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I — 1 ®BFEHEICE 2 NaDEFFEEEA O BFZE0)

E TS

pEowE i s, 4EE, AREFIALE—E =250 MeVOEERT — 4 8 A%
A 72BRRITIRITICD VTHET B0 BRET OS> E RS ZE DT 5 ER DT - 72
D, BTG > TOWRODT, ZHICDOTOEERKREICED T,

§1. £ B

BrHELT EX40.3mg /P ORROLEF M) v atflrc, EORBHETRELL
FhECEIOER Lico @B F P YV 2DOBILICE VDA ST 300 8I:, HMEEFz ¥
=27 D PODHBHEC— 7 HOWEL, KOLILETH 5.

6.10 + 0.40 mgcm? (8 A 13B%EER)

12.81+ 0.67 mg/cm?* (8 517 AER)
A BT T 5 v+ — By = 250 MeV #ELA 507 557 60° 65° 70° 757 80° 90° 0 8 AT HEE
FIAnF—27 P VEIREN 0.1 B THUE Lo BFHOFHEIRIIA 22A (TR F
~BEMEEFS )T HEE-4 L LT RETT=2—45HA L1,

DRIcBo N BREFOREMIC, SEFLCESNLAEEEHIMA T, FilE & Rk
i Helm DB MEEIC X BT ETOEERE Ji »5BRRE J; ~OREEBRER
BCE1: i~ ) AR Fo X, BEREAD r @EBERCSLTS, ho 7 BHESOE
BRET SHEL, $1RCBI 2, ccTHOHelm RO, c5 x —4—R, g3, 2.08
h@V%/T@&@%ﬁﬂ%@c2%ﬁ@qmﬁﬁ%ﬁﬁfaxﬁu&wt (R =304fm,
£=0981m ) 58, C DRBETE, FBRET MRS IR L CRITE T - 726 MRS
LT AR OMBS D F -2 ICLBBITOMETIE, E4ABEBRERE I XCRLLELD
BRI BB EBDN S,
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B1% FRTELNEBRETH SR CBEREHE (¢’ fm? ) & L CREREND.
7 Bt Bk [ Weisskopf unit Jo A (72 Helm MBI D7 2 — 4 —{Z R =3 04{m,

£=0.98fm. a)X#Hk 2 b) X#R 3 c) X#k4 d X#k3, 5
Ex | BB B(E2:fi—=J1) B(B2:Js~Ji) (W.uJ
(MeV ) f Ex (e?fm? ) = g (& oD E5 (5

184 + 39"
E2 125 + 19 21.4 + 33 20 =3"
0.44 5,27 932 + 2.6
E4 | <132 x 10° <3271
| B2 66.3 + 7.3 853 + 0.94 13+ 2"
20 e E4 | (17.6+33)x10% 327+ 0.61
2.70 92+ | E4 |(403+204)x10%| 600 = 3.04
2,98 3,2 | E2 6.43 + 0.88 1.65 + 0.23 0.9+ 0.3°
3.68 3,2- | E2 2.56 + 1.81 0,44+ 031 | 091029
3.85 5,2 | E3 | <745 -
3.91 5,2 | E4 |(80.3+466)x10% 199 + 115
| B2 | <oz <0.032
e s E4 | (524+249)x10%| 9.74 + 463
.| E2 359 + 0.43 0.62 £ 0.07
>0 <5/?> E4 | (12.7+53)x10? 315+ 1.32
5.54 (1L/2§ E2 5.96 + 0.63 _
5.74 @/2—54§ E4 | (203+9.1)x10° -
5.97 (3/zy E3 187 + 51 5.95 + 1.62
§2. # BB

(1)

23N o [B]#z #E (7 D 4P FEII SR 5 13 - 7o

EERES (KT=3,2")
M HE R RRTEE I RICTET . “NaOREREIJ"=3/2"TH5 DT, MEHEIC

DIF, ORI ->THEEZED D
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BCOLIAIML, C2 M3DEENDSE, UL, RIFHMENETHZDOTMI, M3id,

CO C2ITBNTHHNIVDTELT 5,
FIROEHRICOKST. C2Hmok
BH/NSONEEZ LN S Ey=100MeV (25°
307 40, 50 55° 657 90° 100°). 190 MeV
(35° 125 65°FT5 6% 64) LU 250
MeV 80; 90° D&t 17 AD 7 — 4 &A1
SERBITEIC L 2 BEAHBRTH 5. DR
DOEDBRIHELTE, 25 x—4—7
WV IFERELK. 2RI PPRERT -
ZORRE, THK "N\ *Mg ORRE
HEBO T8 2 KD R0 CUICKBE C D
3P Ne E#*Mg D hDETH %55, ¢ DIE
12 2Ne, *Mg ILEBINTA X BERED
C2loroAik&xid, CORGDOELH» S,
C 2 D g KEMICHTICBR ~7- Helm A (R
=304fm, £=0.98fm ) D ¢ IKEKEZIRE
LCHELR (B 1IROBE) -

2PF
2.52 =

2.51 b=
2-
t (tm) x¢=117

2.50 =

2.49 =

2.48 -

247 1 1 L 1
278 279 280 281 282 283
C (fm)

IFI*
r 23Na
r 0.00 Mev ¥+
o 100 Mev
10—1: e 190 MeV
C ¢ 250 MeV
10—2:
10°
- ‘1{/",,
i I‘:\,‘/
i i
10'4 AR S R B .‘\. o .
(o] 1 2 3
ot (fm™?)

BN PNaoMit#FE KRR F . A2 Es
BETICE 2 COMATH S, ®NaD B
MAHFELTIR 285 A — & =7 2 )b
IBAEB Lk (¢=2.805fm, =2500
fm)o X, BRI, CODEBL DL
SHELC2HATHD. EHFIICO
BLUOC20MTH 3,

BOR MBMELD 2 /9T A — R — T L3
RIBI AT & B8 BRFT OB D 22K
Thbo EHETHAKEGIZ, 95 2 —
2 —DEBREDHBERDLT
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®0%E BMEEHIOMAOWMEITICL S PNa BEREOBMAH (2,374 =4~ 7 =
WIEERE ) o HE D PNe, *Mg OBMHHOH/ 5o
a) X#k6 b) k7

23Na 22Ne a) 24Mgb)
c(fmJ 2.805+0.015 2,782 +0.012 2.981+ 0. 024
t(fm) 2.500=+ 0. 020 2.412+0.018 2,296+ 0. 061

3 Ricid, 044 MeV 5,/ 2% #f & 2,08 MeV 7,/ 2+ BB ORAE T AR T o
T, mARICE, 270 MeV9, 2" #AL, 554 MeV (11,/27) EAOBRETERT o
5.54 MeV ( 11,/2*) #6113, 574 MeV (3,/2—5,/2 ) HEfi1 & ST & 1520 5 oAb
LiRLEDT, %Er50C20E5HAGNE,

gt EEESRIC X B &, EESKICBYT 2HEMOMRRT | F (4, C25 i K= K)f
L EETEGEE Q ORIICROEHD B

Q= 180 27 li l—]F(qC2‘ K—J¢K)|* (1)
°T (J.2KO0 | J K)® a0 q° Cai TR

(134 O EEE &S 0.00MeV 3,7 2%, 0.44MeV5,/2%, 2.08MeV 7./ 2" R LT
l%]%*bé&%3%@&5@&@DEK@@@%%E$E<éﬁc&%%bfw%o@&
ICEBEEED | Q | 2. #NeTbhL 1+ 0.2 efm?,” “Mg T57.3 £3 lefm? "&b, ®Na

DOEBHEMERIT ZNe lENC ERDbL 5B,

w3k HEOER (K'=3/2")ICETS
0.00MeV 3,/2F 0.44MeV 5/2% %
L 2.08MeV 7,/ 2% #Ar D REF
DC 25555 LREHOTKD -,
BB EBAER | Q | (efm?) Dff,

Ex (MeV) J* [Qo | Ce fm?)
0.00 3/2* 44.4+3.0
0.44 5/2" 49.4+4.0
2.08 7/2% 48.3+2.8
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IFI?
: 23
107 Na 2 |
F } o 100 MeV IFI” E 3Na
r i_\%\}} e 190 Mev N
: } \ii ¢+ 250 MeV . ® 190 MeVv

¢ 250 MeVv

Mr}}!\

’ 2

=2 &
-2 10

10 0.aamev V2 \

X 10
2.70 mMev %5
. ‘ X 100
BB
’ *»
| 3

T T
o
T

T
L&

i/
10_3: / \\‘ 163;
o 3 .
E \ g
r ! -
[ i\ L ‘i{ 5.54 Mev (%)
i / Wy - Hi\\\\\,ﬁ (5-74 mev(¥5-52)"
L / \ \ \§
10°%L / \\! 2.08 Mev 75" 10_4:— \,ii\
: N - / \ {\{
L '/ \\ r / \
I / \ 5 /A
i / \ I / \
3 / \\ / \
/ -
10'50 Lo 1| Lo ‘I 2| [ T | 3 1052) b 1] L é S 3
-1
Qeir (M) Yot (F7")

FIN 0.44MeV5/2 " BXUV208MeV %4 2.70 MeV 9,72 #EAT 5 L UF5. 54 MeV
/2% BADORRK T, ERIZ, #B1X (1172%) ¥R D FEIRINF . 5.54 MeVEENL
D r BEBEREZRD HEBEOC 2 (B , I3 5.74 MeV #EAL E 438 R AT RE D 72d - L
C4 (—A#R) BRAFOMTH 5, JICEDLTH DB, EE, B, —A8HE

DHAIRE I KOFHHICE L,

2 K*=1/2"[@&4%

239MeV 1 /2 M OIAE 2K =1 /27 A E KB T 2 BEMNORAFZE 5 RITR
To 239 MeV 1 /27 HERIR, 53 THIRSNIIH 5720 39IMeV 5,/ 27 #EA1 13, - 3.68 MeV
3,25 3.85MeV5 2 HEMENEBRETHEDT, oL LTHEH, X7 by
DE—IBEOKEE» S, 3.68MeV 3, 27 3.85MeV5 /2 H#MICEIEZC3DESIET, »
WORKEHNKXDICEDN S,
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(3) =D D#EA

2 6 Xz 5.38MeV ( 5,/2)" #Ar & 5.97MeV ( 3,72 ) #EMDBIREFZ7RT o

5.38 MeV¥fID X &

<) FARXEBICKBE (372 5/2) &M -T0ED BR

HFICCARDDEESNAONZ L E05656/27EEZL 515,

FREIC, 5.97MeVHEEMN D R &V

Y F 2 (172 3/2) &5 T0AD, BIREF 8

C3DqIEEUARTC ENO I/ 27LERAET SOBEL LELN S,

IFI® N
10" ¥y, Na
g t
C ﬁiﬁ ® 190 MeV
r \} ¢ 250 MeV
i \§ 2.98 Mev 357
1021 \ f X 400
i e
I’{}f/ * 3.68 MeV 35
. e A
4 / 3.85MeV 547
{/{ / 3.91 Mev 5
107 /"L X 10
z /// ™~
- / \
C / \
I v
A
10°L I/ﬁ 4.78 Mev ot
5 ' i 1 PR I N
10 0 1 2 3
Qo (FmM7)
®OHK T=1/2%EEEFICET 52.98MeV

3,/2%391MeV52+ 5 L F4.78MeV T/ 2"
HENT OTERE F . 3.91MeVHEALIZ, 3.68MeV
3727 3.85MeV5/2 #AL & 5 L xiC Lz
EREAFTH B, MhoER, B, —A
SR OAIZE 3KICE L,

IF *Na

T T 7YTrIy

e 190 MeV
¢ 250 MeV

T

1072 {
5.38 Mev (55)"
X 100

o
T T T T TTTT]
-~
~
~
~
>y
- .
—— M

10

L R |

L /1T 97 mev (¥2)
}/} f{ f{\ii 5.97 Mev (72
- /
1045— { 3
10-501 FYRNENS TR S SN TN TR (R SN NS TN N N | 3
Qoss (Fm™?)

#F6X 538MeV(5/2) ¥ XL 597
MeV(3/2)” AL DIRAF, 538MeV
HEATOER, BE, —SBEBROHHEIE 3
Ric@ U, 597 MeVHEALICH L TIZC 3
BRAIETTH B,
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e T YRIGKEROAESGEHEL, 20 U TIREB~NZHET (r, #5) RISKTEEZE K
W THelm BEICK ZHEMBERE L. EBRIEBIUEZ OO TRESENH 1 2SR
Nz,

(e. e’z YRIED 227 Fumd (7, ot ) RIGOUEREERD B 72D ICROBEHRRZR O
2 (BRI 1 KPP T ET B )

de deE F. fdk )r}””Nhu(Ee)k) @

RICE 2 DR LRI 2T OBEE T AL F -5 IMeVEENDT, (71, ") RIEDU
EEIZRE—ETH I EREL THESDHAICHT &

‘ do
de (deE>(e,e Tes) =~ ( dQ)(,,ﬂ)fdeh"(Ee’ k) 2)

R
(g?z)r de(F?Tg'E‘)(, fdehy(Ee,k) a
EVOBERABBEON L,
RIC, 27 boxA—2—DRIEBD I F ¢+ 2D OFBEND ET5E,
(2o )‘” __aNES u
AQAE Jie,e/ns)  4Q AE; NeNy

EhoBAEMICESHBRI S E

d?g > _ a; N/ n;
de ( AQdE Jie,dnn ; adE NNy T )

E1 B, LTI A Rt BEMEEOC LRI AMERE JQFENHEEM A7 brx—
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4 — (LDM) OIfkf, NRAMETH M3 E—2A5FHD 0 R LemPs b oty
MOETFHE, 7127 RS (SSD) OHE, TR OEHI A VE~Th b,

TRKDESICLTRDo SSDDOIM¥EMBEINCE RN TNLREFHID 7 —
4 —ERALTHIE Lo &5 ICATETF T 41+ — 250 MeV T % O 30 % — 535 50 MeV
(2" DEBETHFNVF -3 100MeV ) DT DR~<7 P VERIEL, TDRLY ki ERD
R FNOBEE B C 7o b DA Ty O—RATENLTF + ¥ 2 MBEE BT o724

SSDIRLDMOE AR Lic A mmiB T~ 51 THY, SSDOWEE 2mm’” Th 355,
BIRICE T B 4E; & AT; L DFIDOBEFHE LT

AT; = 24E; (6)

BESN 5.

