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31 IR BRI
( In Quest of the Origin of Elements )

“OTeT FTONET BTSSR TEME 2T
TN Y IR O |

AN AW T Slew  Suiem,
ity yfoem 3 |

HIAAA AT 9 T 30T W,
o (v Teegiae camte |

(Emiedy aorame Rz iz
fﬁqﬁw*ﬁwml”

1IN (Perlodlc Table) m’m Wetq‘\‘ﬂ Feny Sgs
29, e Fomy WA MRA—aBR Afe @it e Alze
wters orw Tafeer faoe w7 7901 SR ofedt ZiRrgEw
Zqre Reratmam orfs (v@wrg T 1 28ee 92) aim smdyie
A AT | G} AL O T FHT ITCUA BRI AT
Ffme B f@rivm AR afesir ITzm ST IRTE
fags siae 223 ane 2&re 650 3116 Iwx S 77 arayEvs |

fruziag 2od wive ZRane “pew I LW Az yere:
AP TR JIRLACAT OGA | @B et ammen wiweEd rriim
am | AR, TRl AEM GIR-EIES Wi W A
Tulttrs gerra yEe® o7 aragrs | @ThoeR e Taeg frs
Fiam aiaiars wo e @Ene Seonias 2dn e e A faw
e st 1 o} afmw S @ @l I T W Ra
Ty oo Wy — e 3t 2RW o, Boer Renir 1 «¥
cofaniaE FiigEl 1w X @EANe Sy arviens
farer orenn A



2 T ¢ RecivamTen et

@7 @ (Ben Johnson) 800 Iw@ 3wy “The
Alchemist” »@tF T3 ITHCIW : :

“Ay, for ’twere absurd

To think that nature in the earth
bred gold

Perfect i’ the instant : something
went before

There must be remote matter.”

«® 37 *m¢ (remote matter) AYTH ITHF WITN biewATR
Fivegizam! (cosmologist) € EmfeHamzE MITTMA 3T
I g geE fedhs 9 Gtmmem aiter s
unews ompréa (relative abundance) wem @@ drmn
MITN (PGS IIAATEN 932 FOEET Vo7 AP AS F a0 |
ST T O WX FIACEH GVF, TIWE @ IAENAT -
faverge w3t agreiies (outer space) Tepifere farvergs w1
SIRIG T T%a A 22 P semen AT
TN BZRT WOIRAE (i e I AW | @ 1 AL
T MEE TR IARiNre Juiae @ camieidEE
7 (21 rhofadmE saated-fates @om oax ) 1|

S5 CCEE SUCeifEr=s SIfSE (Relative abundance)

gMiey @ wIxEmMies (cosmic) Boaq z¥re 7 favy
i ameies o sew con® TWy's oo Srmfse 2¥wme
(5a 1.1) 1 smn fves ~mndylom vy ofEve g anaiss
AR F4TeF — D TS eI 93 S @R (N 2
eu g eI M 76 e ¥gm @k wW  elmew—an
FRAPRYTT  WSF T oM @R (@G 6WAT TFA 23 ©M |
oramiay % (Atomic weight) 373 Tx o g on¥ce
E ¢ oo Fe WA AW TH| @] HISWW
AT 2N WIFHF ANiowrn orn I wigaefd (Iron group)

oo cwm 1 o¥ it erpfers oméaeT ariemoR e
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10,000 oo (3ot sfgame oQmF 1 ePiwes SmvarEn felemm
e @teiam Aafore »iae fqvw ea (mass) am TeFm
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RELATIVE ABUNDANCE

5@ 1.1: Yo wTerfes enpt |

S8 AT

‘e nron (George Gamow), @™ @t (Hans Bethe) @

@ zem (Fred Hoyle)us og 2&te @iepyivn a3l goman
f5a0 *mem W |

ofas FoCFHEWIE WS @R TFOYPNT JSTTE
giufomes sk Xlen | sprgfaamitn 7% a3 @@, TR
e 77 orvied Bewt z8a (39S Tafrm (Nuclear reaction) s
ZEYTE TAS 8317 o1t SR 6 fefermom Sed ( ceidw—
¢e®l{Ba 53 : proton—proton (p —p) cycle )* :

