 nm in the RDF’s. corresponds to the Si—N bond in CVD amorphous
SizN, . The @ nax dependence of the position and area of the first peak is shown
in Fig. 3. The most expected values of the Si—N bond length (/si-w) and the
number of N atoms bound to a Si atom (ngs;.y ) are decided from the asymptotic
values of the both curves at the high @umax as shown in Fig. 3. These numerical

results are listed in Table I, together with the fluctuation in the Si— N bond
length (4/7).
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Fig. 2 Radial distribution
functions of CVD amorphous
SigNy. Fourier transformation
from S(@) to g(r) is truncated
at various values of @ nax -
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Fig.3 @ max dependence of Si— N
bond length (/si—n) and number
of N atoms bound to a Si atom
( Nsi-N ).

Table I Si—N bond length(/) , its fluctuation (4/)
and coordination numbers #g;.y and Zy.g; .

/(nm) 4/(nm)

Ngi-N NIN-si

0.1729

0.0071

3.70 2.78
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§ 4. Discussion
4.1 Short— range structure
The total RDF defined as the Fourier transform of the S(Q) is written as
Amr?og (r) = 4xr’po 2ciciwiigii ) ("
where the left hand side of eq. (l)";s the total RDF, g;; (») is the partial pair
distribution function of ¢ —j pair, ¢; and ¢; are the concentrations of i and j
elements, and w;; is called the weighting factor which is expressed as
Wij= _b'_b'Jz‘
<b>
where b; and b; are the scattering amplitud’es of 7 and j nuclei and <b>=
Ceibi +¢bj).
The magnitudes of the w;;’s calculated for X- ray and neutron diffraction

in case of SizN, are summarized in Table I. From this table, it seems likely that

Table I Comparison of weighting factor w;;
between neutron and X-—ray diffraction.

i —7J Neutron X—-ray Ratio=X /N
Si—N 0.763 0.98 1.28
Si—Si 0.337 1.96 5.82
N-N 1.728 0.49 0.28

the N— N pair correlation is highly weighted in neutron diffraction. On the other
hand the Si—Si pair correlation is predominantly weighted in X—ray diffraction.
Figure 4 is a comparison of the second peak in the total RDF’s between the
present result by neutron diffraction and that of X=ray diffraction done by Aiyama
et al’). The peak positions are different between the both RDF’s. The peak
around 0.28 nm in the neutron RDF corresponds to the ’N—N spacing an(_i that
around 0.3 nm in the X—ray RDF is found to be the Si-Si spacing, based on

the reason discussed above.
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The total RDF’s can be resolved into the N—N and Si—Si pair distribution
functions respectively, using eq. (1) under the assurhption that both the pair distri—
bution functions have a Gaussian form. The results are shown by three broken
lines in Fig 4. The values of atomic spacing and coordination number of the

N—N and Si—Si pairs are listed in

Table I, where the bond angles around !

Si and N atoms resulted from the 200
magnitudes of the three spacing, /gj-y=

0.1729, Iy~ =0.283 and /gi—s; =0.301nm,

neutron
are shown together. The magnitude of

100r
the bond angle around 'a Si atom is
109.8° , which is in a very good agree—

ment with that of a tetrahedral bond

4riggtr)

angle ( 109.47°). The value of 121.0°

for the bond angle around a N a’Lom is

also quite close to that of a plane

triangle ( 120°). Therefore the short—

range structure of CVD amorphous 100
SigN, is likely to be illustrated schemati—

cally in Fig. 5.

0 o s,
Table I Coordination number (n), - 0.2 03 04
spacing (/) and its fluctuation (4/7) r/nm
for N— N and Si—Si pairs. 0 is

bond angle. Fig. 4 Comparison between

total RDF ( solid line) obtained

by neutron diffraction and that

by X-ray diffraction'’. Dotted

7 ( atoms ) 7.7 6.5 and dashed curves are Gaussian
approximation for N-=N and

/ (nm) 0.283 0.301 Si—Si pair distribution functions

47 Cam) 0.016 0.016 respectively. Dashed dotted line

means the residual part in the
0 (deg) 109.8 121.0 second peak.

N-N Si—Si
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The experimental coordination

numbers of ngi-y=3.70 s nyny=7.7

~109° @ Si
and ngi_s; = 6.5 are smaller than the o
~120 O N
values of 4, 9 and 8 which are
calculated using the assumption that
there are no dangling bonds and no Fig. 5 Short—range structure in

. CVD amorphous SizNj .
N-N and Si—Si bonds in SizN, .

This implies that CVD amorphous SizN, includes some kinds of defects.

4.2 Small angle scattering
The experimental S(Q) obtained at the scattering angle 2 6=5° is shown
in Fig.6. This S(Q) is constructed from two contributions; one part is the

structure factor SsA(Q) which 9

containes ohly Small angle scatteri'ng
intensity and the other is the

ordinary structure factor. The latter

is estimated by extrapolating

smoothly the S(Q) toward @ =0 <)
as shown by a broken line in Fig. ?
6. The Ssa (@) can be obtained

as the residual structure factor

which is shown by a solid line

in Fig. 6.
o .
The Ssa(@) has been known Q /it
to be related to the characteristic Fig. 6 Experimental S(Q) of CVD

amorphous Si;N, observed at scattering
angle 2 6=5°. Broken line is the
fluctuations in materials by the extrapolation of S(Q) toward @=0.

Solid line is small angle scattering
following equations® , intensity.

function 7 () which specifies the
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SSA(Q)ZAnftln:rZT(r) Sg‘f)’dr | -
A=(C1— wp) Wy 71—<17>—2—(nmbm—-npbp)2 (3)
-1 2

2nipy

where w, is the volume fraction of fluctuating particles, ny, » n, and # are the
atomic number densities of matrix, particle and the whole sample respectively,
bm s by and <bh> mean the scattering amplitudes of nuclei in matrix, bparticle
and the whole sample respectively. The area of interface per unit volume (S, V)

is obtained by the following equation,

lim (Q*Ssa (@) )

S/V:n-( l_wp)wp 275214” . (5)

The volume per particle (¢;,) and the distance of heterogeneity (/;) are expressed

as

vp:f47rr27'(r)dr , (6) T

d
o 10 -
lc=2fr(r)dr . 7

The 7 (r) obtained from egs.(2) =
Do
and (4) are shown in Fig. 7. The value 05
of A is estimated as 0.0434 from eq.(4).

The kind of particle with physically

reasonable properties can be assigned

by using eq.(3). It is concluded here

0 1.0 2.0

that the major defect existing in CVD
r/nm

amorphous SigN, must be voids with thgr Fig 7 Characeristic function 7 ()
average diameter of about 1 nm. The of a particle in CVD amorphous
Si3 N4 .
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possibility of the other kinds of particles- Table V. Volume fraction of void
(wp ), surface area per unit
volume (S V), characteristic

denied. The preliminary results of wp» length of void (/c) and mean
: volume per void (v,).

such as SiO, and Si or N—rich SixNy are

S/ V., v, and /. are summarized in

Table IV. The existence of voids is w, ( volume %) 42

consistent with the lower coordination .
S/V(m/cm®) 630

numbers obtained from the RDF analysis.

/. (nm) 0.7
vp ( nm®) 0.44
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X2.5m, He #+ ) ¥ —#2%# 30 ml/ min (—E& ), &E& 70°C— 150 °C (15°C/min)
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NRAR Lizo BARINENENC & FRICEET S CoHs X BLUHBr 04 4 Y{LEEHES
hRLBRESHENABICH#EITT 5 C &£ hflick - TER L *Br oFRIGE CoHs X0 5
DH —abstraction TH 5 LICERTZbDLEEZ SN S,

B IRKICGHEB™Br—-C H;, XRitBF 35 94 HR 7 a= b7 6%xR LTz, ¥™Br O
RYEREFB TERT 5 8 Br O

Kr Omf 0.3mf

¥ YA Epara MOREE | F2E THHEC™Br(or Bré™ Br)—C¢H; XRiC

L LTEES S 72 0 OMSHINE AR oD B 3EINE (H Br or Bry, ) (GH; X=01)
B IRITR L1,
X H F Cl Br
KRR TAERT 55 °Br"
A AV ETADATS AL E HEO™ Br 2.1% 2.1% 2.2% -
Br®m Br - 24% 53% 3.6%

& OEID KIS L BRI Stocklin 5% 9 As
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CsHe CgHg Br FTIX SHHE"Br8LU Br°™Br—
: CsHX(X=F, Cl, Br)RicsF
5 OBr OfEAHIDDNY ¥ VK
HNREXT 7, BLUX — BRI
. T 5H-BHINEKODL,

(A) H™Br— Ce¢HsX ( HBr CeHsX==01)

X F Cl Br
ortho 0.5 1.1 -
! meta 0.9 1.2 -
para 1 1 -

CSHL Brct
. B) BE™Br—CyH,X (Bry” CoH;F=01)

X F Cl Br
CeHsBr ortho 0.4 0.5 0.7
meta 0.4 1.0 0.8
; para 1 1 1
0 1o 20 © ¥ H-sub/X—sub.
retention time min.
X F Cl ~ Br
E1 Radiogaschromatograms in the
Co Hy X8 ™Br system HE'™ By 0.4 0.2 ~0
(HBr,/C¢H;X==0.1): gas phase. B£0m Ry 0.7 0.3 0.3

BRELTWALOICE1IBRETE Brt 44 YDelectrophilic reaction ( FIS(1)) itk »T
BEFHEDKEZW ortho, para RI~DfIMICL 3 complexion [CoH; X *Br ¥ #5% 9°4
KT5bDEEZSNS (meta ANLD b kcal /mol ZE ),
80 Brt + CoH; X — [CoHsX®° Brl* (1)

UL LEBHERERIORT & D IKHic BB'™Br RICBWVT meta MOEHKAE L, FERK
HICBT BRFZA A VD ortho, para EERMEDWDHW S electrophilic reaction DFER &
BARECR-TVEY BB TH LB BEMHTIE—EAR LzFi#e complex ion
ICBVTRANFNICRGLEN meta MANDRUALSTHPODICHEITT LI LICkEbDE
EZoNb, —h "B R TR ST AS D Br FTFOHOEH = 2 Vv F —(REDKIGIC
LB5bDEELOND, IhE TRIBICET 5Bk °H, ®*ClEi oy MxryEvEDR
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i 1219 = — BHkic ke 598 (o, m, p ML) BLTPC—X bond strength, steric
factor (RAEHETS & DSERINER O A/NBEHR AT 2 LTEETH S LRSI N TS, K
FERKER T dpara RIASE b A X < ortho ML &/NE WV, T DMEIISEICDNIBIHORER &
FLTH 30T LTEVbW Brecoil *Br OB S@KREFNTN S,
ortho RIAVINSWMEW AR L1 T & idsteric MRITFOIAEBEREZRL TS D EELOND
picomplex ion %5 ® H'—transfer TE@position ® H BB LT VLB EHTHED
oM L A PR AT 5 LTEENALELOND, —HHBLUPX —BH]NED
Hho s THREY ShTwad Ldie, C—XEATAVFE—, BEHIZDDT R VF—

BRR, BIURAENERMEET L
EBRESFENER LTS T LR
Ihi,

FSNCRd & D /complex ion ®D
Fhk &8 %65 < isomerization 23 H™
Br—CoH;X RIZBLTHE TS
CEARRTH DA GH FEX
2L L CGRUZOENB LTKAMIZ
RAEBE L, % 2Kicortho, meta,
para isomer DHEXINER .0 H Br

ratio (per bond )

A o
[ ghem @ @_para
XS meta
A
\2 a A ortho
A
0 02 04 06
HBr mf

2K Effect of HBr concentration on

the relative isomer distribution
(CeHs F system ).

