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(@ = 410.1 pm) 1&[F U7 J 51283 A5, SmPds &
b T EEDPREL ADT, WA ZXHT
BIENTE D, &0 KL O SmoOs A
54 L 72SmPd; 12 DWW T T 7 + — Nk HEEL
2 X BREDEREIT o 7205, AELEOKFE
W CX 72 do 72, Prowse & 13 B8 1k 385 %
WCAKFEALY R 0T 2EEER T > Tnb
2. TNAR L THSMPAs 2165 2 & A5 TE 712,

312 mg »™SmPds Z JELCTF 4 A 22 L7z

01 ODo0oboboboboooboobgoobooo

¥ E, La L L a U e O Q. B HZE T 5k Fp e .

keV mms™ % H v 10%em® 10% em®
BlEpy 2153 132 5/2+ 7/2+ 478 +3472 +2591 +0.903 +1.28 ®'Gd EC 120d “Eulp,n) _ 702
°Gd  86.55 0487 3/2- 5/2+ 14.80 -0.259 -0.525 +1.30 +0.112 Eu B- 4.9y “'Smn,y" Sm(-) 235
Dy 2565 0.367 5/2+ 5/2— 189 -0480 +0.594 +2.507 +2.506 “'Tb B- 6.91d Gdny'*'Gdp-) 259
g 8058 187 0+ 2+ 336 0 +0.632 0 -19 "Ho B- 1.12d "Ho(n,y 127
Tm 841 7.98 1/2+ 3/2+ 100 -0.232 +0.515 0O -12  "Er - 94d "Erny 137
yh o 8426 203 0+ 2+ 305 0 +0.674 0 212 "Tm B- 130d *Tm(n,y 181
* ZEICHRL



Bt =2 — 2 75 2002

%, BME ANS) o7 VI = A (JEE100
um) (2B AT, HARE 0788 O JRR-3M HR-1
HESHIL (PP PET-36 X 10™ em™ s71) ©67 BER
THEL T, PEu/™SmPd; % 1572 (0, v KIET
R % P"Sm 3BT (Th/2 = 22 min) TP Eu
(Tip =496y) & 72 B, L8 L7=""Eu 13231 MBq
EERHEE N,

YlpyoooOoOoOoOO DylaowTidd iifE
6BRIZOVT X ANY 7 =3RS SN TW
205, b 515Dy 02567 keV DEREATA AN
BT =AY MVOHIE mm%nfw5o;n
IE A AN T — YO T30 F—= DR 720 121
E%ﬂ@ﬂ%ﬁf%é:k&\ﬁmmm&fﬂm

FERDIK E IO EMEMZEIZHE L T b0 56T
Hb, MFI mﬂﬂh&#%o&%ﬁ ZFH
ENTnwb

R AR BOE C A L 72 'YGdFs & Wi T
ML L TR L7z, AR coGd® L F oK
o2&k 2GdFs o &R b MEr L 7228, AT 5%
GdFs o it X 326, wiNEZRHA L7z,
0Gdy05 (98.2%) 90 mg & 7 vALT ¥ E=" 4173
mgxRaL, HEFR—MIBLTA ya—3%
i, 300 CT 12 B s £ T, 'GdF; 113
mg 1372, #0H) HLDO6mg % 3 mm DXL v
LTS, @it L REER)ZFL
(Aldrich #, A9 C) ICANT I O ICE AL
7zo 4% JRR-3M HR-2 B4+ (¢ = 1.4 x 10"
cm”® s7) TT2RERI A TS 2 B 2w, 161Tb/
GdF; (242 MBq) % 159720 #5133 8 FFEREE 2
HHTE 5,