4 *H - 2*H+2e" (ofemiv)
2 "H+2*H — 2 *°He
2 *He — ‘He+2*H

4 *H — ‘He

» 48 5o wtwe fog fifian o 3fmi worces ot
*H+*H->*H+'H,; *H+*H - ‘He+'n



4 v @ BRatETOTEd e

tae 4 gAre AR Sed ( FIER-SIRTRITHN o
Carbon-Nitrogen or C— N Cycle ) |

1!C+ :I.H — 18N+.Y )
**N — *C+e’+v (Tdfien )*
“C+'H - *N+Y

UN+H - *0+Y

**0 — “N+et+v

¥N+'H - *’C+‘He

4*'H — *‘He+26'8 Mev (2'68 316
grzia coms wier )

YR CiANerE A @A fefmmam AR wreFm
90 SR (IR, CABI-C2MO7 678 A A®A iFm ; IE-
aitinew o g0 TiFm @1 Gen swrd @ flem ¥vewew
z2re flome e B ek M op7 wie ffe zm @}
IEA-TRGTEN bwd @ 6—2 @1 fodt choraw wvr; oF
Q¥ A4 28T 60 1% AT A I |

@3 RiFm (Nuclear reaction) SRR *”1 &6 IMR-
@6 (Lord Rutherford) 1920 swer efagmrdt tamieten ¢
“What is possible in the Cavendish laboratory may
not be too difficult in the Sun” =ie FCeler MITTNH
13 7ET, O1F1 oz M zem e 77 |

ook (Einstein) qg ¢ E=me® ( E=sfe, m=
s ©7F, c=omAnId oafen ) want wfee smmd @3
Aty weTe FMWA FM AW A6 eamee e few wfew
wé adiR o4 I e wnfuerey fem 1 Ain areges
fogemre fem @3 el o o whpe, AR SrenTy
ot e omw 50 wF Tt ifviraw 1 @R 25w O SRR
aiey fewr M1 ; oy Yeot sy Foryf—cands (Proton), fddw

« stfiror ( 5gd ey ) avw |



At G- ' 5

(Neutron) e gmaidx (Electron)—amzmes ot wier (Kinetic
energy) &% 10,000 Ztaria cor6 (g o ety wies 107"
RN coms )1 caEe Tatmarg o Sqew AT cAmdN-cami
b AT TN | «¥ ooy Trlaam T Ber T @3k wew BE@
oY ATeS 2w 1 Tegwa o I TRENE gEEE sfawre
MF, A TATAILET (T Stow ZRIS AT AL T FPHS
T 9% AIBHT WA quFeEiNe wie (gravitational
force) 3w oMy @R @ET (core) wrEm WREW FMye WL
Figharny Sofaea ol gfw oy war &z 2¥re cewikiearm
A ( &A1 Men ) q7 Awa A ARNAS) @I “ama orer” (Red
giant) 1w wteize =7 |

@2I@ THE A AEA @R oromm 2rm 10 1% Todt
cioree | Teform wemfer 2%te Afeew fafem (Fusion re-
action) ATz Mt (eigIvia @ieyfar oz 7% 27 1

‘He — °Be — '*C — 0 — ®Ne

fifmtx afafomta F= s faex
( ot )

— “Mg ..................... — ““Fe...

Lib i etz aite

QiieRETa-8 JeE FrERE (FES, T NS T AKX AKX
Tzfomm g #Aige Alwew-iiram 3 @me (**C) #fare & |
oFtors QfAfRm-8 cmem AW M; W EE ROWE™
Qim0 wisfaees (ore) i IW | igfmm e IHWF
sadet aie—fafemm (Lithium), @fafemm e @@a (Boron)
o AETE S zF M1 XA oo afrE Bk zH L O
T, O GiAlens CAbA-In W HER A IR FHe
fafemm, qfafmm e @ cwar RiFgeye-Es TR o
W1 @R effem AT GitATNR N AFOR RABS AL

et s ( sremm 15 1 fedt erivbrares ot ) I6w-
ARATET SUFT oMM oF | I ZRUS oMb AMwew Tatram