2 -
)
c -
(o}
n
7 *0\
Sy b—o—8— @— para
5 S 0°
= o= meta
g a
A a— ortho
% 1 2 3 4 5(x102)
Pressure mm Hg

% 3K Pressure dependence of the relative isomer
distribution ( H®™BrCe HsF=0.1) .
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BEIKEEPEAR Lz, HBr 0.1mf Y EOBETREEEIC LA SELRD ShEL, D
BIE /% & OKr BINSIERR4LTHBr 0.1mf O&BTERLAERTH 3, B3, 4Hic
ZOERER L, B3NDSWELDEE S ICENIUEL 155 1Ch > Tmeta DEIBHAE <
729, —J% ortho, para DHMNBOELBEDONK W, TDT &I complex ion AT

O
C
o meta
o _
N ‘ ° e—
a o/ 9 ara
290 2 % @ H—P
° 8
= A a ortho
Sk £ 8 -
A
o A A i A i S
0 0.2 0.4 0.6 0.8

Kr (mf )
¥ 4K Effect of Kr additive on the relative isomer

distribution ( H2°™ Br/C¢H;F=0.1 ).
@ isomerization BFE->TWVWB T EERLTWVS, £72 [CeHFEBr]l* » 5D isomeriza—
tion BL U stabilization HRICHEHET S CeHFH LUHBr EBEICKkEL Kr 2B
dilution DHEEHIZR LTS LEANIF Kr BEHME & bimetafl~D isomerization 73
EITTHHDEEZ OGNS, B4 Smeta fLOMED Kr BELE BICHEML TV, Kr &
MRTEAERNERZD S DDEALIF .
BT EDLERYTH S CeHyBrF [ij&
proton transfer

DO—ENRHN D isomer DIVHEE
fb& LTRIES T L5tk 5, F

Pl L DEREE R & R GRS @B% momerzefon ©gr fr?,fi?e}
THERT 28 *°Br' ion 7°%9
C¢H:;:X » ortho, para fI~ODff
mAETEW, B [CHX— @

decomposition

stobnhzohon

“transfer.

r _proton - @’

Br]* #JERL Z® complex ion %5 Complex ion [C

AMicB T % isomerization B LT reaction routes .

5 - 80 Br]
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stabilization #3E% ® isomer ratio #WRETEIRF LB >TNBT LB L, 55
iz complex ion [ C¢H;s® Br F1* ®#&Z 5015 reaction route %7K L7, isomeriza—
tion DEEFEHDOELE L ZDMHEIT £=108~ 10° sec THY, »D complex ion B»>SDH™—
transfer FRBSUETHRIED 5 BRIETD %,

SEE °"Br OEBRERICOVTOAER Lic, LHALINETT VFANTA PRICBL
T 82mBr 33 kL 7F 8OMBr RO HE A SIS IS FEIAARI RS BEE L, HrKd 5 complex ion
BESIABODF ERIG LT ion — cluster 2R 5 C & AH LI Lo RERFER S
X5ic 2PBr BOBR KT B Lick > THEBT % complex ion DBAE T 5NISIC DV
THLVHRZEL CEPHRE D LEEZ SN S,

BBEAFRATSICHD 2O"Br ORI TRV IV R IEREE < & v S =T D
F R ICERABLE S,

& % X Bk

1) M Yagi and K. Kondo : Radiochem. Radioanal . Lett. 14 (1973) 123.

2) M. Yagi and K. Kondo: Radiochem. Radioanal. Lett. 20 (1975) 299.

3) K. Kondo, and M. Yagi : Bull. Chem. Soc. Japan 51 (1978) 1284.

4) K. Kondo, and M. Yagi : Bull. Chem. Soc. Japan 51 (1978) 372.

5) K. Kondo, and M. Yagi : Bull. Chem. Soc. Japan 51 (1978) in press.

6) JiEE, /UK : KEEBIPTZERS 11 (1978) 34.

) JUR, ERE REERIREERE 3 (1970) 138

8) F. Cacace and G. StocKlin: J. Am. Chem. Soc. 94 (1972) 2518.

9) E. J. Knust and G. StocKlin: presented at the 8th International Hot Atom
Chemistry Symposium, Spa, 20-30May 1975.

100 H. C. Brown: J. Am. Chem. Soc. 79 (1957) 1421 ; P.B. de la Mare : J. Chem.
Soc. 36 (1956).

11) A. Sokolowska : Radiochimica Acta 10 (1968) 44.

12) K. Berei- and G. StocKlin: Radiochimica Acta 15 (1971) 39.

13) G. Stocklin and W. Tornau: Radiochimica Acta 9 (1968) 95.

14) M. Yagi and K. Kondo : Radiochem. Radioanal. Lett. 20 (1975) 299.
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FAFY FEAVIROANBYEFEME &
HEF BRI T~ DO

B, HEE*
XTI - MMEEEN BAES

§1. #& £l

FAFY P, G poELBTROERMTAERILEAEL LTRSS TV S,
FEEOR, Kig, ThAEMBEREE LTHY, 880F 4+ Y FEEkE L TOREMEEML,
MTEEDOLEERS Lic, £ LTF A+ FEDBEE 200 4 3 £ 9ikiEse kb osh o
REFHREMEAT 2ITE0, BEHESERBERAZBTHELLY 0, COERTRE, 2K
YEICREIS S D EINERE b L — 4 — L THRICKS THIE LA EEE L TR - 7,

BT, ERBEDLEAL  RIEOME IS TH 5 RE SREEHLAT
EZROSHICFAT 2 HA» S, ) - F4F ) FROREXLEBREMHB A 2°°Pb b L—H—
AROCTEBRBRES L, TOEEE S & ICEYEREGTORESTT 2082+ — £ %MBILT
T, KB ICEYAEERRTOSNOERITIGH L.

§2 = E&
2.1 #® 4
FAFY) KRR, TiRGETY ) —VBERLOBERLICSDEAFNAY TFNT bV
(MIBK) i LUTHEB L, 2°Pb b V—9FiKIE, #200mg ® PbO% 30~60MeV
7 BRTHII0BEFE MRS L7218, RERRICHAMR LIS Lz, ZoMoAER MRk &EEHL, K
RERFELTHV,
2.0 %  ®
TR, BALRER PGB AEROBF 51 F v 7 2R L, EFMET R VF—
%30~60 MeV &L, BE2mm OHSR THIB EEICER L, REGERIER, HFAR
Nal (T1) BHE - v Y I VF v v aovr GEEEEE &, 68 cm® Ge (Li) M2 — 4096
F v Y3 VEESHTEB AR O,
2.3 A 3
AELEMHERI, £ 1KOBIHMEEEZR Y, KEE 2°°Pb b V- -2 E5OHHEES
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1~50m mole OEAMA Y v L%2ELpH 9~

~ 10 OKEKIOml & L, BHEMEE, $Hicdl T D

LEYUTOFAF Y FESUMIBKAK5m] & (;0;’::*2:3
LT30MRIRE 5 Lo, fR&E Dk, MHEEZDBEL Nal(TO T
EEED2ml 2R) 7L VERBRBLTY

VFL—Yavhove—T, 1~55ButEE HMAE sml 4— FATUR-MIBK BX
ZHlE LTomtbRE#A I, Pb(Il) (®Pb FL-%-)
* 18 10m|‘_—l“°"g ~5mg)
EERANYIL
\\\____/// (2mM ~50mM)
§3 HRLEE
3.1 9—FFFY FROFREEHE AL BIN FELBMHEROSHE,

FE LB TRAOMEBIRE SHRHE, pH
15 EDERBEDEFOEBIC L > THER T —ETH 2EHHERDLEPULETH 5,
1.1 RESHEOXE

SO ROR & 5 BRIc & BE(LA S 10 ey "
2 BCTR Lo FtE, HRATOHO I Do L amo
BB I & > Tb L, 8EFAF Voo, onl

) KOBEEOAL SICEMLESEHBLE °F

% WFROBAIS, TavHIHAB S «5\

THHEBR—E LML, 77 b -Gk z 2:[ _
5 ESRIGRI IS0 & F 4 U K ORERIC & !
STEDY, FAF) FORMRELSES O 5 015 @
WL TORBIEEE <, REHBMEE S0E B SBEOLE.

T3 EHHBRERLICEDL I, Tb
B, SR F4 7Y FEEEE L T— ABBEICHE SN 2P ORR E & SITKENRD
bEINITLIL B, TOERDPS, REOHEPL, KETOMEFAF Y FO 151 8HA
OEBEENERE LTELONSD, HEHALHICT 3 ICIMELEREDH L OIESLE
THHY. KERTI, MHBOT S b —iRE SHBHERE RO 2HBENTH 205, B
KELWERRBITORENS - 2o IBOERTIE, &E 5RMEIIIME & L
3.1.2 pHoOEE
pH L HIHBOBGEAE SKITR Lice F47F ) FEAH 2.9 X107 mole Dk, pH 8 ~100D
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SR CHH R 121 —E B S,
MOBBLIUFA S FEBEZE biTid
X 110185 LI-EBRTR, 777 b —
1 pHESEBIIH 1 705 pHAIICKEE L
oo BT, SADOHIHED pHOE T D
EHCL->ThhE DB LBV IS IT,
pH 9 %:E Y, DROEREIT -7,

- 0:Pb 500pg , HR 2.9x10::mole
@: 50 ,  25x10

S

() ( x10*°cpm)

(o)(xlo'cpm)
O = N W N o 9 oo
1 T T T
)
- B
o
[ N B R |
w

o

7 8 9 10 1 12 13
3.1.3 BEBHYILOHE pH
DFE,
15, MBRICKESEGRY Y B3M  pHORE
9 ABEORBAR Uiz, F4F) KA .

2.6 X10° mole DKy, BH AL H Y 7 L208
BELRVE, HETREMEDS 2617 cpm 72
%5, 1m mole A3 1id 21469 cpm

[HR] 26 x 10 %mole [HR] 50x107® mole
BEM cpm BEM cpm

0 2617 0 1317
DIEERT &I D, #98 fDHH 0.001 21469  0.01 5554
WS C LIl . BEMRD Y & Lhs 0.003 21692  0.02 5619
0.005 21909  0.03 5626

#t VAT, & AYDY N
FLIBNREIR, KEICHOAEE 0.01 22052  0.04 5424
KB IEDs Rk L, BEMEICIEZ—H Lo 0.05 5380 -
NI EEZL SN B, 5 x10° 0.1 5297
S — 0.2 4708
mote B, Belm mole SHI e 0.5 3394

OMHBIRIZIE—ELD, SSITEEN
Bl EMHBRED L, 2hid,
AR OERIGE - F 4 F ) FEEBROERICHES L, v RF Vv IIHRBSBEbNI-DE

Pb() 500 xg

EZohb, SROMNBOSEELEZDIOEGRAL ) v L0BRER, AEBREHT TR, i
(& H1~50 m mole DEIFITHEEEZ B,
314 FFFUFELPMEBEORBRF

HARICE, $EEBE—EICLT, BBRORHTTFA ) NEEEEZ O, i
HEEF4 ) FEREDBFBRER L1z, 8853500 #g OB, F4 ) FH$1 X108~ 5 x107°
mole DHFAT, MHEEF A+ ) FEOMICIBIFSHARGESE L0, Thbb, 8-
F2F) FEEORMLFOKIGHIE, F4F) FEERL >TEDLLROWI b3, £z,
SABIARADS 2.5 mg DERIC S, FAF Y NS5 X10° ~2 X105 mole DEIFAT, ERRICHEHE
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0 po s00ps [ Pb 2.5mg
r T [
— : 8. 05+
& osp I
° ot < f
: C i 1 1 Il 1 i 1 1 1 1
01 2 3 4 5 0 10 20
[HR](x10™ mole) [HR}(x1 0 mole)
WAR FAF) FRESHEEOBE,
BARDIE ST,
3.1.5 SMEGAEEHEEOBMRF
Fa ) FREE—EIC LT, BEE
. X -Gm
BAE LS 1BA0, AR IHHE [HR]: 50107 mote
DOEEAE 5 iR Lo 5 X107 mol 3t
DF A+ FESUMIBK BEML ¢ ,|
roBs, SAHIHIEE, FKRAS 100 4g b °
5410 ng & CHIBKROMME & bic |
MILAH, 4100g B55mg ORE ol
Tl BERICEEES—ER 570 T PRUD & E (me)
D 410 g EWVHfEIZEA 2 X107° mole HHX  SMHE S HEERORMR,
AL, fE-TC, BMEFAF Y FORIFORIGHIZ Z DBIGRN 5T 151 2.5 ERDLN
170

