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Spontaneous fission measurements for nuclei around neutron-rich Fm region produced by using an
24Es target

ASAI, M., TSUKADA, K., HIROSE, K., TOYOSHIMA, A., TOMITSUKA, T., CHIERA, N. M., ITO,
Y., MAKII, H., NAGAME, Y., NISHIO, K., ORLANDI, R., RATHA, K. K., SATO, T. K., SUZUKI,
H., TOKOI, K., VERMEULEN, M. J., YANAGIHARA, R., NISHINAKA, 1., KAMADA, H
SHIBATA, M., GOTO, S., HIROSE, H., HAYASHI, H., SAKAMA, M.
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Towards the gas-phase investigation of the Superheavy Element dubnium (DDb)
oxychloride.

(YJAEA, Ibaraki Univ., *Niigata Univ.) (ONadine M. Chiera!, Tetsuya K. Sato!, Masato
Asai!, Hayato Suzuki'?, Katsuyuki Tokoi-?, Tomohiro Tomitsuka', Atsushi Toyoshima',

Kazuaki Tsukada', and Yuichiro Nagame'-2.

[Introduction] Although the completion of the 7th row of the Periodic Table was recently achieved,
several questions regarding the chemical behavior of the transactinides still need to be answered.
We present here results of two experimental campaigns conducted at the Tandem Accelerator, Japan
Atomic Energy Agency (JAEA). This ongoing experiment series aims at investigating the chemical
behavior of oxychloride species of the transactinide dubnium (Z = 105) - specifically, DbOClIs - in
the gas phase. In preparation for the chemical exploration of DbOCIs, isothermal gas-
chromatographic experiments with the transition metals niobium and tantalum (dubnium’s lighter
homologues) were conducted.

[Experiments & Results] The exploration of NbOCl; and TaOCl; was performed with the isothermal
gas-chromatographic setup (see figure) at the JAEA Tandem accelerator. Short-lived isotopes of
8Nb (half-life Ti2 = 14. 55 min) and '"°Ta (T = 6.76 min) were simultaneously synthesized in

; B
the nuclear fusion eam Aerosol inlet
Target Quartzwool plug  Quartz column

reactions  ™Ge("F, Water-cooled
— sectionll . - recluster chamber

XI’I)SBNb and natGd(lgF, Carrierias » ection (1) Section (1) F. p

xn)!7'Ta, respectively. aa !

The yields of NbOCl;

s - o A

and TaOCl; passing Target chamber Reaction oven 1 Isothermal ovens

_ | Aerosol inlet
through  the gas Oxychlotinating
chromatographic sgent

column as a function of the applied isothermal temperature were recorded. In order to deduce the
adsorption enthalpies (AHags) of NbOCIl; and TaOCls on quartz, the breakthrough curves were
analyzed with a Monte-Carlo simulation method based on a kinetic model for gas-adsorption
chromatography [1]. Thus, AH.ss(NbOCIl3) = 102 + 4 kJ/mol and AHags(TaOCl3) = 128 & 5 kJ/mol
were determined. By employing available literature data, an empirical correlation between the
AH,4s of metal-oxychlorides adsorbing on quartz surfaces and the related macroscopic sublimation
enthalpy (AHsw) was derived [2]. Hence, AHuw(NbOCIl3) = 126 += 10 klJ/mol and
AHqpi(TaOCl3) = 165 £ 11 kJ/mol were calculated, in agreement with tabulated data [3].
Based on these findings, the future accomplishment of comparative studies with DbOCIl; under the
same experimental conditions will provide a final assessment on the relative volatility of Group-5
elements, together with an indication of the magnitude of relativistic effects on the electronic
structure of dubnium.

[References] [1] I. Zvara, Radiochim. Acta, 38, 95 (1985). [2] N. M. Chiera, et al., manuscript

submitted for publication (2018). [3] O. Knacke. Springer-Verlag Berlin, Heidelberg, 1991.
Formation and thermochemical properties of oxychlorides of Nb and Ta - Towards the gas-phase
investigation of the Superheavy Element dubnium (Db) oxychloride. CHIERA, N. M., SATO, T. K.,
ASAIL M., SUZUKI, H., TOKOIL K., TOMITSUKA, T.. TOYOSHIMA, A.. TSUKADA, K.,
NAGAME, Y.
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Development of a slow atomic beam source for superheavy elements
TOMITSUKA, T., TOKOI, K., SATO, T. K., ITO, Y., SUZUKI, H., ASAI, M., TSUKADA, K.,
TOYOSHIMA, A., CHIERA, N. M., GOTO, S., NAGAME, Y.
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[Introductionl The nowadays hottest topic in the field of nucleleemistry is the gas-phase chemical
investigation of carbonyl complexes of superhedeynents (atomic numbet> 104). In 2014, these
investigations culminated in successful experimgeisormed with the gas-filled recoil ion separator
at the RIKEN Linear Accelerator [1]. We showed telment Sg4 = 106) forms a stable carbonyl
compound, Sg(CQ@) behaving similarly to its lighter homologs Mo ald in the group 6 of the
periodic table. Thus, the door was opened for rauateemists to further study the carbonyl complexes
of heavier elements such as Bh=107), Hs Z = 108), and even M&(= 109). The next achievement
is expected for the chemical investigation of maraear Bh carbonyls. For this purpose, as the
lighter homologs of Bh, the chemical propertiesTofand Re carbonyls in single-atom quantities
should be studied in advance. We report here thremuinvestigation of the chemical properties of T
and Re carbonyls with their short-lived isotopes.