6 e e Rewivmren cie

TRue-16 3N o W TW—Em ZA© IR INA-12 e
frform
‘IQCE 1ICE I.GN:E :IBN:E 1!C+ lHe

By zH 1 @ R ARGITEW € ITWEAT TN WIRATOTH
Pge = 1 :

wotn T combn TRl wfaew z¥re wiwew-17, Wew
z8te fHeF-21 q TH | «W Tiarew-17, Wex-21 € FEH-13
( T ~dn Beony ) Tetemman iz fafram ot e 7o
F@, T LS opF TGN Oemfae @ @R W Tiem
MIATMICR FTwe z2aAwe | @@ Tedw fafeamw (Neutron
capture) @izgarfa @iwgia smERiizzeny ent aieyfa—
faosiy #1468 ( *RTY FarE 83 )— Beoiw I | AN 17T
citeryien combrn w3k ol |

@We «F MOIPW AwEA (giant star) afet zire
cdlatmmm (@t 43 ) ey emiiae z¥ame 1 GRS
opgralt coubTR Gie—&z A4Torw) AEeRY SRS SR
Qo 16 TEW WA | INGR AHEA HORT AWS A TO6RS @}
citer Bge qumiest | @ T& ITe TavwmEeele e AwwET
yfefee  afomeiva-264  ( migeae 98 )wm  SiEed
(ofgm 65 T ) Biwe smem w1 evire:s @AM
Fnfeerimam oniae Z8afem 1952 smer sl avrepa
o we eerem (Thermonuclear explosmn) ST
Z80e |

Soare Giterie A Awd Rmfem s 80 faiwwsy ;)
YIATANZE  ALRIIGN € SATACTR FLA AFPAZY ROTHA W6 | 258
RrerrE wtn aws A fEmen atm cwidEme  Slardey
falwy 28¥m ve ve ©n wErEw weRm ofver 1 WRemy -
NeA € ATAGN J% ZWA | o ANCNMENIT Sl 22O (F
% I TAMS (SH-RIFICR 27 Aqria 2yieRt dieg g item
@ g TIEM STNAN— TN, FE, IRen Fenti Oed g2
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IEA (¥, o7 arayyS Tew omw 660 @ W Ol SEwwAw
3N TR GEwewE I3 oA 460 @ 3@ ( Tgrivre
fareme i 2y oema ) 1 ot R®wiwEm et (Uranium
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5w 1.2: ca¥m owief AdeaT erare-fiw |

series) z&te emife TXIE @, wmmqha\aaaﬂ amm 800
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8 : : e @ BwivmaTay ater

crteroyfor i M @qe A TR o Fimme, o™
7% Ralew E-pmen @F SEiad or— Tiee 5o m
oot Sfarge |

otafrT ar, =Twilw :
1. W. A. Fowler—Scientific American, September,
1956 '



Y CTEET qEE—ey@E e et

( Radioactive Isotopes—Techniques & Applications )

HINGTCA (SHTTR RCMBICAR AW AIR Jiaies | 14y
BT WHe I R@Fl 9w e Sow AN AizEne (R
Rfonr STATET IR W@ |

. 1896 7mar efd (I¥eAM (Henry Becquerel) 363
coutrel IIFE 9F o7 LW oAl Fia@ 1 B G’ IOW
o AT FAT 8 Torwa Tt @form i tawaw | 1919 Aws
nS AWACSHIS (Lord Rutherford) ¢ YIS BTF (Chadwick)
Fhowm Pl (oubTE SREIG 4TS I @3 G AW
woten @feFsl (Transmutation of elements) 3 orfege
TR |

NEATEA (FWET X OHTEHMIN AT INF AWM
giaran=17 (7ot cier ) @3 camsN e zRe 1 Wi
ARETEA-(FET ufumﬂ—cmas wARIAE ZBA | ¥ WA
fafrae (o