TokHiIcL TR PC(r, ") ’BRIGOWEEELZE IRBLUOE 1 EKRT.

o gs.

g.s. > st

BIN AHEFIFLF-—
195 MeVic 81 3
2C(r, a2 BRIED

WimH. RhoiHHER 9 30 60 90 120 150 180
Helm #A1C & % Baim o e(deg)
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7 LERABRARETF T AV F—E,=195MeV, E—2 Dz F~180.2%, EHO
75774 FOEXIZ184mg /i’ ThH D,

1% (%%Xﬂﬂ@%@@
Level No 1 2
Ex in"?B (MeV) 0 0.95
J* ( Transition) 1 (M1) 2" (E2)
6(deg)
30 | 1.18+0.13 0.040.2
40 | 0.50+0.13 -
'% 50 | 044+014 -
< 60 | 0.10+0.04 0.43 £ 0,04
Tzl 70 | o21£010 -
S| 80 | 024+017 0.53+0.19
'gv% 90 - 0.74+ 0,27
110 - 0.94 £ 0.49
130 - 1.04£0.73
150 - 0.75+0.54

—3)

BRG0P S LS, EEREOWERIEENMA v F=7 v & LTCCLNERIE
PDE—FHOBAEEL T, T4V AECVERVBTIRTHEERELT (7, =*) RGOS
ERAETFHAOMIESR L BEST BT HE LR TE SN HREF i Ham b ™ ok
BEIEAE T 4w PRI BT ERE-TELSNI/NF 4 =2 =52 AU EOHER TIZITH
T30 BHERBEAELDOMIENE . CDC & RFISEBOEN DD LBRT
X3, BHLOC EREMDOE BE T HRIRE ST,

B —FhteiREE (Ex= 0.95MeV ) OWER AR HICEO TEBHEL D /AS  BHTR
KELUSTHD, ChETOES LA ETRHERLRCHHTEROZY, 35K
ERBLEHBEEBC N IREDD B,

PlE3fich - THEC (e, e/ 7z PBRIGDERBRICONVTHRE LT TOERR
chgTsonbnTER" T BEESOMIENS AHERET S C LICk - TAMERE
RKHZOTRIEL, RIGOMRBH I N EBBA Y box —2 —TEHESTL, K
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I1-3 "0, 7)) "NKI&

VoV KY BT
B ERE* o (LIBFIERE - KiGEHE
hEfk « FHBE

%O (e, e/ ) RIBOABENHEASETF T 50+ — E. = 180 MeV B & U 200 MeV TH
Fltre BONTERDSRENTFHEOHECLD 0 (1, z7) KIEDOMITKTEEZ KD T,
—f b Helm BRI Z A 72 BHREE O RRETE 7.

§ 1. HelmiER(Z KBS BIEE

2O EronT, BFHELERLVESNALHBRETF D S KEMICTT 5t Hlmi
BDT 2 — 4 —AREL, ThEAOTEASOEM(IAS) DB RE~D (7, 7 ) K
2 (m 1) RIS AEBORMFEREHET 2 C EBTUbATHS. CHEOHET
B, LEOIALF—LDDEVELAVBEYRASNT (HB 0 R 2 hIF ) THvEF—T
12, EEEEL VELSEST, MEMFEH IV =7 YidKroll - Ruderman HDA THRD
SNBEL, A Yo ERIC & BERENTE DN TN S, Graves 5 12, 0D TR
DEEEICE-T(7, n) RIBOMMWEREHE L 720 B 1IRICRT PODT = 1 #EANICH
LCisE Utc 3t Helm BRI D/ 05 4 — 2 — %8B 1 RITRT o

CNEDIT A —2 —DEDPERDENIZIENDNo. 2 —4 DEESI~T 4 — F T2 20 (7, 79
RIGO#AEREE E, = 180 MeV 3 X 08 200 MeV i€ D T 2 IR T o
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D=l2evey 3 -
FIR “OBEO NGB T =184, o~ -
AADOHFIRIBEMDES (B e
1XE8H ), [20.8MeV) 3;// 21.02 17
- — -
08 2)-_| 2036 2
®\ 9.48 1~
8.37 17 U 1904 2.3
d _ -
7.58 277 850
6.98 1 L ®~]17.60 2-
643 (27,7 D730 T
617 = 7V &7 3
- 116.21 7
(50) z ®,’
67 ™ 7
396 2377 a
336 T , -
! 13.0003:26__37) -
12.97 2”
7y 112.79 0~
) 040 1] .-
#®2M —MftHammiosmEL 930 3
2 E, = 180 MeV(a) B X U "7 hoaz) 2 i S
Eiko MhOMFREH 6 "
DEEMDEE N (0]
163: T T T T T 10—3: T T T T T
o (a) a (b)
_ E,=180 MeV s
i i E, =200 MeV
y . 24344
—10 <10 ]
g
E E
c S
S10% 216k
S F S F
© o T r
10—65 1 1665
10—7 | I / 167 1 | 1
0 30 60 90 120 150 180 0 30 60 90 120 150 180
® (DEG) © (DEG)
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2)

W1k BODT=18AICHT 5 Mt HlmBR 5 x —2 -, No.1 DERDEFIC

LB ERTE B3R ENT O,

Lg‘;‘f] w(MeV) J* oL &Cfm) RUMD 7o Tuer  Tises
2 12967 2= M2 0771 265 -  —1243 0313
13093 1~ E1 0782 340 048 - -
4 13258 3~ E3 0577 33 0710 - -
5 1621 M1 0672 322 - 0.325 —0.160
6 1679 3t M3 0.942 240 - 2265 —1.940
7 17.30 1~ E1 052 339 0401 - -
8 17.60 2= M2 0520 226 - 0.480  1.090
9 1850 ot E2 0482 222 L11 - -
10 1899 1~ E1 059 275 ~—1067 - -
11 19.04 2~ M2 109 39 - 1,530 —4.350
12 19.04 4~ M4 0723 321 - 3820 1.640
13 19.48 1~ E1 0613 275 -1058 — -
14 20.36 2~ M2 0920 231 -  -250 424
15 2102 1~ E1 0920 423 0998 - -
16 23 1~ E1 082 235 0747 — -
17 23 2= M2 0928 312 - 357 232
18 23 3~ E3 0548 260 2539 - -

§ 2. EBRBLUER

Ericid BeOE R W co *Be (7, 77 )Li(g. o \ RIS TRET 2 2" PRIF OEE = 40+ —
2190 (7, 7" )N (go) RIBTDOZN LD S 3MeVRIES/AS DT, 0 (7 7" ) THREK
DEx=040MeVDEMICT 4 — FTI2BBEETTHPELTRET ST LBTES. FEHO
EX, 6=30"— 110" L3 234 mg /cm?, §=130°— 150° %t L T 65.8mg cm?
Thd. HIEFRIRABO_ENEMBK[ <2 ba s —2 (LDM) T 720 EBFE—4
DrIanF—lER02%THs. HLOHEHFECOVTRIXMIZBRINALL,

(7, z") RIGOHS B EREIZROAXTHEM L7
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do  ( ZSNfa; /7, r
aa < 4Q NyN. >/ ('ZM)
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1) F.Cannata, B. A. Lamers, C.W. Lucas, A. Nagl, H. Uberall- and C. Werntz :
Can. J. Phys. 52 (1974 ) 1405

2) R. D. Graves, B. A. Lamers, A. Nagl and H Uberall : preprint .

3) BEUIHFERSE 8 (1975 ) 256.
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OI—1 T-O-F Pulsed Neutron Diffraction
of Molten Bismuthtrihalides

Y. Fukushima and K. Suzuki

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

§ 1. Introdaction

The structure of molten salts is mainly controlled by the
coulomb force between constituent ionic species. A typical mol-
ten sélt like NaCl has the ionic character of nearly 100 % and
its structure can be understood by considering only the coulomb
interaction. On the other hand, the nature of chemical bonds in
more complicated salts like bismuthtrihalides is not only ionic
but also covalentic and these salts show sometimes strong short-
range order in both the intra- and inter-—species in the liquid
state.

In order to understand fully the structure of multicomponent
liquids with complicated chemical bonds, it is essential to ob-
tain partial structure factors between constituent species. As
an usual way to obtain the partial structure factors between con-
stituent species. As an usual way to obtain the partial struc-
ture factor, the combination of different diffraction experiments,
i.e. X-ray, neutron and electron diffraction, and isotope substi-
tution for neutron diffraction have been adopted so far. Instead
of the isotope substitution, however, it can be proposed to change
constituent elements in a liquid, if the ionic structure is in-
fluenced very little by this chemical substitution.

Based on these points of view, pulsed neutron diffraction of
molten bismuthtrihalides BiCl,, BiBr, and Bil, was measured by the
Time-0f-Flight method using a pulsed neutron source generated by

an electron linac. Then, three partial structure factors for
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bismuth-bismuth, bismuth-halogen and halogen-halogen were derived
from the observed three total structure factors by applying the

chemical substitution method.

§ 2. Experiment

Measurements were carried out by using the liquid T-0-F neu-
tron diffractometer installed on the 300 MeV Tohoku University
electron linac. The operating condition of the linac is entirely
same with that in previous works.' Powders of bismuthtrihalides
were sealed in vacua in a sillica tube with 10 mm inner diameter
and 0.2 mm thick wall, after evacuating water from the sample
powders at 150°C for more 24 hours. Temperature of the sample
was kept by an electric heating furnace at any desired tempera-—
tures and the temperature dependences of the structure factor in
the liquid state were observed too. The correction of observed
intensity with background, sillica tube, multiple scattering and
so on, and derivation of structure factor from the observed in-
tensity were made following the procedures described in a pre-

. 2)
vious report.)

§ 3. Experimental Results

The experimental results of structure factors S(Q), where
Q=(4z/2) sing (26: scattering angle and 2 : wavelength), are
shown for molten BiCl, , BiBr, and Bil, at several temperatures in
Fig. 1. The S(Q seem to be temperature-insensitive compared
with those of simple liquids. Fig. 2 shows pair correlation
functions g(7) for molten bismuthtrihalides, which are Fourier-
transforms of the observed S(Q). Every £(7) has a sharp first
peak at r=2.50A, r—=2.69A and r=2.884 for molten BiCl,, BiBr, and
Bil, respecti#ely. This behaviour indicates that a strong atomic

short-range odering exists between nearest neighbours in molten
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bismuthtrihalides. The coordination number estimated from the
area under the first peak maximum suggests that there are three

halogen ions around a bismuth ion.

§ 4. Partial Structure Factors

Figure 3 shows normalized structure factorsS(Q-R,)for

2.0

1 s(Q) [ — BiClzs 270°C
:: ------ BiBr3 254’0 C
1.5 N —— Bi I3 490°C

1.0

1 be (Bi)= 0.852 barn

4 be (Cl )= 0.958
05 T : be(Br )= 0.679

4 ’ bc( I )=0.528
0.0“:-":.={:::-‘ ::"':"';:Q:)sﬁ\)'-:.‘i

—— : t 1 t t }
0 5 o 15 20 25 30
Fig.3. Normalized structure factors of molten BiCly, BiBr, and Biia.
BiCl, at 270°C, BiBr, at 254°C and Bil, at 490°C, where R, is the
first peak position in £ (). The maximum and minimum heights in
S (Q -+ R)depend on the species in molten bismuthtrihalides, whereas
every S(Q-R, ) coinsides in the maximum and minimum positions.
Using these normalized S(Q+R,), three partial structure factors,
i.e. Sp-s; (@ , Sx«(@ and S, (Q were calculated, where X
means a halogen ion. The results are shown in Fig. 4. Three
partial pair correlation functions &g, -5 (#) , &x—x(7) and gs_x(7),
which are Fourier-transforms of three partial structure factors,
are shown in Fig. 5. The Bi-Bi pair correlation is weak, but the

X-X pair correlation persists strongly in liquid BiX;. The Bi-X
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pair correlation has a sharp first peak that is completely sepa-
rated from the broad second peak.

These observations may suggest that molten bismuthtrihalides
have a covalentic nearest neigbour interaction between bismuth
and halogen, while the halogen-halogen interaction is ionic and
like an arrangement in simple liquid. The correlation between

bismuth atoms is rather uniform like in the gaseous state.

