sf" (Therapr-l-biai
&‘ 000 80‘301’88.”&

*'\ :

FRERSL ) RN—F3 Y
mrmm//mzsz”
‘204%11A108-18


https://www.google.co.jp/imgres?imgurl=http://pds.exblog.jp/pds/1/200711/29/03/e0093903_034180.jpg&imgrefurl=http://kariud.exblog.jp/6863209&docid=Q_71gc2Cq_3RAM&tbnid=SfCGrAKfZrWqdM:&w=900&h=600&ei=lENPVJnPEY3t8AXi0IKwCA&ved=0CAIQxiAwAA&iact=c

ﬁg#oTﬁ%&%$m&T%@LTu cH44 2002 EATE
LTERTRINTLET (o444 20h0>CTAtAESRHE)




o

3

S B

F-ys .

KIRAZRASHEMEBE BT

Minch 470008 vEEHA

Main Electromagnet of a 44 inch CYCLOTRON

#1440 FD)&XH%%‘DHSH%"&BL‘I*)I/#-'—IZhDS!T%&I'(\ FhEENICR O TRFRRGES ER-IL.
BEFHPERFERALET.

ARAZTIE, FHETREICEOT1937 EICRATIHT *28" H170tOVH B * IKRREhELL,
LHL. TOH/70bO/IZRET GHQ lcoTRIEE N, ARBICRRENELL,
XH4/0OVREEBRENEDT, 1954 FicEmLELl. $22FEATRKLEOT, 1964 FICBRIT
BTN, 1995 FETERAENTVELL.

REDEMERRE L%, ZOEOAEORE G TXETT.

* BILPRRALIEFSN
* kAR IHFINE

AT
GHQ IcRgfEEha1-/0br0y

#4400V FER

Bt

1937 % (WiR1 12 %)
1945 4 (1 20 %)

1954 4 (iR 29 %)

1961 % (KM 36 £ 9 1)
1964 F (#0139 fF)
1972-73 4F (Wifn 47-48 %)
1995 4 (PR 7 %)

28" ¥4 rubnysk

GHQ#¥ A Zubn D241 AWN T3

44" ¥4 rabnysik

P2EARMOBEMCEY, ¥4 70k oYk

#4710 b oy iePeKIc B, FRERE P Fie el b
WAL RV FE—CEGE, He K FOMEATEC %S

$4 20 balgE, KRKFREmcEREND

‘ hi—.‘:m&!

i ¥ . 45ton

M # . 8ton

B B ki 250 A

#44o0raY T/ V/HMEENZRE

BERNEER

DAL F

k¥ FAA 2.2-6.5 MeV
2 2.2-10 MeV
1.5-13 MeV

7.0-26 MeV

L KFFE 2 50 cm 9.0-26 MeV

ROmLL

[
4
Dk

D (F4—) QR LI 2205 Y, 2 20RO

(B ) IS REN DD TOET

0. 44V RRBONTIRLEEOMEHE LET

1. A4y HRNETET S L 24+ HAMEENS &S Il
bbeET

2. AAVHMIGERICTERLELS AT, HURNZEELEY

COEA IV IHDETRMOMIE KL T

=§BLAAVEHEMEENET =

25 LT, RHICHERRIET S LRDELIEYT 3T LA TEET

. P IET B C LTIV RV F— X TS 5 LA TEET

 WIRLF—C D L AR RY, R KN

ABRAXEZFAEZRBZHEN
ARAEEMEREL Y 2 —

— w

(=20 %) ]




B,
v

/ )
“¥pisode 1

Basic Studies of Astatime Chemistry

Naruto Takahashi*
Dept. of Chem., Grad. School of Sci., Osaka Univ.

Astatine is the heaviest element in the halogens.

Astatine has no stable isotopes. They are short-lived
isotopes and even the longest half-lives is 8.1 hours.

The At-211 and At-210 can be produced by a cyclotron.

Generally, the chemical properties of astatine are similar
to iodine, but in partly they are different from iodine.

Astatine is useful element for nuclear medicine.