“ N+¢,He » *",0+',H

faf@m (Nuclear reactions) 3on 7 | O ISR TGEA
FaLed Alge KNI RiFm | @wed amined ek
fafye sean® emeam (Mass number) A Fm3q WEd e
AT AATG-RAN @3 AL Ty Tafe A sE N
(Atomic number) | @A **,N-a7 o TRWEA-FHFT
et 14 €3e ~Ewgews 7 ; @feam C' (RaC) 8o z¥ee
e Swefe e Chnfe Awm T 0 FRWTAA-FEIT
ars 3t O iFm omy @ Berere caw F (Y, H)
«3f forr AeERE s wwenE I gleniae (scintillation)
I | B A ARSI Tam TCw e & |



10 o e Rbratvames ailer

amiAe fem o AW Srredn wqw@ (Outer
shell electrons) 7w ¥3k «& HfFme «fe @we-Rkirme-
wigd QAT 2 O3 (T 9 I |

antafas fAfan

Li+3H, - LiH +1 ev (1 &tereidq com )
cdms ffemi: ",Li+*,H - 2, He+17Mev (1@
7 o Rrowsids coms ) ,
(1 Mev=1x10° ev=16%X10" erg=38.8x10"*
calories)

AFTATH INIICNI o (EPTFR ARCATGIA D7 Fherex
ShRRY Zhtew widfaw (Irene) © cwifore 3 (Joliot Curie)
(1984 71 ) 1 cenfme Ft woere}  comoamiE (Polonium)
28rs fofs e 3o A fafer e smid 28ts comterx
TRCANG™ Ve FEW | 2w Polonium-210 (comenivam
—210), Radium — C' ( @femw— C') genir apiew oates
@tarr e (projectile) wrere Fonz Bexr TzwNT IRTT I/
2o | g Fw Oomm o 0, WOEN e smn abeyp Renfr
CFIR-(FT- 1T 22 Seom I3 2Bw |

'JLi+*,H — 2 *“He; °,Be+*,He - **,C+*n;

*H+*H - *°,He+*n; ",Li+*,H — ° Be+vy

5 WAT [y e wAAA FEe-cwoe® (Nuclear pro-
jectile) SemmsEt Tmir  Befre  RE—angTAETESE
(Accelerator), ai&tzmq (Cyclotron), TAqgrniw (Synchro-
tron), fbda (Betatron) Zentr1 feelw sy o3
spieEEts (Reactor) 3g= e5oW 22en 1 smarget W8N T
s B (W8N R afs  f-gikabme ofc  cieve
10**—10*® f%dv ) 1 & w3 wiewwwas s 1950 Atem sy
o 1000 @7 @t FTow coabwrn wiRtAST™ Seonfre gRame
oo «¥ W oA fege gRAmE OR @ FemeEE o P
z2amE |



SR RS —2gE e amm .1

.o etpfs =) o=

wh @it e Bz (outwE SRGIGTIE Ww oI oy
PR € (SHPTACH | [ORIRAI—FFACE  wE N
1 ,P—2zm e 81 wat cewtmEe a1 Ry °0, P,
FIRACT (ST WECATBI™ AR *rng - w3y (15) &b
woren fafer (32) wak &z 2 o1 3 (B) fRepe Tw, FmEw
e 14°3 fr (@die 14°3 W (ot am swée z9) |
@¥ *'P (outry WIRUTOM O wR edeiwer *'P-ax
AT of 9% |

coatrn iter ( carfaam, R8ratvam, onfdtm cadt) 28t
ofetrae: coubom A 2ot wae wfaoecy xmn wnl @i
sfaers 27 ( coTtwa Giter ool STy BRI R06 ) | SR CORPER
AAATBRF ARTes o e S ¥ e Wiew g¥m
T |

(SEBFAER A IFN WS WOIN-CANEHT TR oY |
FNYTFNRF-83 (W Ja o wiAeiene Fare Fiww AT
AT G TASIT WTYd) @ @t “fgae a3 ¥, (I
Tty 7y 2 o FEeYian wiaw g9 %o aww | FA o}
ot teryfer ( oEagEs > 83 ) v gire Wolmn anewn
FART GrE} T 210 (U | Fiow (oTTAR ARG
bR gem fAlit onpf onF | e &% veyer
T |

coatrmare Aty fow owwaw :  (v) @ (alpha, @)
b, (R) 261 (beta, B) atsp w3t (9) mn (gamma, ) a1
a3 GRICHT el Ifam @} afepim fomeny fqew T
B @IwM Wl 2eTiae T A—& o abg (Y) 1 e
whe SAXRIZ-RATIE, RTME FTAE FN AE—RTA CEHAWHS|
(penetrating power) #41fvs | gyIvwa emmn fog oty oW
e &fem am—Bm o (o) abp Ta6 2o wopmemt
F 1 Yol W ; wrw wmeE - Atqre cmnT I AN, AW
Tzlemm Foma mgen (¢, He) |



