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Quantum spin precessions observed by neutron spin interferometer

Norio ACHIWA, Masahiro HINO*, Toru EBISAWA*

(Department of Physics, Kyushu University, Kumatori, Osaka, 590-04)

We have develped new types of neutron spin interferometer based on coherent superpo-sition of the
two eigen states of T and | neutron spins in a magnetic field, similar to a neutron spin echo
spectrometer. By means of the neutron interferometer, we have observed Larmor precession of
neutron spin through a magnetic layer in tunneling region, a magnetic Fabry-Perot film in a bound
state of T spin neutron, a magnetic multilayer at Bragg condition and a helical single crystal of
holmium at magnetic Bragg condition. The observed spin precessions through these magnetic
potentials are well reproduced by the phase differences of Tand | spin wave-functions of neutron
solved by Schrodinger equation based on the one dimensional rectanglar magnetic potentials. We will
discuss whether the observed phase velocity of neutron through such magnetic potential barriers can

be interpreted as the group velocity of neutron or not.
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Fig. 1 The set up of the neutron spin interferometer based on the transverse NSE method.
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Fig.2 One dimensional periodic potentials of permalloy45 (FesNis) 55A/ TiS4 Amultilayer of 15
bilayers for T and | neutron spins, respecivery. -

_{2mE-(Uz1B)))
B h

h%ﬂﬁ@?ﬁ&%f//?Wk&vﬁﬁﬁrzsz%ﬁfo7 ET7HHTERSIE
WKAFSE2E, RABIUCBERIBELTETD T R EVESORBIBEEICIE, ThEhE
WAAMAAOETZH, ZhooiER, Tl ACVEAIHT IR -8 F Y v VEEE
RT3, Sho220EBFRE Y R EVKBOKBBBOMBER, PHFIE T
I-HEIERMRABATA LIV RIET B LXHEETH B, FHETFRE O~
EBROT/2AELTY 9y -2 PR TORE VERSKBEELSY FT—ETPHTLHE
BEBICASH LT & | RE P HFORBBERICABEZE S TAE, *3-H%0x/27)Y
y =L OFHFRE L EFHEHR, RAOFPHFAC 2a-HEAY T AN LD,
BFRRIC L BB OMAHERD D Z LN TE B,

(10)

& U, B

_ _ L Holo_H!ll
ON = No—N,+AN =L 27[ o ]+<e(s,,)> 0 @11)

AN= (B(S.) 12)
Z I Tr.=2916kHz/Oe, Ni3 5 — € 7THEH, HIBHETORBORIO®, vizhit
TORE, FFOLLF1E7T7Y v —HikERT,

DL EMIIEIC L ARG BENEETNIE, BBROS — €T EER, EERUNCEK
KRF v ¥ v VBRI & 5 1 L BB OB 0B 288, BMEEES -2 7Pk
FOTRAVREHAUTT M 2NV 288D, 57— €7 PHEFORIAMEORE 7]
HETH 5, BEORIBEEITIC & 3 PHT O 5 — % 7[RI HHF OB K BRI

— 6 —



BEABITEIRE LI &Y, AFSOERICE DRI ALY, JOMAEEICIE, ZR6L
M, EFRIACEDE BICEEN B0, ZROAEE & BRMEZEE%E L0 & B0 TR %
Kovtc, WRITOAOEHRER TR, THFOMEEE &EBHEEIGELUNIZE LD, UL
U, BIBEADOASASEKERAUTY, BIAEBEOT S v 7 FHOEHETE, X
EVHAEEORS S UBBENEEL, RT VY v VEERELIC & 5 PHTHBIB
OAFZEDAE U B0, I OEEOAARREIL & LR TRIRDTERET H 5 5 2.

3.1 S—E7HMCKLIBUIHE b v VR, BFHFEREERONE

PHNEED b VANV A A — B9, B V2 IVEEMSES ERTFHED b v 2V RIE
FRAMIKBACHOOATNS, LML, U3 VEEICBL CRERT SHAEHTE
=R R, BFHFTR, BRCHIDT 2HEFRFELLEL, £TOUEHNT, Bittiker
b RIVEESERT AEE A YOS —ETHREEROTERLLY. Re 3&Rs
B TSR b A NVRIRIC L BB (Y, +9) PHRFRICOVTPEFO F — €7 AL
MBLOREL 7Yy TREFTER~, bl REEEZhenR i, Rl
B —2oA4 SHIABTRIREVE M AVHBRTEBRL, | R RZ0XES
BB, TOLIE b RAKE S - THECAET 2 ERIRS T HRARIITH 3,
Fe, RU /=2 041X B THE200A, 400A D b YR NVFEFD S —E7AEEEEFH NI,