3.1.6 ARHBHBOBRYE
%2R, MHERLFAESET, ok, $4bb, ke HEME, pH, HARY
Do LR, FA4FY FEBER—EIC L THHERET - KO, HMhBOARMEORERE
Rltz, 2EHEOERT, &40 4EOEREROMTEEREZ 0.23%L054%THY, &
HHTHEROB VRS YBT3 CENHOH LML o1 ULOKR, D, MHiISRHE
ZEYICEETE, MR, BYaBkROEET, TOEERICELTEICER
B, REYUBEOBEANTRETH S EBHOLM LI 5T,



239
B2k ARYBMHOBEIY,

[HR] 2.5 %1077 mole [HR] 5.0 x 107 mole
pH 10.0 pH 9.2
Pb (@) #g cpm Pb @) rg cpm
20 7033 0.5 27749
30 7086 1.0 28015
40 7056 3.0 27849
50 7022 5.0 27401
¥ 2] 7049 27754
U= 7= 163 1497
% " = 023 054

3.2 H£PHEERANMPOR DS

321 HELRs

FiK & LTNBS OEYHAE#RSEL Orchard Leaves %94 Lic, 25 6 Kiic@& 4 7
WORRE MR Uiz STTEE omifilic B2 BE L, AR 13 mm DAREICEA L,
orakhs, L7 300 mg @ Orchard
Leaves%, 2 ¥ 7’V v ¥ — CHER 13 mmD~V
v MTIERE L7z-bDTH D, HEREEHIH
40ppm D$HEEL (PO & LT)#M+w o
—2¥%K 500 mg ZREBICR Ly Mt Lz b0
Thb, ARBFO—EHII VY BTV EDDIHE
ZEUTHHEE L

REHZ, MBS 15 v 2 TRAT R VF—
30 Me VOSIBESH T 4 BT > 700 74 F v
7 THNIVREED R LI 300 pps, 7YX
M8 3 us, EHEREI 1500A ThH -7,

3.2.2 SERMELARE

%O LA L L OB ERHIK 2 R
HLT, £& LT Cici2R9 %m0 isHess
BETH0%2/5, ARELOABYE LD

HoXN BHyvy7LroRE,
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L, BTRICRLESDERF LItk ->T
AL 1o, OISR & SR OmE EEQQEMMM

HNO3 , HCIO4 v EXK &

6C2mg DEBEAEMZ, Eﬁﬁ, BERR MM, kT 30mic £
+1M EER FFVTAKER 25ml
BRTERK L. BIZRREES S YO5SM MERFOFDLTI KER 2ml

+ NH; K, NaOH KB R

Db, KTHERL, BHAEF Y v LKE PH 8.8 K X

WEERBE Ko+ oy § vKERENL, *ZXIOMAATUN-MIBK X 20mi ()
7y &=7kTpH % 8.8 ICHEi Lizo —
t-h, BEIBOFAF) F-MIBK %K
T L, MIBK #HAZHEEBF b)Y 74K
BT R, THHRERCERT LTS I Emeravear A o

¢ NHs %k, NaOH K% X

2Hoh UOEEYLOHHE LI, TOF

WHEARKIc, BARTF MY v LAKEK &S

+IM AR TEYYL KER (PH 90) 10ml (%3%)

+0.2N HNOs &R 5mi (EW# )

PH 9.3 XX R
+5x10°M $x+yr-MIBKE X 3ml (FREYXEML)

BeFofv7 vkEREMAZ, pH AT
0.3 I L TRREBOFA4F Y -
MIBK %M 82t Lz, COMIBK BTR AORESRIMER T — 2

BKEZAR 1Bmm OAFF A ViCHL, BEERRBLZEL TAEIEE L.

BIEIZ, Ge (Li)HHEAKRHEE 1024 F + Y X VESHTERTITRY, 2°%Pb @ 279keV
@E—ﬁ@%%*&f,&ﬁ&?ﬁﬁé%ﬁ&bko

323 EERR

HEIRICERBRELR L, 3EOMTOMER, SEIZ NBS OAEME &I13IF—H LiE
TREFEREMEB SN, $7, BOMEEDLS ONBIITLT, B GEREDOEVORELTT
KA BT EDEDLD LN, KEDKEIX, 2°°Pb D 279keV O E—JEBEN/ Ny 77V
ND3 oichEYd 280 BE LTERT UL, AERORBERAETH0.5 #g LWV HEICIE S,

ARYEEE, HEREVSEDT, ORRBEOLENLC, EREBRNBONIPOR
NEBFEERD, SORETHREMEATICER THIEEMERICEE N5 0.5 g £T
DD AICECHATE S EBHO L LT,
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¥ 3% Orchard Leaves DEEBHRE (FEYERL) .

o OB M8 e W& 5 R ¥ o8
A K N
mg cpm rg ppm ppm
1 403.2 12.7 17.7 44
2 377.4 9.82 14.2 38 42 + 4
3 294.9 8.90 13.3 45
NBS 2AEHE : 45 = 3

AR S0, WEHEED - 7o HICKFRTFRREE MR, \ABBYEE, DR
REBFLB L=y v I v— 70K LB @B L L Ed,

& % X Bk

1D R. Berg and W. Roebling: Angew. Chem. 48 (1935) 430.

2) F. J. Welcher :Oréanic Analytical Reagents( D. Van Nostrand, 1959 ) 5thed.,
Vol. IV, p. 165.

3) R. A Nadkarni and B. C. Halder : Radiochem. Radioanal. Lett. 11 (1972)
367.

4) WNEFE—, MRS, HAES  KEFHERE9 (1977) 237.

5) J. Ruzicka and J. Stary : Substoichiometry in Radiochemical Analysis
( Pergamon, Oxford, 1968). A

6) K. Kudo and N. Suzuki : J. Radioanal. Chem. 1 (1974) 55,

7) N. Suzuki and K. Kudo: Japan Analyst 21(1972) 532.

8) K. Kudo, T. Shigematsu and K. Kobayashi : J. Radioanal. Chem. 36
(1977) 65.

9) K. Kudo and N. Suzuki : #bid. 26 (1975) 327.
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Y kR AR R 0 2 T FR LR LS AT

s iflacd
BIRIEE - BiATIE - BAES

T}

§ 1. %

R, EMREOBERSONT TR, EMENNCEET SR, FICHBEBTROF
R, 57, K, RSO VTEREELLBEEONELIICL > Tl £ OITHEH
B SRR HOREICBVTES, EMEAADTROFLE Y — V2R B T LW
BTk, TOREBHFEE LT, #ETEE OnREEBICERICERT 5 ML 5
TEHEBE LB,

(7, n)®C(7, p)RIGKEDERIGEFAT 5B FHREMEAITTE, hUETBH
[bDIBE LN, BEOTEMSFEFICR B LSO THO N v =B -7 ZRT L0
WEARBBIZCENTESH4, ERTIBAGOUWEDL S, (n, 7)IRIELRRL
DR S RIENS 0D ERAMGELEICIEMg, Ni, PbEEbE&Eh, RO~
HOEDENVEORBE DI, 108EOTE OFBERFERVSAMTH S, $7TICIOD
Ko kb, MR Y EEREYY, BIUREREY 0ZaRatirmEsnT
WA, AFE TR, FRELRTHEHLA 2 BEAR 0L TRARERICSH L, KB
A B BAREDERBRE, BE, HESOMBELEEL, BonERMERE NBS AE
TERMD XEME S 5\ I3EH I© & DR TIOEREE £ 2B SOEEETOERBR L KT 5
TEiTkD, REDEFIEICDOVTHRE Lo

§2. X B’

2.1 ﬁﬁﬁﬂ#kﬁﬁéﬁﬂ

REEEE LT, NBS—SRM- 1570 Spinach ( +v Vv v v) tEELBAETHHH
D LU Pepper Bush () 39 7) O 3BEEEAN, CObFVITNOMREAM TS 2,
Bkl & LT3, Shark Powder (4 BBk OBMAKKL ) & Shark Paste (4 XA
5% A =R IRIMT LK )5 L0 NBS— SRM—1566 Oyster Tissue ( # FO#K
RHE ) 2BATHW L
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Spinaech DORFID 2 EDERTIE, HEEHERRLE LT, FE LA RIFEIEE K Ok
it LTEA ST 2 EYAELERR NBS — SRM— 1571 Orchard  Leaves ® 2w 72,
Digg, ERICE, 108EDOERBN TR ORI /2 3ED —ERBE o — 2K LB —IC
BaL, EAROTRMBIGEU S ¥ - AREERNEH- LAV (B1£K), Thbdo

%1% Concentration of elements in synthetic standard.

Concentration Element
4 % Ca, K
1 % Mg, CI
0.5 % Na
50 0 ppm Fe
200 ppm Mn, Sr, Zn, Ni, Br
2 0 ppm As, I, Pb, Sb, Zr, Rb

BRAMRBZNENTEDHBREILE D, A—TVELBYVATXVAD TV r —5 THRL,
Shark Paste (370 L DK EELI2D, A/ IHANFTT OO0, BELEBRE, A
TYTO0C, 2AWMHME LI, TNTNOHEREHET, FARIERICGEL TSI LA
Mz, |

HARER, OEEO 1g B LULBEERED 0.5 ~1g 2EE 13mmDV v b ICHER
Bl TOoDXVy MREBIT VI =9 2ETIREA, SR ORTRIC LBAEERE
ZWNTHEFICEHUAS, BE L,

2.2 BEEH

RAERFHEREF 74 v 7 DI ZMETHE SN 530MeVILEEF % 2mm OHER T
HEMEH ICE#SE, AT v -9 %F10~2Bcm KFEREEE, KE TS5~ 6 BREIBE L
foo BEHREIIRIC R *min™ ThHo 7o MET AVF -3, TNE TUREETITN - 72
FOSINER O H» 50, EBEVMKESEAER L, LOUHERRISOEREBS X 5 HN
T30MeV & L7,

23 r®AE

Canberra 68 cm® Ge ( Li) FEMAERIFLEZ Model USC— 1EEEMHTERD 50
Ortec 36 cm® Ge( Li) HE{ARRHES L Canberra Model 8100 #EDreRic L b, BEHR
BID WY <827 bVERE Ui, REBRTERICHA L/E &2 OHIWEESE 2 Kic
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% 2% Nuclides and gamma —rays used for determination.