References
1) K. Suzuki, M. Misawa and Y. Fukushima: Trans. Japan Inst.
Metals 16 (1975) 297.
2) M. Misawa, K. Kai, K. Suzuki and S. Takeuchi: Res. Report
Lab. Nucl. Sci., Tohoku Univ., 52 (1972) 73.
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CFT : Cu(HCOOQ), * 4H,0 (iR AkfY )

D’CFT : Cu(HCOO), * 4D,0 ( SEHFPIE KT )

DCFT : Cu(DCOO), * 4D,0 ( 5ELE/KE/EBRMUE LMY )
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§ 2. (309)DERHA
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% 1% Observed and calculated structure factors

| F |2 obs | F 1% cal
(103) 0.9 0.005
(206) 13 14.2
(309 6 30.3
(4012) - 25.8
(5015) 14 17.4
(6018) 7 91.8

§ 3. ERREUBALEL
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0z, coCliIcBLT, BEABERALES, BRabFa ) — AOEL TOBRMARS
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BAE NI, 720V T =ViEKicBNTE, ®mzZn ( IT) *8Zn, Ni (EC A7) Co
DILEZHRED, Yang 5 7 iIC& @E%Eénf:zﬂ, WA 3 E AE LI ¥ Zn (IT)
98 7n DBAICIT, )T VY s VB 100%, EC, Fr BEDHAICIE 3T TH- 10
cokIic, BAEKC BT IEBEZEORMKYRICONT, Be OREHND 505, BEHZDRH
BEMICEOTEDL D BBEAAETI20ICONTIE, X5 VRRLTEBRNTERRILINT
WS, ZCTHEHNBHENESSBLFED SMANELE LTS TPP #HKOY 7 v 3
VIEICEZ D EBEHENL LRSI,
%@m(bTPPKOMT5%&@£K%5%?%%%K0mf®%%%%tmfﬁ%?&
R1AELTOHEa~xu b (—Bid=y ) OB7T o2 XOEBERLILbDTHE, &

58Mcy (9.2 h) 80me . (10.5m)

1T %n) (n,0) o 57Ni(3s h)
\ / I . 0

22000 59Co Sso Ni o
 Baco(71a) 803 Co( 5.26y) o 2100)

% 1® Nuclear processes of cobalt
and nickel concerned-

ELOWEDEMIE, BINKRINZTNTOTo X (RHTRINTNVS ) &, ThE
hEx CEE L, 2L TZOR-BERANICHRRT 3 LiCH b, AHRTIE P Co(IT)
8¢ Co, ¥Ni (EC, %) *Co, ™ Co (IT) *®Co D7 mr2icEd 5 TPP #EDY
Fvya YEERYD, TOREALUNBELLY BREC( T, n),(n, 7)7otXOkR
Lk, BE L

§2 € B

2.1 58mCoTPP (IT) 58 CoTPP

FME 999 ZDE&Ba v P ERERFERFEHERROEF 74 F v 7LD, 60 MeV
DEFAEME - THEBr BBHL, (r, n) KET»®"Co xR, 6RMT/III 8 KHME
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L7z Co ZKEBRICIE L LD, BifRY LRU H, TPP O ook v aiKk E&i L THE
# CoTPP Z2&KL, HEER#E/Ju~ /77 4 —REIDBH LI, BoNn/2BHE CoTPP
ERSATAZRICREL, "™ Co (HEBPIRKM) OBELF -, (L¥ESBIF L VT
—ADD7 OaERNL - AR ) —NVERETCOERET NI FHS L IO T T7T 4 —TiTo1%
BEEEREE Ge (Li) FEkKHE+ 1024 chPHA T % Co ® 810keVOXEL—7
ZRRLAEROSGERD, Th% B8 Co DHHEDERMMEAOTHETL, CD7 o+
2D TVYa vEERDI,

2.2 STNiTPP (EC, g% 57Co TP P

BR= o (FEE 9999 %) 2 8BHe L3 24 BHE, RBCHEr MBH L, oD
BARY NI (EC, %) Co o220 0shRER I, LTAMNELIRICRTHED,
B Ni (7, p) ¥ Co RIGET %" Co MERT 2 DT, &# Ni TPP S OHNIC a/v1
FEZ AL LS TELIBTNIEN S, SBkE LT, #BiCkE NiTPP &%
RBICIT D 1o ic, BFBRORA & YEWMEY ZFEAK, bbb, BELL=y rvEk%E
SEOMBESUKERICAL LILDL, B4 2 v REEIESL 724 (Dowex 1 X8, 100
~ 200mesh, FFJE ) ko), 16N BB T= v %, 145N UTOBERTa NV +%
BEELT SBMUIc=y A7 52y 5 (BBER) 13 H, TPP ©7 00 Sn ABKER
k4, 4 UM Ni TPP 2RRLi0b, REEBLTY Ni TPP £%87%, K74 74
2 TCEEM 36RO T NI OBEEER/FD, (WESEE TV FH T LETTY, YCo @
122keV OREBEY—7% Ge (Li) ¥BHEBKRMEB+ 4096 chPHA THEL, *Co @
{LERITERDT,

2.3 60mCoTPP (IT) 602Co TPP

CoTPP AVN#HRZEETHHFHES TRIGA IR F 24l T5 0/, #APHTFRHL/
BHBELBICEEAERICLD CoTPP 777 v aY%25R Uk, TOR, BEETEDS
& CoTPP #1823 TCOBMIZ 139 TH- 70, Bohw® CoTPP 2 F74 74 2th
ICERE LT, ¥EH 1056 2O CoDHEEEF-7cDH, TNIFHTLIUY T TT 4
—T CoTPP 757 vavasal L, Ge(Li)¥B&EBHHEF4096chPHA, H 502
Nal (T1) #FEy vFL—Y 3 vH T Y4 —+ 1024 chPHA T % Co @ 1172 keV,
1333keV OXBEBE—J42HE L, LENSHERD I, TOLE, &l CoTPPIZARKK
TEAT “"Co AT P8Co 2 bBATNS, ZDBHTIF 1333 keV OXEE— 7 2
BHE®TIE “"Co & ®8Co DHEENLST7 +— FIhB (BTIREBR) CEEFALTT-
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§3 RRLEER
3.1 58mCo (IT) 58¢Co 7oz

FIORITI L EEE r BEELTERBR L % Co O 810keV OXE Y- 7 D
DORBEEL (ERHE) TH2, BHKTHEZ I=0& L7, ®*™Co(IT) %8 Co 7untxic
& BIEMBEMM T BELEMNSAONS, EHEEIREE log(Co— CIE LEDDT?®Co

Count o
In(Ce~Clg
22000+
20000} 18
18000 B
‘ o
16000
16
7 ) . . Time (hr) %il
0 10 20 30 © 40

$2X Growth curve of
88 Co —activity

DOIRHOFBHREL—H LTS, EFS I COERMKREAL, BRI A VF—60MeV
DTREHOEND®Co(7, n) *¥8Co, *Co(7, n) " CoDRIGWHEE 05, op DI
ERDI, BIRCTDFEELERT, BKIIC ®8Co T >/ HaEE(A, ) ROEDIM
DICHET BT ENTE D, DRSS, BEE®Co (7, n)¥8Co RIBICLIDERLSD
(Ao DBHFIC® Co(r, n) BCo(IT) *8BCoD7 B X THEMLSD (4z),
MEHKTHIC®™Co (IT) **8Co " meXTER LB D (A3),
Ay s A, A BERZARORTEDIN S,
A = NSfCog + 05, ) (1 — e 28) (1)
A =Nfog (1 —e™eT) 2)

A e~ AmT 2 _
A = Nfon( (1= —)-(1- 5 -a—) e T 7 3
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N:s=rytocon Coun
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frawsEE |

lg 1 Co OBEEH %83co
TSR e -

BIRDLDPEL K

k(A1+A2):a (4)
k A, =0 (5)
{8 U, k6 LIBIEBD 810 Time
o _ % 3K Determination of
keV TR 2R EHNERERT, O/ 0 for ®Co-
(1) ). Q)X%E, EHELH%

(1—e*e)=a

[(1_ ,Igézg‘ e—me) - (1= X{_gx )e_ngj:ﬂ
m g m

EBNT, @) BRIRATHEI,
ENf(ao, +f0y) = a (6)
ENS ¢ (o5 +0,) = b (M)
6, (N%&ED 04 0, ICDNTRRTIZ

Om a(a—>b)
Ry a— (8)

Og

EHa, f, WEMa, bERALT

Ltcdio TEES DT> LBHEEZHETHE,
0, = o 10
TH D,
ThDog =05 EVORREBARICRINIBEREADETEZ S, £4KiE CoTPP
ERIATAZBHLTCHE r BBHLILEDE F54 T4 ZPIREFL, ZOHREBEITO
BERMELE (r, n) RIEEKEURAEBD “ over — all” OVF vy YEOBEZEA

RbDTHE, MRIUBHBICKELS, 4Z0BI—FETH-%, 0p =0, THBC
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LEEZLLE, BRERKMEZTIECL
7o & & DOECo D¥ L Co (IT)
BECo Fu e RERILODTHE, T
nicbrhrbod, BL4RITRINS
ko) Ty a VEN—ETHE L
WA T EIFEMCo (IT) *%8Co KKK 2
TIT ATy a YBREBEHNED
LEETRIE L,

DT EEXSITE>ZTVEIPD S
rwic, ™Co THE#M CoTPP %
AL, EREED,

Retention Value

3
+FO o—=O- O O
58m,
- CO
2t 59C0(V "
(4
)
56“Co
0 70 20 30 20 (o)
Time
# 4 Dependenc of retention of

CoTPP following T -
irradiation on storage
time

%5 [X2E% CoTPP % F74 74 XPUcBe, (LF58 BHENELTRALITYYs

VIETHB, t=0 (BERETHEA) DECAT 1005 THBC &L, H#k CoTPP D AR

2IFL N TINBT EARLTNE, KEANEETZIKONT, HABRDOIDITIT Vs

VIEDMEL L AEASR LN, CHIZKAEONEREICLIEHOMAETHBAT S L

WETE 3, HL, CHERBROEDFT—2TH0, COYTYy s VExE [RbpdoD) 7

vyva Vi, R, | £, SOOI, EHRINk CoTPP (2 *™Co DA T <% Co

(%)

on Value: Rq

S
=3
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90

Apparent Retenti

b))

—Q—

5

Storage Time

5 (ho)

E5 Apparent retention of CoTPP
following *™Co (IT)**Co process.

ARTEATNEDETHE, LEtdioT R, DO L THIKERKEBDFEILL560%

W LIS, ZORITOEBEALZRTONE R TDH 2,

CHhEE2RTRLUK
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%Co @ 810keV OEHHEDERIHEEFEL & Count
DThHbd, HAHE t, TEH CoTPP OAK
NET L, ZORDOHMELaL L, KA 1, T
L¥5 AT 128 L, TOBO ¢ 5 DK
REDBMS%E b0 L35, (LEHBORR, r L0
S#508 CoTPP & LTHARE Nz &g,
RpJDV 7y vl R, BURERGER
K&d) 7Yy s YERREOZEH

0 X ,
x 1 t Time
R, = B 11
# 6K Determination of
_ r—a true retention of
R = —F— 12 .
b CoTPP following
BCo(IT) **8Co
THs, 1, QX5 xrE2HEETHIL, process.
b)) —
= R lotbize 13

BXOHEARTNTHEBCTHE DT, ChELORBRDBENE, BXickD, B"Co TPP
(IT)*8Co TPP DEMEICET 2 ) 7>y 2 Vi, 77T %, 88 %%E71,

3.2 57Ni (EC, g% ) 57Co o+ =z

Ni TPPICkE@ 3 Ni (EC, #") ¥Co 7u%2®)F¥vaviiid, (1, p)KisH
SHBY 5% Co £ Ni TPP AHROBICH#MLTHS DT, MHIC, EELTNEFo+2
POEL S Co © 122keV DHHEEZME L TRDI, TORE, 77% 80 %, 82 %
DIVTF vy VEEB,

3.3 60mCo(IT) 6%2Co 7O+

ZOFutR(F8MCo (IT) *ECo Fut RDBFAELL R UAE, FURFETHET
LT THB, Lo LEBITIE, *"Co O¥EMds 105 2 THB 2w, ®CoTPP %24
BLeEEDIIBHEELZTENTER Y, L TEESIRTHTBHL 72 Co TPPAE
BELICHERETHC LICLD, VTV s VYA MLUTEMR CoTPP 283 L0 5F
BELOS2Z2ANBD -1, BEKES “"Co O¥EM 105 4952 T, EOHHEFR
THHEDTOH HME LT, CDLDICREERIDE ), 8Co @ 1172keV OHXE & —
JDEBHM AR LETEEL -7, 2T 1333keV OREE— 728 OMCq MNEE
I BHE. MCo, 8Co DMADS 7 41— FENB T EAMHL, WEMIC “5Co DR S
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Zkwt, £THRIZ Co— 60 DEER THs,

Mmoo (FiFE AL EConNT 41— FEN B D, 0.24
%0 BT EETHEE ONi O 1333keV DL~
NICT 4 — FEh3, BRI EROERFETH
Stz (¥™Co + ©8Co) TPP @ 1333 keV D
HE C—Y OREENTH S, Bt EDEETE T
HAAEt=0&LT03, BRIBEDT—27T, BA
I3 OPCo DBEMNET LicEdDT—iEEzL
BlzddTH Y, MCo @ 10.50 DR L&
C—HLTWB, COBEMBNS I=01CETS
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BNTE=01CBF 3 1333keV DEHEE a,

FEARRIBE omc, BEELTLE-EED

F-LHOBHEEDETEE, @, biITHLTKR
D2RDBILT B0
k ( Ay Npo X 0.24 X102 + 25 Npo) =4
9
k2 {Nmo (1-0.25X1072) + Npo } =0
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Ngo: t=0TD *%®Co DFEFH
Npp: 1 =0TD ™Co DETH
Ay 1 %%Co DEEEEH
A @ OMCo DB EH
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Nmo 2 Ca—b)

o
93 OFBDICHEME S £ U2 O/MEEZRA

105mL 0.05860
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99+%

526y !
»Co

1.3325
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0

NI

#£ TR Decay scheme
of ®Co

CPM

(min.)

Time

#$8K Decay curve of
1333keV photopeak.
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M—2 "Ga(r, pn) BJBIT L 24EfHA
77 n OB

B B O
UK 2 B - U BE B kBB

In order to prepare the carrier—free **™Zn for radiopharmaceutical
appllications, the production rate of *™Zn by the "Ga (7, pn )
reaction and the contaminations by the other photonuclear reactions as a function
of the maximum energy of bremsstrahlung up to 60 MeV were determined.
Then the chemical separation of carrier-free *™Zn from irradiated
target was studied in detail . As a result, the production rate of
®"Zn at 60MeV was given to be 05mCiCoulomb for one gram of

galium metal.