[Experimen] Online gas-phase chemistry study with single-atarantjties of Tc and Re carbonyls
were carried out with th&-Cf fission source at IMP and the GARIS gas-jet eys{2] at RIKEN.
Short-lived °1%r¢c and !>"Re were produced via the spontaneous fissior*@f and the
"tGd@E3Naxn)t’>Re reactions, respectively. Volatile carbonyls ofdhd Re were synthesized and
their gas-phase properties were systematicallyiedudsing an online low temperature isothermal
chromatography (IC) [3]. Moreover, the laser-algiatiime-of-flight mass-spectrometry (LA-TOF-MS)
technique was employed to deduce the species dRéhearbonyls formed with a small amount of
stable Re atoms and CO gas in the gas phase.

[Results and discussidprFor both Tc and Re carbonyls, the adsorption epyhah the Teflon surface
was determined to b&H.4s= —43+1 kJ/mol, and the highest relative chemigeldywas measured to
be about 25%. Based on the LA-TOF-MS results a$ agethe density functional theory calculations,
the most stable species of Re were suggested tioebearbonyls with the coordination numbers of 6
and 5 for Ré and Re neutral atoms, respectively. And the reactime for the formation of
[Re(CO}]" in He and CO mixed gas was estimated to be lems #00us based on the timing
sequence of LA-TOF-MS. From the experimental obetoms and the theoretical analyses, the
short-lived mononuclear Re(C and Tc(COy were deduced to be formed in the IC experiments.
Based on the present results, the chemical inagiigof Bh carbonyls appears to be possible.

[Referencep

[1] J. Even et al.&cience 345, 1491 (2014).

[2] H. Haba et al.RIKEN Accel. Prog. Rep. 48, 293 (2015).

[3] Y.Wang et al.Phys. Chem. Chem. Phys. 17, 13228 (2015).

The Study on Carbonyl Complexes of Grddii ElementsWang, Y.,Qin, Z, Fan F, Cao, S., Zhang J., Yang
J., Haba, HKomori, Y., Yokokita, T., Morimoto, K., Kaji, D
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[Z#&XX#K] [1] H. Louise D.C. Hoffman, J. Inor. Nucl. Chem., 3, 243 (1956).

Es Sample Preparation Towards to the Experiment on the JAEA Tandem Accelerator and the SPring-8
TSUKADA, K., TOYOSHIMA, A., HIROSE, K., ASAI, M., CHIERA, N.M., TOKOI, K., SUZUKI,
S., KASHIHARA, Y., NINOMIYA, H.
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Hydration Structure of Einsteinium by Synchrotron Radiation Based Analysis (JAEA, Kyoto Sangyo
Univ.) YAITA, T.,, SUZUKI, S., KOBAYASHI, T., SHIWAKU, H., DOI, R., YAMAGAMI, H.,
TSUKADAS, K., TOYOSHIMA, A., ASAI, M.
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Production of carrier-free RI tracer of alkali metal using bemsstrahlung
IKEDA, H., KIKUNAGA, H., WATABE, H.
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[Z&3C#k][1] Y. Tto et. al., Phys. Rev. Lett. 120, 152501 (2018).
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Development and evaluate of the « -ToF detector for MRTOF-MS.
NIWASE, T., WADA, M., SCHURY, P, ITO, Y., KAJI, D., ROSENBUSCH, M., KIMURA, S,
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Measurement of Atomic Number of Superheavy Nuclei via Bragg Curve Detection
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[ 3¢k )(1)Hayakawa T., Hatsukawa Y, Tanimori T., Heliyon 4 (2018) c00497,
@)1, flL 2016 b2 E 2A03, 2017 Wb 2 5 1B05

Compton Camera(ETCC) imaging experiment using technetium isotope
HATSUKAWA, Y., HASHIMOTO , K., KABUKI, S., KUSHIDA, J., TSUKADA, K., ASAI, M.,
TOYOSHIMA, A., NISHIUIMA, K., KUNIEDA, E.
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[1]1 #REin, s, M, TE LV PRI - BT E g, B2 X = —hi A6k
BT JRERSERE ) AR, BHREARBEEAE (J S T) J3# (2017 £4F 12 / 14 H)
http://www.kyoto-u.ac.jp/ja/research/research_results/2017/171212_1.html