12 oo e BRwivamaTey Giter

asfawaq o7 TR wAS| AN AR T w3k amoEn At
wéorm 391 @] Tex b (e 3G Tavewes smem wg o
R T g oG ;WA ; WA @] AmAn-wae (Ionisa-
tion) s I AT @ @M I@ A I AT G FIA
@ fox 2@ sty e TNy afe (Energy) e adg=m
(Half-life) ans T @1 8%0A@ sWrewaa 340 i T
(outTM AER  MEMA  qE  oew-gow (Geiger Muller
counter) *@YH IN M| GHW AL (SEVHFHOIA 2SN ToA-
faer (Radiolysis) 283 T¥Ewew, ZRQIER CAAZE €L
g 7% (Free radicals) Senw 31 1

2H,0 - H,+H,0+0
9 H.0 — 9H +H,0, }m’rmh‘fw (o, d, H)

2H,O0 - H, +20H ( =tz fafeFm )

9% gor-iqerem iram oW amITh ﬂsﬁmmw
oIS AT IS MF | wmeTE rRReETS (ouitT O
aioa (Radioactive ash) Fam frgn sfentems, S
ey e, SRt @R AR FRATCAT TN FAW THCS
TERE G | O} (TETE IRemee akm I ITRE A
TS ASES] TIAYA I S0 ATHGAT |

L B &g (Tracer technique) ‘@ SizHt

(ST RO @ TR R it avEie of «ak |
InE: W IFERT N SenER (biological cell) afFam
Wil Gl Q1 TRCNGENE AW IF, O @ieR (supey
RGO | O} (ORDTH SIRCIGI AR WA I
oeM-39F T8 (Geiger Muller counter) @R FARNT
gontr afrarm fafen »ffn RIwe SquE I AR WO oA
sifaaT (outEa ARLTHEE ( 1072° o) TXTaR A9 371 41 |
(SRR SRCATCOT™ LA 31 B ARGIGTo I3iFm S
oW ogied AW (SUHE CHIIA @fe (Radioactive tracer
technique) |



cowiEry SRt —agiE e A 138

da eRfe wifss (qualitative) a1 wrfaveny awmy M
T e 3y Aire Row Sege cowbrn anluATer I
g Hirwia fifre ofmw SR Agm WAz I O @R
WS FREIBIIHIE AARAT YRR oF TWIET 00
favems ¥ =1 @} e Taemae faten smam—aomw, omd-
fom, enfafzem, gog, wrgiam Eenti—ay 73 T Sowfse
Fhmme | 8z Iy A FEe eenise &% |

.85 THIENTE B egfes

() oA (Diftusion)—==F AARE © gy 2AfFam
I, ©IA 1 Fiov MR gt oA (Self-diffusion) AT
o SO e | Fiew agy orRieR wm smgyiem anew
PN TH O @RI T (ST WRCATHTAT T |

YORER, 9T Y8 SEE S csutrw o (°“Cu) a3
oo BF AN 2 | owid Sofaens csubwRe 2w sifganey
I R Bey I @] coutww omn Ama aigweld sw
fags z3m ong | «RA7 GRIF yrguelT (oabtmae Higarer
Ffara o sengE vw gns (Diffusion coefficient) fada
I A |

@} @R W w=F 4y (alloy) Werm @A wen
AW, FF AR 4TGA Wife @ I CIT) ST FHANIGR IDAR
o fasz I

(¥) Toifscorn iE®  (Surface chemistry)—smmda
Bofaqeram AmIEw wiha afFm FYes ATFAS I AT TZANE
AT agfe a1 I WS CrEl WUE tiew Tw i
R | was aferny I &N T ILR I T qIRNS
outErs aritmam-51 Wiwe e @@ @mN-51-F  SEpTRe
Fiam @ Tafem @mn 7w )