e
1<
4
o
~

Traversal time(Q/wy, )nsec

1
[

1

Number of Larmor precession
o
x4
T

1 k| il [ 1 1
0 0.881.40 2.5
Incident angle(degree)
Fig. 3 The Shift of NSE singles transmitted through permalloy 45 film with thicknesses of 2004 as a
function of incident angle. The closed circles are measured and the real lines are calculated form
matrix analysis of the neuton spin rotation and one-dimensional rectangular potential in the
schrodinger equation. The broken vertical lines at 1.40° and 0.88° indicate the cirtical angles of
total reflection for 1 and | spins, respectively for the wavelength of 12.6A.
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Fig.5 Transmission probabilities of T(®) and 1(©) spin neutrons through permalloy45 (55A)- Ti (54
A) multilayer of 15 bilayers as a function of incident angles for the wavelength of 12.6A. The
solid lines are the calculated transmission probabilities based on one-dimensional schrédinger
equation with periodic rectangular potentials for T and | spins.
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Fig. 6 The shift of NSE signals as well as calculated transmission probabilities of T spin neutrons through
permalloy 45 (55A)- Ti (54A) multilayer of 15 bilayers as a function of incident angle for the
wavelength of 12.6 A. The solid line is the calculated Larmor precession as well as the broken line
the calculated transmission probability across the Bragg condition as a function of incident angle,

on the basis of solving schrodinger equations for one dimensional periodic potential of rectangular
type for T and | spins.
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length of Lamor neuton through the crystal is approximately 1.6mm.
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Preparation of Oriented Thin Film of PbI-Based Layered Perovskite

Superlattice by Intercalation of Organic Ammonium Iodide into Pbl,

Masanao Era, Yasuki Rikihisa, and Tetsuo Tsutsui
Department of Materials Science and Technology,

Graduated School of Engineering Sciences, Kyushu University

Oriented thin films of Pbl-based layered perovskite having an organic-inorganic superlattice structure
were successfully prepared by intercalation of organic ammonium iodide into lead iodide Pbl, thin
films. Vacuum-deposited Pbl; films were exposed to vapored phenetyl ammonium iodide in vacuo (at
107 torr). After the exposure, the film exhibited a strong exciton absorption at around 2.4 eV,
demonstrating that the Pbl; structure was converted to Pbl-based layered perovskite structure by
intercalating phenetyl ammonium iodide into Pbl; film. From X-ray diffraction measurement, further,
it is demonstrated that the layer structure was oriented parallel to the film plane in the intercalated
film; only diffraction peaks corresponding to the layer spacing ((0 O 2n) peaks) were observed in the

X-ray diffraction profile of the intercated film.
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b) Absorption spectrum of Pbl-based lay-
ered perovskite with phenetyl ammonium
layer as an organic layer (PhEPbI4).
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X-ray diffraction profiles of PbL film
exposed to phenetyl ammonium ijodide
vapor (profile a), powdered crystal sample
of Pbl-based layered perpvskite with phe-
neyl ammonium layer as an organic layer
(profile b) and vaccum-deposited Pbl; film
(profile c).
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Cobalt Silicide Formation at Room Temperature

by Ion Beam Irradiation

A. Baba*, H. Aramaki*, T. Abe*, A. Matsushita*, T. Sadoh*, A. Kenjo*,

H. Mori**, H. Nakashima***, and T. Tsurushima*

Cobalt silicide layers formed by ion beam irradiation at a temperature in the range of room
temperature to 500°C have been investigated. It was shown that silicidation was induced at lower
temperature for Co/Si structures irradiated with ion beams than those without irradiation. CoSi and
CoSi, phases were identified by x-ray diffraction for Co/Si samples irradiated with 25 keV argon ions
to a dose of 2.0x10" cm® at room temperature and 1.0x10" cm? at 450 °C , respectively. The amount
of intermixed silicon atoms in the CoSi layers was evaluated as a function of dose for samples
irradiated with 40 keV focused silicon ion beams. It has been shown that the growth kinetics is
diffusion-limited and can be attributed to radiation-enhanced diffusion with an activation energy of

0.16 eV.
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Rocking curves of x-ray diffraction for
samples irradiated with 25 keV argon ions to
a dose of 1.0 X 10“cm” at a temperature in
the range of 200-500 °C . The thickness of
the initial cobalt films is 70 A . The x-ray
analysis was performed at an incident angle
of 1.0° by using Cu Ka, radiation. Before
the analysis, unreacted cobalt layers were
removed from the samples.
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Electro-optic (EO) effects in laminated Assemblies of
Poly (methyl methacrylate) Films with an Azo Dye:
Anisotropic Property for Poling.

