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BRAULISEHETLIZ LSO DT, BVHLOFEEBERICVWVNATI-LET 4
VH—-ERFES50EPHOT. GREFJOBELbDIZRZ D, STHEL/NIETE 2 3%
WHLOAFEI>WTH, B B> BHOEE BESVWAWARALEERSAER
REFES—BENESEL. BHEEBEIIMABELUEZRIOFIZO~T0%BEWNTER, -4
v hRCERTIERREBAREBENAIBEC LD ERBRTICERLEBEIREY
Table 1IZ/R$,

TABLE 1. Elements for which radioactive nuclides were identified in the Cu and Au targets and
the dilute HCl solutions of the deposits. '

Target Before heating Dil. HCI of the deposit Charcoal trap

Cu Na, Mg, K, Sc, V, Cr, V, Mn, Co, Cu, Zn. -
Mn, Co, Ni, Cu, Zn.

Au Y, Zr, In, Te, Xe, Cs, Eu, Y, Cs, Eu, Gd, Hf, Pt Xe
Gd, Hf, Os, Ir, Pt, Au.

L) EE3AM B RHRS  2414(1990)
2)BISEBHELFEF RS 2P01(1981)

SEPARATION OF MULTITRACER BY HEATING UNDER REDUCED PRESSURE (2)
Masako IWAMOTO, Shizuko AMBE, Yoshitaka OHKUBO, Yoshio KDBAYASHI
Minoru YANOKURA, Haruka MAEDA, and Fumitoshi AMBE
The Institute of Physical and Chemical Research (RIKEN)

Separation method of multitracer by heating under reduced pressure was
improved. Coldfinger was detached and quartz tube was made small. Rotary part
of rotary evaporator was used to dissolve the radicactive nuclides evaporated

from the foil and deposited.
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Fig.1 Distribution ratio of Ru, Rh, Pd and Sr

STUDY ON THE ION EXCHANGE ADSORPTION OF VARIQUS ELEMENTS ON SUPERACID
RESIN NAFION USING A MULTITRACER

The Institute of Physical and Chemical Research:

Shizuko AMBE,Yoshitaka OHKUBO,Masako IWAMOTO,Yoshio KOBAYASHI,
Minoru YANOKURA,Haruka MAEDA,Fumitoshi AMBE

National Institute of Radiological Sciences:Sadao SHIBATA
Japan Atomic Energy Research Institute:Tsuyoshi YAITA

College of Science and Engineering,Aoyama Gakuin University:
Takehiro BAMBA,Hiroaki HARAKAWA,Yuko SAITOH,Kan KIMURA

lon exchange behavior of a superacid NAFION resin was clarified in 0.10,
1.1 and 5.6N perchloric acid solution using a multitracer. The tracer
was produced by Ag or Au + '2(C6*(135MeV/u) reaction and purified from
the target metal. Fig.l shows acid dependence curves for Sr and light
platinum group elements.

—209—



3A03 IHNF L —H—2BVETIVBOEEHREICEHTSHE

(RARHE - H#t® - KEWH®) OFREFE" - BEEKX" -
ARFR - BHEKR' - GHERE - Z8BBT° - IHEE -
RARBE* - HEXET - REAE® - §fiHIZL»” - BHEX® -
W - BEXEC - Bk @/ '

1. 1 HEY -BAkLPEEthsd 7 v BUEEOEBE/ A oL CEEMR
CoMBERET R >CLBHONTED, BETCONEBREOFHIEELE5L15T
BRESERENTWS, BAET7IVEBETAY YA (H) BLUz2YuEya (D)
OHEEREE PSS, ChoOoRnRoRBTOBEREOEEL7I VBLoEBERE2®
BT520EBHLZLERLTER, HHOXTRICHTLIHEERBICONTHEHPARS
TARELEL OBREYVHLIY., —HBORRICHAELEFTLEEMELD ., 14 38
PHERIIHN T3REHRLEOEDABESPVTOTF - ISR BELEMEREL &
Vo BEAF VEBRIDTERLEBRHEEBBICIBYAF LY —ETREROTHRIC
SVWTE—DORTOEREZRBIITES CLPHRLIEUBDZ. BiE. BrEdv LT
P —H—FZOZoBBIIEELT, 73 VBLOEEARBEOA A U EBEOHERICHE
SECOWToOMEEHBLEOTZhE#HET S,

2. KBTE» POBRERBELE VI VEBEERICHELE, COTIVEBOXYyIIHY
C—varvOERELTE2ZYOETAL - 7AYITLALEDERERICOWTIEHICH
ET2, PNFIrL—V—-BEORISEEICRBILZHENESA SV NES AV 2.
EERIATFARIVEBIVCEBICCHEEL., BHEBELEEREL CEEHEKOTIL
FhL—Y—BHE (MERE) 287, COML—Y—-BHREEBEL~-H%. 0. 0010BIEZE
BEMATUZEDOIN V-V —RBICHELE, 7IVBEOHEERKLDIEEA A VB
B RV EOSERFPEARBAORELZ LA LTZRAF Ly TENS
LEZONB LS. AAROTEEHOEREVLF PV - - LI DFAXRE, ¥
(-2 FhAFIN) YV UBICLI2EEHBOBEBICIZ/ AV ZREILF LY
—EMAET7 I VEBEBRCERL., 7EBECIIBHEREOE{LE v ARSI b
APMY—lcihRODE. 7IVBENOEYEVOFA PANORBEFHICRIZTEEC
SNT ORI EMAE, TrEVOUFA MIINF ALY —-28TCT7I VBEBEEN
ZA. TV EBIHTARERFGOEIILEBH L L. TS5, R—N—-Juav} i35
T4 —RIDEREOTI VBN TI2EERBOFMHERABZ. 73 VBEERESYE
ER—N=—uw b 75974 0B LETCIYALF IV —H— BB T OKR—-ZF N
FTAA-NBEBETERBELT. tItoBHEORT»POERROT7I VBRI THEM
HERFELE. ChooEBRTORHBRHEBICRI VY IALERBRHEBERAN. B
SNETBANRIFAVEBEBLABIC LB IEL =,

BiEVWELEL - 2R LELEB - CEFAS - klféé?&)i LAz - hANR

LTFZ - 2ERLEALB - BBLBILED - WDLHEXEZ - RDLH5ADE - XX
s LEEEEB- 2HESDEL - HARSAHEL - LBUBEBL

—210—



Counts/ch

Counts/ch

Fig. 1. Gamma-ray spectra of organic {a) and agueous (b) phases.

3. BEMHEOEBEBIUKHEOYBANI V% Fig.l KRT. 9AFFL—
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it. Sc-46, Cr-~51. Co-58, Eu-145, Gd-146, Tm-167, Yb-169, Lu-171, Ir-183% ¥ o
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MULTITRACER STUDY ON COMPLEX FORMATION OF HUMIC ACID

Yoshitaka MINAI, ' Yoshio TAKAHASHI,' M. Kenya KUBO, ' Sakae TOYODA,'

Mie ISHIBASHI, ! Shizuko AMBE, * Yoshio KOBAYASHI, * Yoshitaka OHKUBO, ®
Masako IWAMOTO, * Minoru YANOKURA, * Haruka MAEDA, * Sadao SHIBATA, *
Noburu TAKEMATSU, ? Fumitoshi AMBE, * and Takeshi TOMINAGA®

Department of Chemistry, University of Tokeo, ' Institute of Physical and
Chemical Research, ® and National Institute of Radiological Sciences?

Complex formation of humic acid with various metal ions were studied by
means of multitracer technique. The tracer solution was prepared from silver
and gold foil irradiated with '*C beam. Stabilities of humate complexes were
estimated from behaviors of the tracers in solvent extraction, ion exchange

absorption on montmorillonite, and paperchromatography
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1) S. Ambe, S.Y. Chen, Y. Ohkubo, Y. Kobayashi, M. Iwamoto, M. Yanokura,
and F. Ambe, Anal. Sci. Suppl. 7, 317 (1991).

STUDY OF SELECTIVE TRANSPORT OF METAL-IONS BY MEANS OF A
SUPPORTED LIQUID MEMBRANE USING A MULTITRACER (1)

Shizuko AMBE, Shigeo TANAKA, Yoshio KOBAYASHI, Yoshitaka OHKUBO,
Masako IWAMOTO, Haruka MAEDA, Minora YANOKURA, and Fumitoshi
AMBE, The Institute of Physical and Chemical Research (RIKEN)

A large number of radioactive nuclides useful as tracers are produced in
targets irradiated by high-energy heavy ions. With the aim of developing
automated methods of preparing multitracer solutions, we are investigating
separation of radioactive nuclides by means of supported liquid membranes
which are now being watched with keen interest as an efficient analytical tool.

This paper describes successful transportation of Tc(VII) from the feed
solution containing a multitracer by means of a TBP-decalin membrane
supported on a microporouspolytetrafluoroethylene sheet.
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STUDY OF SELECTIVE TRANSPORT OF METAL-IONS BY MEANS OF A SUPPORTED LIQUID
MEMBARANE USING A MULTITRACER (II)

Shigeo TANAKA, Shizuko AMBE, Yoshio KOBAYASHI, Yoshitaka OHKUBO, Masako IWAMOTO,
Haruka MAEDA, Minoru YANOKURA, and Fumitoshi AMBE, The Institute of Physical and
Chemical Research(RIKEN)

We studied removal of target material from the Au target irradiated by high
energy heavy ions by means of a TBP-decalin membrane supported on a microporous
polytetrafluoroethylene sheet. The transport rates of Au(OI) from the feed
solutions in 1,3, 5 and 6 mol-dm % HCl showed little differences and yielded 100%
transport into a strip water solution after 200 minutes. The volume ratio of TBP
to decalin did not affect the Au(Il) transport under the experimental conditions

studied.
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, Haruka MAE bA Fumito AMBE Ins%&tute of ﬁ hysical and ?miCdl Reseach

In the mulfitracer so uLnon use radioactive nuclides of 18 elements are
found hy the 7 -ray spectroscopy. The adsorption behavior of these elements in
chloride solution on a macroreticular type resin and an activated carbon fiber

are studied simultaneously.
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OXF M FEHBER' SREE? NhE-3
(HRXHE! RABH?. BARE?)

[roic] BERIEBWIEFHERICE ABRERRISEICED . RESHED 5 5 3 5l it
HEEE TR RBENERT S5, COOb. REBBETEH/V A (BEIT) . REHEET
BB BOBED 55 26A1 (7.05x105y, Y &#E) ,5%Mn (3.7x10%y, &b o) @
HEFTORTEEN, 2OMOBBETHENBEL 2WIERTETH - 2D, BEMI R
Pole, HE, MERBRIH(AMS)DEEIZL D, 1°Be(1.51x100y), 14C(5.73x103y), 2641,
36C1(3.01x105y),41Ca(1.0x105y), 12°1(1.57x107y) FO R F B R iR . SREE THEY
BRAICHETERSLLESI8oF, ATREZBW TR IOS 5 1°Be: 20AlD 2B HEIZO>WT, BA
HOSHEAMSICEDEEL 2,

[BEERE] BAFCHBIAIFERERGEORIZ. OFHBOBERUT AR R,
QREHEN. OFETEN. L. OEADY 1 X, ORY 217 2iHE (shielding) %D
BRICED2TEED. AV EFIA FROWTHRABODEN NI L QDOELZVWELT. @O
BRODERT WS, COBABHEEREEIRCNETOMEDOEHENSANWERS, LML SR
5. BBEAICBWTIE. B—BAIBWT shielding S IcE L2 2BEANE AN E, OV
RS4 hlcBnwTdJilind & 5L AMOEBAEICE W TIZrh.OME e FE T Cldshieldinghidg
BIzBRD, FAYIX0ERLL 201, FHNLBEEOLREOHLIA WL Z N TEL
We ZOshieldingd PR E2EA. SEATFOFHERICLIBEEREEC) CBEL., ROL 5k
ADERALT 2 Z e BB Tn 5 (A=54~20),

P(A,D=f(A, )Xk’ X (AA+a)-k2 ——————— @
Ab: BRBEEEBAEOEBROE f(A,Z) : iscobaric yield
a: fHIETE., SKBERTIL4 ki',k,’: parameter

ko' ishieldingDEEEAEITNIA—Y —TH3H. ARRICBW TR I OXE"EHRL" AA
EFRAWBZ LI > THRL., IXTOBAERYTRES LS N—Y AR dTE L%
BHELE. 20D, O ZOEIBGE. OBBORL2BG (A P51 b, GH. 8) .
Ok&BAPORSL 2 shielding®#E . DB % LML (ER 3 EIEOER:Fe,51,0,C
%) OHE. FORZRERNERAWE,
—7 . Reedy-Arnoldii A %X (%) ROBLGOREIJOUETCOEBEIOEFEEEP, (R,d)%.
KOBEHANWTRDT WS, '
Px(R,d)=;NJS c1s(B)¢ (E,R,dME ~---——- ®@
Ny : BRIXRIORTHR #(E,R,d) : PHEOIANLF —ZARY IV
6 15(E) : BRI BN ERT 5 B
ZORXDOHT ., clZOoWTIRIK 1 BOABRMTH S, ¢ oW T, 1RNFOLINLF—
AT VG BREOHBGEFICB I 2 FEROBAP O 2D ERET -8 60 30, 5HE

ZHFW VEB. BAE E3ET. WEDSL Ak, JIEPL ZIH0b
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I EELFELZ T3 RN T (FELTHET) OART MV ES ELABRTWEN,
COEEES Dl HIERARO KN FOEHEPthick targetD EBRO RN FO LR %
YEAWT. BEARO K - KRR TOARY P EEELTWS, ¥E0I2OWT BT
L ABRIEEO—FHAENTWAIZTERWA, ThE—K - ZREFEEIHTIER
ISEEEE LTRALTWS, BRI, EHShEZE 07—, FICEESHE2HELE
F—HIHAET L. FHBEDARI PN ERETENIA =Y —2FHB LTS, TODE
FNVIAOEEOBBERDEEDHICONT, FLAYLTOKBEOERA@IZH L. B —&
LEAEEEZ 52 T3,

[£8 - #R] BEZPBRLASR. BROBLBRLEEZRDEL. Hetall Stone (—HOEE
Iz oW T lCarbon) 258 L. ZRENIZOWT 1°Be KU 20Al D28k - B D%, HREAZRT
HBER Y —DY U FAIMEBIIBWT., AMSI|ckD 1%Be - 2%A1ORIEAR T2 FTORER
DOFE L THetalid 1%Be/53Mn%E 7' 0y FLEDDZR 1ITRT . EiidNetaldd°Be DER
BI2AAL UTIBCRArE@AL) #HTRHTHW

EbOTHD . OREHEL CHATESZZ LM

b0k, ARIZLT. FelADREN 5 OBE q... 2 Chondule melol.
HEHEIZOWT HORX A MR L CGEMAT X, stone o = Iron

H1 D 19Be(0— 1%Be)ld AA~ 8. stonerr (D 26A1(Si—~> .!o.oz g 5 s”

26A1) 13 A A~ 315 IRV 4 Tidad R : N/
[#%] MEHOBRBERELFMT SHAI o0 - ] o —
AEBREDEIKEE - MEFHUBL2IOR B T
STl QRIEBTS B, BAHNERICE e
ETBREIOWTIE, TOLBELFMELD | f 4Ege
MAEMTH B, 2OL>2BAI. OXNRIL L
FThIE, BONOBELHMELTHERD I LI |

. 2OFEFDshielding OBEEZMB &M 000375 22 24 26 28 3 32 3.4
TE. ThDBREHOK & S RUGIEOHEA /"0 g (shietding)

{ 1 I I 1

Tiez50T. REOBELMaHnaTHy M T B BT T
BB, LOLENEZORRERNZOOTH S
DT, ORE OUEETT> BENBHLBDNE. CHE1

PRODUCTION RATES OF COSMOGENIC NUCLIDES IN METEORITES.