YeEropoooooO  EricowTidbBfEb
BEIZOWVWTAANY T =B HRES N TnAE
25, MEICHEL T2 Ercd 2, Bl
&k Uiz AbHo, HoPds 2 &b Flv S Tw
% H5, Fe 41 Strohr 50 HEY cHHR L 7~
HoosYosHe # W T W5 . Ho &Y # i 5T
2:30HIENY &Y, T— 2 IFCHEE L CTHootYos
L7, “BHo, YELICHBHITETH LD
T, HHOEMERT Z0F FHHAT LI ENT
&5, #3200 mg D HopuYos 2 ¥ 7 Wi EF ¥
W (BESr Y ¥—) TLEICLATHS, HZ%Hh
(Y [algn R > 7 ) 1 EER850 TChn# L7z, o
DWTZ DIETKESTE% 200 Torr IR B2 A8

LARFEE B % o7, OIZE R ®E L TS
A5, VMK L il S 972, ZKREAHDE
B Iz B 72O A RS R ER TG L
T, HooaYosHz % 1% 720

55 mg % 4l0mm DT A A7 & LTEMET
V3= A 5H(ANS) Ta AT, JRR-3M » PN-1 i
SHL (PP TH6.0 X 10% em ™ s70) 9 43 R HEgT L
T 'Ho/HooYosHz (148 GBq) % 15720 s
269h VDT, — OO TIZT~10 HRE L
WHEICHH T v, FMEHMETAERT S
%mnm—@mhquZ%h@V@Hﬁum0%>%m
B3 20T, BHWOBRIZIZZ I X 2% I
WTHEET BULEND 5,

EIVE DR % FH 72 % ANy 7 — S8 TS %
L Eh ohna Eo—oi, HEOHE T
H5, PGd & Er Tl LS OB AW
T ADT, BEFEICRL Yy FELTHLE
FMEET N I = AICAATER LT o gt
LTwa, BEHC X o THERT 25A1 o LR
224 m7 DTAANY T —ER ITIZHELTL
FWHIEDIFEICE SR, TT7IVI =T L4
TR ORI A O OGS FEICRIEE 2 5 2 &
F7 v ol Dy TIRIEIL AW O A0
mgd RO T, FBEOIERD L ZAIZFEE L&
IR ZF LRI EH L TrolE L Tn
bHo R)IF L IEHEICE >THEIEHRA DD

N TL F o THEHME L 728 R 5 2
LlEv e WITNOMIE TS BEHEOMIIE T v
IS LABMOMRE RV —ICEZE ) — 2 2 ffio
THEELzdL ., AVF—%2100 um D7 )L I =
v AETHE S TEE ., EHICZRFIUBIETE-
Tw5s (BHE 1),

HE1

A2 T =R () LB ().



Bt =2 — 2 7% 2002

3000000000

Ik~ & 5 12Gd & Er % 28y 7 —
AR P VORIEICE L TE, XA AN 7— 7y
DI FINVF =D DT, kB L OHIRZ & H
LTHELZITNIELR S v, 272012 A
7 OVENGSEE CER I (Bk) 2 94 4 3=D2) %
WY F727 94 F A v FEHWTWSE, 20D
75 A4FA Sy M, TR FTIZFKAL DS,
YT X oAU 2 28y 7 — ISV T &2 b
D LR OB E > TwaY, BN 5
B2 1R L7zo #RIE & WUARIE 5 SRS O PR E) 2 &
MR 572012, 727 I94F A% v FARIKE I D
ZABICERE S NTVW T, RMREENT X% 4L
THEEINTVE, BRI ME 235 diE D 5D
ZEVCH IS, RIS AL LTz &
TWAANY T A2 o THHEN S, REED IR
JE1ZFe(Au) — 7 1 2 VEE THIE LT % 75,
W2 KIS T WD, HEIE 7LV I =Y A
BOEWHEDEICA L THEE L, BE A2
728 5 2 AF 2 — —TERE I ERE) LT
Wwh,

