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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.

(1JAEA, ?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 NbOCI; 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 kJ/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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[3#&3@#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
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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.,
MORIMOTO, K., HABA, H., ISHIZAWA, S., MORITA, K., MIYATAKE, H., WOLLNIK, H.
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Measurement of Atomic Number of Superheavy Nuclei via Bragg Curve Detection
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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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NAGAOQO, S., YAMAGISHI, E., MOROKADO, T., SHIMAMURA, A., TOMIHARA, S., OCHIAI,
S.



1B02 ZENSKKEICE T IEERRIGEL SV LAREDOFHES
("WIRBEEE T, PBIRERT) OFKIL A |, B HEK %, i it 2

(EVHRENRES FHFERERICL Y, BEE o (Pes RO P7Cs) 23k
I, ZOEEMOES EHEN OB TE=X U IRERRIT 6TV 5,
FINZEBWT S, @EZHOMICTHEN THOI TV DAY, o LAk 5 FHiR O 48
T 2 WAL D A&B TR 0O 22 BE S KR TR FENE S v TU7Ru, AT C oo JE - H A &
T LD MR THIZAT O 72Dl ZENEKETOBEMEE > T LAD05hmEiET 5
FIFIEFICEHETH D, AMFIEETIL, 2012 F0 5 ZE)IE KK TORE FHSHEE > 7 A
D¥@EBE-TEZY, UL, 2RO OBRIIFHBEEZBEETE TR Y, 22T, &
HiE I Z B KIRIC CIRE A BRI L, EE R B Y A2 EET 25T, &iwi<T
DIEE F I v v A OFHEE 2 A LT,

[ERVEREREOREUL, A7 (2017 4F 12 H 1 B2 5 2017 4F 12 H 10 H), &ZF (2018
£ 3 H 2 B 2018 £ 3 H 4 H), HZ (2018 /£ 6 H 24 A5 2018 4 6 H 26
H) @ 3 W CEM L7z, SUBHRIMHL I, 2N K ONSRICT 45 HA 28 E LT,
EERAEHT, Zay 72 M TRE 5 om K, 1 kg ZHBMLAY RITRF L, SRRLTE
EEFEHT 105°C C 24 Kz 24Ty, BB E 2mm D525 W2 LTz, 5200 723k}
ZRUO U REL U-8 ICFKE L, S L~ = 28 AT 6 B EY v~
BUHLE U, WHREIRE A Lz, £, 2 ToREBHIRB W CERIA 2 20 12 B e %
fi L7z, | |

(#EREEE] Fig. | 10, AF OBk i?/ \ A —yr———
BRI 51T BT VCs WS & R, 0:0~10 6:30~40

K 7Y o T DR R, S| A MO

T Ves M E iz, Brlo. SRR

O TFHERIZ T Cs BREEA @ U MBI B -

7o ZEENIAE TN DO FEALIC L D BAT

& SR B D JEE D WEAVIA RS Ttk D

REERICERL TS EE2DbND, £

BEN 3 T, BIL (35-41) & o fHAIK ]

(33). HE)I G TEmREEL AL, 2 T o o

B O HILE T . TS GE 7 TR AN LT L Fig. 1 Activity concentra?lon ?f137Cs in sediment
. . sampled at Tamagawa River in December 2017.

RLTVWHRTH D, WEHBFKIZE Vs

NTHRBLEZET, JKET "Cs MENEFLEEEZOND, £, HESCHEORAL S

KL SR TR, TOREZEENRRLFEIRBRI N, T O, R—F N33 5 2% 1

RIREY 7Y o ZPEIT. S ETITFIRD 7 EE TR T ADERE) 2 FEMIC

fEMTT 22 EMTELLEZATND, BRTIE, BFEPEFOILRY 7Y IR bED

HC, ZENEKBEOERE T > T MREORHESEBET 5,

(&)
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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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Evaluation of Analytical Method for 210Po/210Pb in Marine Product using interlaboratory
Comparison
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.
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2012-018 (2012)[5]Z.Zhang,et.al., J.Nucl.Radiochem.Sci.2016,16,15

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.
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[1] Tsuruta et al., Sci. Rep. 4, 6717 (2014). [2] Oura et al., JNRS 15, 15 (2015). [3JEsH M, = 7 =z VL5 24,
244 (2017). [4]Tsuruta et al., Geochem. J. 52, 103 (2018).
T ARERM L T WA BRI NZERES ORI ICEGH W LET. A5, RIE
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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.
OURA, Y., TSURUTA, H., EBIHARA, M., MORIGUCHI, Y., OHARA, T., NAKAJIMA., T.
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[1] K. Koarai et al., J. Environ. Radioact., 183, 1-6 (2018)

Transfer behavior of Sr-90 from environment to cattle teeth after the Fukushima Daiichi Power Plant
accident.

KOARAI, K., KINO, Y., NISHIYAMA, J., KANEKO, H., ONO, T., OKA, T., TAKAHASHI, A.,
SUZUKI, T., SHIMIZU, Y., CHIBA, M., OSAKA, K., SASAKI, K., URUSHIHARA, Y., FUKUDA,
T., ISOGAL E., SEKINE, T., FUKUMOTO, M. and SHINODA, H.
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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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