Hisao NAGAI and Masatake HONDA, College of Humanities and Sciences, Nihon Univ.,

Mineo IMAMURA, Institute for Nuclear Study, Univ. of Tokyo,

Koichi KOBAYASHI, Research Center for Nucl. Sci. and Tech., Univ. of Tokyo
Production rates of cosmogenic nuclides in meteorites were investigated. The

experimental results were obtained for long-lived nuclides '°Be and 2°Al in various

meteorites with accelerator mass spectrometry(AMS) using tandem Van de Graaff

accelerator at the University of Tokyo. A semi-empirical equation, which is a

function of mass difference between target and product AA and shielding index k.,

for the nuclide production rates showed good agreement with the experimental results.
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[ECHIZ] bRbRITHER L MIRKADE VR L o> TEHEL LOEEOE
BERNTWD, LBALEBF. NV ARFELR EO—RFEROBTES S EBRKE
DBRECHE LN ERI L TR TELPHT, I2—-F ik, SB8EGE L
THERTHB SIS, COHEBRSICLIBRICBATCIEDLTHTiEd 2 0FHHIC
LABMEERMEID, 2OV NVEBREDAMSOERIZ L o THIETETH S, 0D
FHAREREE2FIHT 2 L aAOEAFER BT 2BEF R ONE, SRAORAFL
B RO EEFOER~OICHITI ) Th L, HBOBRE - LK. Bfb. WELwv o
BB PN L EE R EENICG X2 HF LWFE L 2 2 Wil H 5,
IRFEHBICE ZARD COMBOAFEEIC DO WTIE, Lal & Peters(1967)12 £ 5 3
NELCAMLRTWE? |, O RFHBERTOR & — D ERROEAMICETE, =
DAY —HEERICEBILEEETEN TN OBHEPERT LD L LT, £0OWAEK
P ERENRY -7y P COBEOERK (EHEG0b0) THELTEHELE, L
PLIOFETEETFELETREBYOBERREREOARER+ERRAR L X
HL v, AFRE T, FEHEZKNTO L ANVF —ARS b Ve UK 2l 72,
Whild—Y Fy 2 A% FEICL), HETOB 2ERMBOLEREEE, B
BMEORKLLTRDAEERLRL, EAFERAEOFERIC OV THERT %,
[HFIC B} 2 FHBRERFE]

FEBEZRPUEF. BFOZEINVF—ZA Y MV EEBETm» 5 T TREHIE -
TBHYPBRFIZOVWTREDGA RS b IVAYAE i kE+60)** O (E: =& VF—in
MeV) THEMTEB? , FHEZRPUFOMBERAROEL & &b I IR HY
AL, EHCHPTEECZORERS T, BEH LV XNV TOMFRS R THEZH T
EDRTHDITH B, THBERBEEICL - TH ZRPHFRERDI % ) BhT 5,
LPLIANVFE-ZARS PVZOVTIRIE LA B DD, #EICBT 22X T
MFRECL oTAF—Y VI T5Z EBTERTH S,

BT & 2 BREGEEOBFICABMHEEORE 7 — & WRE,% Y o> TE T b,
— T L BBRICEREEORIE 7 — 7 IonwTRIEFIKELh T ), &
BAPT Lo IHEIME— L Vo TEI L IANF—ITOVTH40MeVE TTH b, T D
1OMUEEDOFAL 2 VHEBECREICERMERO VAT 7,2 Ah LH#EL 1,
F 72100MeVEL E o7 § 2 WmEE L. BT T oAz AR
ThdERELGRHHEZT 2, RENLERB LUERFICET 2 LI 4& R

witrbhhB, LELEVWE| 2w DEE
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B o 7o
Mzl e L ThRERICAERT 2"Be, “CBL U PAl DERROSEERERT, BIRE
BEZEHBR SR TCE L 0BEADFEERSEYTH D L, Bk LU CIER it %
oo &b o RMBEHERIEZCIBENT L . AFCERL SAEZSHHETLOIK
bHEE ALV, BN D Nishiizumi® (1989). Jull & (1990)iC & 5 FEHE & & DHEE E R
DWTHRICRL o ‘

[FKEFELIE] 10000 f——r——————
MR BOdE BT AIRT L LT, i : :
FHROKWEE., REMLENRS - i ' ]
R - WS EOEH»EZL bb,
WHEHEEOLETILATIEEZ 2T
bLwEEDLNDLY, ZOMMORTFIE
ERTHILENHE, Z0) LFEHMR
DIRFFZEINIIR AT S T &S TE D,
BRI L B0, FEETKR
T O T OR S R E
LULENHBHHCTREMIC—ED
WERBTHFET S0 L LTERT

1000 E

100

© - Nishiizumi et al('89)
A Jult et al('q0)

Production Rate (atoms/g SiO2/yr)
>

1 x ] N 1 't ] 2 L

Bo HWH 0T D HAE 0L % A 0 2000 4000 6000 8000
ShE®DLIEIWLEoTED LD Ll Altitude(m)

DY & TR, AL - B - JLREE  Fi. Calculated production rates of Be-10, C-14 and Al1-26
5 0 Wy BREMSE IO B IRAYE & 7LD i D gnyqrgit;[zl(ssz;g? (iti%?:?géi%{wﬁc latitude of 427 Productions
V\'CE%:% L7z,

= % X tﬁi ()D. Lal and Peters, Handbuch der Physik(Springer-Verlag, Berlin),

46/2(1967)p.551. (2)D. Lal, Ann. Rev. Earth Planet. Sci. 16(1988)p.355.

NUCLIDE PRODUCTION IN THE EARTHS SURFACE BY COSMICRAY
SECONDARIES AND ITS APPLICATIONS TO SURFACE AGE DETERMINATIONS

Mineo IMAMURA, Sei-ichi SHIBATA, Inst.for Nuclear Study, Univ. of Tokyo

Hisao NAGAI, Coll. of Humanities and Sciences, Nihon Univ. ‘

An attempt has been made to estimate in situ production rates of cosmogenic nuclides in the
Earth's surface materials using the relevant up-to-date nuclear cross sections. The production rates
are given as a function of altitude and geomagnetic latitude in materials of various chemical
compositions. The production by secondary cosmic ray neutrons is the most important component
and comprises about 90% of the total nuclear production for most nuclides. The production rates
of the long-lived radionuclides in surface rock minerals are discussed in the context of surface

exposure age determination by AMS.
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3A0 9 vvFL—dickda. By )MEUTHEFOREFHEE

(gwr) O HEEM

1.5 &

TIF)ARBREOAVIAV/EZY—HRTHIEHNT, BxOvvFL-¥E2BnwTa. 8K
CyBOREHANEERET L TE 272, SETHR LA R HBRE. alf0os I BEEREHES
B DIEWInS(Ag) & BIOBENE K HOoWMBERHOMNEHY v F L — # (NE102A, AF N
VEE), 5y MOBENE < BonS(Ag) L Y v F L - YO MOWERR R OESY VT
L —#% (BGO, Nal(T1)%) ZfHAEEAZA T 1 v FRUBERVWBIIERINETH B2,

RERTE. EbiIchEF2EDEEEHEO BRI OW T OBMEHEREE2IR~ S, BEEFRE
2L UTHHRET (nea) WRERZESUFILITFIAVYYFL-FE2ANW, Zhifioyvd L —
RMEET. a. By MERUBHHF O LRSIz,
2. EB Gk

FAWRYFYATIAY Y FL—Fik, N8 (ma vl LigHE: 7.5wt%. SLiJSHERS: 95.6164
0.005%. 2" x5 mmt) THO . M2ZnS(Ag)¥ v F L —% (10 mgecm™ 2, ¢2") . NEIO2ATSAF v
T7YvFU—-% (2" x5 mt) EEALE. ZhSEFig IRUTIE.20 LD ICEKELT KA1 v
FRHES L UTHWE., 2P2CHREM o OhETF (B 2 MeV, 6.70x 10* n/s at July 14,1992) %
INST + VTHREETHEEGNT (RER THIEE Y HERE) L2, oD alf, *°7Cs,
8%Co, " CeHDREMN LD B RV YBEERE L, MEVAT LR BHEBERTHO . HENHE
(ZANF—ART ML) LA (ILEDEBBARY bV) ZEFHCRDZ Z LN TE D,
3. BRERUEE

Y vF L - YNSSTRIEE N BB EFOWEIT 2 Cod b0 affOHE L IZIFS LA, P7Csh
S5DB(Y WEOHEE LD KEM o2, —F. THOREHEOT EORFICIE B A LZEMNRL NS
DB & BDFERMEIARTEETH o2, LM L. NSBIZZnS(A) I tE— Mz h HWL E D EEfI%A R L
D NAZMEETHRAD 4+ 9 FELTHWSAZEIZED (Fig. 18M) | InS(Ag) TRNT S aif
L NSBTHEMTHRPHTF RO B (Y MEORBEN RIE AN 2 EE I LB TE R (FOM (a figure of
merit): 4) , TORAT 4 v F TR, InSUAENT & % aiEDMEIE NS8IC L ABPHETFOMEL v »
BOREDPS DT, HHREOHPET L afROFEEHRINETETH S, L L. HIERAR LK
DFEE. aFOWSHEDEIND DR T U, NSBIZ L 2HABMHTR 8 (y VRO S L ERS,

ZnS (Ag) NS8 ZnS (Ag) NE102A NS8

7 4
o B -
69} PMT
Ny, B PMT Ny

Fig.] Arrangement of a ZnS(Ag)/NS8 phoswich. Fig.2 Arrangement of a ZnS(Ag)/NE102A/NS8
phoswich.

597E LiFHE
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F T, InS(Ag) LNSBOMIcHEEV 1 S —JH 2
BEHA L. InS(Ag)D 5 HB TS (PHT) A0
VUFU—vavEBEENASILIZLY ., aff 7 N,
ODWEDHEETEEE, ZOLEBoREZFL &
F—ARY b NVE Fig ORT, affoREksd &
HFOWELVET L. B FossMegEs
MEBZENTEE, LBL. YFILTSAYY .
FU—FiBWT. °Liln, a RGO QI 4.78 MeV ConciNumbor
EHORISERMC L ARANRIT, 1.2 eVpy 7 Ty specta of $1CE HCm and MCovith
BrERETHD, 20ORD. BRETLET R
F—OBML v (M. °°Co vig: 1.3 MeV. -
P B 3 MeV) LOWRABGHEM TS oL, B | n,
£, FECHES R EOBWASY e S | C9TEC
Fig 4iiR Y . a0y — VX EARVICER 8 ™ f}® ()
MALEM, E-/MBOBLRELAL R, @ -
52 BT RO B (v MR OMWIVF Bl 52 8 L IerE
72\ (FOM: 1.6) . T e
XoMC. NSBLDTLENBIIAES BRICHIBE 5 etk T Om and DG it
RNELIO2AZ A, ¥V F L — & & IEICHAEzInS ! ™ -
(Ag)/NEL02A/NSBR A 4 wF (Fig.288) 12k % | ()
GRS, FeSoRT i EOBmMASy L g |\ G
BobMB LI, B(Y MR, EiCRPES, afit O
OWRFEHPEBDZ LMTEE, ZOBE, Bty § o
FE =70 By WEAORA DN 23, - L)
ZD & D1z, InS(Ag)/NSBE 72 1% ZnS(Ag)/NE102A 1 LU)(
/NSBHRA™ 4 9 FMHEREBNBZLICED ., a. T et
B (¥ Y RUBHHEFOEBMNED KB L &8, B S s ANSS o w0

1) FH%: MOHEEE SRS FRE. 0.236-237 (1989). 2) FIHZE: FEFHELEOES BEE.
p.378 (1981). 3) HH%: B TR B I 3EIMNETRHFERRE HEE, p.175 (1992).

SIMULTANEOUS COUNTING OF a, B(7¥ ) RAYS AND NEUTRONS WITH SCINTILLATORS
Shigekazu USUDA, Japan Atomic Energy Research Institute

To develop an inline monitor for actinide solutions, simultaneous counting of a,B(¥)
rays and thermal neutrons with scintillators was investigated. These radiations could be
separately measured with a phoswich detector of ZnS(Ag)/NS8 (Li-glass scintillator) or ZnS
(Ag)/NE102A/NS8 by pulse-shape and pulse-height discrimination. Thermal neutrons were suc-
cessfully discriminated from a and B(v¥ ) rays by lowering the transmission of scintilla-
tion from the ZnS(Ag) with Au-coated Mylar films.
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3A10 Man T L—g % o -0 B BT (TIANE)C & 5
R o TV I T O R 3
FBAHE)  HATER OBRAN. MEE

LI LI _ :
INETIZ, YU F L= bOBAHEERED /U AFEEIER % /8 0> T4 B
FIFIBRAYICAREHLEE T 5 2 LiC L o T, I UL — ¥V DWE o BETHRE R RBHET
B IR AEMBIEFATETARBIC OV THRE L TX A", S vFL—4 L LTI
TRINTVBHEEY v F L= DHRLELTR)AF L e X~ L LTHMERIY & A
REEDTSAF v o v FL— 2 b TIABIGBERAT R TH o7, CoTiE. YU F
b= LT a FICHEHICEL L. BRI FEECEVEES T L -5 Th 2
ZnS(Ag) R ~DTIAEBH 2 8A 7oy 512, TIAELSHE LA L ZCHWHETS S S
VY LBERDLEINICHE T ABOBERFIC OV T AR 34T - 7y

CEERS :

TR, TIAKOREBRSAOBRR % b & o, MBI — L5 0 R
BN YT ABRESOMAMBREDOHFLP B 2L &, SV AES I ORESE
GRS EMHTCEL LE Measuring time (sec)
. HEERE & EL : 5
4 72 4 5 R L % S
EFET T Ewhsvar
T¥a23lb—}t L7 0.06[
KT, PUUIE R & MPo ik
R AW T—E DR
THEER OE A L 21t
SELRE R IERL., &
B TIAECHIlE % 1TV Th-
FIN DM BRR % ko
BT a3 L — iR
EHERET L2,
GERLEE

i ed Lo, —FE - .
IR 2 B0 A R " ho-gbries .
I AR A B - 104 1072 109 102
DIEEFEEE D 2E DB % M Rate of total counts (Bq)

' s e 3 1) F Fig.1 The detection limit for Th-series,
MR L ED e S VB Np-series and Ac-series
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F— ¥ OMBHELR L ETTh(®Rn 2> Po 4 ), Np*'Fr -2> At 4 ), Ac(*®Rn -2
po L )RINZNZThORINERE 2 MHBEERFEAHNOLER I T 2 HEEROE
AW HY U F L — IR TCOLFEELOBBRTT LOERE L CRg LITRL 7,
B2r6db2bd LHic, MEBEEROTNUSEFEEREOREIIE#EML ., Ktk
EOBRWEH T RIEMAZEZIT 2 &, HEFEREI L L COTAETENHBEESR
PR TE S, L2L2A0, HIESREICSBOTHILGHEYNH 20T, 454K 10Bg-
DR 1AHREL. FHA10F A v ¥ M Tho L RET 7, Th, Np, AcRFID
JEWCEE DAL TE0., ThRFHIB W TR A BEHABEREIDNELZHNT v ¥
ABZHEAET CHERWICHWHBEER L MBEHIEKR S 2 L5025
FEBUZ, PUBHEEPoS R CHEEROH & 2B &, FHCRIOBqICERE S €5
FRWE L2 2h, HBERE o HSURESREBR THoz, TORRLLTR
B RLRELND S DOBESHRE RO /SN APy 7 75 7 FREIN&E, FRICE-
TV LABROFERERF O KRELL ol HHEWRBRBBRECH LY b
XRMEICR72bDEEZLND,
CNIETRIVFL—2ELT, BB VFL—% (BETIFAFvIIvFL—%)
ZRWTELA, BEY ¥ F L — 5 @ZnS(Ag) RANOTIAEDOEHA AL TV S, EHEY
YFU—= T a BEBINMICEHT 2700, LEOFG AL (ERE L TRBEE
B Y F LSRRV E LD DEATEEDEEZ TWE, o BEHEEHERL
AT Gt R kDB 7280 FERRIZEPoIATE % SRR L 17N L& TT/ER ©Hr i L 722%Po %
BIUREE L, ZnS(Ag) ¥V FL—FTHIE LT L A 10mgem®BEDELED Y Y FL—%
PRI IIES 2R L 72, B, TIAEZBHT 57012, PURELFAREOE I
ZnS(Ag) ¥V F L —F TEALZ DO EHF L L2ADOREFHEHEE R b H Wi FEREHKE
BT, TIAENDOEA 2 BAEBRRTPTH 5,
1)T. Hashimoto and Y. Sakai, J. Radioanal. Nucl. Chem., Art., 138, 195(1990).
2)T. Hashimoto and H. Washio, et al, ibid., 159, 375(1992).