BIDy % 289 7 — 27 M VIZERT b l5E

HE2 KEAANY T —HEKE, 794+ A5
~ B3 o

DR DT, “Fe Lk FMEORE % HVTWb,
ThbbHAT7a =MD IS4 F A%y hDOHIC
WU & &, SRIEIEEIRICRD 2250 [HE X
| OREETAXRZ FVEHIEL TWAD, Wi
DARY M AIZBWT S, HRIEOERE ML L —
W — FHEE 2 T ARZ b IVORED 72 0N
ELTW5,

400000000000
edoooooooooon  WRIUEE &S
100 mgGd cm™ & 7% 2 O FHEHZ O WTHllsE L T
W5, BB LEw R I FE 25 1H
DPETIIT R ANRT S VDBESNADS, 5T
DALEYTIZIEAMM EOREZET 52 L0
%o M112Gd:0s DPGd A AN T — AT BV
Thrb, “HOFT Ly MBI SN T 5,
Gd203 12 & 7 v B 20 & RAR B ER KR T %
Y B 7o (MngOs BUf %) CTdh 505, BRFKZE
FUASTHEIAT A NSAFFET B A FA LR HE
FINAFAET BV A FBAEH D, A ANT T — A
R MVIZIZZDO DDA FASEREIS LT E
ENTWb, 4 MAEAMO Y 7L v+ TRE
TRy 7 b (8 IEIEHE) & I AR L (e%q0) D
iz, 051 BL UG53 mms  THh s, ¥4 FBOD
5L e’q013050, 10.85 mm s* TH 5, Gd* i34’
DETEEZ DS, HABHOEEZZIFIZ Vv,
FO-OIETDOIREODA WG %5 54 L
TWBEEEZ LI ENTE, B TOELHEA
DHEGIIEHTE 5, BHAWIIL LA, BA 4
COERE DD LETDEFEGIZELDELDTH b,
L7=h5 o CGE ML D e’q0 132G JE h 4 4
COXNHEIIER T A I THHTE 5, ER
Gd203 12 B 2 =2 DH £ F De’q0 DED
E, MRZILOBLEDENE L L TWwa,

LZATGd DAY P VIF T FellH b b
F7Ly FERMUEIICRZ 205 FEidl =3/2
—I.=5/20F DT, bARDEENEL > T
REEHHESNTEN SN TS GADER
DfriEH g0 77k 27 GdoOs D4 4 P Bz & AT
RLTH D), TNEFHRIREEDOZIUME — £
kN DSEEEIRRE D 1/10 DT, Bt kL, = 3/2
—>I.=120BBDL ) ICRZD720OTH S, it
S>TC2RDOT— L Y ROWILTHITT 5 &, X



Bt =a— 2 7% 2002

AN T =T A= PEL L 5L b, 72
3/2-5/2 DB R THHD T, ARIZANY F L
FIE AT O DI BAK E 21X T TH DA,
EBIE EROMBETEg0 DS o 5 2 LIk
Wi TH %,

ST YT 2 446 &5 785k GdFe
CN)eAH:0 DARZ PSR LTHDY, ot
P12 GA®T L Fe®™ % CN A5 Lot 2 b b
G IZ1IZCN DN kDI Ak b B4 L THY 8
B IFERUNT ) X LB ETH B, Ry
7 bk USRS A EROMIZ, 06135 X 084.07 mm
s td 5. Fe "4k KGdFe (CN)s.3H;0 % GdFe™
(CN%AH0 & T, Ko HO0 %5 v # 2 12 B
LTWa, ZOHkoske’q0 n ik, 0.60,
481 mm s TH b, e’gQ PHMT 575, T
HREBTOREEDZELTHMTE B, Fe"h 5
Felicez &, Fe¥ D139 54 4 v BRI A E W

100 g
99

98

100.0 je

99.5

T(%)

99.0

100.0
99.5
99.0
98.5 1 nl 1
-10 -5 0 5 10
v/mms!