[2] Y Miyake etal. J. Phys.: Conf. Ser. 551, 012061 (2014)

[3] E. Hiyama, Y. Kino, M. Kamimura, Prog. Part. Nucl. Phys. 51, 223 (2003)

Calculation of Nuclear Reaction Cross Section in In-Flight Muon Catalyzed Fusion Cycle
KINO, Y., YAMASHITA, T., SATO, M.
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[1] M. Neve de Mevergnies and P. Del Marmol, Phys. Lett. 49B, 428 (1974). [2] L. v. d. Wense
et al, Natrue 533, 47 (2016). [3] Y. Yamakita et al, Rev. Sci. Instrum. 71, 3042 (2000).

Development of a retarding-field magnetic-bottle electron spectrometer and measurements of the
internal conversion electrons from U-235m

SHIGEKAWA, Y., KASAMATSU, Y., YAMAKITA, Y., YASUDA, Y., KONDO, N., WATANABE, E.,
SHINOHARA, A.
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Existence forms of radiocesium in waters from river systems in Hama-Dori area in Fukushima

Prefecture, Japan

NAGAOQO, S., YAMAGISHI, E., MOROKADO, T., SHIMAMURA, A., TOMIHARA, S., OCHIAI,
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1) R HEKER & Proceedings of the 17" Workshop on Environmental Radioactivity, 33 (2016).

2) FKIEEA 5 Isotope News, No.756, 91(2018).

Seasonal Variation of the Activity Concentration of Radiocesium in Sediment Sampled at Tamagawa

River Watershed
AKIYAMA, M., HAGIWARA, K., KOIKE, Y.
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MIURA, T., OTA, T., TERADA, A.
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Elucidation for production scenario of insoluble Cs particles from Unit 1 using multifaceted analysis
SATOU, Y., KOBATA, M., OKANE, T., SUEKI, K., MATSUO, K. ISHIII, K., Martin, P. G., Scott, T.
B.



EERREATER SN Cs ZET BN FD
1B06 WIRDMICL SMETREE
( TBRRBEEE,  SUE KRB E R, IR Fh%)
OF -+ vkt 8 R 28 !, B 2 dok Bn? EE sz

(EVERFFEOFERICLY | JFrFnb KREOKEMEHE NEREF IR Sz, Zhb
DHT, SiO, DRI Cs DS LT AKICRIE R T ORIBPERL 1) RS- &
N> TNDB[A], REMRLFITKICRETH D Z LML HEMEOREEZE-> TR, Z0D
PEE AP = & CHYEHOF FIENEREIZOWTOFEREYEL Z LRI NS, ZhE
TIROZOWEIC LV D7 &b 2 FHDO RNERIERL - OIFE DR SHL, & & AR R
RBIFNBIRNFAE LTZ B2 BV TWD[2], AWFE 7 V— 71348 B W RAERT D 138 5 |
ELAE 100 pm FLE O ikt Cs 2RI 2 & AT RIS MERL 2 3 7 L T2[3], & OARAEMERI 1%
BCs 1 ¥'Cs DL D 2 BHED L<IX 3 Bk TH D LHEHI S N D[4], K LICHAS
I REAMERL T-0D SEM 18 A 759", ABFZE TlE 2 O RIEMERL 7 D5 N TOERGETE A2 B 5T
T 570, Cs LD L AREBMEDOITLETHD SrizEH L,

[ZEER 1A 7E Tl Sr-Rad Disk (2 & 2 EFEFIHIE 2 AV 7oA HTABIIC £ 0 RiatkL 1
IZHEICEEND Sr 2R LTz, BRMICIZERK D THD SIO BT VI VIR TExHZ L
ZRIRA L, 70 UERENC X 5 REMERL - Ot 217 - 72, 2 O¥EIR%E Sr iR L 3z
Sr-Rad Disk ~ift LiAZx, RNAMERIF I E £ D ettt s (Sr) #4587, = LT ¥Sr @
W Y hoBENAF 2Ly a v oORREEREEY v FL— a7 (LSC)
OEREHIE I TRIZET 5 2 & T Y OREZ TR/ LT,

(#EREER]IN 2 12 LSC HIEFRE RN SE- Y OfEMBEART, ZORENS, @ERK
RERT TR AL S 7= 2 54 b L <13 3 B Sk O RIS PERL 7- i 31T % *°Sr i figl 0.04 B
BETHLZENDhoTe, BETIIIOMEEL L LICTHRIND, fEEIRKREIT CHRAS
NI AR - DO IF N CTOEIBFRIZ OV TELRT 5,