DETERMINATION OF LOW LEVEL « -EMITTING NUCLIDES WITH MILLISECONDS
HALF-LIVES IN SOME SCINTILLATORS USING TIME INTERVAL ANALYSIS.
Tetsuo HASHIMOTO, Hideki WASHIO, Ikumi AIHARA, Faculty of science, Niigata University

‘ Low level «-emitters with millisecond half-lives were detemined by using time interval
analysis. The detection limit of correlated nuclides for Th-series, Np-serics and Ac-series using
time interval analysis was estimated by a computer simulation-based on a theoretical equation of
time interval analysis.

As a result, it was found that the sensitivity was increased when the lower counting sample

was measured for longer time. Additionally, the shorter lives (Ac-series) of correlated daughter

was verified to allow the most sensitive detection from both theoretical simulation and experiment.
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(BEAT) OFOME. &IIEH

1. B
HEBAECEWT, Bk, AES0HA28BHANEO— O THIRBLYES
THALZLOFEATV BN, RAEHAROHNORF IV Y ZAEOMENLER
SEN BB, TIT. AMBRE TR, SELFELEFINI VY AOMGEEWSM I
L. 7, MEBOBEANE. F-YBIFCHELHEERUVERFELEEL 2,
CORFHEADLI. BETIARERHSGOE. BB, R TIELEM L LE,
2. B

EErcn| OREEZEOREENS, BT i AL¥ -SH5AK (EUSEOXT %
M) #EEdmICBWESEEE R, OrOBA. BESICAHTAILEF I LT
AR ([cen 25 1iF

¢ (E)=S/(4dnd?) [cn2s71] (D
TRENG, WHHAR LS EBHARE. HEFHOMBTHS, JIVIYRELE
B LEEAE) [nSv h OB RICIE
H(E)=fx(E)fo(E) ¢ (E) (2)

MEN LD, 22T, (BB LUBREEH[Sy 6y 1], fo(ERERREHEZS
SEK(Gy h-tens]TH BV, :
FHLUAECIREBMERT Y INY - RA A -FDX-1000%EAIT. BEEIHFELE
ZA>[Syh ] TEREN L, BHTHRELEZL . ffORMRMAtS|OBHE
HWTH B ‘

(1) BORMBRELUEEI(E)(Sv h ' OHE j»HORMOFEG=1,2,3-1)
a?aa\J&wagmﬁmﬁgnéi -

Hy(E)X chase = m(<HJ>“<HJ—1>)+HJ-mi{—m—-HJ(E)}O's (3
JCZT. wodBEEOEE [cn?]TH B,

(2) EREAMECE T 5 FPHRFYFEASE) SV i DOHFE MEEDH %n(ndn)
LT AL RANEBLNS

Ha(E)> % & '<k'4n<E>>=[m(l:h>§§Z{m(<fh>—<ﬂ;_1>)+<ﬂ1>} A
fx(EYfo(E)
At ap{ntm-1}
RFINIYAERUBEERZRQERG) . (DIRATILE6N 5,

3. £8

OMER : CSIFUINLH —_oA X —% (FIHBIX-100) 2EMA L=, OWERS :
BMIECOMESE : BEMEE (MEHF2EE) RERBETHNEE CGHUEBHNE

‘jiif{l(<ﬁﬁ>-<ﬂj—1>_)+ﬁ;-m}]/(n+m-1)i I CHL(E)>]° 5 (4)

D<HELB, ELhbELBHE
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B ZRIZIBCTHESHBE) ckor, @F — ¥ 8N : i L 7,
4, BRRUEE _
FEEMEROFAAET 5, ThICRR(DEEAT 5, FSAEMEICB T 3 FHs
BYERE METHHEEZTRLTINSE (BSRELIEIHGELTWS) . 1.13,14.15
OFHBYFEIHIGSVETIT, HOMA LD EMICENY, SHiEd 2MmE i
HATHAEN, FLLUTWINLARRETH3BICLs50 MRS,

5. #5H
RFINIVARLRBRYUEZ L OMENBE oM IcEhE, HRFEEA4SCHENE
M2 UBERUVPHRBYER) . BFHIhi, COBNEICEZMEFERL 2,

Table | Mean equivalent rate seasured at different locations in Great Britain
and these geologies
Lacation Gate Xean Equivalent Gaology

Great Britain tate (nSvht)
U Edinburge §/3/91 18.5£0.8 Limestone and Millstone Grit
2 Kirknewton sta. 8/3/91 21.0%1.9 Limestone and Millstone Grit
1 Carlisle 6/3/91 22.3%1.3 Alluvius
4 Cool mining place 6/3/91 28.7+1.5 Carbaniferous-Coal Measures
5 warkington sta. §/3/91 16.8%1.5 Carboniferous-Coai Measures
6 thitehaven 6/3/81 28.4%+1.4 Carboniferous-Coai Neasures
7 Ravenglass §/5/91  28.1%1.6 Liassic,Triassic and
Persian-sandstones and Clays
8 Barrow sta. 6/5/81  13.0£1.8  Ordovician,Silurian and Casbrian
4 Lancaster §/5/81 .4x1.4 Lisestone and Hillstone Grit
10 VYarrington 8azre §/5/81 7.5%1.5 Liassic.Triassic and
Quay Permisn-sandstones and Clays
11 Creve §/6/91 2.5%1.4 liassic,Triassic and
Perzian-sandstones and Clays
12 Stafford 6/5/81  24.4%1.5  Limestone and Hillstone Grit
13 Yolverhaseton 8/5/91 17.7#1.2 Cardonifecous—Coal Heasures
14 Birminghas 6/3/81 17.0k1.2 Carponiferous-€oal Aeasures

15 Northaspton sta.  6/3/91  18.5%1.3  Liassic.Iriassic and
- Pernian-sandstones and Clays
16 ¥olverton 6/3/91  22.0%14  Jurassic-Oolitic Limestons

Fig.1 Map corresponding to 17 Wotford 6/3/91  20.0%1.3  (retaceous-Chalk
the aeasuresent locations 18 London §/3/91 8.7%1.5 Sand and Clay

BE T
DIRY Y-y B, BARIZ., SHEXAR. REHRA O, A, (1988),

P172-P173

EVALUATION OF BG RADIATION : DATA REDUCTION METHOD GF A CsI SURVEYMETER
Satoru NOGUCHI,Toshiaki KISHIKAWA,Faculty of Engineering,Kumamoto University

The goal of this study is to deveiope data reduction procedure of a su-
rveymeter. A reading of digital surveymeter (DX-100) with CsI detecter shows
a moving average of equivalent dose rate (EDR) at fixed interval. The EDR at
an unit interval is derived with its standard deviation. An example of non-
fixed measurement case of environmental back ground radation.
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1. #&
BIRNVF—ANL—=S U VETHRERICHE-T. BEG2WD LU THRL IES
BEIAEREORSRIIRXNE, T0RH A SBBOREBEEI X 2iEBE. 3
BEOHEERMEROREERIIE > TEELHREL 2> TVE, CALOMELEEM
KHOIS I BRIZ I EBAGORNBELEL<ET L2 BFRTRTH 5.
HEZWR 10 Gy U LOBRENEBNES L RIBOEEEHOMRR TR
o2TER, RUTPEFLY, RUCO—-VEDFBNHRBRE/F>EHELI LAY (Bt
BIK) PHEHAEDOHC]L, T ZOF—NU M 2HAXHIC LRIV FOBLAEYE
ERLOHI b0 A4 FI v 7iiBINT a8, COoREEEEFCIGAT L%
EX, INETRARGEIOBRHETR-TE R, ROTHERI 7o U VERHRE
BRERNTWAEIE, 7AVABESTHEIZ L., BYULHBELROTWVWRILENPS
RYFPZUr+ F—=N2F (HCL, I2) REDVWT. F=RUIOREFELLUTHEK
HUBLEZ V., FSAT7AN—HEXE L RUELE DL, IOMERRTAFH
rooyroand$s (BHC) 2HVT RN b ELEABROZB(E 2 HOLICKET L
Fro KBRETREONEZEREROBMBIZI>NTHENT 3.

2. ER.

4. RYP2 U7 )bhDEHE: 1 MIERBARRICBRLET oY JIZERT (W
5°C) CTHAHKE7 EoUAKBEAXRERETL. WHZEEESTRAERY 7=y
BEEFR, X6l ENaOH, BEATHAEB L. BK#iZeneraldine base
BORY 7Y BREBABELE. COBF22%100m 1 ON-nethyl-2-pyrrolidone
CREBRBLUELORASAEHR (25cmx25cm) wWHEUAHR, ERELH (80
C) TH—BRE., BESRENI BRI ETRERSI U A3 AXREIZ—BRIZEE:-7
AIWAEHALO~60 pmDEXT, TOBABEERH10-1'~10-128/ cnDF
BB TH I,

a, F=RNY E: F—=RU b e23HCL, I3FUEALEZV, BHCEULIYLE
HMOBHABRDIBITLE2BDTHD. FUVBLEZILREBLI 00 Ay adAEXDRFRK
DHD, BEIOBREREF IS LRI SURBRUESDETSATFAN=74)V X
— R ERE TR BETTCEER2LEL, 77 A N—EHIIEXE-bOTHB. —
FBHCEU AV LHBROED VR ENThARAVEY, T/ —VIZERLIEHDERL
I TSATAN—FHIrFEXE bRV,

N, BE:0, Bemx4 cmOAEXRGHLAEFU P V7 A LALFHERD K—

CAYS BALBS, BE @ 30B. hELY EXR3. T¥E Loy,
#3536 Tk, ‘
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Ny A AT ERHINVREAHA LR, FHEGELEIERED 2NV F—

BORHERTERRBHE L.

=, EBHE. REELoBE: MEOBRER*BHLERY 72U 74V BEERE
F (1l cmfRE) CTEoEREZHE (AAAF—2A—%, TOA Electrics,Model $i-1

0E) Ui, BB F—FLEREREZCEALTEY. 74N LAREISEOREETE
LT ar2BFERBELHCTHREL 2.

3. BEBLUBE

HCl, ROl BEF—=FULERY PoU 74 IVAOERREZENSBEIIEAL
re 7ANLBHEOEFEMESRSEL O F—7XhTOAHEHENILKERBIIBLATHE
CENHEELE, HAOERVEAEZL (BR) OERLRBHINBO7 A L ADEBRLD
BEEARIRURE, SHENEREEEOTLEA o NRHABRERT K= FEITHH

TELTRERFRES—EDEEA o &L F—AU N EOMINEREFEIPREHDE B

HIORLBEEN
BMOMDT 2 ERLTH
b, ~HTVSA774AN
— i EXELFYEL
¥z (l1dmg) &
*BHC (25mg) T
BREZBH L -EEz>
WTHL0SGyh b
3x 105G yDRVKEE
EE TEROENR1 07H
b2 F32AFv IR
EBED Shi,

Ratio of Electric Resistance
{after/before irradiation)

10° +

A

e

in vac.

1X10*Gy

o
e
e

s

COBRBIEROBEBRFEIBTERT S
HC1, 1. oG (F—1Rry NEORRE
THEAER S, ) R7ANVADERERE. BPRECAELIKETZEDLEX SRS, &
SRIEREBEYRREE2EBRTBILIEVRY 7Y 7AW LERE RV b
MEER LIV EVEERHOAUES TR LI LE2TIBL TV,

z

10° (o 0 10®
poly-vinylchloride powder{ ng

DEVELOPMENT OF AN POLYANILINE FILM DOSIMETER
Kenjiro Kondo, Yuichi Oki, Masaharu Numajiri, Takenori Suzuki, Taichi Miura.

National Laboratory for High Energy Physics

Effects of ¥ -irradiation on electrical conductivity of polyaniline films were

investigated. A drastic increase of the conductivity due to radiation-induced

doping was observed in the system of peolyaniline film + halogen containing po-

lymer{or compounds). It was indicated that this effect can be applied to quan-

titative measurements of integrated radiation doses.
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3B0 1 TOAFULAZN) FATRFEO VY b v EEOEE (1)
PET e BEPPT c-ac acBEDOER
CRALAHE - # A A. Mutalib, BIRR . K% #

OFREZ

5]

T CALAWRMEESBFIIBW T WAALBELMNB R HEDTW 5, RAH
FEEERERRAT (21X E A F VAL S WA A WS 1L, brain blood barrier % &3 (L&, F
P2UERICE T BIRA A VLA Y EHTH B, T c '=0BKEEOHEILEWILE
CHILNTWBEY, FIZRO=ZDODF A4 FIZHEIND, T4+ propylene amine
oxime (HMPAO) . bis(amino ethane thiol) (BAT) ., % L Tethyl cysteinate dimer (ECD)
Thbo 1275L T c =07 V—TOEETKEEHTNASHRERIT L0 REE 2
Bo —FH. Tc ENIN—TEKBEFIZBVTEWRERLTT IO ), o=
P Fa7 2B oBREEROBERFEESRTVNS, 22 T4, *°"TcV=Na 7
EPROFEDOEAT L FNT 2 MEERDOGEIELRET L., Ef Lo E % 3
RizDHET 5,

E3 )

INTCX Mo BB D E ) TF VBT VES T ARRE S TVNIFATLLY R
WV TIZE o THER, Mo IXAAREFHIFZERN ] R R-4 45T MoO, & HHEFRAS L
T2 " T ALEWIELUT D 2 0D FEIZ L o TARERKAT,

T, MW AFE L, c.HCl (10ml) & NaN, (~20mg) %% %, O
— 7)) =T NRL—F 2 AVRICEEE 60 TT 3 MM LEAD 7% NaN, » 5F &t
ERTEEE S, PEO72 M= FUIVICHEHEFEOBEL, PPh, (2mg) % EOH (0.2
m) [ZEPLTMR 2, E5KKTEFNT7EEY (0.0l mmol) . KHCO, (0.01mmol)
&0 EBOH-H,0 (1:1) B EZREM, 30 7HZBIRTHEELZ, O—F ) T AAKL—%
TEHEL, EEr NVvEVCHRE L7 XY EVICHE IS 20" Te DN 25 %
UTTHho,

: S-methyl dithiocarbazate ( 0.008 mmol in 0.4 ml E©OH) . INHCI (0.1 ml) D&
AVEHIZ YOO, AR TRIML, 80 CTT 104 MME Lz, S5ICTF LT L

(0.01 mmol) . KHCO, (0.01 mmol) %&%r EIOH-H,O (1:1) BEEMZ., FiE T30
SABEL-, BRArO—5 Y —INEKL—F TEREL, XUvErcESYeHB L,
RV NZHBENLIPERITI 0% EETHo 12,

RGBS CHFET S 7 232 F 7 0bFEL, ZNENAFVZFLVT Y, 80%
EtOH . 0.1 % NaCl Bl ERERHAN L LizR_=S—20< /574 12X DR, T2
ERLIEED~—N—2 0 NS T4 BBV untg v, Yralbty s, o
¥ —VEREEE LTHAS, ABAH LAY Tco MY FEkoxsgh & gl 1,

TTRu Az T, w&hobkte, BBIY AL, JLELIFAL
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ERLER
BREL EARE2 TRELNIEEOIEITKE CEL DY, THIBERE2 T
VIO, BT CHAARE TV o FICEETE 2D L, ARIE 1 TIH—BAK
L7z TeNCl, 2 SR T 5B 0Mb o TB Y D0 NEFMETT2b0EE2 L
Nd, $7-6BKE2 T, BIFICAERY E LTT ¢ '=08ED T 2725, 0L
414 [S-methl dithiocarbazate] / [TcO, ] = A, [PPh;]/[TcO,]=B, [HCI}/[TcO,]=C%nD
RELICL o TEASN, ABLUBDEI/NE b L ZOEENIZ L N5,

VU BERETART S LR EL D EAHE LR ORADT DD, U LOREMT
ERIGSEARMICBRPZE S 2 BBFET NI LT, RESOBEIHIZETL
v, F-FEERW TH ATNCI, i pH 4 LT CHURTEE T ) D 5 nidiEs
PR CIIFERPIITO, 1B T 5,

RO BEHEFERMBEIL R -~ 0% F 75 7 412X DA, B LR
FIERTFIABRAF VEOTNOFELZBATH T b TRCRLNLZ T THo I

72, Figli2id, PP R WA LEHEB LU 0E0 e 2 VTAR
LR D R—/3=2 0 M 75 AERTI, WTFROEAICBWT S ERELEEH%
RLTWAZ EDNTR5,

i [
80 Tc-99m
80F  Tc-99m i
- 40
40 = He 0\0
2] - -
> 5 —
.':E: ol e ] ] :5; 80 + Tc-99
< |} Tc99 _
40 B 40
0 ---------------- | - 0 ------------------
0 10 20 0 10 20
Distance/cm Distance/cm
Fig. 1a Paper Chromatogram of Tc¢ nitrido core Fig. 1b Paper Chromatogram of Tc¢ nitrido core
acetylacetone complex. Solvent: EtOH acetylacetone complex. Solvent: Dichloromethane

PREPARATION OF °*™Tc AND ? ®Tc NITORIDO ACETYLACETONE COMPLEX
Abdul MUTALIB, Tsutomu SEKINE, Kenji YOSHIHARA, Faculty of Science, Tohoku Univ.
Takashi OMORI, Faculty of Science, Shizuoka Univ.