*E-mail: naruto@chem.sci.osaka-u.ac.jp



I Chemicalprov s of attine

1) The boiling point of astatine is lower than the
extrapolated value from the other halogens.

2) The chemical form of astatine is diatomic molecule
same as the other halogens.

3)The reactions of astatine with organic solvents are
induced by the radioactive decay.
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e Production

Nuclear reaction: 2%°Bi(o,xn)?13-*At

2LAY(T, ,=7.21 h)
Decay mode: a( 5.867 MeV )41.7%
EC 58.3%

Target thickness: 10mg/cm?

Beam energy: 30 MeV
current: 1 pA

Irradiation time: 8 h

Cross section: 0.9b

211At activities: 40 MBq

RI productlon port



Analysi

Astatine samples were analyzed by means of a
radiogaschromatography.
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Boiling points of halogens and rare gases
(linear scale),
O : halogen, A : rare gas.

Dashed lines indicate the extrapolation.

sulis
US
Boiling points of halogen and rare gas
m f halogen rare gas
z T, (K) z T, (K)

calc. expt. calc. expt.
1 0 1 20  20.28%) 2 4 4.22%)
2 -4.90 9 g5 85.01%) 10 27  27.10%
3 +2.50 17 239 238.55%) 18 87 87.452)
4 -2.45 35 333 331.93%) 36 120 120.85%
5  +2.00 53 457 457.52) 5S4 165 166.052
6 -1.63 85 586 503P) 86 210 198"
7 +1.55 117 720 - 118 257 -
a) Given in Ref. [IV-2].

b) Obtained

in the present study.
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Table 1. Boiling points and Pauling’s effective nuclear charges of halogens and rare gases
Halogens Rare gases
m Element Z-§ T,.K Element Z-§ T, K
calc.{a) calc(b) calc.(c) expt. calc{d) calc.(e) calc.(f) expt.
1 H, 1 20 20.28°% He 1.81 4 4.226
2 F, 485 85 85.01° Ne 543 27 27.108
3 Clz 6.6 239 239 238.556 Ar 7.1 87 87 87.45°
4 Br- 8.9 333 331 333 331.93% Kr 9.4 120 121 120 120.85°
5 I, 11.9 457 459 454 457.5% Xe 12.2 165 166 167 166.05°
6 At, 13.2 586 635 506 5034 Rm 14 210 229 197 1983
7 117 16 720 830 618 - 118 17 257 316 247 -

The calc.(a). (b), {c), {d). (e) and (f) are obtained from the Eqs (4), (5). (7). (1), (6) and (8), respectively.
The expt. shows experimental values.



Count (arbitrary scale)

Resulis

2) Diatomic molecule A2

A C Radiogaschromatograms of |,
+ At,
B I) Chromatogram of I, (detect
] - S | B B+a)
I) 1,+At,(detect B+a)
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At,-> At-+X (1)

At*+ Organics =
At-compd. (2)

(1) Radioactive decay
(2) Chemical reaction

Counts {arbiirary acale)

llLs

yith organic solvents

t 1 | l
4] 1000 2000 3000 4000 5000
tRfaec

Flg. I. Radiochromatogrem of astatina
compound obtained at 420 X
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Fig. 1. Radiochromatogram obtained for sample 1. The 3 m
glass column was packed with 10% w/w Silicon DC550 on
Chromosorb W/AW. Column temperature was 393 K.
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Fig. 2. Radiochromatogram obtained for sample 2. The con-
dition of the radiogaschromatograph was same as that of Fig. 1
except for the moles of Silicon DCS550.
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Table 1. Boiling points of observed peaks and expected substances
Boiling points of CH;At and AtCl in literature are 350+ 5 K and 443 K, respectively.

Peak A B C D E F
Estimated boiling point (K) 45042 46742 45742 48443 4R6+2 50343
Expected substance At,CH;At AtC I, At@ Atl At,

Boiling point in literature (K) 350+ 5 (5], 443 [6] 45717 485+21[8] 473[6)  S86[T]
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Fig. 4. Decay of At; peak in samples 1, 2 and 3. O: sample 1,

A - sample 2, [J: sample 3. The solid lines show the results of

least square fit of the data. The decay rates are 4, 1.74 and 1.44
for samples 1, 2 and 3, respectively.