M1 #FU=%2a (I)LaWw o Gd 2 2w 7 —
A~z P, a. Gd203. b: DyFe(CN)s.4H20,
¢: KDyFe(CN)s.3H:0,

2D hHb 6, BT ORISR T 5. 4
WZhE AN DOFEOE G R E V. T OfEE4 A
SO YEDF NI RKRE L > TBY, B
L OHERIZE DEFRICE LD L FHHTE 5,
¥lpyoooDoooOoDoOO k4 FURIE
= 2 %330 — 50 mgDy cm™ D atEHZ DV THIE L
TW5, SRIEVERIEAIC126 BRI E CRE O A
R7 MVERETEAH, SAMBKIIT] HREE
DIEEDWE L B

YDy x 28 7 — 227 NV OBEIE . EiR
TOMENTRELZZ L TH D, KM21Z2 T /4445
45 584k DyFe(CN)sAH0 = i & 77 K T
YDy 2~z b veh s, ok, S
D E1F7: GdFe(CN)s.4H0 & [FIETH A, ZEimD
AT N IVIZHFR I A7 VT B, R
7 b IR 045 mmsT Th o7z, TTKD
AT D VIZIRINANE 5 ATE Y . BB D
BEZIT T WAL bbb, Nowik-Wickman
EFN D EHCCTRITT 2 & AR LT ns &
V) RER DG ST o WIDUHIAE O i EZEAL %l E
L. MOY %2k THhB L, TAXICK TH o7z,
S OALEY TREIMIZhTEE HW AU TN
AR Op AR E A5, Z ORI EAN &0+ 7

100 %=

99
98
S
S o
B 100

98

96

94

-1
v/ mms

X2 DyFe(CN).AH,0 @ Dy 2 2,3 7 — 2~ 27 b L



Bt =a— 2 75 2002

DTM% —FHWITRO B ENTELR WV, TD
113" Fe 2 < 7 b v OWINEFE OIREZAL A &3k
% 7:MOp* Fe)dfE5.7 x 100 K2 X 0 & L k& 7
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The American Chemical Society's Summer Schools in
Nuclear and Radiochemistry

Sue B. Clark, Director

Washington State University
De partment of Chemistry, Pullman, WA 99164-4630

Although the subjects of nuclear chemistry and
radiochemistry were once prominent in the under-
graduate curricula of most US colleges and universi-
ties offering baccalaureate degrees in the physical
sciences and engineering, these courses have slowly
disappeared at many academic institutions due to
faculty retirements and decisions by university
administrators not to continue educational activities
in these areas. At the same time, nuclear chemistry
and radiochemistry remain as a recommended
component of broad and balanced training in the
physical sciences, especially chemistry [1]. Also,
nuclear science applications are essential to the foun-
dation of many technologies at the beginning of the
21st century. The National Research Council in the
US stated in 1988 that, "...The future vigor and pros-
perity of American medicine, science, technology,
and national defense clearly depend on continued
development of nuclear techniques and use of
radioactive materials. Loss of know-how in the field
or failure to develop new uses for the technology
could seriously and adversely affect this country's
economic competitiveness in many technological and
industrial areas..." [2]. More recently, a report
prepared for the US Congress in 1998 concludes that
"... Too few isotope experts are being prepared for
functions of government, medicine, industry, tech-
nology, and science..." [3].

The federal agency within the US government that
is most affected by the loss of academic infrastruc-
ture in nuclear and radiochemistry is the US Depart-
ment of Energy (DOE). The DOE maintains large
nuclear facilities and national laboratories across the

US. Many of the nuclear facilities are in need of
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clean-up and environmental remediation from
radioactive contamination. The national laboratories
are essential components of the foundation of Amer-
ican investment in research and technology develop-
ment. Most DOE facilities and national laboratories
are projecting the need to replace large numbers of
nuclear scientists and engineers as the scientists of
the Cold War era retire. Workforce studies at these
sites show that 40% or more of the nuclear workers
are over 55 years of age, and 60% are over 45 years
old [4].

adequately trained personnel among college gradu-

Consequently, concern about finding

ates at all degree levels exists at all DOE facilities.