The preparation and characterization of neutral, lipid soluble ° ® ™Tc and ° ® Tc complexes with
acetylacetone containing Tc =N core are reported. The preparation of TcN(acac), using S-methyl
dithiocarbazate gives higher yield than that of the sodium azide method. The nature of the reéulting
complexes has been examined by comparison of paper chromatographic behavior of the products
with that of the products prepared at carrier added level through the same reaction procedures.
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3B0? FORFIAZNY FATEFEO RV VEEOAR (2)
¥9Tc - dpm. dbm. bza §&{k
GEAeAH - BRAHE)  OA. Mutalib, BIR #. K& 5.
HEEZ

&

B, +5H50WE +6 077 2 F 7 ADMFIZBWTIZ, Tc=Na7r2FEostik
PIWANABERMBER DTV, BE, COZM) Fa7i@Tc=0a7sz04
FHUEPEBEINLE ZEFEVY, A URMEFERLRAKLEEY L5 ENTho
BEHONTWD, BADHEETIISETTT ¢ =085 LFLHELTE, &
THEE, = MY FaT72EE27745F 94 (V) O R-T4 b (acac. dpm, bza.
dbm) SEEDAREEZRFTA LRI ZOERPOX ¥ T2 5 ) ¥~V aviifthorz
DTHRET 5o :

[EER) | :

HEWE & % D TINCL(PPh,), I T D 2 DO FETERK L 120

¥4 TcO,” (0.2 mmol) & NaN, (2mmol) % iEEEth CRIEE ¥, AsPhCl ik
MM & 1 [AsPhJ[TeNCL 1 b 2135, COHRBEO7 & = MY VEHIZPPh, (1.2
mmol) % X TcNCL(PPh,), %1% 5,
: TcO,” (0.2 mmol) % &¥r EtOH #H# (1ml) T, S-methyl dithiocarbazate (0.8
mmol in2 ml EtOH) . c.HCl (6ml) BRABWELBHEL 206 FR TN 5, Bohi:
FREEWIC PPh, (1.6 mmol in 2 ml EtOH) % MX.. 30 7 FZIR CH## L TNCI(PPh), it
BEB5,

FIRFIAZIY) FR-VU b V8EKIIRD & HITARL 72 TeNCL(PPh,), (0.1
mmol) % CH,ClL,/EtOH (3:1) 20ml {24 L 40 CIZINR L7z COBWICR-T 7 bV

(0.2mmol) ., KHCO, (0.2mmol)% &¢r EIOH-H,0 (1:1) BEEH T L7z dpm D3
£13 BtOH-H,0 (1:1) W% NaOH KA T pH 8 ICFAE LIMZ 720 RIR T30 5 M#E#
#%, BUHEZEREE IS, XVEVCERDERE L, BN REBERET VI F
HIALFv—T L, XVEVTHERTAHRBETE2EDZ, O—F ) —TINKL— 4
Ko THEERE LEERTRR I, BRI BOH B, LTk o7,

R LIEEOX YT 25 ) E—- a vk, FOMRINA RS b VB L BB ORI A
R7 MIVHIE, BRKE., BB U~ NI 74 L0 fThot, T840
lipophilicity 2 T2 72012, 7%/ =) - KHTOEEOTELL 2 AR,

[RERLEE

BONLEROINRIZL-VF My OFEEIZL > TELRELBD, FHikl (68 ~88%)
DHEFHEE2 0~T70%) OFhEReRbBlo/, o HHE2IZ8WTIiE S-methyl
dithiocarbazate 25= 1) FEEEDER PR L. mEBITIZ 7+ A 714 VKR E L o TEE

T7Fo Ay )7, &2kt BBOY 2L, JLELTAL
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b4 5. BRIKETIISBEOBEN T -2 RONT, ThF oy / -V KEOHEKE
DL BECH DO EMEIL 2.05 ~3.18 L RELEER LTz, WTh D FHOIEWIELN
= Z L BHFLTWA, EOH BHIC BT B 8EROBINA RS MDY —2 % Table 1 1T
RLUZBENFNB-Vr b v HBOY -7 205N D, T2, Fig.l 121 TcN(acac),
DRI AR PR LI, B-F7r b U#EKTH LT E BRT 1512- 1517 cm’

(V(C=0) +V(C-C)) . 1431 - 1486 cm™ (§(C-H) +v(C-C)) MR SHNB, T 72 wW(Tc=N)

(1043 -1045em™) W EER L7z T X TOEEOFRIMRINA R MVIZRWZ S, Mo
FIFRFIAZPY) FEEICBOWTHEIN Y- BLITIZT—-FH LTV, ULX
D, BRLZABEOT 72 F 7452 M) FEERITW IO OGE o 726k, %20
bnEEZ LN, BD TINP-dik), BEE L BT EFTFIND,

Table 1. UV-VIS Spectral Absorbances of Tc Nitrido Core
B- Diketone Complexes.

Ligand : A/nm

acetylacetone(acac) 212, 222(sh), 268, 283, 370
dipivaloylmethane(dpm) {214, 26, 305(sh), 355(sh)
dibenzoyimethane(dbm) | 262, 270, 347, 430
benzoylacetone(bza) 218, 258, 325(sh), 420

120.0
90.0
X .
V(GHy)
72,0
WTCuN)
wTe-0)
4ol SCCHy) + §(=CHI 1
HCCry) + W(C-CF
240} wC-0)
¥C<Q) \ yoHy
¥{C=0} +¥CC)
0.0 . L i A ke
4000 3000 2000 1500 1000 500 400
wavelengtivem-1

Fig. 1 IR spectra of Tc nitrido core acstylacetone complex

SYNTHESIS AND CHARACTERIZATION OF ° °*Tc NITRIDO B-DIKETONE
(ACAC,DPM,BZA DBM) COMPLEX

Abdul MUTALIB, Tsutomu SEKINE, Kenji YOSHIHARA, Faculty of Science, Tohoku Univ.

Takashi OMORI, Faculty of Science, Shiznoka Univ.

The synthesis and characterization of neutral, lipid soluble ®Tc complexes with several
B-diketones (acac,dpm.,bza,dbm) containing Tc'=N core are reported. The infrared spectra of all
the complexes show the presence of Tc=N bond and coordinated B-diketones. The electrophoresis
behavior and the high octanol-water partition coefficient of the complexes show the formation of
structure is a neutral Tc=N B-diketonate, TcN(B-diketone),.
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3B03 ALY RRFA~DY 70 7% MY OTEHER
—Tc FERB RSB L UMREITB JIZTHE
(FALRHE) ORILFEY - BaiRM - HHE

(#E]

BLZAF LV RTEDL-Z 7 TFHA :

bUYaEK WUTg-yroFeab)vg 12 e

B-CDLMEF) £ AVCEDHLEBORB » 1 F §: ;

BIG & RAEMIRTZE L C & 7o —WEEOBST 2 (5 | 7RO, [ ;

{EERECBwTE. v/ 2y BUIF 8 P

RuCpy) * MIBDBCTARIES L7y s Fo6 | i ]

MEDTHEE (100Ru(y p)?9MTc, Soaf 95Tc-Cp complex ]

96Ru(y m9Ru (EC,3+)95Tc) DY Y AF NV E o, | & mTc.Cp complex ]

ATRIUYRTTTA BT BEHE—H = e Y. <
0 5

5 L7 (Fig.d) o Fig.d T4z (& b o s a0 as
DIEHDF I EFF TN - rORYS VTS Fraction number / 1 ml

LR (BUT Te-Cp $5F) DFEIRREN

B, 77 AF 0 ABBEOERBRICL ST Fig. 1. Elution curve of y-irradiated RuCpy.

b FONWESHDRLE DI LD b b,

4 Bl DOHE Tt RuCpy- -CD A8EE HWVT B-CD H® Te KBLETF O 2B L. RuCpy
KT BT B To JOBRR-FDEEY & HBHRET L7,

R%f?ﬂ -CD A TREORFTRETHRE Lz L AN FECRE Lz, BBOHIBIHHE
SHEBULREE AL TERER O 300MeV LINAC  (E, max 50 MeV) (2 & > Tff o 72, Hififh
ORBIBESECEHLIBETNACLVH - 130CITEL, RERBETEIAS TR b
CEDERFE LA, BARHIEH SR L L, BHREBIMELHEENEI TS A 74 AP TH
# L7z RuCpy- B-CD BB OLZRIIR D & 5 1247 2 720 RuCpy- B-CD BEFELEHZL. 04ml
D DMFIZHE L. O 0.2ml IXBATEERIE I L7z R0 02mlic RV 2 6ml 2N TA Y
O 2T sE L bICp-CD RRBS €7z, LI L SRR, XVEVHIEYYAY
WA T BCHVS, EHEEE KD 72, 100Ru(y p)99MTe FUBTERT 5 99MTe (1= 6.006h) 1k
2278 O U AT T 5 720 9Te (11=20.01h) {LEEOMMEEBBETH 5

PBRu (117 =1.64h) DA% FE > TH 20 BEIHIAT o 720 BEHREOMZ X EBEL D V4 A b
) — & I LSRR L SR £ PHAIC L D 4T o 72,

(R EE]

RuCp,- B -CDEEST 30K % ISR (LR L T8 & 7z 99MTe il il % Fig. 2 () <. 95Ru D
% %> C 20 BRRIARICALEE L T & nurz 95Te OB % Fig. 2 (0) /R To 2 TH RuCpy
HEPTORHE L AR ZODOBEME — 7 D TE | RuCpy L F CEMEICY -2 250 Tc
-Cp 85tk (DUF TeCpa)) L EN LW BAICY -2 % 4D Te-Cpéifk (LLTTcCpB)) WL N
%5, I T RuCp) K& TORE L R % 513 RuCpy &R TEEMIZEZ TS > 72 TcCp(B)
A5 B-CD FTid TeCp(A) LI IZF CINBTHEEL TWAZ ETH B, T 7z TeCp(A) & TcCpB) O
IR L B L TAHB & -CD A1 IIMTcCp b DEEEINEE 026 % < NITx L RuCpy K
BT 12% Thotz, TN B-CDEEIC L 2 EFEIR EB/RGDRIC L Y INEIWALLZb D

FTOoZVTHE, vEhobtl, LLIELITAL
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Fig. 2. Elution curve of y- irradiated RuCpy-B-CD;(a) 99mTe. Cp and (b) 95Te- Cp complexes.

LBbhd, —HREEEIC LY ERTS B-CD TR 95Tc -Cp i’tﬁik.iolﬂ’c 95RuCp2 DB DN
(3 30.7 % T HH L RuCpy #EEA R TlE 10.6 % TH 272, T ORFE(y pRSOEE L i
B-CD HOEEZE TITPCRATKIRICHEMT 2 2 L 2R LTV h, Y2 OFFA MY ¥ OERRS)R
i B-CD RDALEICH L TIRIEROBIMICBEE$ 56 2 L d¥bh b, T, 220 Te-Cp ¢kD
{LFERTH LY, BE Tc-Cp kDR X v T &) ¥ a v icBT 55T C.Apoatolidis
LizkoTHEINT, TeCl

ZDFIITRENTCly 2 HBWHEL T 5 el

Te-Cp 854D KSR % Fig31R o 2 KCp ex00ss KCp
Fig 31277 L7z Te-Cp g5 18 BT

Bz i/ LT3, 4 DERRTELD
ATREMED & B LRI TeCpsy [TcCpyly & TeCpCl <—— HCI TeCpg

TcCppH THHHF 7 A F 7 ADKEKEL ) NH4CI

% b AT Bk S R Es s  KHOOT A

Te-Tc D_EEKIFEZ 1L BhoTo
DEEEPER LI A ONE, F/oh T A
DEREE D5 TcCp(A) ICXIET 2LHFE ¢ Apostolidis, B.Kanellakopulos, R.Maier, J.Rebizant,
i& TcCppH TH ), TcCp(B) id TcCpy TH  M.L.Ziegler, J. Organomet. Chem., 396 (1990) 315.
HEHETE D, Fig. 3. Reaction routes for giving Tc-Cp complexes.

RuCpy#i i BT, CpHERIBFCHFALTEY Te KBEFIX CpELAY 2551 &RE TeCpy
rEOERLRLTVEFEZONRD, — . B-CDEEADIFEETIE RuCpy ¥R-CD I & b RS

NTBY Te LBET I3 Cp 5| SHIMEMWY . p-CD DO KEHE D L AFE LTI EH A
SOMMT B L E2D I ENHHEL,

EFFECT OF CYCLODEXTRIN INCLUSION ON THE CHEMICAL BEHAVIOR OF
RECOIL ATOMS PRODUCED IN METALLOCENE - THE Tc-CP COMPLEX FOR-
MATION

Hideaki MATSUE, Tutomu SEKINE, Kenji YOSHIHARA

Department of Chemistry, Faculty of Science, Tohoku University

Chemical behavior of 99MTc or 95Tc produced by 190Ru(y,p)??™Tc reaction or 20Ru(y,n)® Ru(eC )

951c processes in ruthenocene-B-CD was compared with that in ruthenocene by means of silica gel column
chromatography. Two kinds of Tc-Cp complexes were found in the chromatogram. These species were as-
sumed to be TcCpyH and TcCp3, the former was enhanced by inclusion in CD while the latter decreased in

the recoil reaction.
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Fig. 1. Computed (n, 7) Recoil Energy Spectra of '¢%Yb, '73Yb, and '7"Yb,
2. EEB YbOPM) . OERIE. TP OF LA UBLY ) —IWEBE YbCls - 6H,0050

KLy ) —NVERE2HERIGSE. NaOHTpH6 W L CHERYIGEREE D . Aikiks0c T
RS ELHAERYAE100 CTHEHBEL., SOIHEETIWCT200 CTRFEEHRL -,

BEGHEEREngz > T, BhOoFEE, DI3VHERVYEFVEETC. YBEFEFLTEH
BUBET2AMEIT -k, BRARBIBHEBXVYEVIZEBENL. ChEdREEVEL O
pHERBEOCI L VB 7 vEVELALBERBR 7 V2 v KBRTCZHIE - T, EHBICE
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3. BMRLEE HULCUBONLKRE2ELCRY. COER THEE, OBREST
SRBTH B, NEEOME 3 BORMKCOB CUHERAENOLALTH - kA HH
AEEDOp HEEWZ LD BB WIRKL S, PIAK2.4%(1%-percholrate, pH6.9) »582.4
ZU%thmW&%@&ﬁ?%%ob#bﬁﬁ%%@bﬁhr&#UQU%VVayj
DEMMICRIORL L FLARTY 7Y v e YERBASENBEL TV 3,

POYLE YD ORITH. BT NTORRCHBEOEINY F Vv YRASHEN
I RBARI Puh o FRERIMEME KL, LAL T5YpE 171y DOEITH. #
HAOEHILL D ZOEMNFRE~KTIEZIEE2STROEEINRE L & % puzzling
BRERERLTOVE, T, ~BIEYFYYa VORMEDREZY 5v v g v OiHE N
PENEZFRERESHNBRTTHZOC. COBADLIEABNASNYFVg
VCORUBHREBDODNTVEILRELAFHATHSE, Kb, 20X S t—1
K%E&@k%(th%%?dFﬂm%ﬁmJﬁﬁzb%Thoﬁ\wi%m%%omﬂ
BTV 3, : ‘

Table 1. Observed Retention (Corrected Value)

Irrad. Separation Cond. Retention (%) Comment
State Liq. | Conc. | pH Le9Yh 11s5yp | 17D
C 0.5% | 6.9 56.2 56.3 53.7 | 3 Runs
C 1%16.1 8.7 9.6 11.9
P 1% 6.0 83.5 88.4 84.4
Solid P 1% 4.9 74.9 78.2 73.1
P 0.5M | 6.1 81.0 84.9 79.2
P 0.5M | 5.9 13.5 6.7 72.3 | Dry Ice
P 0.5M | 6.1 | 49.3 52.0 4.6 |*
C 0.5% | 6.9 63.5 65.0 66.1 | 2 Runs
Benzene C 1% (6.9 | 26.8 26.3 28.0
Solutién P 0.5M | 6.0 72.5 73.4 73.3 2 Runs
Solution with | C 0.5% | 6.1 8.7 9.6 11.9
Fe3* scav. P 0.5M | 6.1 4.6 5.1 5.0

C: Ammonium Citrate, P: Ammonium Perchlorate, *!Vb carrier added in extractant.