Yasuro Niidome, Hajime Tsuchiya, Shunsuke Yamanaka, Taku Matsuo, and Sunao Yamada

Graduate School of Engineering, Kyushu University

Very thin poly (methyl methacrylate}(PMMA) films containing an azo dye, as prepared by a
casting-on-water method, were laminated on an ITO substrate. The electro-optic coefficient (rs)
multilayered film assemblies were measured in order to evaluate the orientation of dye molecules
assisted by contact poling. The anisotropic property for poling was clearly observed; the EO
coefficient was different in opposite directions of electric field for poling. Reversing the direction of
film lamination caused no change in this anisotropic the dependence of 1 value on the direction of
electric field. It is suggested that the anisotropic poling effects are ascribed to the noncetrocymmetric

orientation of dye molecules at interface between the dye-doped PMMA film and electrode.
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MHEE LA E R Y = —DRABREKE LIS T UCHEEEE 5 Ak OkERERSE &
3 RIBROBBEEO—2TH 5, JOFHKICLVEONZRY v —HEOKERFE)
3, BUKRG il S BUKN A RE 2R OREIENHHOBIETH 5, &, L& 2mHAmR
H: (SHG)DRIFEL £ o, IRAE U BB LAY 8RR O/KEHICRERL, £ ofith
FHELIEEFNTH A ENHESMITIN TS ™Y, BELSFEMGEIEN[fETH S5
ENFONTVS LBES KT 5 &, KERFEICBUTO LS WH#ENH 5, DERIRIC
KRSEEEZLEL LRV, DIHRRE OB TH o’ OHE ORI ERFTEETH 5. 3)
TBEEAARRY v —OBERICHRIN TS, FTRAOKEEL . 4
BEHACAY BB IWKE TRE L HA TIRAEE 2 LENT WY, BiEHS F 00 T3
KHEDD I, BB LT umBEORESOBEEERIERL 0T, ERNAETHEA
HE2HWHEUTHNBIENRETH 5, Jh sORKMEROKERMLE, JEREE
JEDOH U ERtkE UTHARFTE 5,

AP T, BikBEOBLILF (Blectro-optic: EO) 734 Z#H#t & U T O/KE R O#E
UM 2 2 L AR AN, BOSRIIBIBICHM L TEFRBENMTIELTHD, 2K
DOIEFENERRO—DTH B, Lichi-T, EORNRERBEI LB BT, SLHEBR
EROS TR REMFERRFLE 0L S CRAWET 208855, €T, FFRERY
FEHRLEEEFSUKEOREMEEMELL, BHEMMEZHHATE LKLY BEREFITFO
Emzmbastsl L2RAsI, €OER, BEBHEOHMAMICL > TEORBNRL B &
IRRNZE N, BB B 5 BHESFORENIERRMFFEIC W T, KiEEH
EOREPLEBRRIMOME & BESI TERT 5,
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JEBIE N FiE M % & U T Disperse Red 1(DR1: Aldrich) %, 43 & L T poly (methyl
methacrylate) (PMMA: Wako, E-& B ~6000) % U 7o, BUBIIBER ICHEI L TIT - 1o, T4
HBH, PMMA(0.11g) & DR1(25tmol) % Iml D 7 o a ANV LAITEER L /i, 1mld bz vk
FEBA#EBI A O R EEH] poly (ethyleneglycol) (25) dodecylether 3-#7 0.4umol I %, EBEIAHK &
U7,
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FEBRIED EENIGRL, BRI EET S, COBREERZEDET LT, ERbcEE
BEMALL, COLIICLTHBMALLLEBIETI, KROBUKEA ITO HMRM % @ T
%o I EIFHITHUKIEA ITORMBMNC AN BB BIER LI, JOBE, K&t
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Poling 50MV/m
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ﬁﬁ%lﬁ?’ﬁ%ﬁ'@ Hb ﬁﬁtﬁk‘: LENTWH Fig. 1 Schematic illustration for the preparation of