§1 B

FHEM 14T 0439 MeVOA ¥ v BEEEZ B D ®P 703, ¥ 55.6 4T~
—SBECBCRIBE, P IZnlBREFEEITN AL, HEDH Y v BERRTIBEL LT,
ERHFTOM - —FRICGESFERINT NS, COKBMAERATIOANE, vV F2
FrYEVTICELUIEOAT VT BEEHETHEC L, ERNRHBREBEE T 320303
DICEUIHFREPE S >TVBCLET, REABKMNURMEZEE L CBDTHERLODEN S,

C OB O™ Ga B, BEBEFFT ®GCa(n, p) KUSICE DBE SR T ph
FEAPE OO MERE A ET 2L TRAFLBD TEHE TH 2o ZHEMEERDS 3 &
AT, H2BEOERNENHHININLIET, ZOETRETZONEBOAFHEL
135,

A MZn SHBESREHICLS "Ga(r, pn) GAFALTHENTSE 3 & 5
ENBH, FRECKRITINTOLY, 2T TCCTIHBIS Y 946 2—4y FAEL 30 ~
60 MeV HIEy#a SR AHIC & 2 WiBGE OMZn OAREABET 5 EARS, HbtTHRE
AYTa 2=y bHOBBEKTEINEDEHL, ERADO ML~V — 2 BB T2 L2RHL
7o
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2.1 & E-

Sy FELTHEMEN ) v 2 BILYEH . CO—FRAERES mmOAREICH
Abﬁ%ﬁﬂtbkoK%@met%@@®ﬁ$u?&fﬁmﬁéﬁ%bko

2.2 R &

FREHT S4B DOE T oo 24EH 300E#E LT, 30 ~ 60MeV DEEATE L 572,
RENI2mmEDOHEE Y N =2 — DT CHRAICE X KB L, BREFENEIC—EILES X
SBHEB DL E— LEHRIZH S LY Faraday Cup THRELA7 =74+ 27 E=2—
DERAZBERERETS CET—EIC R BT FAVF- L0325 7 — vy OLBHER
BEi2 LML,

2.3 MEBERIRE
RIS H 50 UnE M EARE L T0ml Ge (Li) #ili#% 4096 X B &5
FRcER LEE L, SRBRBRENENERD LT Y BRI P BXUZN S DOFR
&AW B C Lick - TRE LT

2.4 & KK %

HEREARD D f2nicid, WEBICHO L THRIBE O HEE, HERECRNDZRE X
UH Y BONERSICLIMELB N o7 POTHRAKTRICBD 2E8K%K, 9005
pCi/ 4=y V&R 12756,/ —o v EEH L, ZohEREICI 0T 538%E 31915
BLLTFTH B,

2.5 Bk %°7Zn OB, AR

Bér Yy RTHREBY )Y 5 10 FRORBET Y v L%2EL, @F OHETHR
HEL, AHBKE6HEEBROLVBLZEELEBSOMA, ERHERD LIz, DOTEEE
BREEL, BEELLEO 1 HEERICEIL, 556000 | HEERTUELIESZ VX
Wk IeR, Dowex 1 X8 (EH®Elcm, £&%65cm » 50 ~100# v ¥ =2 ), i€ 0.5ml
BHORETE L1z, COXBDOSETIREHRA & v F3EIEREICHRDICHES O, AL
Vo ad A VITEBT S, FNENSEOMIBEEED 1 BiEERER LTER2CH, 7)Y
AAF VAFRFEHE, DOTHABEOMIEREERD 0005 EEmRY THEMA 4 Y ZR TS
too 0.005HIEHM T 77 3 vEED THREMRL, ERERF MY Y LZMAT pH 5ICHK
L, LwERKE LTERBICHL
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§3 RRIBE
BARGIHEHBR T A Vv — 00T 2 ERBBOEREIIH L IR LI, ®™Zn  Ofiic
2%Galr, 3n) BUSICLA%Ga (948 ), ®Galr, 2n) RIEICEL2Ga ( 783
B ) B U "Ga (1, @) RIGICKS “Cu ( 62 BR) 4R E N, ®"zn LAOES
BRHEEA R DERIZHACBETE L0 Db o, —HFRLSHS LI L D ICKRERE
2 30MeV LLETaBICEmML, 40MeV U ETHR L2 iCEMT 2 @AIAZR L7,
CHhSDFERPSHT )Y L&RB

4
—1x10 T T T T

177 4% 60MeV, 150 #A
DE T 5 WS T,
¥m7Znit 14mCi #HETE2
TEDBDD 51,

ik ¥ Zn OIL¥EHME
ORI Y H D0
A4 VR lRIgE"Y KL -T

1x10" |—

PRODUCTION RATE
X
S,
|

(uCi/Coulomb for 1g of Ga meta

—
x

jaN
(@}

HRALNTNABD, T TRt MAX. ENERGY OF BREMSSTRAHLUNG(MeV)

B At o R e % 05 Cu, %1 The production rates of radio-
nuclides on the galium target
as a function of the maximum

B oA £ A S R L energy of bremsstrahlung.

%Ga BLUGa THa L

foo 5rEE RBBIECIIHNARMEZEL, “"Zn ORZKEI 95 BLULETHEC E05HEDS
Nie ZONTERERE ®"Zn HEBOH Y <RAI bo X bY —Ti3 0439 MeV #
VEBROABBBEN, BECEAHEIBD TEVCENTREINI, TDT &L £S5
BERRME YD TRIFUMEREZ 52 52 L0 S IT1E - 72,

& % X Bk
D H. B Hupf : J. Nucl. Med. 7 (1966) 798.
2) J. H. Gillette : ORNL Rept. No.4155 (1967 ).
39 H. B.Hupf : Int. J. Appl. Radiat. Isotopes. 19 (1968) 835.
4 H. B.Hupf and R.E. Lewis @ Trans. Amer. Nucl. Soc. 11 (1968) 475.
K. A.Kraus and G.E. Moore : J.Am. Chem. Soc. 75 (1953) 1460.
6 M. L.Thakur and A.D. Munn : Radiochem. Radioanal. Lett. 2 (1969) 301.
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Pl FEk - AT R, AERFE R

§1. XAME

B, B, EEAEZFALTHBKRER <7 PVERET 5 HECOOTHREZHL
Foo b2 ¢ OF N, TR PLOHEICHERSNTE LERREBHREEZEA LSO
TH 3D, %ﬁi@ctf;znQiéénéﬁﬁciﬁﬁﬁﬁéwfﬂ%@ﬁ%ck%<W’i?‘5° LT Ah
B, EHEIGHERT — 43, PHFRGKHERT -2 BN L, T—2860<, X7 -
ARIDIE S DE bAEL, (5T, WETHSNAFEED S, unfoldingiCL>TAX7 b
NAERDBEICIE, FOF -4 AEHATAOERETILEND L, T OHEICPEFIET
ISHAIATOAIRATME — 22/ P VvnBERTH S ETHANERA L, BoncUb
FEWEET — 4 A F - CAHELARERZLETS — pEATE 5 LEAHNY Th5
NTWVB, ABLTIE, COBSFMHZ L VR LT B, BEHOETFY) =V v 7 EH
AL, C, Mn, Fe, In, Au ORBERIBICOWTIT - 2 fREHET 5,

§2 € B

ERIEEROET) =¥y 70 7F v YANVEER LT - 0o EBREBZH 1 RICORT,
MEOEFE—L5EX 238cmO#s —5 v MICHHEL, RELLHBEHNT, -7 > b
BEH S 60cm DABECEILNRBICBHET 2, EALALEFE-LE, TAVF 21185
22—, 26-, 30- MeV T JE=14%, £ =% 3mmOE—LTHd, AL LT, C
Mn, Fe, Im Au 2#8A L7, CHSRBRY, £ ORBIGICET 2HEMAEREE 1L
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i ™
Linear Accelerator NDetector
9 deg
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Bl1E B KREEOYENER

Thick—|Diam- Isotopic Thresh- Gamma Branch-
Detec . old Half — |—Ray .

ness eter Reaction Abundarce . ing
tor em) | (cm) %) Erergy | Life Energy Ratio

( B | (MeV) (MeV)

C 067 | 2.05 | 2C (r, n) UC 98.89 187 | 204 min 0.511 2.0

Mn | 017 | 250 | ®Mn(r, n) %Mn | 100 10.2 | 300 day| 0.835 1.0
Fe | 030 | 200 | *Fe(y, n) *Fe 5.84 13.6 | 85lmin 0.511 1.96
In | 025 | 100 ["SIn(y, n)™™In | 9557 9.0 | 50 day| 0.192 0.17

W In(y, pH™In | 9557 1.0 | 45h | 0.335 0.50
Au | 001 | 100 |7Au(y, n) % Au| 100 8.1 | 6.18day] 0.356 0.94

KRENTV S, FRBIL, E-2BICEECBEIPNAXFELIC, C— L@ 54 10cm
OO EICEE L7,

RBFICE D BEEL S A 77, 241 cnd @ Ge(Li) BRIEBRUH EHITEH TRIE
Uco BERIBURREIIRNICK > TRD S 5,

- 4 Ch )
Nrmiep exp (=47« ) [(1—exp (=4 Tir)) (1 —exp (= 47T.))

A =

TCT, A REHKEOBMBER 7 BAESDICKEINE T RE (S, Nt
BRBGTOFETIREARCTTA Y b =708, CL3Ee—2AY Y M, €b i3 Ge
(Li)BHBOE— 7 BRIHE T, B3HFLERM T, ARHEN, T, GREEBEE55
bF.n BEIRICRENATED, 4 BB 1RICRINIERBLSRKBS N2, GelLi)
Bi%h®E 7 13, TV F AL uEEI— F REFUM ~ GE? & > CEHELHREEERL
2o (DR 5K ERBEEE 4:°F %2, AHEF 1HEY 0 ICHBILLETE 2 RITRT,
ERLEDICAH LICEEDETFHIZ 77 77 4 Wy 7L - TRIE LT,

REABO - AEOHBHS 2 <2 M VIBRITNIEEIC X > TRodre, HALAHED—
F DIBREY OBERX#H?Y KeErFHLoHdEORRERVERME OB OETRLT
WEBD, 2—4y FOEINECT, AEDOKE VIBAIC DIBRE OREGED/NEHICH
BCEAEBRVEFERICLIC —HLTHD, BOFMOLHOREEHEL LTHIEMT 5,
DIBRE 22— FiZX->TEHEINHIBHR <7 b o(B)d, WMHEL2XERIFOKHEE T
— % o (B) #FERLT, #AMEHE 49 GrATEZo035,
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$2% AHET EHD OB EOEME

Iron Target ( X 10* electron ')
Electron Energy 18 MeV 22 MeV 26 MeV 30 MeV

2c (r, n) ''C — 0.0404 +0.4%| 107 + 01% | 2.38+ 0.1%
SMn(7r, n) *Mn | 974 +56%| 443 +£26 748 + 14 105 & 1.2
“Fe(r, n) ®Fe | 0968+ 25 | 105 +£10 282 + 09 75.2+ 0.6
s 1n(r, n ) | 582 +31 |198 +1.3 295 + 1.1 656 + 0.7
Us 1 (y, 7)Y | 274 £ 06 | 577 +06 | 802 =% 05 156+ 0.5
WA (r, n)'%®Au | 294 +08 | 446 +06 653 + 05 665 &+ 05

o HH

H

E,
A= [0, (E) ¢(E) dE (@)
Ein
SWERET — 2 DBEL, AT & AP O, R KL->THRIATEILNTES,
Ri = AP/ A @

§3 MRS

bRt FEICE > TR B OfEE2C (r, n)MC, ®Mn (7, n)*Mn, ¥ Fe
( 7 n)ssFe ) ”511'1( 7, n )“4mIl’l, s Il’l( 7, Tl)llsmln- 197]&11 ( 7> n )I%AU‘CO
WT, BI3EICFET. EPT Detector OHICEINTV A ORIED THER I N RE R
ARTHDT, ACTOBAICHE, NHEIMCE > TEU R HAREANES ST LTk > TXK
HOENTED, BF3IDEAR, MEGIKELTEL2hHEFORE,LSRDON/EDT
brrLEHOLDLT S,

QBRI L OBERE T~ 2 ARB LTOARIETIE, HFLOT — 2 OFBHEEHMICROER
EZRLTVBCED DS, X, THFEZAETZHETHESNLT - 22T, BF
FINF—PELBBZRLONT R DEHINEL B, BENBEIRLLLIBAERLTNS
25, ChBCOREFETIH(r, n)RKIEE (7,np ) RIEERBT 5 E03TEIR0E,
(7.np) RGOz ¥ — L Eo#iBEHicd LT { (r, n) + (7. np) } B D
Ein (7 n) REHERE LTRNBARC kS bOEELLNE, X, " In (1,
n) MR REOEBAICE, BFTiF -2 30MeVOIC B K& B R»T B
ENBVEICAZ LY, Child, AHIALF—OBAKELicabEFosEmL, " In(n
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3R MMEHEOHEMEEERBEOR, Ri=AAA

Electron Energy (r;np) Sepa-
Reaction Reference| Detector ration
18MeV | 22MeV | 26MeV | 30MeV energyMeV)
2C (r, n) MC 6 ACT>k — 1.205 | 1.09 0.824
7 BF3** — 0.757 | 0.931 — 274
8 BF3 — 1.492 | 1.189 | 0.914
9 BF3 — 1.418 | 1.156 —
*Mn (7, n) % Mn 10 BF3 0.575 | 0.810 | 0598 — 178
11 0.595 | 0.875 | 0.654 | 0.609
“Fe (7, n) * Fe 12 ACT 0542 | 0783 | 0.722 | 1.12 20.9
Y510 (7, n) M™Mn 13 BF3 0.448 | 0.511 — — 15.9
14 BF3 0.603 | 0.672 | 0.586 | 1.00
Y9 In (7, 7') ™0 15 ACT 0.829 | 1.00 | 0.852 | 0.995
YAu (7, n) % Au 16 BF3 0.743 | 0.553 | 0.529 — 137
17 BF3 0.842 | 0.628 | 0.608 | 0.476
* ACT @ Measurement of radioactivity of the target
* BF3 . FF; neutron counter with moderator
T T U
r)MPIn X B EBBEHTELNS E.= 22 MeV

BTHb, coc sz, " Inln, 7 )%n
BG DEIFIB S BE DS A B T 5 vF — 23 26 MeV
»5 30 MeV IZEDHZ EH 1.8 fEiIKls - T
WA ELEL-Thh 3,

FoRIC, COFMOKR, HBEHROE
EZRLTVIMERET -2 288 LTHEK
BBBBEICL > TRD IR PV E,
DIBRE X325t HMBELEDOAHEF T F v
F—2 22 MeV OBEDOREEFRT, EH
FMORERD S FRENBIC, WiEET —
ABBRFMINTNEZ L0056, ERER
SIEMEL O NS5 T3,

SE OB FMOFERD S G E

—— Calculation

/cm?MeV per incident electron

-+-+ Experimental

Photons,
O

~J

i

i

1 1
5 10 15
Photon Energy, MeV
32 22MeV DEFHAS Lick, Biti&ofr
B TORIBIH X X7 P L OFEERME S FHE
fEDHE
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BOFMAT OB, (7.np) FORBEBONVETHE INHFEET ~ 2T 20T
DR HNITERBFMETERNTE, EBERILE X FVBBRIERT 2500 R
BiCid, EEEVANALDRMITEALE U ZERNHEZE00, (7, n) KLOWEELG
THY, GETABRBELE UAWHARBARDILENHLCEBHOD KT T, - T,
Activation i & - THBKEHEBZBEELCHET S L BMLBETH 5,
AREBETOCHND, BALTOIIEO R RFERTFEEEMA KD OFES R
UEBRREKICES BR#EWVZLET,

& % 3 it
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3 T. Nakamura ‘@ Nucl. Instrum . Methods 131 (1975) 521.