"HOT ATOM CHEMISTRY OF RARE EARTH COMPLEXES(2). ISOTOPE EFFECT OF RETENTION IN
Yb(dpm)s”: Tatsuo MATSUURA, Orie ISHII*', Reiko HIROTA *1, and Ken-ichi SASAKI*?
Institute for Atomic Energy, Rikkyo University, Yokosuka; *!'Faculty of Science,
and *2Faculty of General Education, Rikkyo University, Tokyo

Isotope effect in retention for '6°Yb, '75Yb, and '"?Yb was observed in a pre-
liminary experiment using Yb(DPM); as target and solvent extraction method. The
observed tendency of isotope effect using ammonium citrate as extractant coincided
with that anticipated from the recoil energy spectra of these three radioisotopes,
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Nbd.
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o) 1 This work
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=
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Time/min Fig.2 Dependence of k on [H']
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Fig.1 Dependence of?°Sb(V)Survival ratio on [HY

THE REDUCTION BEHAVIOR OF CARRIER-FREESb IN HYDROCHLORIC
ACID SOLUTIONS.

Kazunori SHINOTSUKA, Faculty of Science, Tokyo Metroporitan University.
Kazuyoshi KANAYAMA, Hiroe YOSHIOKA, Takashi OMORI,

Kunihiko HASEGAWA, Faculty of Science, Shizuoka University.

The reduction reaction mechanism of carrier~free 12°Sb, in hydrochloric acid
solutions was investigated kinetically. In this experiment, Sb(Ill) and Sb(V) were sepa—
rated by solvent extraction using n—benzoyl-n—pheny! hydroxyl amin in cloroform at
certain times intervals and the reaction rate was determined by measuring the radioactivi—
tics of 1Sb in both organic and aqueous phases.

Plots of log([**°Sb(V)]/[***Sb]) against time do not give straight lines. However,
the curves can be solved to be A—>B—>C type reactions by a non-liner least squares.
On the basis of dependence of the reaction rate constants, overall reactions can be ex—

pressed as follows; v
Sb(OH)Cl 1 —>SbCl,—

>Sb(III)
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DEFEETTDMF RTHMRTAILE., ThoDA N PN TCEBICHEZERABICFIF YL
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Fig.1 Synthetic scheme of derivatives

BBIRLITE, CEhips
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Table 1 Specific activities of parent anilides and their derivatives

Parent Route derivative  Specific activity (MBq mol™
compound Runl Run2
__P-Methylbenzanilide _ _________ __________ 957 951 ___
1y 70.9 71.2
1 2) 71.4 71.9
(3) * *
"""" 2Tt @y T T T T TTTT T AT 7233777
. &) * *
p-Fluorobenzaniide _ __ _ _ ______  _________102 ____102____
T y 46.6 46.8
1 2) 46.8 47.0
e ) o _F
p) ) 358 55.8
(5) E 3 %

1) Specific activity of tritiated water : 114MBq gl for theruns of
p-Methylbenzanilide and 92.5MBq g1 for those of p-Fluorobenzanilide

Table 2 Specific activities of Benzanilides

i Hammett’s
@ CNH X (151 values for Compound Specific activlty *
the meta- (MBgq mol")
(A) B positions

— 343 -0.06 p-Methylbenzanilide 77.5
I 0385 00007 Benzanilide 68.8%
X=F 1 1.20 0337 p-Fluorobenzanilide 102
X=Cl 1 - 1.61 03732 p-Chlorobenzanilide 1062
X=Br 1 - 1.74 03912 p-Bromobenzanilide 1082

Fig.2 Tritium incorporation ratios * values normalized in a certain s.a.
of (B) ring /(A)ring of HTO used

1) K. OOHASHI, et al., J. Radioanal. Nucl. Chem., Letters, 145, 29(1990)

2) KM%, WISEMHILFHRSE (KEK) 2B02

SUBSTITUENT EFFECTS ON REGIOSELECTIVE TRITIATION OF BENZANILIDES

Kunio OOHASHI, Takayuki SEKI, College of Arts and Sciences, Chiba University
Rhodium(III) chloride catalyzed regioselective tritiation of benzanilide and para-

substituted benzanilides with HTO was studied to examine the substituent effects on

the tritium incorparation to the anilino benzene ring. It was established by chemical

degradation that the tritiation occurred with virtually 100 % regioselectivity at the

ortho-positions of both the benzene ring in the anilides. On the basis of the

experimental results, the reaction mechanism is discussed.
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DIFFUSION OF I~ IONS IN NEAR SURFACE REGICN OF MOLYBDNUM
H.J. ARNIKAR, E.A. DANIELS AND P.G. REDDI |

Department of Chemistry, University of Poona, Pune, India

ABSTRACT

The volume diffusion of I (+3311) into molybdenum, used
as a plant metal in breeder reactors was studied over the temperature
range of 300-473 K., The metal was provided by the Goodfellow
Metals, U.K. in the form of 0.12 mm thick and 6.% mm wide foil
from which 26 mm long strips were cut and subjected to chemical
polishing by a mixture of HClOu'and HCl. The strips thus treated‘
were held erect on a perspex base in 103 M Na I solution labelled
with 131I and maintained at the desired temperature. The strips
were removed, each after a varied time interval, washed, dried and
the activity on each face was measured with an end-window GM tube

under conditions of constant geometry.

The actual surface area of the adsorbent was determined.

by the method of methylene blue dye adsorption. Assuming that

each Mo atom on the surface adsorbs.éne I” ion, the surface
coverage (§) was calculated. To study the volume diffusion and

the mean depth of penetration, each of the Mo foils with chemisorbed
I” on it, was held securely between two blank Mo strips in a
furnace maintained at the desired temperature for different tiﬁe
- intervals. In the end the ‘aetivity on the central foil and those
on the surrounding blanks were measured. In this way loss of
activity by evaporation and desofption could be assessed, The depth

of penetration was measured by acid etching by 4 M HCl, layer by
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layer, of the samples annealed at different temperatures and.time
periods. In each case the mass loss and the residual activity Bh
after the removal of the n th layer were measured. The Gruzin

equation

R, =R, exp (- X2/h D_t)
was used to get Do the "initinl value of the diffusion coefficient,
by plotting log R against Xﬁ . Finally by plotting

log R (p+ (Xn/z bot) ) versus X§ the bulk diffusion coefficient
D was obtalned. Table 1 shows the values of D fdr different
temparatures and 3 coverages studied. Also included in the Table

are values of Do and the energy of activation E,.

Table 1 2 Bulk diffusion of I~ ions jn.mgg[ggengm
D/lo-—l? m2 s-l
Temp/k :
9 = 0.75 9 = 1025 e = 2.0
303 0.9 .28 0.71
308 0,16 0.47 0.90
313 0.15 0.5C 0.89
318 0.2C 0.66 0.96
348 0.55% 0.97 3.7%
398 1.18 5.2 12.0
yhg 4.83 10.8 23.7
473 9okt 9.4 26.5
D,/1073 n? &=t 3.8 2.9 2.3
E/%T mol™" 32.3 28.5 26,1

The entropy of activation was found to be nearly constant
around -(120 % 5) J mol'l k-t over the range of conditions studied,

A vacancy jump mechanism is prOposed.
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OSCILLATORY ANNEALING IN SOLID-STATE HOT-ATOM CHEMISTRY -
DOES IT REALLY EXIST?

Horst Maller

Institute of Incrganic and Analytical Chemistry,
Section Radiochemistry, University of Freiburg,
Albertstr. 21, D-7800 Freiburg i. Br., Germany.

Dimotakis and his group have published a number of papers in
which they report for a number of target substances (e.g.
[Co(en)z ](NOz)z) oscillatory annealing instead of smooth an-
nealing as usually assumed.[1-8] They discuss their results
following the predator-prey model of Lotka-volterra, but
details are scarcely understood. If proven such a behaviour
would represent one of the most remarkable peculiarities 1in
hot-atom chemistry, strange enough, that an independent confir-
mation of these results is still lacking.

Two annealing experiments - one with 24 measurements (1-min
steps) between 30 and 53 minutes and one with 21 measurements
(2-min steps) between 50 and 92 minutes - were repeated using

[Co(en)s ](NOz3 )z as target for which Dimotakis et al. obtained
the greatest effects. As can be seen from the figure no indica-
tion for oscillatory annealing was observed. As expecied a
fitted non-oscillatory curve runs - considering the standard
deviations of * 0.5% - through "only" approximately 68% of the
experimental points as predicted by the statistical nature of
radioactivity measurements while an oscillatory curve in con-
tradiction to this would run through almost all points. - The
difference 1in the two annealing curves 1is attributed tc some
room temperature annealing in the second experiment the
material of which was activated together with the material of
the first one but stored for more than three months at room
temperature before beginning with the annealing and separation
experiments.

P.N.Dimotakis, J. Inorg. Nucl. Chem. 30, 29 (1968).
2. P.N.Dimotakis, Nature 224, 1198 (1969).
P.N.Dimotakis, B.P.Papadopoulos, Chimika Chronika, New Ser.,
1, 48 (1972).
4, P.N.Dimotakis, H.Papaefthymiou, Radiochem. Radioanal.
Letters 48, 263 (1981).
5. P.N.Dimotakis, H.Papaefthymiou, B.D.Symeopoulos,
Radiation Eff. 91, 39 (1985).
6. P.N.Dimotakis, H.Papaefthymiou, M.Soupioni, J. Radiocanal.
Nucl. Chem., Letters, 104, 69 (1986).
7. P.N.Dimotakis, H.Papaefthymiou, Radiation Eff.
88, 223 (1386).
8. H.Papaefthymiou, J. Radioanal. Nucl. Chem., Articles,
134, 129 (1989).

—
.
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Chemical Effects in X-ray Spectra following Electron Capture or Internal
Conversion: Comparison with X-ray Photoelectron and X-ray Emission Spectra
Applicationg in Hot Atom Chemistry,

D 8 Urch, Chemistry Department, Queen Mary and Westficld College, Mile End Road, London,
El 4N8§, United Kingdom.

Abstract

For the most part, nuclear decay processes are indifferent to the chemical state or environment of
the radioactive atom, S wave functions being non-zero at the nucleus, electron-nucleus

interactions are possible. Such interactions can lead to (i) the internal conversion of y-rays, (i) to

the recoil-less emission of y-rays and in some cases (iii) to direct electron capture, (ii) is studied
as Mdossbauer Spectroscopy whilst (i) and (iii) generate jons, usually with 1s vacancies. The
subsequent relaxation of these ions results in the emission of X-rays or Auger electrons. As the
energy involved in (i) can be known quite precisely, measurement of the kinetic energy of the
cjected electron can be used to calculate the binding energy of the orbital from which it came.

Chemical effects, which can be related to the chemical state of the emitting atom, are known in
both X-ray emission and X-ruy photoelectron spectroscopy. This paper will review and

rationalise such effects and show they may be related to X-rays and "y"'-photoelectrons emitted as
a result of radioactive transformations. In this way it is possible to deduce the chemical state of
the emitting atom.

When the valency of a first row transition metal ion increases, the number of 3d electrons
decreases. 3d-3p electron repulsion will also decrease and becuuse of differences in the radial
functions this decrease will be greater for 3p than for 2p wave functions. 3p, 1s overlap will

therefore increase more rapidly than 2p, 1s overlap as valency increases, Higher (KB/Ka)
intensity ratios cun therefore be expected from higher valence states than lower ones, Other
parameters that will be considered are changes in X- -ray emission pesk profiles, in X-ray
photoelectron kinetic energies, in exchange effects and in shake-up/off satellite peaks.

The diagnostic potential of such effects to determine the chemical state environment of a recoil

atom that has come to rest in a solid matrix will be discussed. Complications due to different
initial excitation processes will also be considered.
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3 B1 2 Retention studiez following (n,?7 ) recoil in
alkali metal antimonates

' Dedgaonkar V.G. and Rashida A. Harnesswala
Department of Chemistry, University of Poona,
Pune - 411 007 (India).

Amongst the oxyanions of group v elements,
phosphate showed the retention of P to be dependent upon
the ionic radius of the cation . Cation effects were also
found by wus in the arsenates "%/ Data on antimonates
however are rather scanty. The present work deals with
systematic studies on recoil states of radicactive antimony
'in the alkali metal antimonates. After neutron activation
samples were analysed by radial paper chromatography using n-
propanol + 8M HC1l (10:1.5) as a solvent. The retention value
reported for each of the alkali metal antimonates is an
average of at least four independent experiments. The
standard deviation is +1.5%. Table 1 shows that the 122sp
and 24Sb retentions are practically identical in all the
compounds; thus initial recoil event does not influence the
retention. Retention however depends upon the mass and
periodic properties of the cation. Further, when neutron
activation was ecarried out in the solution state, the
retention decreased by about 10% for Na and K antimonates as
compared to their solid state values; this indicates that the
stabilization of Sb(III) state occurs much more 1in the
strongly acidic medium. On the other hand, in 1lithium
antimonate there is a marked increase in retention by 18%,
reflecting the anomalous solution chemistry of lithium salts.
As one moves down the group, the +3 state is stabilized more
through 1inner pair effect which is pronounced for 8b; this
causes lowering in the Sb(V) retention as compared to that of
As(V)(z_4 ) This is substantiated by the observation( ’
that in Sbs03 a very small fraction of radioactive Sb(V) is
formed and that too returns to the trivalent statet upon
subsequent heating. On the contrary, 40-75% conversion of
Sb(V) to Sb(III) state occurs after the (n,?7 ) event and only
a fraction of it transforms back to Sb(V) upon either thermal
or radiation annealing (for example,only 8% conversion in
lithium antimonate). This reflects on the inner pair effect
through higher chemieal stability of Sb(III) state as
compared to Sb(V) state, for both solid and solution states
of antimony. »
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A rapid rise with time of isothermal heating followed
by a pseudoplateau is observed indicating at least two
processes are involved in the annealing. Table 1 includes
activation energy values computed from the usual lo (Rp—Rt)
versus t plots and also from the Fletcher-Brown method.
It is interesting to note that these energy values differ to
a very great extent except in the case of cesium antimonate.
The mechanism suggested is : SbOg --> *SbOg_ -=> *Sboz_ + 0.
The oxygen released may attain some interstitial position and
when sufficient energy is available may move either towards
or away from its geminate partner.

Table 1 : Initial retentions and different parameters
obtained after thermal and radiation treatments
given to the sample following (n,?7 ) activation

Parameters LiSb03.3H50 NagSba07.4Ho0 KSb(OH)g CsSb0g
Initial retention 23* 47* 53* 60*
26 45 54 58
24** 48** 52** 59**
(42) (40) (52) -
Threshold annealing
temperature/°C g0 60 87 58
Activation energy/kJ mo1 ™t
Arrhenius plot a7 11 23 21
Fletcher-Brown model 1086 44 70 13
* . . ., 124
chemical separation, *% for recoil Sb

parentheses for 0.4 M solution iﬁ BM HCl during activation

1. Anselmo, V.C., J.Inorg.Nucl.Chem., 35, 10889 (1973).

2. Dedgaonkar, V.G. and Madhuri Barve,

, Radiochem.Radiocanal.Letts., 27, 83 (1978).