a thin polymer film by casting-on-water

B0T, MO EOMEDTMIE D method (a), and the configuration of lami-
nated film assembly and electrodes for

hT3, poling (b).
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Fig. 2 Schematic illustration of a laminated film Poting D _0
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reversing the direction of electric field for - Somin__| Jg0gic,
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polarity of electric field on the ITO sub-
strate. The sample was poled for four times Fig. 3 Dependence of 133 values on the direction

by reversing the direction of electric field.
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Fig.5 Schematic illustration of a laminated film
assembly for the measurements of EO
effects (a), and changes in ry values on
reversing the directions of electric field for
poling (b). Five layers of laminated polysty-
rene films were inserted between the PMMA
film assembly and the electrodes.
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Determination of trace gold in rock samples by ICP-MS

Faculty of Engineering, Kyushu University*
Faculty of Science, Kyushu University**

Tetsuya Nakanishi*, Takushi Yokoyama**, Eiji Izawa*

An accurate determination method of trace gold in rocks by inductively coupled plasma mass
spectrometry (ICP-MS) was developed.

For the sample preparation, 0.5g of rock powder sample was decomposed by the addition of 20 ml
HF and 1 ml HCIO, at 120 °C, and the resulting solution was evaporated nearly to dryness at 140 °C .
The residue was completely dissolved by 4 ml aqua resia, and the solution is evaporated to 1 ml at 80
°C . Then gold was extracted into 20ml diethyl ether after the addition of 9 ml HBr (1.5N) and 0.5 ml
H,PO;. Separated ether solution was evaporated at room temperature. The same extraction was
repeated twice to almost completely remove iron which interfere the determination of gold. Finally,
the residue was dissolved and diluted with a 0.1 N HCI solution to 10 ml.

The detection limit of gold (blank+3¢) was 0.004 ppb in solution (0.08 ppb in rocks) and the
precision (C.V.) was 3.2% (at 0.2 ppb). The gold concentration of geological standard rocks (JB-1,

JB-2 and JB-3) measured by this method was in close agreement with the recommended values.



1. RCBHIC

FEEET 7 A HESWHE (ICP-MS) i, RO ICPRITHTPT L — L L REFR
FMTEHNI2HU EOBEE AR S Z &0 TE, BB 2MMTRRRFS T FELEE
TdH 5o, 19804FIC Hauk 51T & D RSN TLER, BESE 8K FH LU0 ZOthEE
OWMRFSFICHENT, ZOEEUIELTE TS,

SUROEHEA H = X LCHETATERLS T, HBEFOEONHEL£0BET oL X
ZHRTHLET, BAARFO ppb~F T ppb LRV DEATFET S LEAARTH B,
NETILH, BATOMESOERICET 2L E LT, BAHMELSHT (NAA)Y? » BEPIE
TFIRASHT (GFAASY Y HIC L B HENH 5, LirL, NAADBREIMKS, BB TE4% R
WU AETHL ppb LRIVETORHIRATH 5, £72, GFAASTY 7 ppb L XD
2541, MOBOERBEEAOSOBEHIVEELTD, MBEOETHEDE L,
AWRTIZICP-MSHEREETH 5 2 &E2FEMI L, B2 RN TEIRC & D KERRAR
L, BRHESEHELCERET20EERET L,

ICP-MS TRIMBEE DM AT IO ESHEAR, SATIKHEHNESRBICIEET N8I
& BB OMHOEAL, "TAVDRIERTH 5 TIODEKB LU A TY —FRTH B, EWPE
T, ABAH~NSEFROMINT 2L TEREDBEL, TOXBER VI, /2, Tal
9% TaO DAL K, AvBEORWIEL T2, 510, A EY —ZROERII W
THREZIT » 72,

2. RBAE
EE Table 1. Operating conditions of [CP-MS.
AWFICHEA L KBIE, TUNKFE  RFpower LF RN
B ) Argon gas flow rate
TR E > 5 —IFKE S NI FEE Outer gas 14 }/min
675X v HE SN EE Model Auxiliary gas 0.8 I/min
Nebulizer gas 0.7 I/min
PMS-2000 (B§F] 7 F- U 7 4 HIL Y T Load coil sampling aperture distance 5 mm
—t —~=.C Sampling aperture diameter 1.0 mm
LA)TH %o ST A% Table 11271 Skimmer aperture diameter 0.5mm
N Solution uptake rate 0.3 ml/min
) . Data acquisition 500 ms dwell time
HEE L CREEB R 10 sweeps
AT ORI, T~ TR Measurement 5 times