Product

Gamma —ray

Element Process auclide Half —life used (keV )
As (r, n) " As 17. 9 d 596
Br (r,2n) " Br 57 h 521
Ca Cr, p») B K 22. 4 h 374, 617

(r, n) ‘7Ca 4. 53 d 1298
Cl (r, n) 84mC] 32. 0 m 2130
Cr (r, n) 1 Cr 27.8 d 319
Fe (r, p) 56 Mn 2. 576 h 847
I (r, n) 126 1 13 d 386
K (r, n) 38K 7. 71 m 2170
Mg Cr, p) 24 Na 15. 0 h 1368
Mn Cr, n) >4 Mn 303 d 835
Na - (r, n) 22Na 2.60y 1275
Ni Cr, n) 5T Ni 36. 0 h 1378
Rb (r, n) 84Rb 33.0d 881
Sr Cr, n) 8Tmgr 2.83 h 388
Zn Cr, p) 57 Cu 59 h 185
Zr (r, n) 89 Zr 78. 4 h 910

R . RRIOMKERERE ICK D, k- RBEH ORI 20 cm? 5 2 mm £ THERBR/LS &
THIE Lo
2.4 RFEAEEER, RAEXEECLSER
BEHEAFETOERER BT 5201, TIEBEOT v VEBBXUT VA Y £
HeBiow L, FTERBEEES 5 VR IEEEETOEREITIE -7,
SpinachTRERKILIC & 2 MBEETIE 72, REEALSEDORBICAN, BRI TH0C,
3 EEREARALIR, ERRICINEARR Lo, BB LU+ 2 AR cI e - BIEFERIC X 58K L%

T -7, FRICERFTCHREBREEZRH L/

L8 IE, B 207TEFRAEDNEDNEES S WIFHA Jarrell ash AA1-STIH

FRSEREAEITEBTHD, 7V —LRELK—TFLVAEHER L.
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§3 WREEE

3.1 r&o®A

BEHETH | BEREE T3, BicEllho< ) v 7 20K THERE» LERS N

YC B 204) D7z, 511 keV BEFHEBEROFEE CHEL, CoBETE, *°K
P¥HMCl Dk D122 MeV LIED r BEBE T 2EHFGEREL I VBRI SN, T DOREEEH

—~ Oyster Tissue
:
oy D.T. 64 hr
w0t 5 5 B C.T. 46.0 min o
K] £ Coe S.D. 1 cm z
S - b £ g
. @® =
E > %2 © 2
b ® REu @ x =
- I- ™ . Ve -
T A, X o~
3| L4 i 33 c o4
1007 | | % s z
"‘“.,,“.Ll P B 8 g I N
b o~ F I
L) T 5 £ g
1 [ ] . —
*Jil- ; - .
e ‘*\i-a:«y»:._.\;,..a-,:»r&.mr:«-‘.’-ﬂ““‘”’”v'\w - ! ll
0% ' oy B i
WA !
i} i i
g Wi Sl i i
£ !
o
s
v
o'
L7
a ~ D.T. 10.6 d
/' h
w 7 = C-T 167 min
- ° 5 o o
5 sm @ S 2 mm S
o > S 4
O | 4 =
107 i - & c 0
. i E-E B N ~
A o & w ~
T gt © | ] 0 ; -~
—— « T € a = o
Sy . ; = S x - p= o
£y [ ;’; ~ g =+ g‘ . * ~
3 ?“L«r"k © o 0w o x
0 S ) © §
1 ‘ i ©® o> | "o o -
et ! e @ >
W o~ .
e - o
K ] B
2 ] ]
10 e
©0
10'F
]00 1 i i 1 1 1 1 n 1
0 200 400 600 800 900

Channel number

% 1K Gamma- ray spectra of NBS — Oyster.
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i 55Mn, ¥'™ Sr HEOKEHOERBPEE T AHEOSNESEE D, T0H &3 L0 ERY
DEVKED Y —2 BSEEZICT 5T %, Z20HV I ORK OB EOBREICHE - T, k-
MR BSRIEERE £ BT, RIERRM B4 IKEL LTV 7, ThZhOERBHKEORIE R,
SN OB & 75 2 RBEBBEEETITHE - 1o £/, BRAKEICLS T H#XEY -/ D&E
Ko, TEENEEIGEGEOXRBEOZAZFAL, BEREEZELTAET S Lick

b, BERLI,
| B1RTR, e LTOyster Tissue ORSHETH 6O N ¥~ @A~7 b & @A
THIEDOEDEAHE L TH 5,

3.2 WE, ERSCEEE5RBEFIONT

BEHMLATIc L 2 EBEOEHEICMEDLZ 5D E LT, BRREBEOE ML SR
b VT — 5 AT ICE B REO LB TR A RBERMELET 5, LA LAETE, FA—E8Hic
ELELIET -0 I0) FERIRISORELEELHETH D, FQEKREERSE
DREE—TH 5 0EHENPD BLEND 5,

3.2.1 BEBEIRI

KETFHEMLOEE, EBICFATIHE LR —OKBENSRHCEET 2MmOTRH» 5 AR
LCHHEER S, HlZ1E, **Mn(r, n) *Mn RIEZFIH L TMn2EE T ABRICILET
% Fetd ®Fe (7, pn ) Mo KIS, *"Fe( 7, p ) **MnRIGAFIALTFe 2 &7
BERICIZIEET BMn 5 *Mn(n, 7) *°Mn KIGHEEHCEC D, HAEHELE S,

H3FEICRTLHIC, Orchard Leaves D Na OFEE, Pepper Bush D Na 8L

% 3% Magnitude of interference in photon activation analysis.

Element® to be detnd. Na K Mn Fe
Competing reaction 2 Mg(rpnyNa *Ca(r,pn) *K °°Fe(7,pn)**Mn *Mn(n, 7)°°Mn
Spinach 0. 78 % 6. 6 % 2.2 % 11. 5%
Sasa 19. 5 14. 1 1. 1 20. 8
Pepper Bush 30. 7 0.5 37. 3
Oyster 0. 26 7. 3 3.6
Shark Powder 0. 45

Shark Paste 0. 023

Orchard Leaves 49. 5 12. 6 2. 7 9.8
Syn. standard 2.6 17. 0 2. 1 12. 4

The activity induced by competing reaction
Total activity of the nuclide for measurement

X 100
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Fe OERICELTIH, ZH50RKOTERARD Y, 30%L L bOHERRIEOHE B
Bb o, CRICBNTIE, MESICE-> THESNTV S, AROUEKESLET 5 15E
THEEEUTEOERN 2HWTHIE LI, £/, Spinach ORAID 2 BD4HT OBRIZ, #
TrANE=S —ARB EERICBE L, Fe»odikEns **Mn 8KLU °*Mn DRESHEE
BIETSC LickD, Fe —Mn MEHERIGOBIEZITE >12e & 5IC, Shrade & Bk
DREFMEL AT S ¢3 C Eicky, HRBOHEEREORELMNIc—B ¢, T/
DERS % ESH7,
3.2.2 BREERMOL—

BABEERNO SV OEROE AT HRE LSRES 4 RIORT, 4 D0AKR
BOTEMRAT 1 BIOR LBV THY, 1HAOERIZO0.5g THb. ThbORKAEEE
ICHRS LT, BEHATRSICH 5 Ca h HHRE Uiz KOFHERICHE 5 7™ St , 2¢ Na, ™As
22 Na LU S Mn OHKEREDHAERD ., TRLOHIZ, 0.5 Y EOBEOTLETE
|2 BOBHNTARRENC L 5 —ETHD, 200 ppm U FOBEOTHTHE, 125
BUNT—ETH 5o FHICHED  HEHBELEESNUT, /¥ —+ ¥ b5 ppm OB
B BTROE—ERIZEHETE 5,

DLE ORI 145, AREESRASEIE A A TE 5 C &5 5 15> Fo,

% 4% Relative production rate in synthetic standard

87er/43K 24Na/43 Ka 74AS/43Kb 22N8/43Kb' 54Mn/43Kb
1 2.210+ 0.013 7.304 + 0.011 3.997 £ 0.126 3.059 =+ 0.064 2.39% +0.071
2 2.203+0.012 7.113 +0.109 4.206 + 0.116 3.165 £ 0.059 2.456 = 0.067
3 2.166 = 0.012 7.215+0.110 4.140 £ 0.116 3.137+ 0.056 2.368 £ 0.062
4 2.148 £ 0.011 7.326 +0.103 3.968 £ 0.090 3.080 == 0.046 2.233 £0.052
a x 10
box 10°

3.3 NBS —SRM- {570 Spinach DEBERLKREDEEE

423" Spinach 1B L TERA % 4 ERSL 7, T S - 10BHO TR OEREREH S &K
{7

BH0 2 ED4AHiE, NBS—SRM— 1571 Orchard Leaves ZHEBEFHEE Lz, LL
Z D4, Orchard Leaves o Na D& Mg 1C TR T/ 13 ¢ (Mg 0.62%, Na
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82ppm), Na 2ERTBEE, Mg »5OEH49.5% (H3RIIKbELTLEY, NaD
FRERETH >0 72 Cl DERMONT S DA, COFKE LT, Orchard Leaves
REPEOT T b oy v HsDE < Y, Clic L CEERN OTRRE AR
B 10030 1 IcdERh -1 EBEZ LN S,

# 5%  Multielement analysis of NBS—-SRM—1570 Spinach.

Literature
Element This work Average AAS*
NBS R. A. Nadkarni
K, % 58 51 25 25 4.0 1.7 3.46 3.56+0.03 3.43 +0.03
Na, % 1.55 1.52 1.54 1.28 1.31 £0.07

Ca, % 1.46 1.37 1.34 1.37 1.39+0.05 .32 1.35%=0.03 1.49 £ 0.1
Mg, % 0.97 0.4 0.92 0.9 0.93+0.03 0.82  0.93%+0.03 0.90 =0.06

Cl, % 0.76 0.53 0.71 0.67 0.67+0.10 0.65 + 0.03
Fe,ppm 449 543 448 422 466 =+ 53 550 =+ 20 566 + 18
Mn, ppm 181 153 171 176 170+ 12 164 165+ 6 161+ 6
Sr,ppm 79 75 8 79 80+ 9 83 8T+ 2

Zn,ppm 57 4 64 65 58+ 10 50x 2 50+ 1
Rb,ppm 15 13 14 - 12.1+0.2 11.6 £ 0.3

%
Determined by atomic absorption spectrometry

& > TUBRDOBEMEA TR, #RANCH ZBERM L onRllz b5, H—EhH:R
ShicamERr 2 BEs L

Spinach @ 4 FlOAFFEROFEEERE LR, K, Cl, Zn 2RO THEIEERZE
i3 11. 4 BLIRITIE 572, Hic Ca, Mg OMMERRZEI 3.6 ZLUATH O, HEEIRL
T -1 $£7, NBS AEENEET 384, TOEEEOMEALL, ERHERL HKL
T, AEBROFHES2#HHRTEX 5, NBSAEEPEALSN TV 8THRT, KAEfELSOM
SHREZE 15. T% IR TH - 12, HicCa, Mg 8L UMn Tl 3 BLINTNBS AEME & —HL
to H5 iz, RFEtHEICK S 6 BOTRDEREREOR LI, CCTRHROHNICa,
Mn¥ L USr OEBERI, BEHMATETOERMES LONBS AEMBEL L —H L,

Spinach ICBAL TEB LZI0TROEE FRAEE 6 KITR LI, COERTIRIF, 1g D
BRARHCH LT, BIANVF-E—I AV Y MERBEOE - HBDNY 7759 v FORE
BEEDIFEAEL BBAOTHREBLEE L, ChODOERTRIE, 30MeV HIB#ES#2(10°
R *min™)) T6. 25K LABAKEOEBBICL > TENENEERRERRE L,
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% 6% Detection limits of some elements of Spinach.

Element Detection .limit’t ng

Ca 84 (K 374 keV )
120 (*3K 617 keV )
410 (*"Ca 1298 keV )

Cl 420
Fe 80
K 9000
Mg 28
Mn 7. 8
Na 230
Rb 1. 8
Sr 0. 4
Zn 13

3VBG. at suitable decay time for measurement. Sample weight: 1g,
Irradiation: for 6hrs with 30MeV bremsstrahlung ( 10 Remin™ ),
Detector : 68cm® Ge (Li): Canberra Model 7200 — 7600 — 1423 .