3. Dedgaonkar, V.G. and Madhuri Barve, Radiochim.Acts,
23, 9 (1976).

4. Dedgaonkar, V.G. and Madhuri Barve,
ibid., 24, 117 (1977). '

5. Andersen, T. and Knutsen, A.B., J.Inorg.Nucl.Chem.,
23, 191 (1961).

8. Facetti, J.F., ibid., 2%, 758 (19863).

7. Fletcher, R.C., Brown, W.L., Phys.Rev., 92, 585 (1953).
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1.ucwc
SYDVEBERTORERSWTIE 20(d, n) "IN (B . FikHA9. 969) RENE
BTHIMNRVENTMENTZABHTEBERRIED 2O N LB DE(C
53, CNET NOHETHEIHBOEEGHIR LU ORERBRERERRE
LTWhWBANY, CORBETIEIHEHEBENS QY. AW NEHENEL L.
CHETIRHARBELTOHS NSEEY OBRANHEICK S, AR TR BEAR
ZHECLH-> " INOPBBFHEEFRTTIEEBIC, EHABICEBL, RUENT
MENT U I VBERROTII0 “~1x10"%atoms/cm*DREEZFE LT
2. &
ABERHE HBEAVENBTMENLLHROCI-> U2 (100) 7 =/ (EXH
Tmm) T DHCEE20x20mm (LN U TER Ul HbEEERBIICEHBEORE
9. 9% DTS5 774 FERAW
By BitE, NMToYq4so0torv(ckYiToT ¥ISMVOEBF (d) #EifE
0.5~20uAT 1~103BH L REFREEG SUIVORAHOunE 7 v B
- FHEL - BFEE - U UBISKICEYIERET o F L. BERLI B ToFUHTE
BEFATNF—OFELEREHRISTTHE LI
BHEOILZNE BHUASUIVERBRANVT—ICERL, 2EHR0HEEFLLT
2mmol DKNOsZ/IM LIz7 B - BFlE - U VESRKCIRBE{T- 2% BARKS
FABRPICRE LAEBILEREMTRR IS RICEBELL, HEWWT TN
TEEEMABRET VEZ 7L LU TKESTEZEITo 2% NHIPBELTESR
EREBHEXRBRSEL IS
WETEEBIE  NBUSEERIE . FHAEINal T BESE- VT ILTF » v RIVDHE
BELII—XOBEESNSLIEBHHEEEANTITo I
l_?glixii#@%ﬂj f‘_?:Ef:lE}# (CX) (EU/J\_FO)TJ: UEH-JI L1
Cx = Cs (Ax/As) (Is/Ix) (Ss/Sx) F(E:) (1

A HERERETEE | B S BETFIREL x. s OB LU HEBERERH
CCT F(E)) (FPHILEEE RISHIREOHMEE S &K Yskd 1o,

3. HRLEE ’

3. 1Z2Z0LEHNBREORT 2 UIVORETRICIIEEREDODIBEZED (C
HALMHEDRESE (2mmol) WROHND, TIT. BROETICHWSEF /NI
FEERMBICNTIZBZRDOBEELAE LREZBRAEERT L, BEEX
TICRT. FNNILYEEDMENT gDIFE. 0. 8mmo | DIRFEE=TIIBEENTE%
THolh, 2mmol (CHEMTBE0%ICRID L, FCCASTMEBLENIE

LMDZSL, dhdh0r& LIFEDLLE
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fz& A BEEGEKRL, 24l ETII%L EOBEENE SN, Lich-
T. BETMEEZ3 g LT, YUIVDAR KESREZELUREYSELE
AEEITOMSEAE U CREERD T, (LPREBFERBED50% (3T L50. 4%
NELGN, DEHIRIENERTHLI LR LI

3. 2 VAVHDERERNT HILKEEERO. RORNEETZUD
VHORBREEEL L, HREXR2(CRT, T Si-1-1, Si-1-2lF<UYMA L
BELERTH D, EEEEFHREAT—EHL, 10'atons/cn®*DikFBEHIR
HRAMTER, Fizo Si-1-10FBET. (x104atoms/em® TH » oo LU EHE
FEhDET5LOBHEREEZWWuAE LTEEFT, BoN-EEE (Si-
2-2) ESi-2-1DBEELFHHREANT—H UM BEE 2% AL G,
EDHEOBERFE. 2x10"3%atoms/cm®TH » fo

gk 1) REF KR B BEADWEEZEFHESFEHFTESE. 1991, plh0
2)K. Shikano, H.Yonezawa, T.Shigematsu, J.Radioanal.Nicl.Chem.,
111(1987) 51

Table | Dependence of '"3N yield Table 2 Analytical results of

in steam distillation on amounts carbon in boron-doped silicon
of Devarda s alloy,. single crystal,
NO,~ Devarda's Yield Sample [c] (x10's
(mmol) alloy(g) (%) No. atoms/cm3) *
0.8 1.0 78 Si-1-1 1.4 +0.1
2.0 1.0 60 Si-1-2 1.5 £0.1
2.0 2.4 70 CSi-2-1 0.71%0.09
2.0 3.0 13 Si-2-2 0. 750, 05**
2.0 4.8 15
‘ ¥ Ippb=1.17x10'*atoms/cm?
Ref. 2) %% Beam current: 20 A

DETERMINATION OF ULTRA TRACE CARBON [N BORON-DOPED SILICON BY CHARGED
PARTICLE ACTIVATION ANALYSIS
K. SHIKANO, H.YONEZAWA, T.SHIGEMATSY
NTT Interdisciplinary Research Laboratories

Charged particle activation analysis of carbon in boron-doped silicon
was developed by examining precise conditions of chemical separation for
'3N. The detection limit of the method was 2.3x10'3 atoms/cm3. Carbon at
10'4-10'° atoms/cm® levels could be determinedwith a good reproducibili-
ty.
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3C02 R R O B T IR L AT
CIALKERT - FALRAZIRE) RAIIAH - O PHARHIZE" - Bk

[z i)

B F IS LT BT, V. ZF0Z K Oxn RIS L TEEESIBTiETH 5, L2
Lahis, IhE CHMRABOGHBIIZ LA LRV, 2OERE LT, FHTOHH»
5 (p,n) B TCCod™ B L MOMEBERFTEDRHIIT 5 WD FHET SR,

L BT, WE., WEMETBEHMEGI Tt T oOREL 8 & BB CHIET 55,
BLUEA ORBICBE SN TFREMNET 2F0LEL SN D, EERMPELE L
RENLOFFEPFAKTH 5 - OMERF HEHMEOMCHE L - EEETH 5, ERICHE
AT 27 o Tl % PIEHE 2 39— 12 BUBF L BHER IR SN X 5 720, BLU~
MYy o AR A FREREL (T D010, —HBERTAHENE bR b, 20K,
SR OGS TIR P Y v 2 ABUEEO BE & % 584 ARG, METEOE
BORSH b EHEINS,

Z 2T, SRS OB IS LD X U CRIDEE % 6E 5 AEHERINAAZHE S & B
RHTEWR LTz, T2, BETHHESI COHMARBOFM2ITV, ZhEROR R
& ILBRE L 72,

[EEx]

FATREN I ARG B OMETEMR. KEEW ) — X&RBAL FHERM
FEHITRO L 9 WCHAE L2, 3. FABS00mglcEREZMA. 778X VY KPTH
L. Ti. Vi Cr. As. ZiOREERE LT —EEHML 2o 72, PUEMETRE LTYR
100ugZin L 720 RIC, BREZARSHK. NEERE L 2 BIMIBKHIH 21TV k& Bk Lz,
K2R, ANBBRL T b2 F VT )5 — 2 ZRZRSmlA T/ ML €,
FVEIBEBFUL VI EERFRTCEBEL, BRRC L. 20 —#% & ) EZFE10mnd X
Ly MRICEEI L, RSNV 720 RUHEOFE b PIZETE 2 A RECHARL 72,

AR ERnEE i 1218 FERIC BBET T 5 22, REEROFE AV &~ ICEE L 72, BT
WEIEKFEFA 70ty -RIEYS =BV T, BFMELRANVF—13MeV, FHE
TRAuA, PRETHFRS 2 BFf CRIRERSIEEEH W T o 7, HBEHR. ABE7VIzy A
HTHLEL, y Bl L7 EEICHBET 28D, 60y Hr RBESNETHIE
TH70. 2HRER., 1ARBRO 2EMELEYEREL 7,

(43 & £52]

MIZHE TR IR IGAESINWYEFIH Lz Y2 LR @)RIGIK &5 T
PLHER T 505, y $I390%eV & 511keVD A TH B 720 A~V MV HHE T 77
TEOMEZHET 5 Lid%k . FRPIIT8AEM L AE D F S TREHIOARE £
TR T & 12,

BEFEDLRZVTI, TTHERTLIL, @6428
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MIBKH DFRIZ, Ti, Cr. As. Zr3B & OYIZ100% KA RIS N D & & 25D D 70
VORFFERIZT0~80% TH > 720 H L5 L OEKMAS FOFe® MIBKIHI 326 &
T, Ti. Vi Cr, As, Zr» S (p,n) G THEET 5%V, *Cr. "Mn, ®Se. ®Nb (P"Nb) %
BB TED £ 1C o7 LA L. Nby Mo, Sn, SbidFe& & b ICMIBKIC Il H
S, BAGHEETIIER CTE LD o7, WETNER YV — A DEEHH R % Table KR L
2o HELD 72020MeVERETIC & 2R T HAHLOITPAA)DRE RS RE & LB ITRL 72,
BIEREADEBCOVWTERCHA Ty ME— s TON Y 27590 FEtl D30
R XLERBETERLEDDTHD, WTFROTTED 10ug/egh b ATl % R
L7z BEMRIIFEE S L UPAADRERE D B~ L., {b¥E5EEC & > TR T
HTEEOH L VLK EFER{EETEL I LPHELOL R,

PA Ll B4 i pis sk & BRuemnpPigEde ot i 2 i Lo TllAa 7205, E
B OBETHEZL, EEHHWTROMIM O TR TH L, 20O, PEEL LTER
HWTHRE LD T TE L LRLENTAEREVEATE L,

Table 1. Analytical results of JSS Trace Element Series 169-6,170-6,174-6 and 175-6.

JSS No. This work JSS PAA*
Element Average D. L# Std. Value Average D.L#
(rg/ey  (Ugle)  (ug/p (ug/e)  (ng/e)
169-6 T + 1 3 120 117 = 4 5
Cr 959 *+ 41 11 960 995 + 27 17
As 54 £ 6 10 50 53 £ 5 -1
170-6 Ti 998 + 14 ‘ 3 1030 1116 £ 5 13
. Cr 417 + 14 12 420 479 + 26 30
As 316 £ 22 11 310 317 £ 4 3
174-6 v 629 + 18 5 590 ND
Zr 201 =+ 2 200 206 £ 5 1
175-6 v 999 + 15 8 920 ND
Zr 398 £+ 9 2 390 422 + 17 2

*. The results of photon activation analysis with 20MeV bremsstrahlung irradiation.
#; Detection limit (3VBG).

PROTON ACTIVATION ANALYSIS OF STEEL SAMPLES
Daisuke HASEGAWA, Mistuo HARA, Institute for Materials Research, Tohoku University
Kazuyoshi MASUMOTO, Laboratory of Nuclear Science, Faculty of Science, Tohoku University
Combined use of pre-separation of matrix element and the internal standard method coupled with
the standard addition method was applied to proton activation analysis of stcel samples. Then, iron
was removed by MIBK extraction, after dissolution of steel samples. The recoveries of Ti, Cr, As,
Zr were 100%, and V was 70-80%. Yittrium was added to sample and standard addition sample
as internal standard. Analytical results of V, Ti, Cr, As and Zr in JSS Trace Element Series and
Low Alloy Series showed good agreément with their standard values and the results of 20MeV

photon activation analysis. Sensitvities of these elements were 2-12ug/g.
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3C03 ABFRECICL2EHEMNFOTvRODK (2)
ZECT YT NRE,. BHiLKX - REH
' OMIHEN - MTAE - KILARE
MAfmE . KB

1. B .
HHEMROLBIOoBERFOTHEGBREASNMEZOMRB N LVEFMFEID X &

HBELVEBFELORTWSE, ChET, RELEODOWTIWNEOHKE2T> TEENFRK

o, HHEFRECPEBE FRELTEREENBLLW vy RE,. BETEGMERE %

FE L. 9F (¥ ,n) 18F (T1,,,=109.8nin) RibZAWEXETFRAELITICEID SR

BECAWTIREEBIATAILICLE, BIEOHBETR., Z7vEOFEEL

LIHGBEARBWEERFERODWTER LA SEHLEHORMNCHEA T &, A&

B EAENADIAEORH 2T EFOTERE T %, '
FrE. JvEEBICHMIAWEBERSOBE #7020 THETHRE T 5,

2., EB '

2, 1 ¥ _

MR 12 IZNBS SRMO1 Opal Glass (F=5.73%) 3 Wik 7 v BBELFEYICHH
LESRYIF IR ZAW, RBELUTIEEENS X, EH®ELIB-1,J6-1, BT
e oaEEAE,

2. 2 HBE

SHEHE100~200mg%k. FEXW0unwdH7 Lz A8 TCAEL. EEL0mnDT 4 R
TRIZHEBELUE, SREZBEHEET Y —ONIBELLIRHBAGEERNLENR
HAO®, RKEBHEALVY —AOPLa N~ —FHI~5cnO N ERCEELE. &
FMELRNF—300eV, EHEHERHIOLAOBFHEEZPLa Yy N —% — CHIEBRE 2
L, INMHRH UL ZE,

2. 3 {bzE4y @k L gt e HloE

RE R, RE L 3VFEVIWIATLETLHBES X DICUL TPhIFs Mo FEH. 1000' CD
FREFFIZVWREZ, ¥4 U 712k NaFH 5 WIENBS SRMIL. 759741z 1k NaoWo0.%
Whe 7w HIZ., KERBMOBERW S (500cnu3/nin. ) T200MMET I LIC
EDHFE LTHEEXh, FAELZIFZR/NOHB BT ISy 7LEELE, S8 LU E
Ty RIIHEBRAUNOTEMEIRLAE LT, La(NB3) 32 FE MU CLaFs& U CHBXHE
o EFMUZKBESSPLOFRUAERImMOSELICH—~ICHDE, 2T
AyxFbryHicwh, FYVxFLryyy—VRAREELTHZEAEKHE LU A,

LB 6 OB EFHEICHESS I lkeVOH RS B OB E L Ortect 2 Pure Gel®t H 3%
(DMEE ; 1.9keV, L ; 30%) ANAIGHEY Y —XHCAICEH L., A4 7oa X
v hERWTHEBEBHEME 1T - =,

Ty ROEABMEILZ, KM ERTH, 2HEFEERLEELTKD 2,

BN VBERE, EFP ADBE. ZXE PTEX
Fgdve FEL. BBED2E Dty
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3., HRLER

3. 1 OB ‘
WAV AC A REAS S AEARKD I DI MAMEE, NMARMB, BETARE.