EBIORESHTAREDS L CFHRETH 5, Auk LU TaDFEHERIRICIE, £0E1 1000
mg/l [ F R AR U, AR DFRC 13 Millipore Mili-Q SP ultra pure water system iZ
L OERR U 7Bk EEA L7,

PSR O BB

BREK 05gx 77 0y E— A — Gl L, @ERE (ml), 7 v {KFER (20m) ZMA
Thy &EFV— b ETI120CTMESGRL, 140°CTERERET 5, & 5ITK @ml) %20
ATEABBRL, BRSInIBEICE2E T CTRRIE S, B OBEKICRILKER
(15N,9ml) ZMZ, o — MIBd, UV VB OSm)ZFML, YFIVx—7 )b (20ml)
ZMAZ, 32MEKEVE&EZ—FVBICHET 2, B —FLEBEE-H—IlH
U, BETERIEZ, RETEILUBRLDIC, dI—ERIKFEBREML, R0
MIBBRIEZT Y. BEYEIERE 0.IN) THEML, 10ml 4 X7 5 X ik LIERE (0.IN) TE
BT 5. YULOBRIFIZE DIER L 1AK% ICP-MS TRIE T 5, AuDMRERIERIZ, B
FIRS oA ARSI 2 O T, AR S RO MIBIREETOAM Ui, 0k, BIRHH
DERRIC B 22388813, T XTEKSEGET - L BITER L 72,

3. HEBIUER
Fe QR
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@ Fe 2N U THTEAT - 72 (Fig. 1)o HEH T 500ppm @ Fe SFET 2354, AuOHIEE
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1‘2 T T T T

1
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< 02} ]

1T - T kE R 12 290ppm (BRFEHR 99.4%) & 15
0 1. 1 1 1
oiie 2EMEICH 2 Av O ENLE 1T 0 100 200 300 400 500
Fe concentration (ppb)

90% THY, FeORBEFRNICKRETE Fig. 1 Effect of Fe concentration on the mesure-
= ment of Au.
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AR TR, AvERRFICTaD A Y v M %
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T T
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2
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ig. 2 Rerationship between Ta and TaO.
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AEY —FE
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BEREIUBRBER
0-1.0ppb DAFHERR I 2 b LI 21T - T 12><10
ERL L 72 AuDIRE#HR % Fig. 41Z7R9, 0.2ppb | y=9583.48x+77.43 ¥

D.L.: 0.004 ppb
DB BT IEEHFE(CV)IE32%TH - : -
n, ZOBBERIVERLUIREIRA (77
v 7 +30) 12 0.004ppb T & » 72, 0.5gDEFH
A& F O T 10mi DA BGEREL 2 VR U 7235 : oA & aT

&, BHEARHD AuDHRHIER I 0.08ppb & 3 ini;mﬁ&mas LT
8B, b EERFAEF D ppb~ ¥ 7 ppb Fig.4 Calibration curve for Au.

LRLVD AusFEE RS ERT 5 2 &D5A[HE

2

Au counts

Th %,
P T O T AR

B AME AT O KREHEEHH (B-1,IB24 £ U IB-3) DT EAT > 1R Table
2T, ABETHE SN MR, TaODMEABE L LIz IB1EED, O
DI ER—BL, ATHEDT S AT S 12,

Table 2. Gold concentration of rock reference samples.

This study Terasima et. al. Yokoyamaetal. Araietal. Sakurai et al.
(1992) (1996) (1998) (1991)
ICP-MS GFAAS GFAAS INAA INAA
JB-1 0.6* 0.85 = 3 3
IB-2 5.1 5.36 6.5 6.31 7.3
JB-3 2.5 2.06 3.1 2.36 =

*Corrected value which interference of TaO was removed.