—~Decay At,—22 At- + Po, ()

/ At + X—— AtX, (if)
At- + R—2 L AR, (iii)
At + AtR-—2 L At, + R, (iv)
and
AtX —2Po + X, (v)
Radiolysis These processes are expressed as
At, — 5 2At (v1)
and
AtX—2 S At + X, (vii)

where the rate constants y; and y, contain [At,] and
[AtX], respectively*.



S Reaction rate equation

/

dlitz] = —2(1 +y)AAL] — 7 AALX]
+ B,[At][AtR] (1)
d[j‘;'] = 2(1+4 2y, +y2)MAL,]
+ (271 +72)AAtX]
— (a4 BIAL] — Bo[AL][AtR] = 0 (2)
d[lz'[tR] _ ﬁl[At] _ ﬁz[At][AtR] =0 (3)
and
CJIALX]

= a[At]—(1+72)AAX] -2y, A[At).  (4)
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Produced radionuclide and related data

Nuclide Halflife Nuclear reaction Qvalue(MeV) Decay mode Major gammal(keV)
2Mn 559 d *°Cr(a,pn)Mn -12.95 EC(70.3%) 1434(98.3%)
B*(29.7%) 511(B*)
>2Fa 8.275h *2Cr(*He,3n)*’Fe -16.37 EC(44.5%) 168.7(99.2%)
>0Cr(a,2n)*?Fe -15.64 B*(55.5%) 511(B")
®TCu 3.33h  *Ni(ap)*iCu -3.1 EC(38.6%) 283(12.2%),656(10.8%)
B*(61.4%) 511(B*)
270 9.26h  ®cu(p,2n)®?zn -13.26 EC(91.6%) 507.6(14.6%),548.4(15.2%)
*Ni(c,2n)%?Zn -16.77 596.7(25.7%)
B*(8.4%) 511(B*)
557 244.1d  Cu(p,n)*zn -2.13 EC(98.6%) 1115.5(50.8%)
B*(1.4%) 511(B*)
124 4.18d  **Te(p,n)**" -3.94 EC(75%) 602.7(61.0%),1691.0(10.4%)
B*(25%) 511(B*)
210at  81h  2Bj(a,3n)*°At -28.08 EC(99.8%) 245.3(79%),1181.4(99.3%)
a(0.2%)
At 7.21h 2Bi(a,2n)MAt -20.33 EC(58.3%) 687(0.24%)

o(41.7%)
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Excitation function of 2%°Bi(a, xn)?13-XAt
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A. Hermanne et al., Appl. Radiat. Isot. 63, 1-9 (2005).
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f_”m"m“js Fig.3 Photograph of the irradiation system (K-course)
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158.97 keV-T-123

602.73 keV-1-124

511 keV- Anihi

645.85 keV-1-124

1690.98 keV- 1-124
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245.31 keV- At-210

1181.39 keV- At-210

1483.39 keV- At-210

o N/ FrxIL
=

10° _ w

0 500 1000 1500 2000 2500 3000 3500 4000
(6.902) (248. 67) (490. 45) (732.22) (973.99)  (1215.8) (1457.5) (1699. 3) (1941.1)
FH 2RIV (TRILF keV)

Gamma spectrum of Bi target x-1120-2)



10

10°
=
&
2 -
> el
4 e L
10 : 3 .
2 5 F o
- [} ]
% 2 <
¥ % %
= i~
%10 = >
<AL o
e\l %
D
.F:
10°
10’
*y “MUHLLLJLM.U
0 500 1000 1500 2000 2500 3000 3500 4000
(6. 902) (248. 67) (490. 45) (732, 22) (973.99) (1215. 8) (1257.5) (1699. 3) (1941.1)

F v 2RI (TRILF keV)

Gamma spectrum of At in CSs2 x-1129-5)



PET/MRIZ & (RIZA2—-KH)




‘ 420 min




[
g
S o
& °

—

Tissue Distribution of 219At in rat
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