ISl oW TR 2> #2. TORE. MAEZLL000°C, MMM, BRI A
EB500cn3/nin. . F 27597AENa W0, AT A LIRLE, COLEDTIVRD
BRIFHB0XTH >R FEICELZRMIAEEO2RMICH LI/2OIRHETS -
%o

T ALESHZOBREHRENORDETY FOEXEHMBIXHBEL L -RLE
Bl RHLCENHERS S IAABTELIZ LW REPDENE,
3. 2 IvHEOFEBER

A EE TIINBS SRMII

Opal Glass®h 2 Wik & ik Table 1. Concentration of fluorine
YURF R B EREHK &
LTT7y HEDEREZREE  Sample Concentration(ppm) | Reference*(ppm)
ULk, EEHR%Table
1LLIciRd. BEMITAEYE qQuartz A 1.2 2 1.3+
DB L BIAHMETSH  Quartz B 1.5 . 1.3£0.2

2 2.2 2.3

3, EBHRIEEZOR Terg)i(lixge 2.
BTHEEEOBEE—-F%L
TWwd, KETOERT * Values of distillation method
FRIZ0.04ppuT & » o

Fa, ERAERIB-1,IG-IOERE R RPicR I o 2 REMICALIEEICE
EHERULE, THiE. FIMIALSDOHERRKIS 2Na(y ,a M) FOBEICL3HDT
HABZEHENa CO: 2 WEARBHERICE D TRAEL 2. HE. WEBRRIGOHBER
VHELZTRVWEFMELINY —200eVTOERERHFTH 3,

DETERMINATION OF FLUORINE IN HIGH PURITY MATERIALS BY PHOTON ACTIVATION
ANALYSIS(2) : ‘

Mitsubishi Materials Co., Hiroyuki SAKURAI, Minoru TAKEYA, Yasumasa SAYAMA
Laboratory of Nuclear Science, Faculty of Science, Tohoku Univ.,
Kazuyoshi MASUMOTO0 Tsutomu OHTSUKI

Trace amounts of fluorine in high purity materials has been determined
by photon activation analysis using the '9F(7¥ ,n)'8F reaction.

After the sample was irradiated with 30MeV bremsstrahlung for lhr,
fluorine was separated as HF by fusion and combustion of the irradiated
sample in a moist oxygen stream. The HF gas was then collected by passiné
through traps containing NaOH solution, and precipitated as LaFs to
measure the positron annihilation gamma-rays. As a result, fluorine can be
purely separated , and detection limit of fluorine was found to be 0.04ppum.
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3C04 REHGEE = 4 7t DT R DR T AL

(FRIEAMET) OMIFHRK. . BEHASE. LIEE
AOBR— (BRREW) KREEE=. B FHE

1. Bk SHEVvT A2 VvIBiEEEoRME L TEEaN TV, AHE
. LT 28 VOMEFBERORIAEBNE LT, Thhi. =4 75 EBFHRIMEL
1BE BMITHO rBARI PVOE—~E— 2 BBz 2 NV F -t EBEEET 575,
Z0a v 7 vBEEEPE ANV —ICEET I NMYIBED y BEY— 7 0RBER
I LTWB, #CT. BREHMERAEMDOA (AFAVAIFATIY) /2L uE
Av., SREE» S BMERERELTO O, A TEEATRTIHEEWE L.
2. £ B (|5 2rEE (99. 5 %NbIR) DRI ICELESE (HNgo
11 E%E0) 2EE LT, BFENESZH W EETHE 2T » fto BHBOETFE
T RNFE—E 27 MeV. FHEBFHEIE 37 v A, BEEERIZ 4 hr TH - 720

(bFnE) BHoR., oa S BEEBOBERBEZT V. B TR ES8RE L.
R OMBERE r 27 FAABROERcB VT, SRR o REYTED
TEBEIT>7:o NbIZEHEEE 7 » {L/IKKEETAME L., EBERXHOBEAR, &5k, BIEHR
B &7 v ALKRE TR Lo BB, MEB—MDOA /£ L YRTiTo7o —5
Blicox, MMHBBRELZSEIRDVE Lo NbDOHIEER (BREFE) .99, 9% TH- 7,
3. HEIrER BEHEFEHINDEBORSGHECBIIZ. Nb&BoBEHMEZD.
RSO KB L 2R, ORBEOTHMKMEIEE Lzo Mo, Ta 7K
IR U » 72 (Table 1) o

Table 1. Ratio of remaining radionuclides in aqueous phase after solvent
extraction of standard sample with H2S0s4-MDOA system.

Nuclide Sc-47% Cr-51 Mn-54 Co-38 Ni-57 Y -87 Zr-89 Mo-99 Sn-11Tm Hf-175 Ta-182
Remain  0.52 0.95 0.73 0.67 0.62 0.56 0.26 0.00 0.41 0.69 0.00

% 48Ti(y,p)47Sc

LM Edi o, BHEE%. IO r B2 ~<7 brvicid, BMTEN b ORKIGICHE S 3
EREROABEL, RHYIBEBEOGERER ( HETEL L - te (ELFEMAEEITWV, Nb
ABRETEIEILD v BARS PR RHWITHE NI, Ir KEHBET ZERBERESRE
ENico 4y BB LARLEBEORRRARID S0 N iHRT 2 Ni-57 BEELTEL
72 Co=57 « Hf, Ta IKHMF 2AERBEENRE I Nz, RUS W ARHYITROSHERE
URRH TR % Table 2 IR T o

HED bkl &S WIL, KK Z2wHA, &hddb ABHEA.
zi<b DeIVb, UoBh AWb, BBE Lwd%F5. 2dh (kovd
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KB, BH . EEBTERP-7V, Y RO W icHES 5 V-48, Y-88 KU W-181ic -
WTI, BRAEEDTTH 5, RETRE/NELS L, &5EL OFRHMMTHRERET S
fedicik, Fllic® 2 coRHOER. SHHRMOoERE L(FENBEEOWING £icly
ZRAEMARLIBTAER STV, (ARRAEHERNTORMBEERE CfTbiie )

Table 2. Content and lower limit of detection of trace elements in niobium.

Half 1. Ev AN content lower lim. of detect.
Element Nuclide (day) (keV) ratio (ug) (ppm) (ug) {ppm)

Niobium metal (19.5 mg) was removed by solvent extraction;

2 days after irradiation.
Ni Ni- 57 1.5 12T 7 0.11 5.5 0.031 1.5
ir Zr~ 89 3.2 309 15 0.10 5.1 0.013 0.7

Sample without removal of niobium metal (774 mg); 4 months after irradiation.

Ni Co- 572 270 122 9 3.8 5.0 0.84 1.1
1B HEf-175 70 343 12 3.1 4.1 0.51 0.1
Ta Ta-182 115 1221 13 330 420 50 69

' 1231 b 340 440 110 150

A is peak height of 7 ray spectrum; N is height of compton hill where the peak
of 7 -ray joins: A/V N is signal vs. noise ratio. Lower limit of detection is
given as (content) X 2V N/A. * Ni-57 -- EC&B8-— Co-57

STUDIES ON DETERMINATION OF TRACE HEAVY ELEMENTS IN HIGH-PURITY NIOBIUM WITH THE
TECHNIQUES OF PHOTON ACTIVATION AND SOLVENT EXTRACTION

Takeyoshi ASANO, Yuji SATOH, Kyue FUKUDA, Michiharu KITAGAWA, Ryoichi TANIGUCHI,
Research Institute for Advanced Science and Technology, University of Osaka
Prefecture; Juzo OHKUMA, Kunihiko TSUMORI, Radiat. Lab., The Institute of
Scientific and Industrial Research, Osaka University.

After photo nuclear activation of standard and analytical samples, solvent
extraction was carried out with H2S04-MDOA (methyl-di-n-octylamine) systen.
Niobium was extracted and impurity elements were left in aqueous phase. Nuclear
activation efficiency of elements and ratio of remaining radionuclides in
aqueous phase were determined for the standard sample. Trace impurity elements
of Ni, Zr and Hf, Ta were determined from analysis of 7 -spectra of the aqueous
phase and nontreated cooled~sample, respectively.
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3C05 [E-ir R 2R 9 A BT X 5 SRERESR O
HWFEOEE
GIEKED - () I 7= ) OFFRR, FRBIT

1. LI

RS LTI L B T OROERICIE, EPHEFICL 52 28Si(n, p)22°r2®A ]
ISR a5, $H22°Si(n, p)2°Al RINIHFEFRIGE S BB UR  TIOFEH
H%, bhbhZEEERE T FI Y AFCAh, BETFFEPHETCRIL, 6.6390
PADSHHEENS1213.3 keVD r 845G e HB TEHET 52 Lic kb, FEREMNICH
WERIEE A CREYARR OO RIERTE B T L EHE L,

AR EE ARKRHE OTSREBHERFHEH Lo R >0 TRET %,

2. SR

Ak 0.03 ~0.3 g ZRYIFUURICHAL, HEEEARHAOSBEIVE (0.03~
0.15 g Y& &b, BE31lm, BEE2 cn, HI3 cnd®F FIDAFICAN, YHFOF B
A EPHFER 5~6 X10''n/cm?/sec) b U IERSR BASFL(4. 6 <10 °n/cm?/sec) T5 4
RS 3, BHEETHE] 0 EESALAH, 38, EXONEIC5 45550 e RS
TEHd %, PALDI2T3.3 keVE — 7 DR XL F —fiZ2%A1D1TT8. 9 keVD v > 7L
R —TE-IBBERLLDT, JhEBFI Ty 7 750 FESBEORMEZITY, E%RO
A KD 5,

i EEED N ThOHETRER 2V, BEMEZTY, HERTHVWEEFR
FEHE LI
3. BERLEX

AARSMEESN 720> Y 2SS 720-4) D0.1194 g#R SRTSHBHL, BE
%1 12X059MBRERZLD 3 cmOERTHB LI r BAXRZ MVEF i g, 1R
9, 2°A1D1273. 3 keVE' — 7 DMLIZ M, 2°AL, 2'Mg, *2VED - 2 Elflahicds, 7«
oY 2 EBOBEIE, P°Al D TOROEROIIEIIIR ST -1,
7oy av(I8S 720-4) EROBULAMMUIERETable 1&&ET, 10
DEDBUATMOTEHERHKILTE. 953, 69%SiThHD, FKEOHEMESERR
t4. 8K TH-oTc, BRGMAGLICLAEEMT 6. 3510, 283%S i LHEL
T, AEOFRXEETSE, (76, 95—76. 35) /T76. 35=+0. 8%
THo, 1 (MBER—RABEEORLHMTEILICED, FEEI T 2oy 200
WEOBEERRESEI bEYCHALES b0 L Ebh 3,
M1 I SABRESRE (JSS 110-9) ##0EUAH LIcERGS) 13
.59 , 1.66 , 1.68 , 1.73 , 2.00 , 209 , 1.77 , 1.84 , 1.24 , 1.63
ThHb, 4 1.72 £0.24% Si, HHORVRUHNEEIZT1 3. 6% LTHORS
SERR SN, EEFL, T 2% ERBO—EERLUIG

ELSITAL, EEAVHYE
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Z DO GSAERES I DN TARES B U751,
vyaesHy (1T05—38, 14. 60%Si) TR *MnyBBEIERL, Ar
KBS ORI NIHEIATETH Y, KEREATE S, -1 Tzo=F7
(755-1, 2. 12%Si), G&TEMD6E (604—8, 1. 0 5%Si)
IZOWTIEALD1273. 3 keVE — 7 2MEMCBIBTX W7o 0Y, EEESE LEEMITIIELD
0BT, TOREEHEHAR (2801, 0.028%Si) ®, Juse 75 UR
(500-5, 0.29%S i), E&&MW25 (151—-11, 0.105%S i) ZHI&¥kD
ERBRLTT, 4P ATJRETH -7,
Table 1. Results for the determination of silicon in ferro-silicon
standard sample (JSS 720-4)

Sample Weight %S i Sample Weight %S i
Cg) (g)
0. 1056 78.99 0.1194 79. 09
0. 3890 81.92 0. 1223 80. 24
0.0919 76. 35 0. 1086 T4.71
0. 0855 76. 76 0. 1407 69. 64
0. 1482 78. 85 0. 1281 72.98
Average : 76.95%£3.69 %S i
'.' E- l i : l t LlLl : F;lll: .04
g Tine 1 vepoens 1
wie ;E -
: 2 £ s
. g = 2
1e" F < < =
< Tz

SMgQodd
HYQUSL )

LOURTS/OHANHEL

ee

L e Toes 1509

CHANNEL, NUNSER

Pig. 1 7-ray spectrum of S min irradiated ferrosilicon

DETERMINATION OF SILICON IN JAPANESE STANDARDS OF IRON AND STEEL BY PILE-FAST-
NEUTRON ACTIVATION ANALYSIS

Kenji TOMURA and Hiroyuki TOMURO

Institute for Atomic Energy, Rikkyo University and Corporation MIKUNI ‘
Silicon in Japanese standards of irom and steel has been analyzed by pile-fast-
neutron activation using 1273.3 keV y-rays from 6.63 min. 2°Al. Silicon in ferro
-silicon and cast iron can be determined by this method.
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DETERMINATION OF ALUMINUM BY CHEMICAL AND INSTRUMENTAL
NEUTRON ACTIVATION ANALYSIS IN BIOLOGICAL STANDARD REFERENCE
MATERIAL AND HUMAN BRAIN TISSUE

Edward P. Rack*, Alan J. Blotcky, John P. Claassen, and Felix R. Roman, Department
of Chemistry, University of Nebraska-Lincoln, Lincoln, NE 68588-0304, U.S.A. and
Medical Research, Department of Veterans Affairs Medical Center, Omaha, NE 68105,
U.S.A. .

The metal aluminum is not an essential dietary element; rather it is a known
neurotoxin and has been implicated in renal dialysis encephalopathy, microcytic anemia
and ostemomalacia. There has been growing public concern that there is a causal
relationship between aluminum and Alzheimer’s disease. However, Alzheimer’s disease
remains a dementing disease of unknown etiology.

Prior to 1975 there were no adequate analytical techniques to measure ultra-trace
quantities of aluminum in biological samples such as tissue, bone and bodily fluids. Since
then, three major techniques were introduced: inductively coupled plasma emission
spectrometry, neutron activation analysis, and flameless atomic absorption spectroscopy.
All of these procedures have inherent limitations or problems affecting viable analysis
of aluminum in biological specimens. All techniques are limited by the extent of
aluminum contamination from airborne materials and from chemical reagents employed
in the analysis.

Aluminum has been an extremely difficult element to determine reliably in
biological samples. At the present time, no tissue biological reference material has been
certified for aluminum. As pointed out in an NBS (now National Institutes of Standards
and Technology) compilation of element concentration data there is a great discrepancy
among literature values for aluminum concentration in NBS SRM 1577 (bovine liver).
These values in parts per million ranged from 0.7 to 65. A majority of the aluminum
values were performed by neutron activation analysis (NAA).

Sixteen years ago we developed a chemical neutron activation analysis procedure
(CNAA) employing anion-exchange chromatography where the aluminum is collected on
the cation-exchange resin, and the resin irradiated and radioassayed for aluminum. From
our experience, currently available cation resins have high-levels of aluminum, which can
vitiate our previous procedures. Because of the increasing interest in the role that
aluminum plays in Alzheimer’s and other neurological diseases, it is of importance to
develop a viable CNAA procedure to determine aluminum concentration in NIST
biological standard reference materials (non-certified), to compare these values to those
determined in this laboratory employing INAA procedures, and to apply the CNAA
procedure to the determination of aluminum in human brain tissues.

In this paper, we report a chemical neutron activation analysis procedure
employing anion-exchange chromatography. The procedure proved successful in
decontaminating radioactivatable sodium and chlorine and phosphorous which can
produce aluminum via a fast neutron bombardment.
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Lyophilized tissue samples were wet ashed with concentrated nitric acid. A 0.05-
M Tiron solution was then added to the digested samples. The chelating agent Tiron
complexes with aluminum cations. After ultrasound treatment of the solutions, the pH
was adjusted to 6.0 + 0.5 by adding ammonium hydroxide and each solution added to
an anion column [Bio-Rad AG 2X8 (200 to 400 mesh)]. The columns were then eluted
with 0.5 M of citric acid (pH 6 + 0.5) in order to remove the interfering ions, sodium,
chloride, silicate, and phosphate. The aluminum fraction remaining on the column was
then eluted out with 1 M of nitric acid, collected in 2-ml aliquot irradiation vials,
irradiated, transferred to non-irradiated vials, and radioassayed.

Presented in Table I are the results of this analysis on NIST reference material.
These experimentally determined values agree well with the NIST non-certified values.