Canberra 68cm® Ge ( Li ) #1235 LHEZModel USC— 1 HEM B Tr B OREETHE -1z
EVSEBREHTOETSH 5,

KOERTRAFICKE VO, BEERERMORMELTEORINEE LMl &,
RAEESEREMTHD, thoEEGRBOEREBSAENT, SNEWNSh T EH
HHTH 5,

KEORE X, CCTER LILTREEAEYERDICHEET 108D TR DATICHEST
HBLEMBDD-72DT, OOV THHH LT,

3.4 thoEHHEE O

55 7 %1C Pepper Bush 1D 9 wEB LU Sasa FOITRICODVWTEEKRE R L,

Pepper Bush O# VK LERBAEITE > K OhTiE, HMEERZEL 3 BDAs 2R,
FTRT5BLNTHRESBRV, UL, As BLU Zr OFETIE, tEucpk > etz
%LU LD ~1zo £, EERKITONI EHEHSZVHE, Mg OERICFIATS > Na D
1368 keV r#LBE — 745, " NilK X BHEAZ, FRXEENHT LN,

%@ﬁ@ﬁ%ﬁ@ﬁﬁ‘@lC’)b\’di, Ni(13.3%), Zn(88%), Cl(6.3%)%xks,
FTRTEBLAT—H LTS, £7:, CalSrOEBERIIBEDN 3 BLALEFICBL,
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DOXEEE SBVW—F%E L T3,

—F%Fe 2B 254, (n, 7)REDOLDIChHETFHEEE T 2HERIRUSHEEC 505,
CORIEDR I D R TIERARE L OREEFICKRE {IKET S L0 WEEEY, »DOFE3
RICGRT LI KEBIFERIRISORENS 5 LABEb Oz, WEAEHC DWW T Fe O &
22 L7

3.5 EMRMOSH

% 8 £hic Oyster Tissue DI127TRICBIT 3 2 BOEEREBROEHES L UEHREER
L7z 2N DM EEREIER LT XTOLERTESBUNTH -7,

FAREFDO T TROEEEE bEIFRICR Lizo Shark Powder 1B L T 3 EIERAEIT
Mo RO 5B, St ARV CHNEERER T BUNTS -0 + ABEHO St (1
TEHEENDEL, OB SNEN0.05 EEL, FRHBEELNBEL D tHER
fEANE S D, Shark Paste IKDWTiE, 1EODFHERTHS, CHLDERFE, &
EEN-ZDEETH S,

Oyster Tissue BLUH AABDELLICD, MICHELINTNE As BENT EIE
Haxnds $hhdid, BKOPOZBOSBEITREZNDASL, BT VA YVHEFRT T 75—
CEESELTZn ZBMLTCOAEMPAONTED, EBERICDOILERMLTNS &

WZ %,

§ 4. #& B

AREF7E TR FHEMLA T % 6 B OBEYEE O R atTicEH LR, EEE
TH1g RN, BBLZI0BAADEYZNICHRIBRFMNICOEROD 5 H%E
FIEE10Z DN THERL, »OERICERTE 72,

Z LR A BAEME D LI R R O T EMR IGEU S ¥ 7056, ERME IR TIHER
KIGOHED/NS D, EEBEROERIPAREOEELM LTS LENTE 5,

Fr, KOERKICHA L ¥ Ko XS n@EaErllEd s548ic3, ShFaRETRX
EBEEAROLIE R, AIELEEAETRTICEICkD, ILREELARLSES CEXHEET
H5H9o

A DB A SEEOEYERRE S L U2 N5 EBE T 2RERBO iR 5 &
Kk b, ERERICBH 3£ OTLRONT, BRICOVWTEETE2FEMMDAEBLNETH
5D
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ARFRIC ST DEB S % - - BALRER PR IR R O /RSB BT, FHERKRER
BtsiP~vvin—7Toh2IBELEfLEL LFE 9,

D
2
3
4
5)
6)
(D)
8)
)

BT o< 83 Z2 393 >

& % X o

Chattopadhyay: J. Radioanal. Chem. 37 (1977) 785.

Chattopadhyay: and R. E. Jervis: Anal. Chem. 46 (1974) 1630.

Kato, N. Sato and_ N. Suzuki : Bull. Chem. Soc. Japan 50 (1977)1930.
Kato, N. Sato and N. Suzuki : Anal. Chim. Acta 81 (1976) 337.

Sato, T. Kato and N. Suzuki : J. Radioanal. Chem. 36 (1977)221
Kato, N. Sato and N. Suzuki : Talanta 23 (1976) 517.

Dokiya et @/.: Anal. Chem. 50 (1978) 533.

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

Kato, K. Masumoto , N. Sato and N. Suzuki : J. Radioanal. C hem.

32 (1976) 51.

10) fnEREAEE, BiAFIE, BWAES  KEPPIE#RE 9 (1976) 277
1D fnBeEeA - MEPHTERE 5 (1972) 133



254 BEBIRHE H1E H25 1978 FI12H

r— r REE AR T A i ER (L B RE
D=y & VORREPEE ST

HFI LY B - K ES

E 2

§1. F

T, BERERIEESORKEROIE L, BEMEATTRIZEY) - #iBk « RERFELEDHE
ABIRBOTESFAISNBICE TS, LHLEMNS, REMEMTIRETIBICESE
BicitBE T 3 TR OMRIEHEEOK X O TRICER T 3 50 BEHREOE RSB #< , B8
FTANEXYBETRORHOEEICI 720, BREDS,/ NHEE B b I RIADKEIHR & 24
L LDT B, BEHEAITEIE O THEES TS ETH 5 & 0 5 RO IcE <
BENHBEOVESEVZ S, BBENTFRICID B -/ DEZDPFV IV T PN
w2 U5 Y FICRBE - 780 b E N HHBEEBRL , FrE DB D 1 #1D A% &R
BRI B HEAWRT 3 C LI EENSS S, ERCOBEMICR 7 — 7 ERE g ooy
7 b YEEESY m o RgE RN AR T 2R ANE L, TYFI VT MY
A7 hOx—5—TOREFE—7 GHHEE, & Cr, *MnBLPCs D &I
BEBLUATIEREE L THIENS L, EMON - MBRHEHEKEORRICEL THa, b
Bt I A IR PE T T2 DO R TH 20 ERMEZHF LA LTE 2,

LT AT, HIEEHERIFT 2B T TR F ik PRI RIS I £ 0 AT %
BEHEEEEERICFET 200 THY . BEKIITHTBLKE LS 11
ECEBZET3bONREVEVIEMIS 5, HE(LFENEEO BT T ®Mg (75 p)
UNaRIETHERT 34 Na%d U, hvyoawFs vhbhgdT 3 Ca, “KEBLT
WS IIEMT R Yy 7 RRGREE 1258, FVCNODOKRER I HETSE bDOTHE DG
EFHERGRE DR R <7 bV EBST LIk D NI D& 912 Y BEREDAHEE
REICAEL , AT BEMELER TS iREERT I ENARICESLEELZ OGNS, T C
TAWR CRARTHRIE 7 — 7 ABE Kk Z A 2B RO EREL BT 2K AL LT,
WEREH R — Mt s B — 7 ERESEE R L 7o, BREOR LD 205 — MU KIS
BNal (T yrFr—vaYBRESBEHVE, $72, §0a vy kickd B -7
& DRI R BRICITS S 720 2 AR L2 5 A L s, B FREHMEAT~DIEH
D DDOEBBRAE LT, FRYTARAYITL « T/NLE e =y Fibe EREBIUVE
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VY LICDNTREDREERD , ERBUEF I, DFICERAE U THBISEES LGE X
UHABBELZRUALETERABSHENTETHE=y 7y VOEERERDT,

§2 £ B

21 &

BREEDY =7 v MEELTHO DI EMEDNa,CO; » Sc0;5 NiO . As,04
BLURDCI THY, ChoBETNTN—ERBET NV I= VLR CAAHER 6mm, BX
15mm®dD 7+ X 7RISR L 7o, TnoHAROmEIICHEETE=4 —& LTHIZ< ( 6mmé X
0.1mm ) 28E LEREICHALL,

BHEA A ICKEBEREROAGV -1, BCR-18LXUPCC—1, HBETIAARE
Clifem) TREENBERBLTB LUy 737 7 —TRNEI N bDEHV I, F1 X

ICERIALIE 278 LTz, lRH 1%k Japan Sea sediments analysed.
BE%, % 2 OISKTHIBR & L
. ‘ at.
Lo ) ArnT s —s Sample  Sampling site Long. Depth (m
—hicffE L—EERBE L2 34°29.3'N
- RC 3 130°567E 9
boxHV o, HEERER K ’
o RC 4 34°50.'N 126
IHVEREFR L D BRI N 130°37.0°'E
JB_lé‘ﬁﬁ(I‘ff_o JB_]. 340522/N
s o RC 5 431°005E o4
IFTRMRICE 4 57— 5 M
W SN TH OREBIE~ Y RC 6 3% 08TN 118
w J X D4 D 1= D HEHE °
g 2L LEeR RC 7 35°30.9'N 139
HEEIE LTELTO B, & 131°08.8'E
BEBLUBREOERITHAEL 35°31.0/N~ 35°30.8’N _
R D219 3191 4E~131°07.008 1527 150
TR BERILES ck- |
35°31.0N~ 35°30.8N
TSN EERA L, D220 31 154E~13°°153E 106~ 107
N SEEHS LU LEERER 35°57.7 N
‘ D22l 31 o7eE~131°27.8F 890~ 820
¥H3 300~ 400 mg D—ER
Z2TNI = A TAAH RC: sampled by rock corer
D : sampled by chainbag type and cylinder
ZImMmEZT4mmdD F 4 X type dredges

JHRICERBIL 72D 2, AHK} -
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HEHRERBICHEXTHE I mm D AEREICHAL K,

2.2 B &

HALAS 300 MeVEF 74+ v 7 2FMA LI, 30 MeVIZIEL BT E— & (/Y RIG
3 psec » DR LK 300 pps ) AKAREE + V5 —ADES 2 mm OHER THEIEESHT
L, ZOEHBICERE LA EREL -, FEEFRERIOSD v -5 —HRTRHO
HEHE=5 —I1ckO®Cu (7, n)%Cu RIGDERED SR, HEE 05~1.0x 107
D /min (23 % 10° SBET/ cm?. sec) ThHo7y " SEHIBSHER 1 B 0K
FEBOTHOABYEROB LT VI = v 4k THEELAERRE L,

2.3 @M =

B2 2x2in Nal(T1) v vFr—va YRHBEB XD 68cm® Ge ( Li ) FEAEMK
HELAVE, MEREE LUREEBOREEE IKIR L, HBRERE IRO LS Bvd 4
B VAN T =4 2 — 5 — Dk

ic& Do, BlED EESE 1, il Bid
= Rz 11T T Gelli)
WMCE A ICEEE LT, BELRE O + % "

L F | N

DOEEICiZGe (L1 ) M & DEEEER 20

mm & U7z, HZHBUSC-1 40967+

v xR VS EEEN 2 ATRIEL 72, Eﬁ
BHEITFE 2KITOR L, B HRRER
124 nsec TH O, SCAICLD 25 ns U

1V FVREHEERE JB-1 DBE, =

4 VTV RHEEON L B ThH -7z, Nal(T1) BHEMLSD v 2T HEIEHR 25D SCA
itk O Window 12511 £30keV, IMiZ 700+ 30keVicekE L 72,

connect with the center pole
of goniometer
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2x2in Nal(T1)
Ev2 . Amp.
68cm’
Ge (l,j) TFA SCI; 1 SCA 11
T Coinc.
TFA Delay
T stop
cFp istart]! ypHe — sca ! > Coinc,
Amp. | [gate gate
T
MCA I ; MCA 1II
E2 Electronic block diagram of coincidence spectrometry.