4. ¥&8

ARHETE, HRAMFOBRMBSOFREE UT, Bl Zighh & f o TalkE
W AVERL U ICP-MS T T4 2 FHEA T U, SBHAK T O Aud iR R A 13 0.004ppb T
b, HEALFD AuIZ DN TIZY 7 ppb LRV E THME[RET H B, TalBEOEVVER
AEHC DWW T H, TIODARMEHOIHIEI LV ERSERMEBIIENTER, &
7, Aud XA EY —OREICE, WL SERVBRNTS S I EHHRATEI,
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Energy-Dispersive HADOX and Its Application

Yoshiharu Fujii, Hiroshi Yamada, Takamitsu Kakinaga, Atsushi Okazaki and Yuji Soejima

Department of Physics, Kyushu University

The high-angle double-crystal X-ray diffractometry (HADOX) has been modified for the energy
dispersive mode of operation using white X-rays. In this mode, the first crystal (the specimen crystal)
is fixed so that the diffraction occurs for appropriate wavelengths; the X-ray beams diffracted by the
specimen pass through a slit at a fixed position, and impinge on the second crystal (the analyzer
crystal). Therefore, a change in the lattice constant of the specimen crystal results in a change in the
wavelength of the diffracted beams passing the slit; this change can finally be measured as a change in
the Bragg angle at the analyzer. The resolution is discussed in terms of the divergence of incident and
diffracted beams, the difference between the Bragg angles at two crystals, and the quality of the
crystals. The advantages of this method are shown by applying to the phase transition in a

superconductor.
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Examples of two-dimensional intensity
distribution in the @, - w, space with the
setting of Si (444)-Si (444): (a) with S, =
0.5mm and (b) with S, = 8.0mm, while S, =
2mm for both the cases.

Fig. 3

Examples of two-dimensional intensity
distribution in the @, - w, space with the
setting of Si (444)-Si (444): (a) with S, =
0.5mm and (b) with So = 2.0mm, while S, =
8mm for both the cases.
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Photodegradation of Polychlorinated Dibenzo - p - Dioxins

Sadao Kawaguchi

Laboratory of Soil Microbiology and Biochemistry, Faculty of Agriculture, Kyushu University

A series of polychlorinated dibenzo -0- dioxins ranging from null to eight atoms in chlorine
contents was studied in regard to their photochemical degradations. The compounds containing
chlorine atoms at lateral (2,3,7,8) ring positions were found to have the preferential breakdown rather
than those at the peri (1,4,6,9) ring positions in methanol solution at wavelength > 280nm. Reductive
dechlorination to produce less chlorinated dibenzo -o- dioxins consecutively occurred, and their

photolytic rate of polychlorinated dibenzo -0- dioxins was found to be first order reaction.
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DIRAINE (%) & NI E S 2B A& 210R Lic, ML R¥Ad 1-Cl1DD & 2-Cl1IDD
i3, BUERIC L > TRI—DONAIREY TH 5 DD, 7z, 2,3-C2DD & 2,7-C2DD b AR
IOA—F1AFv022CUDD HEFK s hic, Uh L, FEHO KL 1-CuDD %
2,3-C2DD I3 KDL REY 215 5 DICR OB EFEZE LI, €0 o ORI REH D
BRIEIE, RO &0 2-ClIDD % 2,7-C12DD & ) £ 7z, 2,3,7,8-Cl4DD i3 FE 75 J6EE
W& LT—EEOETHGRBERISIC & D 2,3,7-CBDD AR SO, ZORICAERIN B MO
HSHRENIED TH 12, Jhid, BRGEREFRERTERT 2 51 4+ ¥ BiEK,
2,3,7-CI3DD — 2,3-CI2DD — 2,7-CI2DD — 2-Cl1IDD — DD iZ % W TBHUE RS —TE S > 7%
WA FY LN BIZE, KBS ETETEPHICE B D LRI N, Bk«
TF YV OPTRONSEEZIFTIC W 1,23,4-C4DD 1T, FEEEHHC L D 1,2,4-C13DD &
1,2,3-CI3DD#*, #RiC 1,4-CI2DD & 1,2-CRDD AR E N 3 2 LR 4 & b S MRS hic,
®72, 1,234,6,7,89-CI8DD DN ETIE, JHAHILE - TERNICLIER -NIEFE~AE
REREANORERBENE U, LEOKERLD, F1 432 02378/ DEFRIR
14,6901 & » bEEMICETHBIER S h, BREICIEFR S>P BV 14+ 2 v ods
EMEEL B I ERPShIRE N,