Table I. Aluminum Content of NIST Standard Reference Material (in pg/g)

Material Method This work n NIST Literature
mean = SD value Value
T S T T S SV AR
bovine liver INAA with Cd 22+ 18 8 1.1 + 0.2
(NIST SRM-1577)* 221 * 0.15
18 £ 0.2
16 + 14"
bovine liver INAA with BN 25 £ 04 2
(NIST SRM-1577)°
bovine liver INAA with Cd 19 + 0.8 15 28 34
(NIST SRM-1577a)° 1.93 + 0.89"
bovine liver INAA with BN 18 + 1.3 8 28
(NIST SRM-1577a)?
bovine liver CNAA 21+ 02 7 28
(NIST SRM 1577a)°
bovine liver CNAA-method 2.0 5 28
NIST SRM 1577a)° | of addition
( )
urine CNAA 0.18 = 0.01 pg/mL | 8 0.188
(NIST SRM 2670)f

20.5 g sample; ®100 mg sample; 0.5 g sample; 9170 mg sample; °1 g sample; f10 mL sample; Buncertified;

consensus value
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Fig.1 Arsenic versus chloride concentration in hot spring waters.
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DISTRIBUTION OF ARSENIC IN HOT SPRING WATERS FROM NASU AND

OTHER AREAS.
Satoshi KAWAMI,Yuko SAITO,Hiroaki HARAKAWA, and Kan KIMURA

College of Science and Enginecering, Aoyama Gakuin University

Arsenic in hot spring waters and several deposits collected from Nasu,
Arima and Nishiyama arcas was determined by preconcentration-radiochemical
NAA. The arsenic contents were found to be linearly related to the chloride
contents. As/CIl ratios for Nasu springs were similar to the reported ratios
for typical volcanic ot springs, whereas lh‘,e ratios for Arima and Nishiyama
springs were not similar, showing much lower As/CIl ratios.
As for the arsenic contenti in Fe(OH)3 deposit, the closser the deposit point

to the discharge point was, the higher the content was.
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Fig.3 Eluent concentration ( M ) Flg.4 Flow rate ( ml / min )
Table 1 JEHPEEZIRS0IE
Y biBRaIE 17.1% sample Y OUERIIE 20.6% sample
n R WHitise (%)  308# (%) | Wi (%) 308 (%)
*Se 183.83d 45x107 7.0%10°
539m | 1.946d 3.1x10? 1.4x10° 7.2x10" 32x10°
2Ry | 13.33y 6.5x10" 13%10°
BGd | 241.6d 1.1x10° 2.0%10°
“Tp }6.912d 9.6 X10° 9.4%107
'“Ho |1.117d 9.9%x10® 16X10"
™Tm| 128.6d 5.7%107 9.6 %10
" ul 6.711d 3.8x10? 3.4x10° 3.0x10% 2.7%10°
“vb | 32.02d 96.29 99.85 96.80 99.95
Yb | 4.191d 3.58 5.0%10? 3.17 44x%10?

NEUTRON ACTIVATION ANALYSIS OF ENRICHED '*Yb,0, TARGET FOR“Yb GAMMA SOURCES

Satoshi WATANABE, Hiroshi KAMIOK]I, Isamu ISHIKAWA Hiroshi KUDO
Japan Atomic Energy Research Institute

Radionuclidic purity of '*Yb in enriched "*Yb,0, target was determined. A cation exchange separation
method with a -hydroxyisobutyric acid was used to determine the radionuclidic purity. Mutual separation of Lu,
Yb and Tm was investigated for pH, concentration and flow rate of the eluent. From the radionuclidic purity,
it was indicated that the enriched **Yb,0, target was to be used for the preparation of "Yb gamma sources.
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Table I Analytical results of Cl in rock samples mixed spike solution (enriched “Cland I)

and few drops of Na,SO,
sample name Clippm I/ppm decompose under pressure with HF at 175C for 3h
RNAA IDMS RNAA IDMS
B2 313825 297415 0.055:0.012  0.056£0.010 Ag (sub-stoichiometric amount)
L) 240 0.049 : |
- filter Agl and dissolve sup.
JR-1 1063£65 974295  0.076x0.015 0.078+0.004 into conc. NH;
(L.v) 920 0.080 Ag‘
s4al measure '7/'”I ration_
JG-1 1 2 . )
(S V) * 60 5210 filter AgCl and dissolve
. into conc. HN,

+; relative standard deviation
) N . g 37
L.V.; literature value (Geostandard Newsletter) measure ~Cl/”'Cl

Fig.1 Chemical Procedure for Cl and I with IDMS

Determination of Trace Halogenes in Geological Samples with Radiochemical Neutron

Activation Analysis and Isotope Dilution Mass Spectrometry

Taeko SHINONAGA, Mitsuru EBIHARA, Hiromiti NAKAHARA, Kenji TOMURA¥,

Klaus G. Heumann**

Faculty of Science, Tokyo Metropolitan University, *Institute for Atomic Energy, Rikkyo

University, **Institut fiir Anorgsanische Chemie, Universitit Regensburg

Determination of trace amount of halogens in geological samples (ignecus rocks) was carried

out by radiochemical neutron activation analyéis (RNAA) and iotope dilution mass spectrometry
(IDMS). In RNAA, irradiated samples were dissolved by alkali fussion, and each halogene was
finally separated as silver chloride, silver bromide or palladium iodide. In IDMS , thermal
ionazation (double-filament ion source) was used for the determination of Cl and 1. Analytical
results of the two methods were in good agreement for Cl and L.
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Table Noble metal contents in rock samples from Okinawa Trough

sample Au(ppb) Re(ppb) Ir(ppb)

CB6-22 1.431+0.07 0.73+0.05 0.063 +0.005

CBG6-23A 1.03£0.06 0.70 £0.05 0.056 £ 0.005

CB6-23B 1.35%0.06 0.631+0.05 0.046 +0.004

CB6-24A 0.99+0.05 0.79+0.06 0.123+0.009

CB6-24C 0.6110.03 0.53+0.04 0.037+0.003
Izu Islands basalt 2.6 2.0 0.037

(mecan valuc)

*S.Watanabe(1990)

Bowen T L D R ON/HBERFI DO . Lo A, 1Y TPTLERITI. &h
Zh L1, 0.4, 0.003 ppb THY . SHEHET S & £, L= AR,
AU DT LR 0 ES AT TS,

SEHF LR IS BTy LT A DNTHY 5~ ORABRRIEDE
WAILNEEASGNS CTRUL o, ELIONTIE 0P t LDAEKTS
IP9AUD y BARNE U, ° 7 R ulIERmIID2.888 & 4 <« F - BaH LW
BRSNS e ENS, 2LT Y AuDEER P PAu (n, 7) '**Au
DEIRISIC & B BB - 72 720bIc . S S DO ERIZHEE - 72,
< X XD SO EGARTORLBTEEGR. ThEhOTEOEDIZ-
WTHEET S,

Noble metals in ocean floor rock samples
Shunichi ISHII, Yuko SAITO, Hiroaki HARAKAWA, Kan KIMURA
College of Science and Engineering, Aoyama Gakuin University
Determination of noble metals, Ag, Au, Re, Ru, Os, Ir and Pt was tried
for ocean floor rock samples from Okinawa Trough and East Manus Basin
by RNAA. Contents of Au, Rc and Ir in five Okinawa Trough rock samples
were shown in Table, together with mean contents in [zu Islands basalt. As

shown in Table, contents of these three metals were in ordinary levels.
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BB EEMAT—ARERNIKRE Lz, COBRBRF Va2 L8R TIED
KL T b U O LKBEEEDICEREB L, KBILFFY TLEHBBRIEF DY DLAER
WTHR Ui, BRBIEABERBO FETEEET - 1o
@EH LA ESE HERBEFEE Loyl am g ARHMBI AN, KEALF MY T AL
WAL P Y T LAEMACHE Ui, BHEERABLABO FETEHERZIT » 7o
—HR-EBE -

SHERO—HZXMIMEEE T Table. ] 127 F, Moo Re OERMER XBAEICH LT
BEOD—HERIEANVNZTNAZOORERIEZO0RBEANT—ELTHEH. BRU#EOR L
ERELh, —H O 2RnEFORFREMOBHEMEIT Moo Re BER AL, XBELD—

PEEUVAHEX-AVRGAHDE - ANTSVAHSD
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HBEohiddhotke ThoDiT sample
F 12 T T A — BRI A o |

Zr-crucible <« carrier

TWA3HDEEZ LN, AHEER + NaOH
MEEHIZHABLTWAE I E42E + Na,0,
BRI 2ETNTNOERKEEBT S : fusion
HEORY— b e OREE LT [+ me0

L. dissolution
%X_ bnéo |

Os O Lb#e i B plBt o> ALER 354 distillation
SVTRONLDD F DBk |

SHERBBRDONAH >0 L ! |
residue distillate — O0s

Dl ODOFEERCS EEER !
¥ LD 0s DFH LT DIt evaporation to dryness

(. ELOLAITERE S RIL T | + conc HCI — repeat several times
BetED B D EMNE S E - T, digestion

) fﬁ}ﬁ&eo)%yu%‘ﬂ@fﬁ@mﬁﬁ evaporation to dryness

AN ERE S0ng. 455 (5x10 | adjust to 44 HCl including Ce(VI)
n/cm?esec) TI2EHEHMHFH LWL anion exchange

&H¥TTcENFN Ho ¢ 0.1 ppo. 64 HC1 - 0. 1M H,S0; — Ir

Re . 1 ppb\ OS . 20 pr\ Ir . 0. 3M HCl - 0. lM Ce(VI) g MO

2M HC104y — Re
5 ppb TH - 12, e

Fig.1 Flow chart of analytical procedure

Table 1 Analytical results and literature values for Allende meteorite

element Mo Re Ir 0s method
(ppm) (ppb) (ppb) (ppb) for 0s std
1.861 = 0.043 66.7 £ 1.0 5867 = 14 60.8"+ 2.7 ®
1.80 + 0.15 72.4 + 2.2 945 £ 29 942 =+ 50 )
this work 1.727 = 0.041 not analyze 887 %= 27 1096 & 45 ©)]
1.387 = 0.063 71.3 + 2.5 656 = 24 805 =+ 29 )
literaturc 2 64 740 750

DETERMINATION OF PLATINUM GROUP ELEMENTS BY NEUTRON ACTIVATION ANALYSIS
Hiromasa OZAKI, Mitsuru EBIHARA, Hiromichi NAKAHARA
Faculty of Science, Tokyo Metropolitan University

Radiochemical procedures for the determination of Mo, Re, Os and Ir by neutron
activation analysis were reported. These elements were separated individually by
distillation for Os and anion exchange techniques for the rest. The procedures
were evaluated by replicate analyses of meteorite for which literature values
are available. The detecion limits for the present procedures were deduced to be
0.1 ppm for Mo, 1 ppb for Re, 20 ppb for Os and 5 ppb for Ir.
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3C12 PRF BT LTI & B 5A B R OZn HEDE R

(FRSLKH, ) w22, OMBETE., FIHAHE,
Z SN

FL®IC
INamg A @ZHENT =Y A HEORBERETHIGARICE L. BT o4+ 1l
A A VFEFIRELV LS, HEMEFMICR U L) 2B &L 52 L8855
NTwb, T/, FHIEENICS ML BESETRICFESI N, P28+ 5
BbDEEZLND, TDEDIC Zr EHIRMEALFHIC b EHACFMIT DU BE %
Hoboo, MERBMICHHNEELDTRENDH L EFEHMINTEY, Zofhl%:
BLCHFE - MEFMHER L EET 5 EERIREVRETDH 5, LA LLEDL, &
DETHIDED BERCTA D B EMELHIEL LOF—F UL LA LRV ORTR
THbo AT I D L) RN ZED 5L, BAAETOWEZ HEDOFHIT#E
ATE3PHFRIMESITE 2 RE L 7.

XER

FAE B AE FAEIN(GS)). ROKEHERERT (USGS) THRE. Fifi S h-ZiEan
e EHWz, A8 EHIIB-1, JG-1, IB-1a, JG-1a (LA EGSI). W-1, GSP-1 (Ll L
USGS) T, JB-1, JB-la, W-1iZ XK=, JG-1, JG-1a, GSP-1I31EiEE TH 5,

B EHE S A 30~ 100mg & Zr, HEDFFHAEREL & & b [ BAREFIHF5ERT 4 BIAS Y
¥ 7 (n,=5.5x10"n/cm’ec) 1285 B, shUETFRRST L 720 BRSHE2~4ARIGHIL . (L35
HEERVER BALGE L 7o “ZrdPU DB MTF I L BRSBEF E LTOERT 2, cOY 5
WKL DEEGEHETIHIC. 79 v OFFHEFE S MoFE & RECIRE L 72,
CEDEBREATRE OO ITHIL » Ty G b L —4 % F v TZe Hf O{LESHE
BYE R L Tze Pzr, PHELMOPERIE (£ & LTS, “Co, PFe, Bu) L 05+
A4 F TRBEIC L YT o720

IR Ze HE D SHEE R T BERER DAL R 2 ICPR AT TR & Y R 1o &
VIRNER ORISR0 —EEF MY LBEFICHRL ., ICPELEEICEA L, 1k
ZINE T ICE £ bT0BHHETH > 720

BREER

16 ODEREERRBICOVWTELO N L HIOSHERETR T, BEOBITL
BME DI TR L7z JB-1EIG-1X 2 EGHT L7225, 2 DOGHHHIERIEGERZED 2 o D
PT—H, L 70 72)B-1a, JG-lald # NENIB-1, IG-1DFRERETH 5 7%, JB-1&
IB-1aD I 3 Zr HFE A EICERRD L i b o 7245, JG-1, JG-1af8iC i, B CHIEH
BUABDOENFET 5 EHITRR S i,

HODIZBEP, 2TELADSE, ZHhELVAAL, thE&bbewd LA
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SCRME & DTk, W-104047 Table 1 Analytical results obtained in this work
X ZoHEOTITGE & b Bv—% % sample run#  Zr Hf literature values
, o b Z Hf (ppb
RUH, RS ORE TR Jaak (ppm) (ppb) _ Zr (ppm) Hf (ppb)

KEDEDD Db OD, KFED  IB-1 2 %%gggﬁgg 143 34
FHLEME L Y RERMEDR/ON JB1a a  154(5) 3.79(10) 144 34
o T OEERIZHEE DZeics W-L b 1031 252) 105 267
o . e granite

WTEHETH o2, SHITIEME  "jg1  a 187¢4) 5.21(8) 108 35
B AR T © TR — 3 i S b 196(1) 5.39(4)

jg t ﬁg??zi ) A ,“‘HkZE JG-1a a  216(5) 4.54(6) . 115 37
BOZRRBXTHLPIKKEC, GSP-1 b 720(3) 17.02(13) 500 159

GSP-1DZr T#)50%. JG-1%IG-1a . ) .
) - . Figures in parentheses, which correspond to the last
TIRA2HBOENROOLNTZe & figures of data, are statistical errors (1o-) due to

o ERPTRZIERETY VT counting statistics.

v (ZSi0) ELTHAETEIDLEZLNDD, THOIVNIVICHHIRT V& /4 FaF
LR E LTHEET A EFHMON TV S, YV a v KEED P EBNICESR
ENBLODMBLEEATICLNELET N, HBENIIRCIZVEVWHEELE>C
EHFHMSN TV,

POTIG-1DF v ¥ )4 F EHE TRNAARINAA IC L A48 & CHME (IDMSEIC &£ %
) & ORI ORE R EN S B & HFEH & L7z (Ebiharaet al,, 1985) AHFZE

B NI2Zr, Hf DOAHE E XFMEE DA—HD DG 5 /4 FO ﬁﬁﬁfﬁbent
R b AROERICHRT 2O LELbNE, ZORRIERREEERLL <5
W aorFEcd L T, KEREEREZETINTH B,

AR THV S N5 ITERIRS  O#EKILFH ., LUT ER%Miﬂkﬁﬁﬁmbé
LhnkEZLND,

3Rk
Ebihara et al., Anal. Sci. 1, 209-213 (1985).

DETERMINATION OF Zr AND Hf IN ROCK SAMPLES BY RADIOCHEMICAL
NEUTRON ACTIVATION ANALYSIS
Haruka MINOWA, Mitsuru EBIHARA, HlI‘OmlChl NAKAHARA, Faculty of Science,
Tokyo Metropolitan University ,
Chushiro YONEZAWA, Japan Atomic Energy Research Institute

In order to obtain precise and accurate values of Zr and Hf for geochemical and
cosmochemical samples, radiochemical procedures for RNAA were developed, and were
applied to several standard rock samples. Our data of Hf and, especially, Zr for granitic
rocks are systematically higher than literature values compared to those for basaltic rocks,
suggesting that some systematic errors must be present in literature data for granitic
standard rocks.
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