4) T. Nakamura, M. Takemura. H. Hirayama and T.Hyodo : J. appl. Phys.

43 (1972) 5189,

5 H. Hirayama : Doctor Thesis, Faculty of Engineering , Kyoto Univ.,
September (1976) . '

6) J. H.Carver and K. H. Lokan : Australian J. Phys. 10 (1957) 312,

7 E. B.Bazhanov, A. P.Komar, A.V.Kulikov and V. I.Ogurtsov : Sov. J.
Nucl. phys. 83 (1966) 522.

8 S. C. Fultz, J.T.Caldwll, B.L.Berman, R.L. Bramblett and R.R.
Harvey ‘@ Phys.Rev. 143 (1966) 790,

9 B. S.Ishkanov, I.M Kapitonov, I.M Piskarev and V.G. Shevchenko
Sov. J. Nucl. Phys. 14 (1972) 142

10/ R. W. Parsons : Can.]J.Phys. 37 (1959) 1344,

1) R. A. Alvarez, B.L .Berman, F.H Lewis and P. Meyer : UCRL— 74461,
Proc. Intern Conf. Photonuclear Reactions and Applications (1973).

12 J. H. Carver and K.H.Lokan @ Australian J. Phys. 10 (1957) 312.

13 0. V. Bogdankevich; B. I.Goryachev and V.A.Zapevalov : Soviet Phys.
JETP 15 (1962) 1044.



14

15)

16)

17

271

S. C.Fultz, B.L.Berman, J.T. Caldwell, R.L. Bramblett and M. A.
Kelly : Phys. Rev. 186 (1969) 1255.

0. V.Bogdankevich, L.E. Lazareva and F.A. Nikolacv @ Soviet Phys.
JETP 4 (1957) 320-

S.C.Fultz, R.L.Bramblett, J.T. Caldwell and N.A.Kerr : Phys. Rev.
127 (1962) 1273.

A. Veyssiere, H.Beil, R. Bergere , P.Carlos and A.Lepretre : Nucl.

Phys. A159 (1970) 561.



272 HEBHEHE Vol.9 No2 Dec. 1976

M—4 TOPODK—KZECIAE

EOT KR — - B R

i

§1. #
trioctyl phosphine oxide ( TOPO ) ids# W ELABEE B T4 C L ORICK S RHRHRE
b5, TORHERBEEOBRICLORESEDLC LAHLTER, BROEELR
AT BICH->T, TOPOEHBDOEERA - KHEOSREFHLTHE EBNRETHD,
IKHENSFE L7 BDOTOPO L MEMSREZF ML T mMEEEE LTHEEMBITHHL, 20
BEEREICK 2 TOPO DEBTEA BRI T 5,
e OBFEBBEE—KEBREOTOPO O BB HERD T, BRENNT A —2—ICL58H
EHH 5B,

§2 2 B
I) TOPO @5 ( Ffi [ )
EBROBELE | FIORT, BEEQOTOPOH o
B IR & B BUKIA I (2= 0.1 ) %P4 S€7:8% ;3; e o1 TOFO
PEY R

HOTEEL, KMHO—EEFTLD, TOPO E&EORA

Heda, ///\\\

i) TOPODEER 1\44%0? | org.
Tl [ ORBHETY £ 5 BB D v 7 = VA A hmmu%“mu
TTA=AFTVBRC S0 28 ORI ), 2;?’;";“ Formation of adduct
EREO—EREZ LD, Ry Y FL—vavh Oaz: (Equili. T)
vy E—THU DT —BERENET S, BEZRMO ‘//*\\\
v 5 =L ORI - LB L TTOPORE £ kb5, A ora
ZOBETOPO %# 5K F W TTA DAL BT 5 v ,l-cw,.,,", @)
7 M EIES 5, %1 Experimental procedures.

738, TOPO O4r#C 3495 Reid, & 7o fF Ik O i
B IKREOSD S TEHEICEHET 3,
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§ 3 #HRELBE
3.1 HBANROFA
TOPO ® AR5 B,
TOPO a 22220
Proro (TOPO DBEEHTH 5,
—%, uw5=r—-TTAF L — tOMH I,

TOPO ore (1)

Kex
UOZ* + 2HA UO,A, + 2 H* 2)
372, WEBEIC X 2HHER I,
+ Kex s )
UOZ " +2HA+ TOPO —=2% UO, A, » TOPO + 2H* (3)

BEESFE L TCTOPOAERT B 20 ICid, 1) o —F O ek 233 BH T2 O
WO O &, 1) MMk OREENK & ZRWICGHBETTEC &, i) Hmes
RO BHE &N, NSO OM RS 50 C EMBRELELS,

TOPO w5 =1—TTA+VL— &3l : 1 &Mk U0, A, - TOPODBERL, £ D
REEGTHKRE, LD BLO0) OFHRHEENE, BEBEOROR O ~F4
v (log K, = 958 ) 2 & 3112, log K=~ 318 5LV log Koy, =636 T3 1,
i) AT ERRM ORENSTETH D, TOPOAM Mtk & L CHBMICHHLE S &
FrEh 2,

3.2 EBRERH

TTADEEE® 5 0 I3E pHHER T I MEOM M 3ATEL2 L7130, $4TTA OEEBEH
Z0V3EpH TRTTADAICK B 75 v 7B NERTENRRS, BAFOMEFZHEILT
00IMTTABLUPH B#2 & LABE (K107 M) DY 5 =LEEEL 1,

KHOTOPO % v 5 = v mekitk & L CHBEMICHIE L afRER 2 MIKrd, TOPO
BAKIEFICS N T EDS, HohLD T2/ —VICEREREOBEICHRL 2, 1 BLUT
Dz g ) —nOREFEIZY 5 OMBICERE LS,

107° ~ 107" MTOPO OXERAM T, B 2HICRT LIS | DEKELED, KED
TOPO LEBMTDOY 7 v OFBBERZYBEFKICHD, 1 1Mtk & L TRLICHIE SN
TOB T EDEPDONT, Lizhi-> T OFEH TTOPO OERHBTEETH 5, 725, TOPO
DHILEBEY 5 OMBIIEATE 3,
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3.3 TOPOODOSE

KHEOPH (1~3 ) AEH»ZT, 106 Org.ph. 102M TTA in Hex
F' Aq.ph.  TOPO in 1072 M HCIO, (x=0.) o
0.1 MTOPO H sl & Pl & 4 7 i E1OH < 1% 4
o r [U0%'1=9.32x10°® /o
BaOSERES 3RICRT, r 0
L o]
TOPO OSR 113 pH O X BEZ _ -/
FES—FEE 5, H /
‘ i g0t
SEHOBEREEEBIERE 5 | /°
A8 4 RICRYT, &IEET TOPO I o
BECRBARICEY—ELRD, - o/
TOPO D H BAA 15 & ORI 75 -/
<, TOPO D&BHRICEELTL - T
R 1077 1078 10
5EH 51, SELEISERBICE ETOPOl g, init.
Lk A139 T &5k B, % 2K Determination of TOPO as the adduct
lex.
KA O TOPO B B A5 T 5 12, compiex
lo°r CHBr5
ccl, o—
o o o
0o ° o—
CHCI3
|o5_.
- o) o o o—
° Bz 105 |-
o"2 g o o © o—
e o Cl-Bz
[=]
lo‘..
- 00 ° o o
o]
Hex 104 Hex
o_o_9%
© o
|03 1 1 1 1 1
! 2 3 1072 107!
PH LTOPO]
% 3K Effect of pH on the distribution $4 Effect of TOPO concentration on
ratios of TOPO. the distribution ratios.
(TOPO) erg, inie = 0.1 M pH = 2

EBBEEBAKELBECELS, FAIELTOIMTOPOERIAK E 102 M HCIO, (2=
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0.1) KAKEDHOSELEZHBEOREIC OO TREL, TOEEBELVSEFRHERDE
1 £ICFRT, log Propo DEEBL DR Y2 Y TOII2HO6HEAD T 0k VATDETT %
THEERICE TRELEAT 2 EBBDON B,

% 1% Distribution coefficient of TOPO.
25°C ;s #=01 (H, Na ) ClO,

Solvent 0 log Proro
Pentane 7.06 372
Hexane 7.3 3.83
Heptane 7.4 4.20
Cydohexane 8.2 4.38
Methylene chloride 9.7 5.56
Chloroform 9.3 5.51
Carbon tetrachloride 8.6 5.24
Bromoform 10.5 577
Benzene 9.15 4.78
Toluene 8.9 4.38
Isopropyl be nzene 8.5 448
Chlorobenzene 9.5 481
o - Dichlorobenzene 10.0 5.15

3.4 ABENSA—F—ICLIER
TOPO DA EFEICH U CEMBEKE CEM L 2 REOSTREESE, A—Ur F vOBAE
FRICIRRIC Ut 3 TIRIRIE 5 2 — 58— (0 ) AV TERTE B EEZ 515,

log Proro V toro
= b\a 5& - 6
Bra— Bors  2.303RT \ 00 T O = 2 0noro) @

RT 1 1

e el A

0deg = Oorg +
VEAFETRF aq, org G2 ENKEB LI UCEBBELERT,

AE SNIHERBEAORIC LB > TEAL, 0l HLTTFuy bTEEES5RICRT
HWENBONS, CCTHROABRIITOPO DEED 5RO/ FB ( Vigo= 319ml ) T
ot, HIEMIZE SERICEWVEZRL, ARMICARIC X > TABIC K 2 SEAR DL
RHEAMATEE, COEBOYRD» STOPO OBERE/ T #— & —(d 0roro= 105 EHESN
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0.8 r
0.6
gl e
[=] o
|60
a |, L
| o
2 &
0.4
{VTOPO =319
8+1op0 = 10.5
0.2 1 ! 1
4 5 6 7

8::rg
%5 Correlation betweeq the distribution coefficients and
solubility parameters.
2, BERICEOTATFEZ VETEDTINRRDO 1, Ch S OEEHTOTOPO DKMOD
HNCEEARLTOS EHAIENSED, TOPO DEMEREIHT L HETIZIE,

g B X K
1) KR — ERERSE 4 (No. 2)(1972) 143.

2) T. Wakahayashi, S. Oki, T. Omori and N. Suzuki : J. Inorg. Nucl. Chem. 26

(1964 ) 2255.
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M—5 JEERISINERDORIE = + v+ — &M
— B FHAML T ORE LI E

BHERFE
IR EH - BARE - S AES

&

§1. B

BIANVE—AY 2RI RECERARERBEDOV EDOEHBFRTHO,
mican!, K, 27 B EoMRIcRASNTETN 3,

BFI4Fy 7 CLBMEEFOHBEHNZHIFE L THATIE MELALVF-—LLED
BaFAFREEBRNITRICOVTIE 2 GREE TH D IRRIC K2 IHESDIE S L5
BRETNETHY, BFEOEEILCONTH o LHH->THEL L EBBETH B,

FIKRFDTA v 71320~300 MeVOAZE T AV F—BF—2LOMEHEEL L CHE
INFbDTHSHD, 50~60MeVDIArLF~FR T — aRBEHRIZEARE LD, HOE
WEEEZ, BEOSH OB CORIEDT A VF—2REONEB, Ui, REICMHOTE
PO DOERFRHBIGIC X OSITENE T 2B ER— OB SER L, T OERBIRIT 21
F-DEBEEEDELLENT A0S, CNEBBICHIET 3 HFELBIINITVRD
EHBNOEABEL S BEBEBEZ SN D,

MBS THE L DB O 7 — 2 2 FOMER FICL 2 b D EHETIIE, AEick
DEERNICERTE2EODPORNEEHITLLENTES, ZCTAMETRBLESTOLE
BMEHTRITEEMNT, CNODORRETOEFOELEZELENL DLEY, £N5ICDNT
EREIH SRR D T 40 F — REUEBRBRETHEN, ZORREE LI, RELHE
TERTLEBLEBEEL G OEAMEREER/L, 2 - 3OMKROENL ZEREICE
J2ENs OIFEOBREEZR Ui, £, RPUFICLZ ZREIEDOES KON THETOD
EBEETIE -7, '

BREMIEIC L BN BIS IR ORE R, @HNREEDORGE =4 —L L TENE DM
SR AR T 2 H N E NG, BN ISR OB i O & 105 HAER
mmowfﬁﬁ%ﬁﬁqt@%%,%&ﬁﬂm%?éﬁ%umh@Vﬁﬁ@Ekk%ﬁﬁ&ﬁ
wm&vvmmwﬁm,(r,n)ﬁﬁﬁ&mmﬁ%%¢bf£@,xﬁxféabfw§¢
B2 F— R 1 1 3 BCSAAR Of  I DIE BT % XA %0 5 5 U750, 2
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CTRELHDO (7, 1) BBIKOOTOETOXRMELEIC, EELQTLNKREZREL,

Ll DEBICE L TRD 7B £ DI RIBIC D0 TRAHRED SlEHENDRREZEITE - 7,
EBTRH LGOS bERODOEE | RIORT, AMICEEROMMT TAIRIGE LT

PHEEEDEZEZLOND L RIGPOTHFICK S IEDFIZSH T TN 5,

# 1% Pertinent nuclear data.

Principal Major competing reaction
Element Reaction (-Q MeV)T,,, | r—ray

(keV) photon (—Q, MeV ) neutron
Mg ®Mg (7, p)*Na (1206) 150h 1369  ¥Al(r 2pn)*Na(31.45) *Al(n, «)*Na
Ti ®Ti (7, p)¥Sc (11.44) 343d 160  *V(r, @)*Sc (10.27)

480:{5;: g;uKE]“CElf;“SC(IO.O'?)