One of the ways that DOE is addressing this need
for trained personnel is by supporting a summer
educational program in nuclear and radiochemistry
for undergraduate students offered by the American
Chemical Society (ACS). Each year, twenty-four
undergraduates are provided an opportunity to
complete a six-week course in nuclear and radio-
chemistry at one of two locations in the US, either
Brookhaven National Laboratory in Upton, NY or
San Jose State University in San Jose, CA. Twelve
students are accommodated at each site, and all of
their expenses are covered, including travel, living
expenses, tuition and fees, textbooks, laboratory fees,
etc. Upon successful completion of the course, the
students receive college credits that can be applied
towards earning their BS degrees.

The goals of the ACS Summer Schools in Nuclear
and Radiochemistry are:

1. to provide fundamental training opportunities

in nuclear and radiochemistry principles,

particularly to students from institutions that
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do not have such programs,

2. stimulate interest in students who are making
important choices about their future careers to
consider the fields of nuclear and radiochem-
istry, and

3. generate awareness and acceptance of nuclear

technologies and application in society.

Participants are selected from a nation-wide pool
of applicants who are currently enrolled as under-
graduates seeking BS degrees, preferably in disci-
plines of physical sciences or engineering. Materials
covered in the course include nuclear structure,
radioactive decay, nuclear reactions, interactions of
radiation with matter, the nuclear fuel cycle, and
applications of nuclear and radiochemistry in medi-
cine, geology, astronomy, and archeology. In addi-
tion to receiving lectures and laboratory experiences
in nuclear and radiochemistry, students also partici-
pate in field trips to nuclear research and operating
facilities in close proximity to their sites. Also,
prominent scientists who conduct research in various
areas of nuclear and radiochemistry are invited to
present their work at the Summer Schools. This
activity provides the students opportunities to build a
professional network within the community of US
nuclear scientists and engineers.

The students also receive career counseling and
information about graduate study and job opportuni-
ties in nuclear areas. Upon completion of the course,
the students return to their home institutions to
complete their BS degrees. Even after leaving the
program, students are offered considerable assistance
in finding graduate programs and subsequent summer
positions in nuclear fields. Every year, students are
asked to comment on their experiences in the
Summer Schools, and this information is used to
improve the program and plan for subsequent years.
As much as possible, participants are tracked upon
completion of the course to assess retention in
nuclear and radiochemistry. The Summer Schools
have a demonstrated track record of retention of

students in the nuclear field. Even for those students
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who pursue other non-nuclear fields, many report
that their experiences in the Summer Schools were
very influential in their development and their aware-
ness of the advantages of nuclear technologies in our
society.

Since its inception in 1984, the American Chem-
ical Society's Summer Schools in Nuclear and Radio-
chemistry have served a total of 396 undergraduate
students. For almost twenty years, it has provided a
small, but steady supply of students into graduate
programs of nuclear physics, nuclear chemistry,
radiochemistry, nuclear medicine, and other areas.
These students earn PhD's in these areas, and many
of them enter into careers working for DOE, either
directly as employees at DOE facilities or national
laboratories or indirectly in industrial positions or as
faculty members at universities conducting research
supported by DOE. This program does not amelio-
rate the loss of academic infrastructure in nuclear and
radiochemistry in the US, nor will it alone be suffi-
cient to address the projected work force crisis for
nuclear workers at DOE facilities and national labo-
ratories. It has, however, enabled many students to
enter this field of study during their academic
training, many of whom report that they would not
have considered this area of study without their
Summer School experiences. Additional information
about the ACS Summer Schools in Nuclear and
Radiochemistry can be found at the website of the
ACS Division of Nuclear Chemistry and Technology
[5].
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