TFA: Timing filter amplifire, CFD: Constant fraction discriminator,
TPHC: Time to pulse hight converter, SCA: Timing single channel
analyser, Amp: Research amplifier, Coinc: Universal coincidence,
MCA: Multichannel analyser.

§3. HBREIUEE

KBRS THERS 2BEMMEREDS b AT EE S 5 bDREEHERD OHE L, AT
[ARETER ED B S T HBENRESEGOMKEL L T?Na, “Sc. ®Co, Ni, "AsBLU
BRb IZ DWW THE L, #NFNDOETF— 52 E2RIGRT, GHICRLI-LSIc=y 7 v

# 2% Data of nuclides to be determined and overlapping 7 — rays.

Coincidence Over-

Element Reaction Ty Decay mode % (ﬂhjlrgs); palf%)keV ;a_pg;lg
Na  ®Na(r,n)%Na 26y A7(906). EC(9.4) 0545 ©°13(1803

Sc SGLT mIMSC pu4a pri00) 147 SHEBY

Co  ®Co(r.n)®Co 713d EC(85. (15) 0474 °L1300 813
Ni  ®Ni (r.n)Ni 36h  EC(s4).p7(46) 0gs OLiS80% o 1368
As  As(rond™As 1794 SEER-FGD g SIS 5950
Rb  ®Rb(r. n)®Rb 330d 5GP A (2D ggg OS2 889
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DEBTHEH< /2 v ap kRT3 %NaD 1368keV 7 ROXEBEE — 7 0558 <, 2750 ke V
TEOaI VT YEENHTINI D137TkeV 7 HOKEBE— 2 hiv 27 S Na OKEHS
HBEELTLEDROES / NEOEOMERMEEB S CEBTER, AR Asi3hv v
Y ADLLDRKDIFE, ¥RbiZF 4 v oD®Sc DIFE, ¥Coldn vy ap 50 "Ca D
OYEA ST S, L LEBFHEBREEEORBTKICLD, 0= b Y v 7 XSEehD
Zh o HHIRED 4 %2R IRENCR T 5 C L 0SATREICIE B,

MU 8 & ORI TR EF OB RICHNTROETRESLETH 5, TEbb
T ekl L UEE /vmﬁ%éitiﬁﬁéﬁé KA RIBESBHETH O, AR & B
BlE THEO ESHENENLLBOE S b ) v 7 XOMBEHBE CTH BT ENEE L, 72
1022keV PIED 7 i L 2 BFERAEINZ 2 HEDSD 5o BFWEROERIIFE L LU
HEerD=w ) v 7 ROBFESIKEL, $HESOMME & bicEmd 5, ETEK
I OES & OHEERIC L DEC BBANET, WERIR 27 IKhFId 5, Wolfe 5° 1280
DRI AS 5 mm DEED & %% Nad 2750keV 7 fRic L 3 BB FHE R EZnics|E DK<
BEFHEOMRBREAICE B EER LIz, £7. 3MeV D7 OB, KFE0.018, T
L3 =w 4008, #0348 LTI 3.6 (HALIE 10 * e’ atom)” ThB, Uk
D OREHE VO MBIV 4 b (R 257 VgD BBAK, REEOBEEFROKAKT
FUF—ITE2RBIGRLIZEBDTH B, VA P T L5 MeVD BBOBEAREL 5.5mm’
THY, REDOES EE TS EHE 2 KX TR LUALBEOREICESE 1 KR L ekl vid+
DDEZEE >THBENDS T ENTES,

EBROSF TN MY v 7 APSHEET CTHHKEOREZITE 5D TH 505, [k
HEEPIERIHREDOBRSICL D ED XD WEEEZT EDICOVTHNIUEND S, £C
T*Na O#FETICTNI 2575

BlicowTRE L, $3RRZ0 AR

ERERLTOS, TNIORMIHE O . -

IO Na O BHENS 0~ Bof E

£Ci ¥ TR—EMERTS, 44Ci §%§ ]

ECADERDEZFILD10uCH '“, | o o 7

PLE T RS SRR E T AR L ¢ o o5 5 10 M
%3

tro REBRTOHHERDETIR
ADCTODOF v F& 4 LDHEMHER

of Ni coincidence counting rate.

The effect of *Na activity



259

WTHY , ERWZHRFT B 720 ICIZH OLEHERED 4 £ Ci LIF T g 0 59, &
BOBESED RS ICHERT 2 BBEN DS, CORMERMT= 9 1% 100g 55400 2g DE
HTETEBEIER L NI O R B MERLAE LREBEE KD 12 & C 5 BIFE S HE
Sz,
TLTHFPMYTLCRAYI YL e ANVh e =yl ve EREBIOLVE VY AIKDOTRE
BBt Ui, #REEIRITRT, HE25 X 10°Q cm? «» sec T 5 BEBHL-ES

% 3% Sensitivity with coincidence spectrometry .

Element dps # ga) Coincidence reduction factor Sensitivity(ﬂg)b)
Na 3.86 x 107! 1.8 x 1072 920
Sc 6.62 x 10 1.5 x 1072 11
Co 2.26 x 10 1.9 x 1072 80
Ni 2.01 x 102 85x 1078 12
As 177 x 102 42 x10°° 10
Rb 5.11 X 10 2.2 x 1078 51

a) Irradiation for 5h. flux: 25 x10% ‘Q /cm?e sec.
b’ The quantity giving 1 cpm under following conditions .

The same irradiation condition as (1) .

Cooling time . 48h.

Source to Ge (Li) detector distance : 38 mm.

Source to Nal(TI1) detector distance : 43 mm.
DERHEBSHEEEE 1, >~ v 7 vt ic s 3 EEEH RO A F 2 #icR Lz, COfER
Ge ( Li) WRHBOEEIRE r O ERGHHZENEFNDONER E DO 1 BiIcELL
ARBRTREFTF LIS > hOBEIC OV THCOEERESN 3, FE3IMIBE% 2 IC
MELEGBIClcpm 252 2B LTERLBEDOLRRTHD, S1MEE 28,
AIRTES, COBBMYETOMTHD . REOKEICOVTHFRARETIRS 505, 5<
ETOEBEONT TOERELCLIFIAT R ENTE S, Boniflie JB— 1 Ho&T
ROBER" £E2 5L, JB— 1 £ HEEEERE & LTHESBAICIR= » 5 Vi3 +5 7 EiE
STEETEHLVZ 3B,

RICKABHIOWTHONEZRI b vDFIE LT JB— 1 DBEAE 4RITR L, Ge

(Li)BRHBIc LBy v 7z <s b v TI¥Rb E¥Ni 32 ZFH°Sc, #Na EF7H -



260

T3, EEHHZ~<7 bvD 55
MCAITELNIRI PVTE
®Sc, ¥Sc ORBE— I BEEFL
a v b VERS & ORI DS %
zEAERLTOS, %Rb, #®Na,
Ni DS,/ NEEI»EOHREIN,
F7:SciciEhd 5 Sc D 1156
keVrgoEgs 0z, (MCAI
-MCAT) o#fEic XvFEonr
2z~ b VTIR*RbIZ® Sc DIE
2L HFTOREY, ZNad1275
keV B —spMETO2 YT+
Vid# 1000 o 1B LTz,
2Na & Ni OXEE— 7 OHExtM
EOEICO W TESKICH ST
TELF, ¥V 7 VRIEETIRYNIOD
HBE—-7 ¥ NaDRBEEL-70D
FTEICE-TWVS, 2 ATHIER,
(MCAI -MCAII®F — % LEE
%4 BENI OXEE -7 HEAF
20, BEICERT S ENTE
77
F4RICIED USGS HEBIEE
#E O FUONBS -river sedi-
ment DEBFERERL 7o, KGR
TOEEF R SBEERL
T3, KEC LB S NIRERIT
Flanagan'® #$/R LU fosP3fEIC <
SREFEVEERLI, = v TN
DEBFBBISHEIC LT S5O

Counts / Channel

:":l 2
S$ e S 3 =
L U A e 8
8o To. o o 238 =
i T 0% |22 3 v PRl
10~ o oo Ez * o ¢ <
o 25 3 ! b gk’__’ .
r ’ i @ f h = I,
i ﬁ i \ : i i [
i f\!\: i I
RN | i e B l ” I
# L ekl
10° Single spectrum e, II\J!L\ f,
D.T. 100h R |
- C.T 0.284h \ l
10+
r %
¢
Lo
MCA 1 |
o /
Coincidence spectrum
10 \ DT. 98.6h
CT. 3.89h

MCAl - MCA

# 4%  Single and coincidence spectra

_of JB-1(D).

1 1 1 1 1 1
800 1000 1200 1400

(kev)
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FTAR Nickel concentration in U.S. G.S. rocks and NBS— river sediment.

Sample This work (ppm) Previous work(ppm) Reference®
AGV—1 16.2+2.2 11—27 Flanagan'® ; range
16.7+2.0 (17.8) ( Average value )

(54,/17)° 14.4+20 26.8+0.4, 286=+0.5 Kato et al ;1. p. a.a.
24+ 3 Schmitt et al'? ;i. p. a-a.
34 Morrison et al'®;i. n. a. a.
13.0+0.6 Steinnes*; e. n. a. a.

BCR—1 10.1+2.0 8—30 Flanagan ; range

(2/12)° 13.4+32 (15.0) ( Average value )

189+06, 169+0.6 Kato et al.;r. p. a. a.

10+0.3 Schmitt et al. ;i p. a. a.
37.40 Morrison et al. ;i n. a. a.
124+32 Allen et al.'®;r. n. a. a.
10.0£0.3 Steinnes; e. n. a. a.
PCC—1 2120+170 1750 — 3400 Flanagan ; range
(79.76)°¢ 2430+ 140 (12430) ( Average value )

2360+ 120, 2510120 Kato et al.;r.p. a. a.

2460 + 80 Schmitt et al. ;i. p. a. a.
2430+60 Steinnes; e. n. a. a.
River sediment 46.6+4.6 47, 48 Kato? ;i. p. a. a.

& Error limits are standard deviations based on counting statistics.
R. p. a. a. : radiochemical photon activation analysis,

. p. a. a.: instrumental photon activation analysis,

L. n. a. a. : instrumental neutron activantion analysis.,

R. n. a. a. : radiochemical neutron activation analysis,

E. n. a. a. : epithermal neutron activation analysis.

¢ Split /position identification for new U. S. G. S. rock standards.

Unpublished data, private communication.
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Single

*Na

*Na
“UNi

Ni

.

Coincidence

*Na

% 5% Nickel abundances of
Japan Sea sediments.

Sample No. This work (ppm)

-t RC 3 914009 *
~ RC 4 126 + 1.7
¢ RC 5 6.1+ 13

RC 6 125+ 1.6

RC 7 19.5 + 3.4

D 219 151+ 1.3

D 220 109 £ 1.5

D 221 417 + 1.5

L * Error limits are standard

%5 Single and coincidence
spectra of JB—-1(2).

BH0, EBERICLVIENA SN S0,

deviations based on counting
statistics .