Cr %2Cr (7, m)®Cr (1205) 278d 319  *Fe(r an)'Cr (19.68) ®*Fe(n, «)*Cr
Mn %Mn (7, n)*Mn (10.22) 303d 835  *Fe(r, pnf*Mn(20.42) *Fe(n,p)*Mn
Fe SFe (7, P)**Mn (10.57) 2.576h 847  %Co(r, 2pn)*Mn(27.98) Mn(n, r)*Mn
Zr ®Zr (r, »)®Zr (11.98) 784h 913 “Mo( 7, am)®Zr (14.04) Mo (n, ¢)®Zr
Nb ®Nb (7, n)®™Nb, (882) 10.16d 934  *Mo(y, pn)*™Nb (17.32) 92Mo (n,p )**™Nb
Hg #*Hg (7, n)**Hg (784) 469d A= 2719 *"Pb(y, &)*Hg(-042)
T1 28T1 (7, 0)®* Tl (786) 12d 439  2Pb(r, pn)**T1 (14.46)
Pb 24Pb (7, n)®Pb (g20) 521h EC—279 *Bi (7, p5n)**Pb (40.93)
§ 2. INEEE

et BBINR IS RIS KR B X CHBEH O 2 v — 27 P EBOTRADOL SiICE
bbb,
YR“mole—lz NOJ'OEmax UT(de
TR Kok

(1)
T N
o e BUGHE M (e’ atom )
Emax
[T 00k Ee) ahumtr s vy v sr o et
0

YENTYOORKTEDLE,
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Emax 00 .
Ocnf equiv. quanta :J '07 dk/Q (2)
0
Emax
T Q=f Odk/E ..
0

#|BydEs © 2= 7k Lid Penfold — Leiss*! s Schiff @z 30+ — 5 B 81 E S O TIES
LIeRERNDLCENTSE, RERIBICGEAY ®Cu (1, n)%Cu, ®Cu(r, n)%¥Cu &
BHC (7, n) MC S ORER B Katz 7 B LU Barber’ S OXBASHATE B D5, <
5 DRJHIC DN TR F i ZRIRIC L O INERFEBAET H 5,

N BGIRER G, fEk, BV vy My, MEEFI 7ydD, 350 R4BXTFH
FODEE LTRRINTEN, BET 1 5rH 006, HIHEHIKEREOR <7 bridm
BIANF—Pa v NN— 22— OFEH - BRICIDEMAL, HFICBHROEMENEBICE DX
RPELBCERLNEIZENIRTHBEIEEHR LS E RS FZ 00, £/ mole™R™?
DERRICLBHA, BT 4 V¥~ ERTO “Rontgen” & L THE SN 2 YR EDEKRICERDS
BD, BICEHT » VF—HRICED 58 4« OBRICKERE 72 ik UG OF SR REIC KD
K LIS, BRODEDICEARLBE— 7 1587 MeV 282 7 & C A TIREMBIZED
ZRU»E, BETRE A VF—FIRICED T RIEONEE L TYBXFH7 DTER
TBHEW—BWITIRE - TETED, RABFOBROWNRICOVTRYENFHHDERNT
Kbd Licli, X, FIETENTNOERBICLZEEARD THE I, NEEBEOHEER
B THD, RIS S NT e e DSUSIUE DB B bES & 15 5,

BREKEWEL, WEREEHTIHER, BBCES L TEC 38 2« ORIBIC DT OEH
I HICRD S BLENIATHENT 505, AEBRTREMESTOEBSEERETEE
TR ->THED, H—FMEBRRDOCEPBIESL —7 v PEHOTORE O, KR F ALK
D s~y bRV, BEGETE DR ELE RO D ETEEACIE, BRIEEIS
R—DEABBEL 5T EMEZL SNERLEOREICHE LT HIZRE 50,

TRDOD, REMHEOREICK ORRD,

D

Y =TT i)

(3)

72720, D BEKTHTOBER N:2—4 o rBKOK [ BAREE-ZD O
— LGREE, ¢ B
KK TREBLUAEFRIEDADSBEEPER LE LTREBELZBHRL THE Y, T DI
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&, EERE (Y]) EEOXRIGINEDMICE

ri-n {1z () w

DOEENH B, V) BRI (V) OFE5ICLD, HOMEY, KON TRENREERT L

N\ /0.
155, zommk (L) (G1) MR & ERE L DRIRE (¥, /Yy ) & ENBR
0

0

OB ORMGEEED, ( 0, /0,5 ZBTE3CLICLVHIEERBEG L L05TEL,
A H] O— B DI EE OB HICE N TR —BICEIIENE LOVEEL D LS THRIDEDL 57,
F 7, AUBBERNOBREED»LDHENCADEEICDONTE, WEPHEDEICEELT

MIE Lo
§3 = E&
3.1 R &t

AR EF 74+ 27 O I AMAELFAL, &FMET 5 L+ —430~70 MeVE THIL0
MeVEILEAL S TIT I » 2o MEEBFIIKSE—4y PRV L —AOEI 2mm OEHEHRIC
L o THIBESICER L, BEERCABEBOTRHAL .

.2 & #

HERIEHEDOS BRI O—ERER O, £BRFER 6 mm ITITEKO LT 2
sHOLDTHD, MEARHET VI 74 4 VT 2EICBATHEE6mMM O Ly MRICHKE
L, 2054 —4y PRAB R HEE=2—& L CHOER (H10mg, EE6mm )
TIRE B LHEEICH Uidd BH ICH L7,

3.3 @M =®

ﬂ%m%mﬁX@%mﬂk(U)¥§ﬁﬁm$&UM4%+7$w,4%6%vyiwﬁ%
ABLBBEMAEDETTE -7, ABOMAZESI0mm O A MMITR S ATRET
Hye@a<y bastb) =Lk, B7— 2" ABECTr BREEC— s Dz x L F—, R
1, YRPAEROEBEORRBEFTIE -0 b, BEE—7ICX D M EEZ KD,
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§ 4 HRLEBE

4.1 EEREONE

HiTZR DR UBIC D0 TR DR B R A HIBEH OB K T4 vF—iH L TT oy 13
EEIRDKHIC B, FEICE Johns® SOBELBEICL, 1 MeV BOKERDET -

C P
- : // .Masaike
— /'A‘\'.‘—\- r 3 ./_./."“’
B I I~ \ ™ 4//
i ,/ <\ -
AN

3 \ 1 I

10— + 10 = -+
C o »
= — CU -
B ey ° B

Tn: - "e n =
b E
[\
B

‘05 — + 1 Oo -

i ]
4 A ] I
10 [ L 111 10 e Lo L [
20 40 60 100 200 500 20 40 60 100 200 500
Er.max{(MeV) Ermax. ( MeV)
E1 Yield curwes for the'®C (7, n)*C, ®*Cu (7, n)%Cu and ®*Cu (7, n) ®Cu
reactions.

oo F 2 Barbel(rs) 5SDOEBBEEOHE DD PC (7, MHMC KD TIFTa av~x—42T1&
FH70IKDOTHFEETIE - 72,

mole ! R™ £Rick 3 ®Cu (7, n)®Cu Kt DINEKIZ30MeV LI F T Katz” 5 DX hkEER
ZLCEBR LU, $RZOYURBETFH-0 OWNERRIEL 2 V¥~ [~ ET 2 EEu’ ik 3
200 MeV Bl EDMEIC RS —FT 2& Bbf, Lk 530~T70 MeV O fIERICE N TH 2 D
HEBRZUTHEEELZLND, 2C (7, n)"C KIS O EMIZ60MeV T Barber’ & 0%
BRELVI0BNSVEERL, X, Fib” ORREE 2RI EOFRIBS SN 70
BIfE, 0 0 B SUS ORSIGRICO W TR L B LTHD, Chick DaHEERDORY
BAEBICRIATTHE, £/ SROEBENEICLVREEERDE CERGBROBEE DL
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4.2 BEAKKICINE ,

AERTRDIWNEEE FIHBHER T 2 v F— & OB (IR 2L TICES, 20
EGHrEE T L, BHRERMI®Cu (7, n)%Cu LEE OEMEE L TR, B1IRERN
T HEXTFHI D ORRMICHAL 26 DTH 5,

421 Na,6 Mg, 6 Al ($2K)
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LTbE, CORBRERBETH - dlHFRICONT =Yy /1 THAT L ST D LD
EFBEnIch, ®Ca BEETIEFCHY FEE THYEFOR/E AV F—DBEO /20 &
EZoNn b,

“Ti (7, P)*Sc OBE, BPROELEEDENSTI 5 (r, pn)UKICE D ®Sc 34
BRI 870, STE, thD (7, P) RIBLKOBHICENEER LI, ®Ti &£ ®TiTAHALNE L
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T3, '
4.23 Cr,Mn, Fe (H4R)

Cr, n) KSORKRIEEBLEEREE, T30 F—KEELIOIC, CORARTREAZETRL
5%, **Mn, *Cr 221 Zh Mn, CrOERBICAV 3 &%, RRICELEEDEFe 5%
nZgn(r, pn)(r, an) T»Mn, *Cr BEUTHEELLD, 20T 3 F—KE®EZA
&0y, FRREFRZ (7, n) icwl (r, pn)(r, an) ¢ x v F— THKEKNICED L
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MeV ZBOWTHULOHEREERBOC EMNNZ, BFMEIAVF-—DOLEBNICLEEETS

snd,

4.5 BRESWICEIZHER
CNETOERT— 2% b EICEEOS TRLFERFHGER L 2 BEIC O TRE LITED
BEERDELEBE2RICRL LI IICE L,

E— ABE &P RS OB RBIE TR R 57,

# 2% Sensitivity and interference in multielement photonactivation analysis.

(1)  Orchard Leaves

a
ilebrzent szn;i;iv)ity Aban:iance Magnitude( ;f) Interference
detnd Ratio
30 MeV 30MeV 40MeV 60MeV
Na 6.9 Mg, Na = 7.56 x 10' 51.9 88.7 92.5
Al /Na = 4.99 0.38 6.2 13.9
Mg 41 Al /Mg = 6.60 x 1072 31x107% 9.0x107% 56X 107
Mn 2.5 Fe /Mn = 3.30 2.0 13.0 20.2
Cr - Fe /Cr =130 x 10? 0.76 37.3 54.2
Zr 0.1 Mo /Zr =154 X 10 7.3x107% 0.95 7.1
Pb 75 Hg /Pb =34 x 107° 69x1072 67x107% 47x107?
Fe 170 Mn,Fe =303 x 107" 9.77
Mg 41 Na /Mg = 1.32 x 1072 59x107°

a : = 3vBG, Irradiation Time: O. L. 2hr, JB—1

detector

1)

b : P. D. LaFleur'

A. Chattpadhyay, R. E. Jervis'

¢ : A.Ando et. al 13

14)

N. Sato et. a/

2)

5hr, 33cm® Ge(Li)
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® 2% &)
2 JB-1
Element Sensitivity 2 Magnitude of Interference
to be (u©g) Abandance (%)
detnd. Ratio®
30 MeV 30 MeV 40MeV | 60MeV
Na 82 Mg/ Na =225 2.83 17.7 26.7
Al / Na =370 0.28 4.69 10.7
Mg 37 Al / Mg=1.65 0.78 2.2 121
Ti 338 Ca/ Ti =832 12.2 10.8 8.1
V/ Ti =266x10"2 1.2x107" 1.3x107' 1.3x107!
Mn 5.2 Fe / Mn=541x10 31.1 71.1 80.6
Cr 13 Fe/ Cr =1.55%x10?% 0.96 41.3 585
Zr 1.1 Mo,/ Zr =1.5x107! 7.1x107* 9.4x107° 7.5x 1072
Nb 0.5 Mo,/ Nb=15 9.6x107% 0.53 0.95
Pb - Hg/ Pb=13x10"° 26x1072 26x107% 17x107?
Y 1.0 Zr /Y =6.00 0.83 - 4.1
Nb/Y =59x107" ~ - 6.7><10v‘2
Fe 400 Mn/ Fe =1.85x1072 0.66
Mg 37 Na,/ Mg=4.45x10"" 0.20

EHBE L TR TREERSHD OBEYES X5 0, EMEOME LT NBS — Orchard
Leaves ' ™ HHEOMELTIB~ 1™ 1col TRDTHI, FEDAS SBEMHEFHE
BB DS bABHEET BHETRIC LS 6D MO T, 30, 40, 60 MeVoOEha i
DEETOMEERLI, 30 MeV THIHFEBTMBRTERVEANL SN, EREERAT 75
ICRIE OWMEAS T AEN S5, PHETFICE2HE30 MeV DA BA I o0 TR

7o FTIRREIZ60 MeV T30 MeVic{ SN —iBICH 3£l L4 2,

§6 ¥ &
m%m%ﬁmﬁmfu~$mﬁé&ﬁm®%%m§£&%50_0?55ﬁ,%%%m%m
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II—6 Impurity Diffusion in Aluminum#*

K. Hirano and S.Fujikawa

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

The diffusion of '®Au, %Cu, *Mg, *Zn and *Zr in poly-
crystalline specimens of 99.999 % Al was studied by the residual-
activity method. The impurity diffusion of Si in Al was investi-
gated by means of interdiffusion. The activation energies for Au,
Cu, Mg, Zn, Si and Zr are 1.39+0.04, 1.43+0.05, 1.19+0.01,
1.22+0,01, 1.42+0.03 and 2.51 £0.07 eV, respectively. The pre-
exponential factors are 2.20, 1,30, 0.0623, 0.177, 2.48 and 728
cm? /sec, respectively.

The Arrhenius plot of the diffusivities of Zn in Al is
linear over a wide temperature range between 165° and 645°C,
showing no significant divacancy contribution to the volume dif-
fusion in Al.

The difference in activation energy (4Q) between the impurity
diffusion and the self-diffusion of Al was estimated by means of
Le Claire's theory and the asymptotical screening potential. The
theoretical values of 4Q for non-transition elements reasonably
agree in both sign and the order of magnitude with the experi-

mental values.