RYBILIR Y - p-F 44 F 2 OBIERIGBREORKIC, XABINIT{ LEEOK
FOEY (R3IKH0T 133 DR ART E— 2 1059 3L BRI Nz, &
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Tab.2 Dechlorinated photoproducts of polychlorinated dibenzo-o-dioxins, yields

DD @j’ﬁﬁ}ﬁ@ﬁ% * and irradiated times at maximum yields
. . Polychlorinated Dechlorinated Yield Irradiated times at
TDOTIRAY T dibenzo-p-dioxins photoproducts (%) maximum yield (min)
X B AF D 1-C11DD DD* 3.7 10
Eﬁ%ﬁ: 2-CI1DD DD 2.6 2
&b, & 2,3-CI2DD 2-CI1DD 10.0 3
B RS g 2,7-CI12DD 2-CnbD 0.8 2
4 AEUEBO ; 1,2,4-CI3DD 1,2-CI12DD 9.0 45
BROPR 1,4-CI2DD 34 40
Itk 37z — AL 1,2,3,4-Cl4DD 1,2-CI2DD 2.7 163
1,4-CI12DD 1.5 80
LHTH B EHR 1,2,3-CI3DD 29.1 80
=) - 1,2,4-CI3DD 9.7 55
ahz, DD XA 2,3,7,8-Cl4DD 2,3,7-C13DD 8.5 8
° 1,2,3,4,6,7,8,9-CI8DD** - CISDD*** 57.6 15
EMOXEL 755 Cl6DD*** 18.7 21
1,2,3,4,6,7,9-C17DD 10.5 30
AUT—=VavAF * : Dibenzo-p-dioxin

**:1,2,3,4,6,7,8,9-Octachloro dibenzo-p-dioxin
i3, m/e: 186 (M+ *** . Cl positions are not determined.



2H, 100%), m/e:168 (M-H,0, 37%), m/e:158 (MCO, 29%), m/e:157 (m/e:158-H, 34%), m/e: 139
(m/e:168-HCO, 29%) T & - 12, DDNSHREY D43 FEIZ 186 TH D, ZD A FIVEEERD
SFEIZ200THY, T, EOT7S5T7AVF—va A A ERE D, DDOKXSIREY
ELTT7 /%y 72 )—AHRESINI (K4, 7235, DDNAMREYD 2 FIVEEEKD
FERTISIA T =Y 344 Ui, mle:200(M, 100%), m/e: 185(M-CH,, 27%), m/e:
170(M-OCH,, 10%), m/e : 169 (m/e : 170-H, 32%), m/e : 157(m/e : 185-CO, 18%) T - 72,

RVEOR T -p- 51 A%  OBMIILEAICOILD, i, BuHEHOREIC
BIAAFY 0 D23780D ) BB ELZBOMENERTERIND I EOHHESR
#TH 3, Poland 5 (1976) i3, P EHRHAE» S, RLEBEHOGVLW I 1A F 2 /B
2,3,7,8-CIADD( A5t & :100) Td b, 2,3,7-CI3DD, 2,3-CI2DD F U DD OAHNMHH:IZ, BD
BD, 006, 9X107™% 9X10°TH5I &ER LI, BFETHICBR~IEI I, EF
2,3,7,8-Cl4DD (3 IG5 12 & B 2,3,7-CI3DD 2 5 DT, H4rRiT 2,3,7,8-ClADD Ot % Bs
Ufze &5, E1THSMILIcL S, 2,3,7,8-ClADD ORI TdH 3 —EDIEEE
b7 144+, 23,7-CI3DD, 2,3-C2DD U DD ORI, #R/NE B30T, i
BEVOIAAF L ONGBRIETETMEINS, FEF 774 T v V20514 F
DR T, EOKEPHZEFIED 1,2,3,4,6,7,89-CI8DD TH 3, HIHEFPRE DK PEE
15 EETES L 121,2,3,4,6,7,8,9-CI8DD DIHEAR Tl 2,3,7,8 M OIERAGRIRIIC ik 3 5
DT, 1,2,3,4,6,7,89-CI8DD ST D 2,3,7,8-CADD M4 X 3 5 [ etk 3B D TH b,
b U, BT 23,78-CUDDOMERR I NT b, THIZKRRENIC & HP o icBFEdHAL, &
SICRFAAF Y VERORBIC L W SR Ih B LRI N (K5),
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Fig. 5 Photolytic pathways of polycholorinated benzo - p - dioxin
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