DSEERELTAB Lug HS5mg OFFT

BENB= 9 S NVDEBEL L THEDWL $DENVZ S,
DX AR TENIN/BELSHEOMIEREE S RIOR Lz, EBMELFHHEELH
L7, ARERIREOHEEAEHEMOEHD -0 Ge (Li ) BHEEFHED 5 20 mmDAL

BILEO TR LNIZEDTHS, RC
3BLUVRC 5 igpEicEHE &<, D
221 3B SR b < KBEMIFHE THRIL
NicbDTH B, ML L=v 7
LEHBROBGICOVWTEERIC T v
MLTRLE, B KBITO>NT=v ¥
NOEBESEMLTE D, oM@
BRICIE NG DSBS TdH B DICERL 13
BIEONTHEESEML T T &
EXFIEL T B LHicBbn b, [EED
HBRIKEEOHBELICOVTHESN

1

10 _l LELELI l ' T l ' l lll .
< ;
o b— —
a L e _
~ ,/

u - // -

(8] ’/’

8 é o .

g ¥

g ]0‘ }& o:RC

S - :D =

% : /¢’ : B

— ’, -

z " .:41 ] [ R ]
10 10°

Depth (m)

¥ 6 Variation of nickel abundance
with depth.
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16)

TEY, =y T VORMBICERIROBIENEZ SN B,
BRI ORITESH TOERE T OB O EBRIBREEF 6 Ricn L7z, JB-1(260mg )

£25x10°Qcm’ » sec T 5 KIS L 4 % 6% Practical detection limits
H 3.5 BRIHIEL 72 & X1CNy 2 /59 ¥ K in JB-1

DIERERED 3EDH M EEZ 28 L LTEH Element Practical detection
L#. Ge (Li)RHBEEESH 7 LICED fimit”C 8
K2THOBREOHEINES -7, =y .t Na 110
Fidy v IVRETORE" L0 b RO Sc 14
Bohl, ERPNVEVVLADERET S D Ni 20

I Ch 5D %EE JB-1 &L 0 SBETEL As 1.2

B AR T 5 C EBBEE VWALB, RD 9.0

AHEOFER, v — r EREHEE L RETIK
SHESICBERT 2 C Ltk o, BEFREOE
Wi, TR RS N VOBFTOEED SN o[ L« BIREE DR Eic+2BT D C EAVREN,
o gy FVRIETIR? Na OBE I 1 BREDKBHIBSKETH D BRENET T35,
FRF B TRCNEITHBETRTEESMETH - LnHM 2 ZEE T ICHRB TERESE
TTrENTER, FEAREECLIZAREARERORAAE L AETZOEATHE
Wb IAMETH DEBREVISANEZ OGNS,

* See the text for definition.

KFFRICH 720, AR LFERSHRE L T2 EF LRI FEER MRS
BRI ORBH N LET, /. BH B KOHUEDOBRICHEEEN 72720 7o ALK F B
BEFONREBYERE L CEBRRBRENEL . 3 oTic< v v 7 v— 7D ERRICE #1LH
L %9,
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“Cu D i %
BEH KBS - TEEERER

ARICBV TR ®Zn (T = 93 B/ ) —2Cu( Ty, = 9745) BEZRAFALLRY

bo VHEHACCud S vk v SEBIOVTHE L, < ORBAM G 5 L REHER IR
100 BO MR ? Cu £ 4BE AR 5 C L5 TE B, ,

—H P CuDEBEIC DN TR, BICE OREHSBINTE 70 BEBIO- B Shb
{EFHNCRERERIT 2 C L3, ERfBHINY -7 VEBEBERET B ETBIHED
NT&E7, S5IPCud99.2 %3 Ni ORERIEICEEEE L, # 0.8 BFHPNi D)
ECHER 2R THE T 3ICBEIB VD, ZOAY < BAERPBORETHD, 5FTHRES
NTEBENBSLT USEFETEEZ 0L BVVEVEER>TW:,

ZLTINFVYTIRE>TI0BHMEDOECudsZ 515 T LT - totsh, ZDEEE,
HYZRARI bvBLUOZN O OMEMNBERAFRIE TS C & 2K,

§1. £ B

1.1 “Cu ARROHAR

2Zn—%Cu I vF v /%EBIC] NIER 20 m]l 2K 2ml 89 CHL, 550 10ml 24
T, %D 10 ml &% Cu ik & LCRIRL 72, Chicliks LT5mg 084 4 ¥ &bRO
HIMGEBREMATHEL, 7 2 0¥ 7 MEEZRAAEREBS Y, ARRIIE DS IS 1F
L7, Bon/UBRBFRTEADTRBFE L, BE8cm ., & 8cm DT Y HIEM
HEohRAcey b LTz, LIR2BEOHRERBIININTH -7/, AV < HER T bV
BTEH RRIR 3592003 B 21T C DBIETIERR L » BREMICIETE S £HicL 7z,

1.2 H E

ZCuD¥REIHIZ FARD 2CuSREE MY, 24cm®Ge (Li ) B2, HZUSC-1, 10
BEERSHETO1keV ¥ Vv BERMEST 5L TRDI, H V=BT IZ 70
cm® BB 80cm® Ge (Li )BRHBEFEZEUSC— 1, 208 F i3+ + ¥~ 5%:8100 BE%
BEEEMSEEHEOEAOCTRAEL 72, BIESRHI200 6 X I8 LAGNIcZz O v <
AR M VERIEL DS, BCu OX — FIT L 0015 0 OHIBHEEOTE Lo, 6
B XTT 7Y vl dflic » b Lz, THAIESORRERITEICIOBLT LB ELS
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+orsiE#EE TRy b LT,

BHEDOH Y B3 VFE—-BLUHEYRICWTIEER, BEAREzy PBLT
SCofEAMANTEIE o7, BCo#EIR®NiI (7, 2n)%Ni —*Co KIS & OfERkL

Z DR A A HICROBIEREF E L7,

§ 2 BBRBKUEE

2.1 ¥ H#

5HAMORE TR ONIAFRIES 1 RITRLT:,

FHEE LTT7 £ 0.02 8B o50ic, TOMEE
4% TIRRESNTVA 976, 979, 97, 973 &
DY 9.74 + 0.024r L REDHHAT—HLT,

2.2 HUZHIARI M

70cm® Ge (Li) #iHas & 4096 XA @ trds %=
HAOWTRIELA Y <2 ~x7 b vO—Fl%5% 1 KiC
AU, T3 vy FRED -8 T ARETE
Sz, 1460, 2614keV A v =T YKBLY

H1E 2Cu KRN,

kN0

9.75
9.78
9.76
9.79
9.77
9.77 £ 0.02

2x86
_ Gamma-ray Spectrum
5 x1000 x10000 of ZCU
{Te) ™
5 =
v .
=
3
o
o !
B |
>
©
o
° .
2 I |
a4 ‘ i S
"1'“.: ! P
. \"‘ !'o ™
AR [ ; |
o H iy T,{v.‘-:x"&" 2l at 2
0 3000 4000
Channel number

F1 CCuDH VBRI,
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10~153 v v VBB D 7D CHREE 4 BB 150, PCu KRB T3 ERES NS
E=7DI R VF—EELVZN ODHMBEER 2 RICOR Lz, HMRER 1172keV 4V

ZHR100BEL OO TRL 7z, 3000keV
YUED iy =gicizo LTREBIEDO#E 23
B, BERE,L -1,
XEMBEIC/ RS N T 5 480, 856, 968,
1067, 1221, 1322, 1718, 1985 2345
keV 7 v <RI RHs b -7, L
Lctfiic o0 1010, 2355, 2867, 3059
keV A v=@hs#ri-ic R &4, 3271keV
2 #Rid 3277 keV LEESNZ, £D
HOH Y v ico0TR, TR2ALF—fEEB
K OHE R & BRI E 2750 K—FK
ZrU7z,
FhETxvF -7 — 5 T sEL
SRUEBAELBROE L—BFEiT 2L T
BENHBHEBbNI,

g2 & xX #

1) /UK, BB © EEWHERS 1
(1978) 138
2) H. Verhell : Nucl. Data Sheets

13 (1974) 443

FEo2E PCudH VB EANTRE,

fl oE A X B fE
E,(keV) I, | E,(keV) I,
479.6 0.13
855.6 0.11
875.62  44.95 875.71 44,2
(968.16) < 012
1010.38 3.43
1067.0 0.19
1128.89 926 | 112898 95
117295 100 117302 100
(1220.76) < 0.09
13221 <010
1717.6 0.76
1985.0 0.30
2084.72 142 | 20846 15
2097.79 059 | 2097.6 0.87
2302.05 1251 | 2301.96 121
2345 < 0.02
2354.9 0.69
2866.8 0.80
3059.5 0.2
3157 0.1 3158.2 0.18
3257 0.1 3257.3 0.042
3271.4 0.21
3277 0.3
3370 295 | 3369.9 2.32
3862 0.1 3861.7 0.08
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MInrEHrzxyr—FICLB
Hhet—rD= ) vy s 2R

il o g =
HEE N L. Sir

=%

EHB2T HIIZE

7 —Ray cascade,» 173 and 247 keV photon emission makes a sum peak
at 420keV in the 7 —ray spectrum of "' In. The intensity ratio of
the sum peak to the single peak varies with circumstances in which
W In is placed. This phenomenon is studied using elementary indium
and its compounds in liquid and solid states and is explained - in relation

to the phenomena of perturbed angular correlation( PAC).

3

§1. B

HERMREDL O A R 7 — Fr S0 S h 38, chENal(T1) YvFLr—5-550
3Ge (Li) BERHETHET UL, TBIAVF— - 27 bVELZEDOY YTV E
— g L EBICT A NVE—FNCHST BH L s E— I FELB, H4 - = BREEIELORE
ERic k- TEILT 3,

W Le B — 2 RE OSYIBE DLFEIREEICEK - TEMT B LV O EVEES De Bruin H I
FoTEIEESNDIR 1975 EDC ETH 7)) COMFEENal (T1) ¥vFr—4—ick
DMHf A HR 7 — Fr&8EELTT vtV TITObNIcbDTH B, ZDRIFFHELL
HENEL, COHENER EEOREGSICH N SN OFHEIN#ETDH - 72,

WL B — 2 (GERIC 2 KD 7 SOSRHE ORISR LINIC [ IC AR B & X iciE S D
T, R HEKREROND, ZTDHEN: 7

N, = Ne, €,,W(0) 1)
THEEND, BLICTNIZBEAREICHEL OH B0 27— Fr 608, €1, &3 7,
BLUT, KT EZNZTNOHEENR, W(0) 3 r BOMOA 0 i >V TOMEMHERE KR TS

* Kenji Yoshihara, Harumi Kaji » Tatsuro Miyoshi . Mieko Nagai and
Takanobu Shiokawa, Department of Chemistry, Faculty of Science,
Tohoku University.