§ 1. Introduction

The purposes of the present paper are to determine the dif-

¥ Read at the Int. Conf. Properties of Atomic Defects in Metals,
in Argonne, on October 18-22, 1976, to be published in J. Nucl.
Mat. (1977).
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fusivities of various elements in Al and to estimate the difference
in the activation energy (4Q) between the impurity diffusion and

the self-diffusion of Al by means of Le Claire's theory' and the
asymptotical screening potential of the Blandin-Déplanté type.?
Moreover, the theoretical values ( 4Q.,. ) were discussed im com-—
parison with the experimental values ( AQexp) and the values obtained

by using the pseudopotential theory.®*

§ 2. Experimental procedure

The experimental procedure was already described in detail
elsewhere.’™ The diffusivities of 'Au, %Cu, Mg, %Zn and ®Zr
in polycrystalline specimens of 99.999 % Al were determined by the
residual-activity method. The diffusivities of Si in Al were
determined by means of interdiffusion. Carrier-free ®Mg was pre-
pared at our laboratory by using an electron linear accelerator.!”
The diffusion annealings of Au, Cu, Mg, Si, Zn and Zr in Al were
carried out in the temperature ranges of 290°- 650°C, 375° - 619°C,
325°~ 650°C, 480°~ 620°C, 165° - 645°C and 531°- 640°C, respectively.

§3 Results and discussion

Fig. 1 shows the temperature dependences of the diffusivities
obtained by the present authors and other workers. In this in-
vestigation, the activation energies for Au, Cu, Mg, Zn, Si and
Zr are 1.39+0.04, 1.43+0.05, 1.19+0.01, 1.22+0.01, 1.42 +0.03
and 2.51+0.07eV, respectively, while the pre-—exponential factors
are 2.20°50 , 1.307% , 0.0623700% | 0,177°%%7 2 487%  anq
728", cm’/sec, respectively.

The Arrhenius plot of the diffusivities of Zn in Al was found
to be linear over a wide temperature range, suggesting that the

divacancy contribution to the volume diffusion in Al was insigni-

ficant.
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Fig.1l. Comparison of diffusivities of Au,
Cu, Mg, Si, Zn and Zr in aluminum with
those of Ag, Cd and Al in Al.

The screening potential in the vicinity of each of various
solute atoms in dilute Al alloys was calculated from the partial
wave phase shifts (7, ) that were obtained from data on the im-
purity resistivity ( pexp) -

In Table 1 the calculated values of 7,, 7, , @, ©®,dH;, 4H, ,
4H, , 4H®, ¢ and 4Q . (at 500°C) are shown for comparison with the
values of 4Q.p obtained by the present authors and other workers.
The value of 4Z.4 represents the valence difference between the
solute atom and the Al atom as modified for lattice dilation.?®
The values of 4Q, in the table reasonably agree in sign and the
order of magnitude with the values of 4Q.y,. The values of 4Qpe

for the diffusion of Cd and Zn in Al are close to the values of



294

Table 1. Comparison of theoretical and experimental values of 4Q
for diffusion of Ag, Au, Cu, Mg, Zn, Cd and Si in aluminum.

Ag Au Cu Mg Zn Cd Si
(1/a)-@a/d| 0.023% - —-0.092% | 0.094% | —0.017%'| —0.15* | —0.042%
oy 107|209 | 083” | ase? | o2a® | 057" | 072”
MZe; | —21 -2 ~1.4 —1.6 ~0.90 | —0.068 13
70 —24 —011 | 35 —25 ~0.59 | 055 33
7 —034 | 10 —043 | ~0 027 | —022 | —045
o, 2.8 5.0 2.0 1.2 0.66 2.2 3.0
® (radians)| 0.12 —11 038 | 066 0.30 0.12 ~0.37
4H:(eV) | 0.10 0.21 0.094 0.018 0.019 0.077 0.14
4H,(eV) | —042 | —087 | —038 | —0.071 | —0.077 | —0.31 | —0.15
4H,(eV) | —0.13 | —0.072 | —0.16 | —0.047 | —0.028 | —0.15 | —0.11
JH™(eV)?] —0.034 | —0.16 | —0.056 | 0.008 | —0.005 | —0.025 | —0.085
~0. 115" —062" | —0.187 | —0.001” | —0.0027] —0.11%%| ~0.04"
c® | —0.318") —086¢ | —0.398 | —0.021%8"| —0.0538| —0.30%%| —0.20¥
(eV) 045" —0.15"" ~0.008"
~0.68°"| —035%" —0,115™
~0.21""] —0044”| —0.11" | —0.052"| —0056"| —0.12"" 0.030"
402, | —0.010™") 020% | 010 | -0032%| —0.005% 0.067%'| 0.19%
(eV) —-0.215" | —0.14%9 0.005 5™
0.021%" | 0,064 & 0.10&™
—0.20"" 011" | —0070"| —031” | —028" | —0.21""| —0.08"
1Qmy | —006%" 012° | 016%" | —008% | —0.05% | 0.02*" | 0.15%
(eV) —0.20"" | —0.10"" —0.22"™
—0.06%"| 0.13%" 0.01%™

a) Pearson'’ ; b) Fickett'® ; c) Fujikawa'® ; d) Takamura'*’ ; e) The value was
calculated at 500°C 5 f) using D=2 25cm?/sec and Qe = 1.50eV'™" 5 @) D3 =
0.045cm?/sec and Q err = 1.27ev'® ; h) using Di® = 0.118 cm?/sec and QAg=1.21eVm;
i) using Q5= 0.131 cm,/sec and @, = 1.21 ev'”
Qo= 1.40eV"" 5 k) using D= 1.04 cm? /sec and Qcg= 1.29¢V ¥ and m) using D§'=
0.346cm? /sec and Qg = 1.28¢eV.”

i J) using D§®= 0.647cm? /sec and
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4Qne obtained according to the pseudopotential theory}4) However,
the values of 4Qin. and 4Q &, for the diffusion of Mg in Al in this
work are different in sign and order of magnitude from the value

of 4Q e ! Moreover, the calculated value of C for the diffusion
of Ag in Al agrees with the experimental value of C (—0.069eV’)?)

From our extensive studies, it is expected that the impurity-
vacancy binding energy for non-transition elements in the present
work in Al would be small.

The values of @ and D,for the diffusion of Zr in Al are much
larger than those of non-transition elements in Al. The values of
diffusivity for Zr in Al are about three orders of magnitude lower
than those of the self-diffusion of Al. To explain such abnormal
behavior of Zr in Al, it is essential to obtain a reliable para-
meter for determing the screening potential in the vicinity of the
Zr atom impurity in Al. The origin of the large values of p, for
the diffusion of Zr in Al is still unknown, which should be an

interesting subject of future study.
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M—7 Al-MgSi#2tHk&a4 To Mg ik

TEE B
BE)IIK—BB « K. G, Satyanarayana  SLEF & —

§$1. B & _

Bk, AlB&ICBY 2 HCHRBIORELRBICHET 2EHETE 2 ERERIBO Tl
Vo AlBESTONBBLOCBERIBEDETREHITT 5LT, AlALTOEHOT—2D
ERPLEINT S,

KT, RENEHGUEAETHSLAI-Mg—Sidet Lo, Bz BRBICT S
B, TOE2TRESD @ —EEKTO BMg OILHARERE L o 8, BELT, Al-
Mg —SiA€ BT LMD EII L TR HLA T,

§ 2. EBRREH
APRTRON AR, 097, L16 BXT 1L.44at. $Mg,Si 28T Al - Mg,Si 8 2 THRA

&Thb. ALHBRBLIUBERE 1 RITRL T,
# 1% Chemical composition and density of Al -Mg,Si alloys.

Specimen Mg (wt. %) Si (wt.%) Density ( g/éms)
A 0.58 0.34 2.69
B 0.70 0.40 2.68
C 0.89 0.50 2.68

FEG BHAHOEIBLICERBEOHEDL SR, BHOERIIHERT, £0FHEE
B 13mm, BEH13mmTd 3. FRNES L UKRNKRELED 2, 500°CT 150
DV RN E LETR s cth, KEANL . FEREZIIHN 3mm'6§)of:o kM 2 U=
WiC & BT, BEER-TFATLI—LEAEKCERTE L:. ZOPESE Lk
{LPOET, BPMgEMNE Lo BMgidSiZE & -4 & LT, (7. 2p) KIBICE - TS

1,2)

L7o
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TLHURE B IIE 1 RICKEITR

Likaic, Al-Mg,Si#t2 itk

REER D o —EEEROHEMEICRE L
toﬂﬁ%ﬁibﬁ.Mg$ﬁ%ﬂ
N4y 7 REHRICERT
#200mm Hg D~ Y v a2 A,
HBEHALTTE 7o IRHUER
FLH MAETx ) —HEKTEs ¥

Temperature(°C)

a =V IEFIRD. v REOK

HeemEEHFENaI (T RiEigE

H& O 4096ch PHAZ AL THIE
Ufco DRHEIBEEEID BB B R

(£0006mgDEE )EAVTESR

OREH» SFHE L 7o IRELREIZ

residual activity # ( Gruzin % )

Kk o THE Lo ZOBRELET
2EBIUEKDME (#)3 Al, Mg B LU SIiOE" »osEL o

§3. EBMERHIUEER
FH2MBLOHIRIE, Then, Al 0.97at. % Mg, SiA@B LT Al-1.44 at. % Mg,Si

AR X, T oy PTH B

30000

80000

:

:

In, (Arbitrary Units)
BB

o

I— Al-0.97at%Mg,Si alloy

I T I
T(°0)
500

520
540

Time (10° s)
312
2.45
1.64

l | |

100 200 300 400 50

Xa(10™“cm)

®2 I, vs. X, plots for the diffusion

of #Mg in Al- 097at.%
Mg,Si alloys.

700
\\\0( + L

600 )

500—

400+

300—

-o Dix
-& ascending
- descending

}Komatsu

2.0
at%Mg,Si

Al-Mg,Si system.

3.0

#1 The phase diagram of pseusobinary

T(T)

Time(10“s)

540
560

9.00
8.40
542

:

Al-1.44 ato, Mg,Si alloy

ol I | | |

0 50 100 150 200
Xn(107%m)

%3 I, vs. X, plots for the diffusion
of Mg in Al-144 at. %

Mg, Si alloys.
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22T, I3 X, ffb‘ﬁlJo‘f:i;%éml\“wﬁﬁﬂ@}ﬁl%ﬁﬁﬁﬁ?%50 REABETHDYS
Near - Surface ZIENRONT, OSSP ICBEMg BIEHBRBLTHBE T EBL» 5,
CBARBIOBS NI, Bo2RBLUOBIRPOHE L /0d, dX, ZBVT, in (#l,—
dl,/dX, ) Z X5 R LTTay b LESDTH S,

o8 l T | ' '
10 ’v\‘ Al-1.44 at*f, Mg;Si alloy
L I I I I = 07— « —
g 0.9 R Al-097at%Mg;Si alloy (.,CT) T P/ - £ 580
(10°s) cm? /s | 0.6 |— — —
> 500 | 3.02 |6.85x107 ; >
2 520 | 245 [1mzxi0®| ] & osl —
a 540 | 164 |413x10°| — Q
< 2 o4 ]
e 540°C =
.5 04 Q ST T Time D 7]
olo o|© (¢ (10%s) | (cm?/s)
' v 0211540 901 315 x10° —
< — < 9 N
Z =] 560 | 8.40 514X 10 ~
- ~ 0= 5 88x10” i
T o - 580 | 542 58
| | | | l l | | l
%% 1 - 3 , “ S 0 0 1 2 3 4 5 6
X2(10%cm?) X2(107“cm?)
dl d ]
n n— —" Y vs. X2 #®5 Inl #I,—=2)vs. X2 plots for
AR  Inla]
dX, dX,
plots for the diffusion of the diffusion of *Mg in Al-1.44
®Mg in Al-097at. % at.% Mg,Si alloys.

Mg,Si alloys.

BIEEOVESBESEON, COESOESLOHELATHBEERBICRLTH S,

2 6 KT ARHFE TE S LI BUR K ' T(°C)

1) . 10—8 600 500
ZAlDHCH#ER " BLCAIHGT T\ | ]
\

28 5,6) < — - —
O ®Mg OB L HEBL TR _\\ Dy u (Fujikawa) |
LTd, TORERMPS, Al-Mg,Si —\\ ® 0.97at, Mg,Si
&&ho BMg O BEFEKIZ. AlOH L P -

. _
BB E Db A=<, AlhoMg o a
\

OHEHMBEREBEZEL N EBDD S, @ \
F70, 2o % D L7 Mg, Si BB it 5 |
BB BN AEE 5 i i B e /

| X _

\

Dseir
(Beyler) ', o
#6 Temperature dependence \
of the diffusivies of #Mg ! o
! . -9 L\
in Al-Mg,Si alloys and 1073 1.2 13 14

aluminum. 1000/(°K)
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M—8 MgHd*MnDiLE

TEERBEME
B —ER » AR » FEE—

§$1. F &

Bk, Mg POAMBILEIC DN TR, HFE VL DRIESBLEN T, BEZT, Mg
ROAMPILBOH RSN T 2 WETHIZ, Ag, Cd, In, Sn, Sb, Zn, Fe, Mn, Ni, %
LOUKTTHE, €DPT, MgHhDBEBSBTROLIICHT 3iEHILz s v¥— (Q) B
& Upre-exponential I (D, ) (3, Mg O H MO ZNICHE L TRFICNS . BRIEH
MKEIBbN5,

Mgid, AIERIUE S, HHOBEBHRBODBERBILETH O, S5 IKHEEME LTS
ROHBBBE SN TR THHC b, &0ELORMBLHOREHBE TS,

Mg fOMn OAMMILBOBI TR, ik, @< BIN TR, 2D L 5 LH%KE, Mg
@Sd—%Eﬁ!ﬁii’é@ﬂzﬁl%%ﬁwc’&ﬁ%?6J:“6?£%’G&)5c:rzpbffﬁ, EHELTH
LZMg—MnE&eDORSIT LEHEMHET I LTOHERATHE EEDNE, APIETIH, &E
KDOHMnEETF 74+ 7EAOTHEBL, VWL DHLDRETOMg £#EDD M DR
LR R E Lo