0.025

0.020 — %
[3E]
0
& 0015 f ’
0.010

4
0.005
0
0 5 10 15 20
Day
1 KRERT TR R I T- 2.LSC JERE R B 1537
RYEMERL T 0 SEM 14 0Y DRk R

(&% 3C#k][1]K. Adachi et. al., Sci.2013,3,2554[2]Y.Satou et al., Geochem. J. 2018,52, 0514
[3]J.1garashi et al.,19th Workshop on Environmental Radioactivity[4]K.Nishihara et al., JAEA-Data/code
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Quantity of trace element in insoluble particle including radioactive Cs found in Okuma town,
Fukushima prefecture by destruction analysis
IGARASHI, J., ZHANG, Z., NINOMIYA, K., SHINOHARA, A., SUEKI, K., SATOU, Y.
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Development on the Determination Method of Radioactive Antimony and the Obtained Distribution of

Its Soil Deposition near Fukushima Daiichi Nuclear Power Plant
MIYAZAWA, T., UESUGI, M., YOKOYAMA, A.

X 1 34T O FNA



1 SPMET 2D A IC L PEAATHOREE—REERLYBOXK DS
BO3 oD LBE
(" EEKREEEL, *RESTEC, * BR#EE, *H AR T, °[EBRF, ‘JAXA)
OXRMZRM |, #MIEHE>, WEFEFES, Hohi— . KEFES, hBmE°

(IFCHIZ] HA B4 B H— T /I 5EIT F R E % S 3B 1T 2 KK R Y E O BhgfE ] o
728, HHARDOBIRENER L T2 B BFIPRL IR B E 2 & (SPM. #H) CofHE 7
— RO E SN > 7 20 EREE 2011 R L VT TWD. 2014 £ £ T
\ZAT78 - 72 99 I TORKHPEEEE N XV LM E RS BT V— K220 T
TBEICHRA Lz Y2 AJEE T, 2015 4EEE D 2017 FEFEICAT 7R » T2 T2 e H T R&
B U NBEEBNT S, AYM T, FRTEOHS Y R ST CEE N R D
S Z2IZ T, BRCFEIEN LR GFOME~OBEOMRE A B L7
[EE&] SPM i Cldn— RO T —7AMBMERH SN TE Y, Zo EiZ 1 KE I &12 SPM A
MALR(AR v N ERES)CHIESND. FARy FOWMERRKEZFRELEZE, 1 ARy hTE
ZHIEr L C, y BRIERREIZER L. 2D % Ge YE R TRI 1 BERT 2 5 3 BERHA
ExEIT-T-.
(BEREER] LT LED T XM VIR T ERRD D 5 R &
TO 148 HIRITHIT 5201143 H 12 H22 5 25 HE TOWIEN T, i
T — BNBIEE LTz L HEE Sz B EEAE B, 1R T O RA e v
HeEy U AREZERE L. ’
HHREAND 2 5 TIE3 A 12 B 25 H £ TIOH B R
T— NI S ot HFRNTIZ3 A 13 HE 21 H
IZH K TH 4 Bg/m® D P'Cs 2 &t 7 /0 — A0 S iz S s &
o7, BEMTT 3 H 19 HLFREN SN2 FE T o RgteElx 3 A
20-21 HIZHRKRMEZ R L2, ZHERN—83 5. FKHEANT :
1 HST3 H 21 HiC kfﬁommmoﬂﬁx#&Ménto Y U
REEANTIE 3 A 15 BICBERLHOTEM THRKRF 30 Bg/m® D we
BiCs 2G0T —AnBl S, LavL, BRI CIE
KRNI BV TR 7 L — 2B S e s o 7=,
H RN TIE, PEEC 3 H 21 BICHR K TR 0.8 Bg/m® @ W'Cs %
BNV AREH SN, ZHEEES TR T, Sr—
INESA RS DN E*K/\ET&@ FELELEZLND. P RERLR
WX U — T3 223 »FT(25m, 125m. 225m) T SPM AHESh, Zhbick
F 5 YCs PR i&h& HLTEY, £/, E< O SPM H#iATO W Cs I L b L < —#
LTCWAZEND, L EHELETIEE S 225m FCTEKIBAESINT T V—L 0 BEL
mEHEEIND.
[1] Tsuruta et al., Sci. Rep. 4, 6717 (2014). [2] Oura et al., JNRS 15, 15 (2015). [3J#sH M, = 7 =z VL5 24,
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Atmospheric Radiocesium Concentrations in East Japan just after TEPCO FDNPP Accident by
Analysis of Tape Filters Used at Automatic SPM Monitors.
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Transfer behavior of Sr-90 from environment to cattle teeth after the Fukushima Daiichi Power Plant
accident.
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Systematics of adsorption structure of various hard metal ions on phyllosilicates: comparison
of strontium and cesium
TAKAHASHI, Y., YAMAGUCHL, A.
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