269

%,

DXpSbPBEBD, Y4« =2 3AEREDER ERRINIERERICH S,
bR In2HOT173keV E 24TkeVDH R r — FriBic K DAERKT 5 420 ke VD
Yoo = JIEDWTHEET- o, COBREIREL »SEHAMERE (PAC) DHRMBRS
NAKELE L THEETHD, 4« E— 7 DEANKRIICES - LB LTS,
BEREE 1 KIORdT@DTH S, ' In

I3EFHEATO, 11psec D 420keVODL Mn

8d

NV ERRET, 84nsec D247 keV D L Nv EC /- ‘
IGEL ., CCTHBDES S X UHSOES) 420keV 7/2+ 11 psec
52057 24TkeV D L~ HLELS :mmwm—mmm 4nmk
1 Cd DREREICES S, o ]

bhbRLENCA ¥ ¥ Y 4Bl In Z7keV 5/2+ 84nsec

D PAC BRABZL . B ARBE A |
B (TDPAC) OEBREEEMEA L THELD ”P—mér—smme
BWAE BT &btk

B ) BB £ AEBE ( TDPAC) 1o L BIK Y In OBER,

THHEBRA BB AMEE (TIPAC) 235 5
B, BEBRIZICHN, BORTHL7-DICMMIEEELZENS L EFHRETOH, KELT
BB -TOHRELLT -4 2 B2 ICRIFHAETHD ., Thidbhbh O ERE TIT > THRIE
BOERICK > ORSNBEOTHB "
TDPACIZLTHTIPAC it LT H a4 v vF VY REIBEHOTEREITON, 4 &
— 7 DRIETIHFRNC 24 v Ty R EREKREE RS, BEDT A7 box—5—-(7
BRHEMN) 20T PAC KT A1EMAEG A 2AREEENH 5, CORFERICB@ER L LEE
DEZDT, bOUbNBUTICRNS X IKEBREL H 4« €~ 7 KT EEBRET- 1o,
De Bruin &' @Nal (T1) 29 24 VEROTNES, bhbNOERTIHGe (Li)

FHEBRHBLH O CHEREDHT, ©- 7 EREOFEEZESIC LI,

§2 £ B
EHELETEFOLBA v v v 4 (BEIR, 99.9%) ., ZEFHMLFED InCl, -« xH,0 (8
%99 %) A@EMAL7, Na (In+edta (H,0)) » 2H,03H" D& s0BEBLL, HL
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OB v LK BE L, Th ) TKBILA VY ABREED . ThEHREY
BgELi,

B2 DHEEEZER S mm OFEEFICHAL , RILKERTFHEYHAAHEROEF 717
Itk r B L, BEHEOBFIANVFEF—-1Z60MeV T &I v X—F =ik iR
ARESHEF, W In (7. 20) M InFUSIK XD KRB 28 HO M [nAfE 5N B 0, O
151 (7, n) M7 0 RIGIC & 2KEE 50 HO MW" InDBANR OGNS, HERBEOKE
WS | ~ 2 AORHITHKS 5 C & FATHTE~<T,

B2 90cm® Ge (Li) RINEIC X > THBLK -7, MIEBROFHENFZIC VTR

10)

LTEBOTHS,

§3 W& B

Fo2RicA vV LERBIC r A
L7005 90cm® Ge (Li) ®RHET
BEL I r AR b VERY, 173
keV, 247keV O 7 -2 L ZD
Yoo =7 DBERICH SHONTN5S,
ZOREMIM™In D190keV O 7 £

&,
1“In-1r3kev

hannel

NHBH, THIREIFTEOE— 7 DRIE
IKCEFEERBZ TN,
173keV., 247keV ¥ ¥ 7w - &

TN

NG|

B,
— ) DFHERE Y 1 - E— 7 DFHCR N
OHCUTrifyvs - ©— g
e 3 ) % LB k0ice -2 HEER
B, 2D-0HRIET— 7 ILEEL 0 - e &
ZfT-> CIEHEHIL 72, channel number

T FE—FHEHC OV THEBIC X B 7 HoM A v UvABHRED r Bx <y b,
By L ©— 7 BE OB ERETL
foo 247keV r#E Vo - OhEFIRIORT, HiRfiRE 2cm OBAEEEICL
SHABIREDSNTVS, 4« E— I DHEHENKEL BRI -» TREITNS 185725058
BEHIERHE & & bIcRIRKRE KB AERNERON S,

C

~"M"In—sum peak

o
¢

counts ¢




wic[[l—iEgtic BV CEEREHC
DT Y4 - ©— 7 mEHAEN
EL, BlLRITAY Vs,
Bkt v oo sEHE, Bk vV
LK, 4 ¥V Ledta SEED
Bk L OKBIRITO W TORER %
Y,
1y s, Jik1 oy a
A R UK Hs i O%% R 12 Steffen'”
5 DMEIC & & DR EE &R
BL—=HKLTVWBZ EWRE N,
1YY sDedta $EAEICEET 55
MBIRERITON TRV AS, D
£ERBBO, 1Yy st tYic
DT OFRERITENT EDSY 5,
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(o)
2
éﬁ—
=&
R "
o
10+
L —— theoretical curve
o experimental
10 1 ! L
0 100 200 300
distance(mm)
FIK "MIn OrRY L - RS

DRAfR,

F1k  MiIn YL E—smER,

yo|EHE W B £ W f i oW
(mm)
InCl, (@ #&) 23.3 + 0.4 29.9 + 2.2
T2 In (& B> 25.7 + 0.3 31.3+ 15
20 | InCly  (okiFi) 27.3 + 0.6 34.0 % 1.0 -

Toum In-edta (E &) 934 + 0.6
In-edta (K&K 27.7 + 1.2

InCl;  (HE #) 64.0 + 4.2 76.3 + 5.7

e In (& B) 76.1 £ 3.7 81.0 £4.0

50 InCly  (kiEik) 80.8 + 7.2 831+ 24
T oum In-edta (E fk) 68.1 + 4.4
Ineedta (K&K 71.5 + 6.8
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InCl, (E #) 32.4 + 0.6 389 + 2.9
oo In (& B) 339 + 0.4 405 + 2.1
20 InCly (ki) 37.8 + 0.9 440 + 1.3
Toum In - edta (E #) 321+ 0.9
In » edta (/K& ) 381+ 1.7
InCl, CE &) 93.0 + 4.5 123.4 £ 9.0
o In (& ®B) 101.6 + 4.7 130.5 + 6.4
50 InCl, (k&) 109.6 + 6.6 146.1 + 4.2
Toum In - edta (E ) 90.2 + 5.7
In » edta (K&E®K) 95.5 + 9.0
§4 E =

Yo - DERICDOVTRD L D EEEEIT, 7Y 4« ©— 7 BEHLOEREER

b, ERELEEBL,

$ o B2 )R TR LS AR EES TE 5, 0 Steffen &' 0™ Inico0

TOBMEMEORIEMEZE 4 KICRL TH

4 . 5 InCly
(. zTEW R0 oEElcs % ﬁii\iﬁ
> THEELTH 3, \\4&:'—'
4 vy LD173keVD T, ITHLT @ g0l T
UTkeV D7, HESRDOLSICRILE \
ZAD Ctrd EiCERE S, o fnclzeq
o BELBETNE, 1 b e O \(\_

RO (0)12 0° 2 o BESRHES B3 90 1o 1®€ 150 170 180
5 (0, PRBRTHESNS. #4B U In EEMEEAICH T3 Cd 7 A
STREHREAE LTEZNITYL . FHEE
NN M fo SAMPLE
7
AN ] EE5X L E—2HEKRETFVI)
R 7o DRI I AS,

DETECTOR
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-7 BERIIKROL HICE3,
FFHL -V DWERwn (7, ODBEER,, LT

Rum =R+ €, s W(B) « f  k 2)
L1858, TCTe, T, DFEEIETHD , WI0)1F0°05 6° iTb 7z 5 FHD AR,
fix

_ W.C0°) +W (90°)

f 5 (3)
ThHobhEN, PV s E— oKLz EICkSr, ODHE O R#Y LORDEFHIES
LIETH D,

QRS 7Y o E—JEBEHRRIT

R=—RE = ey« W0+ f = £ | (0

EB,

WK T8 1 - E— 7 RERAHET -0 DBARTH S5, LOLCORTWI0) B2
NZTNOKIE LRI X > TR B,

(Case I]>

EE5RDOLIBBEICT0) BESREhEETTROE CELICTE, RE,POSHET, B
TRIHZEOFLNCAD, ZRICHLTr, 10 DAETREBIKVOEODTVTASLET S, #
b SRR LTIEBTESR 20 OMEIC L > TYIS N 2RIFOREICE VL THR L 8D
FTO rigomE L (0)I3mEEAES LIHBEEREL T

I()<2m7y tanfcos f = 277, sin b . (5)
1 cos®s
Tl ()5 = e (6)'
ST
I() o< sin 6 cos®@ . 7))

0°~ 6° & TOFHAHEBIRE W (0)13

—— Slow0)sin 6 cos?6d 8

wi(o)= (8
! S sin6cos?6 d o ’ )

W(ﬁ) = 1 +A262P2

:1+~iAJb(3a520+1), (9)
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L TTA; I3 Legendre ZIHADFRE, G, 3HWERE, P, i3 Legendre ZHAEET,
BROEIEBINL TS,

o> THBORBRROLIKBHEENS,

W_(G—)= (160+64 Ang )_30(4+A262)COS 00 - 5(8+5A262)COS 3 00+ 914262003 500
40(4—30cos f, —cos36,) ‘

(10

PED&ESic LTk oW (0)Z2WRiCANTHETUT LV,

(Case II)

DEEERDL ST T, PR
BOHLTREL , Fbh S e OHE
R ni & T AICAZEAEHEE
35,

7L LT r, o5l 6 O
EERNLTABEAE(0—9) DF DETECTOR
BEODOR3 F—7F vIROEHDMEE i
oeTEAS, HERE ST gmma T OAMRO™
HBEY, DEDLSIEET S,

I(0—9¢)oxmrytand, an

% SAMPLE
6

1 cos’d
[(0—¢)0<7—m. (12)
PE-T

sin26
cos?o ’ (@ED)

6o 00 W(6—¢)sin26
1 f f cos? ¢ déde
W(o—9) =122

2 6o 0 i
f fo smfﬁ d0de
o Yo cos® ¢

J”if¢w%o—¢)gn2(2¢—o) d0de

I1(0—¢)cx

2
+ 2 e 7 (1)
fo [4 3 —
f r s1n2(22¢ 6 ) a6 de
o Yoo cos® ¢

ZZT(14)KX%2A, B, C, DOAHILH T THET 5,
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4= o 0o W(H—¢)sin26
- déde

0 Ty cos? ¢
:%“6 {200—C1+cos 26,) tan by } + A,G, { 2(7—3 cos 46,

—12logcos6y)f, —(7+4 cos 20,+ cos 46, ) tan 6, + 6sind 6, log cos 6,

— 24 f“(ptan?’d?’}l, (15)
8o 6o

f f SI“” dode = ——;(1+005200)tan00, (16)
6o ‘/’W(ﬁ—QJ)SinZ(Z‘P-‘ﬁ)

Jr COSZ§0 dﬁd?’

—2[{sin260(1—2 cos 260+ 21logcos 6y )+8, (1+2cos 26, )

—%( 1+cos 26,) tanf, } + A,G, { (14 + 16cos 26, —18cos 4 6,

—24logcos by )0y —(T7+4 cos 20, —17 cos 46,)tan 6,
+ (16logcos 6,+8) sin26, —( 18log cos 6, + 17 + 6 cos 46,)
X sin 40, ~12sin 60, +24 £ ptanede, an

6o [
fof sm2(2<p 6) dode
T coste
=(1+2003 200)0,+(1—2cos 26,+2log cos 6,)sin 28,
—%(1+c05200)tan00, (18)

LEDREFEITIUI L, LEARBEDObNONOLEMTIE, BEEE20mm To, =
56.75°TH 0 ,

A——( 17.022 + 10.222 A; G3 )

’

C~—-( 29.177 + 34.866 A, G, ) .

)

=?}_2< 3.3003 + 4.4204 4,G,)

=%( 17.842 — 10.068 A,G;)

Th B, EOFEMIE ' 2BI 0,
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Case I &Case I B OBBSHIERICESICINDLT, BEKITIZNIZEAS
1EEEBIT,

PLEOFHETRREBEOHEN TR 1B bOERE L TV B HBEREIEFZ S TRV, H1
EDO8ERIT Case 11 ITHE > TIT - 73T EE BB OMICR L 48, SHEMEPORKERESZ
T3, S ENERRE—DOEE LS50 bMNE, Ge(Li ) FukRH 2O hOEHE &
FEE ICBREDENEA NS 5T EIFRLHMONTED, 5% DA% - LA HENT,
FEE S EREOMIGE RIS BBENES,

% 7o, BREBTROEE LIEME L EREOHEEEL T5ETH B8, 147 Ind 190
keV 7 &z X BEREAMIM AR L IR, COF5ERBLUTTHS,

WFHIC LCHOBHAEDEB TR rEys » ©— 7GR L ERBET20~30 D=
BHbBh, B1EOKTOMME LTEHEERI—HL TN LEVLB) FMO<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>