§2. EEAK
2.1 “MnOBH

BYI74F 97 2MOTHMn 2 BRI 2H4, MnZRBHL, (1) KEKL-THEDS
B0, TOHETRILMERICEL 7 KD B “Mn A 185 C ENTEROC &5
Botie LEB-T AHETE, Fe® £—4 o b& LT (7 pn) BUSICE » T % Mn 4 5
BUtco 585, TOHA, Fes (584%) 55 (7, pn ) KISIC & > T Mn CEIE 5.6 7 )
DEBSCIE SN 50 BERMEN L BREFe 24— b & LTAL, 025 FRED
KEHALUTRH LK. 60MeVO T 2 VF—~TH TERERBH Lz, £1 K, EEE*Mn O
RUEDRBERERLIZSDTH B, 17— 2V I*JVliORTEC§'%24CCGe(Li ) B g
BE ORE8 4006 ch PHAZHLOTHIE L7,
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|Irradiated Qatu ral Fg]

#1 The chemical separation

procedure for *Mn. Dissolve with conc. HCl + HNO,
2.2 MEAE lAdd conc. HCI]

Mg O Bk 99.9 B Mg DA v =
Dry u
v b5, BE®13mm, £33 13mm D
[Add 11N HCl|
T

Anion exchange

Dowex 1-XA, I0mm x 80 mm
BErsE LA T o 2O, SBHGE
P L 50 100 mesh, 11N HCI

DMg DERE C 11T, Mgl K :
EEOTHRE LETN 70 MEHD
Add 6N HCI

(Mn)

) —HEIC & B, BROIELI. %
DHFEEL 72 M DT T **Mn %4 HNYUP

EL7. ARIOHBBEERST BLU630CTH %, tHELZ LIZ2HEDOEREMg VK

AR D HLU7- b DT D B FEEEK

BEME DD, 550°CTI08 MDD Fi#

Add 0.6N HCl
(Fe)

AEZZRB3mMmMTD 720 MKkMET #

VCHENT, BETH200mmHg O~ »An 2% LicBEERCHALTTE - 1o
MEEERR T LS WK ) —EKEAOT L2 ¥ a =Y 72T, v RO RS ER
FEHARNal (T1) B85 L0 400ch PHATHEIE Lico i BUEEEER 5 B K R
(£0.005mg DEE ) XAV TESIORED SFEL oo ILERHIT residual  activity #k
(Gruzin# ) THRE LK. ZOHA, BEELZEREY (£) 20.12cm 1 TH 50"

§3 EBERKSIUEER

3.1 $E$AH “Mn O BN

BO2REH | RICR U KBTI - EHESETH 50 Mn i3 Fe AL 5 BB ICHBTE
b Ebmpote BINEFBE 2RO~ 7 IKHETEIERD r —B2 7 PERL TN,

“Mn 8L U PMnoER L T2 Ehbrbo
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# 2K The elution >curve of 10 T T T T T T T T T
o C 5
Mn. C 4Mn*52Mn

I

Illllll A

Count(Arbitrary Units)
S

10 bt —

#® 3K 7r-—ray spectrum of the 0 9 18 27 36

solution X in Fig. 2 Volume of eff[uent(ml)

1000— ! T '
52

_ Mn 54
: s o
3 5 |
I 500F - i “Mn .
L\) kR 0.744 52Mn
. s
: 0.935 I
= i A 1.434
(&)

i e N

[ | . .
0 200 400 -600 800
Channel number

3.2 Mg o “Mn DI EFH
BAREET0° BL U630 CTD I 3X, 70y FERL TV So CTT, 258D &)
DED S X, (cm) KHHID & > 1BAD L DI SHERE (BN Or Y ¥ M )T

HBo HESMIX, WARDS dI, /dX, £k, In (ul,,— 3)1(")%)(366?%17”0 v hL
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S5EicR LT,
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T Time D
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0.5 —
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~

| l l
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w4 I, vs. X, plots for the diffusion of #Mn in magnesium.
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% 6 X Comparison of the diffusi-

X

vities of 5*Mn in magnesi-
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Cd and Mg in Mg.
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1 A L.Conner, H. F. Atwater and E.H. Plassmann: Phys. Rev. A 1 (1970 ) 539.

2) J.Combronde and G. Brebec : Acta Met. 20 (1972 ) 37.
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IV—1 “Tmick?EHEEEMEOHIE
— B EBRAEPRLOICLT—

ERRFEFEAE, SRRAFERFE*, SRRFHEEE **
ZH OB K EEe KFRT* - P R
YrRIE# « SPARRZE) « AHR—*

§ 1. &
bbhRaEE ™Y KT Tm 054 5210k 2 Tm O, S8 LCKE
PS5 K UIEZ b - e BICE T BHRMAHEZE LRI L, BE LTk, 200%™ Tm
DIEE M N EGA ST AL ORI O 7 DER, "Tm OBLRPORE L ST cDX S L

i

167

THE LY Tm SR LTTFRED, vy FL—va v A5 TEEESZ WIS
HTEXA2D0EIDERALTHEDT, CNOLDOERELVE EHTHRET 5,

§ 2 "Tm QEEMEANSH

"CanEBHEASHICOVTREBEMERD 51 vy —21"Ca OABIBERL TN B &
VHE LEEMRORERAEICE CEET ALV b5, Tm 3%Ca LA
UABHEBEIEOTETHY , HEHMC BT 2EADHESE L DET Galc B LT3
DT, BEME~OROASEFL Ca LHLLTVE CEBFHRINEH, DT EICDN
TO®MERT TRV, 4H, bbb B COREHSHICT 2100 DOERBRETEL, Tl
EaEREB,

2.1 EBMELAE

Bi°Y b SR ISR TEAY 1508 OEEHAEKET 5 o oY ik~ T
FE L7 T m—citrate 751 (carrier free ) %92 #Ci (0.4ml ) ¥k L, #E 104, 1
Bl , SEERN, 24WER, 48MSAIMCEBR L UESBMTEIONEAHKL L, comErzn
Z# Hogeboom and Schneider: (8 1K) KLU THREF FA4 XL, &, I ba v FY 7T, 3
70y —ABIUHBEEIEOE 7 57 Y 3 VICHHE Lz, $HRBRICEKERN 258 OddYR~
YR TV ) BB A B L, M10RETHROBERER CHE L, BEED 1
cm DAEE EN 5t E &ic L Tm —citrate FEHEER 1 oCi (0.2m1) BRERES L,
5y P OBE LEBICER K105, 1R, 3ERRN, 2485H, 4SHRICBRLTESSLU
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# | X Preparation of subcellular fractions

Tumor or Liver
homogenized in 0.25M sucrose—Tris 0.01M, pH7.6

fiter ( Nylon mesh ) and
centrifugation at 2,000r pm ‘15min

r
ppt (crude Nuclei)
suspend in 2.2 M 5,000xg 15min
sucrose |
105,000xg 60min Mitochondria
| 105,000xg 6 dmin

Supernatant ppt
Nuclei | '
Supernatant Microsomes

FRiE A46m L, 5 v F OEBA S FEREICHogeboom and Shneider HRIC#E L TE T 77 ¥ 3 VIT
S Ut

2.2 EBERLEER

SR I RIGE LS EL, EHNESTOES, KAENOR VAL IRKEICL 5310
BHRTH o0 I+ 3V FY THENDBARIDOPE 15~22%THD, 178 =445
E~OIARIE 30 %55, Lk (WAMSE) ~OBHEER 40 FRTHD, EHE~0 " Tm
DEGARR T Ok OREIc X 2 2R 28y on T, 272" TmR AR E T~ b
ZLEELT O, —HI— Y w B TORRRIFHRBCICHEULTE D, BOENE
HAAEOEAIDDPPE 20%HI%TH B, I +a YFYTHHERI0O~1T%, 178y
— L 20 BETH, EERAO~50HTHELE, T v EBICBLTOEHAEOD
A LRABICEBHELSEOOAE 5T, ARESHEIRGED o7, LA LESS, BHE
THEDLT 9 bRy RO TR NI YFRIPBICLTHEE & OKTEITIZIZE~18%,
170y —ARNEIRI~2%THY , BEICK 5 —E LRI B - 7ds, I ba vy YT
S IREERICHA L, CEIC24RR TRAMBMALR Lic, Chicy LR (s
B ZREERICED U, B 10BICIZTO~80%H 7 b DAs, 48 K #% 113 20 % Atk 1T ik
B Ut COXIIHFEEETO T OBHRT v bBITw v RTHED TLCHELLTL
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# 1% Subcellular distribution of "Tm-citrate
in tumor and liver

Tumor Liver
Mitoch- |Micros - | Supern— Mitocho - | Micros- | Supern-
Nuclear ondrial omal pa nt| Nuclear ndrial omal pzltant

fracti : ; aant| ¢ oction : i i
raction |fraction |fraction | fluid fraction |fraction |fluid

10minl 115 %| 159%| 80 %| 4.6% 48% 70%| 158%| T724%

60 min| 12,5 17.3 2.9 44.3 15.1 135 14.2 57.2

3hr 14.8 15.5 239 45.8 19.4 22.5 12.5 4.6

Yoshida
sarcoma

24hr 12.3 18.2 21.0 42.5 16.2 40.7 12.4 0.7
48hr 136 21.6 24.5 40.3 18.2 470 17.6 17.2

omin| 211 | 1.4 | 242 | 433 | 170 49 92 | 9
5, |@mn 195 96 | 26 423 | 174 | 109 | 159 | 558
28 [3hr| 160 | w2 | Il 5.7 | 130 | 152 | 108 | 610
@2 [ohr | 180 | 162 | 205 453 | 182 | 372 | 192 254
ghr| 189 | 15 | 211 405 | 47 | 466 | 226 | 21

foo BHABEETI—LVY v EBEELVIBEFOEBOMEERD ~ T, Itavy )7, 17
0y —LDEFE~DBAREDIEL, LEBEOE P -, COFETHE LGS ICE
Ay —si@FIba vy F) THECEETE, COMBER20BUTTHET LD, 74
VAR BEVER LT ERE DL oty —HFEIES v b (Tm—citrate
W) OBAH b=z (Tm-citrate ZHEEENES) OHE b4 CEBBERERL, 3
by R T AEANOBGARBERIICHA Lcds, BB SIRBENICED LT 57, &
DT ERIAEMSERICEE LT T TmHERRIC ba Yy FYTHE~NER LT &%
BERTBEEOTHY, 54V 2RI+ a VY FITHERCEETICELD, BE5L 54
V) =AM BER L2 CEAB®RT 26D TH A D, TOL D ICHREHEREHE &k
RNEHEVWIXIIKRE -TH, BEOEELMDOLT, AkOMEASHEZRL, IEEM
MThIFMEIL{EBRNIHH/ERLI,

§ 3. 167 Tm- citrate DA HHE
WTm RES OA 1 L FBICE CERL, ShsnNE LT & RBIcHE"™ Lren, cox
FEOANCBF LZEEBMAMETE2DIC, T PAERALTEOERERMARAE L,

3.1 EBFE
THRER 1618 OERYA 22 —F 5 5 + G428 B) i, Lo “Tm-citrate 7 4
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WA 1pCi (01ml ) FoME L, BEEEB LU ORM, 1280, 2486, 485K,
4@, 98, 158, 258, 328, 40 BHICEABBREEEMEHRHEOL=N-FLH Y~
Ao VE—FERL, 208keVAthLELTYA Y FUIBE+LLBTHE Lice /o EREEN
TBEBICT w bDT 7 Y P LAIED, BHELAEZ 7 7 Y P 2FICH-IKWALTT v b
ORIFEDS ERA—EHETHE LT, ChaEtEs UTEMENFREPEHE L,

3.2 EBRERLIEE

3D 5 bk 3T OBFEE (REERELLES) OPHREIE 2RICRT L

61.5f--—=== =

50t

Slow phase
Tbiol. 106days
Teff. 8.8days

10 Rapid phase
Tbiol. 42 hours

Tetf. 35.5 hours

Whole body retention (% )

i i Il 1 i
5 10 15 20 25 30 35 40
Time after injection (days )

2 Whole body retention curve of *”T'm —citrate

, BB OBREBRNELOICHE N DM, ThEBEL LHFHRFERFCD <D EL
T & 72, C ORI fast phase & slow phase @ 2 D® component & ¥ 750, fast phase B LV
slow phase DA # 4285, 106 B TH -7, Tm OYEHPEBIIZ6 A TH
DT, %&phase ODAEZEHIE 35580, 88 H &5, % & < CDfast phase [ZEM R
LOHBICE 2D THY, slowphase iZ B S OHRICLE1HICTDEICRODTHS
503, OTm ZMBEEEREHE <D0k, BRERPREENEY (, TOHNEEE
BELBORVERLH 5.
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§$4 DUFL—LarvhASILKBEE

YT SESEE S L OB ICGERNCERT 2 LR OHEN - 7208, HBRKNICELES
OBMBICHERTEZ24DIKR, YYFL—Ya yAXA 5 THEBIHE TS 3 ENLETHS,
BEBERAINTOBE Y YFL—¥ avh A 513 100~200ke VO H ~ ~ 4R SHA & /B 3 % D
KB LTVBEEDNTS, ¥ TmoEiny vv—#i3 208ke Veh 20T, 12IZEEMS
IANF—ENZ BN, TLTTFEEOICHETE 2 E> xR bk, T8bL, GHE
WCEHEHARNBRESZS ~7cKEN 1508 OF Y )% T 5 b, ELOHTEICIVAHLL
T m —citrate ( carrier free ) FEHBE A 40 #Ci (0.4ml ) #E L, 24 BRI% i Nuclear
Chicago Y VF L -V 3 YAA SR EYF—na )t =2 —%2({0T, 59 POTFTEE%E
30,000 count (9054 #) | Lic, BREIF INORT T EL, BER (T ) 3EHLE
S5ATHRICHEINTEBD, v VF
V=¥ 3 Yh A S TORBICHIFEEIC

BLIEETH S CEERI NI,

§5. F&

YT mA B DA A BB R
Hogeboom and Schneider#: T #ifa 4>
B Lt s, "TmE2EHIE I
DIAATNB5E Z75 <, AlEkEssE % 3  Scintiphoto of Yoshida sarcoma —
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