Fion *md, gf 3y (Powder) e Fomaw (Colloid) Eenirm
Borfaera oo fwmem Tevm gBawe | @I 7O (rem T |
o6 ARn (dAm, cqfrmm B ) At g (Saturated



14 trwor @ BStTER aiin

solution) «¥® fAfre sfqam e Arenes camr I kA | B9
e ¥y svmda Oufaerar o smmqyfam wvar wely fafewy
(Kinetic exchange) Z2@, LT FA HIT (S|PHAS! ZIN
MBI -
Eofaerem ThB _ ®oifaerem Pb
g3 ThB — mavw Pb

IWII APS AgER ANAEF | HIAY (G APY &
qF (MAYT B30 ) | GO Tofaerem (TR eEw @R AN
e T F A RR TS I (1T AWM A oy
oot wmew fAfy 3@ w1 WBeTd QRiTEW AENES e
Agfmm  AEEns ( oatrE ARR-35 ) AR TS
fate z¥ame |

(1) a5 (Vapour pressure) fafifme—3tw o
T 4T IWHIe TXdE ITRE o coutwrn SRemeTe Nearr
IN! FATS Y KT O S[Cof SF61 ZH OIZMA CHLA €&
AT SorATat T AT IM AT ANAF—IAS 01 A o AN
amen | Tog dA ewaTn w10 P WINGE I e T o
o (e 1956° (iitras ) Ax Fen-110  SnEwAmire
fatrs s w1 Bey Afere arg 2¥e AT wIH Temer frm
W1o% (ITT NS TAIGT F7 TF | OR*R BT (THPTrASl Z30S
Fitgs 1A sfae 3R I TWEee I3 o

(%) fafess faf@m (Exchange reactions)—dsam
e 3g i RiFam Som emareenrs Im ey ZRImE |
FHIH I O YA (Tedl &2 |

weftn g ClI"—Cl,, Br-—Br,, I"—1I,-a7 w0 faivm
O B QA T (7, @A RIO] AR TS #Afarer I3 qw M |
ot @@wa—I +I,2I,71 q= cnéw (Pentane)
gRes 1, € Sbl, a7 faiawz 20 fafwws =i =8 87° cborame—
Awqes aadeT @ain Sbl, afss g 1

I GINFTARG T AN O Br, @ AsBr,-93 W
( wadet @t AsBr, ) ¢t Br, @ SnBr, 7 ww ( s@ést
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@ SnBr, ) Fe A ivwmm w1 Ay mwa PtBr," @
PtBr,™" @3 #® Br *mwiq #° zng Br -ag afge iy
Ll mHgI“mmﬁ%Iqu'mmmw
Tz Tatwem sz

AewE-35 (°°S) dAnga AEnw swrEen Swewaen i ofe-
Aege B39 (Polysulphide) #mewm «at AmeRs (S7)
o i a6 | 100° AAT6rane AATET @ AAEs, ATerRs
(SO,™") e 7remss (SO, ™), AmfFdarn smiwe (Sulphurous)
8 FigArEes AW (HSO, ") v3 sty Rivaws sm 39 75 1

qUATEEs  AREHR (S,0,77) " AAITOISONT  2TTrs
zRane °*S @ @ (oalwE AEeR-35 € ATTRs
(SO, ™) faters sfam emmmees ege M 2F 1 wCw amiATea
3 fAeiET 3N 2@ (N TH @, (SHPFAS] e AP
YT 41T AL RIFHE AP CR-SHLGA Y AT A1 1 W
S,0,”” @7 [&% AT *AA TN | SIRIY] (SHPTH ARG

(0] S/S—

_ 0" NO"-
o (S7) @dt S,0,7 ¥ wdF AP Wy e v
qfbm qF 1

gaglas (H,PO,) w3t wwaw aniwe (H,PO,) Im
Fogiae 3t TReen-wEEm e (H,PO,) 100° ciivbtas
oneie oA oA [ivwm @ M e (H,AsO,) e
sHAgs (HAsO,) 100° citoree wrste Ewmeraren v
F@ AN

amtE @iwr s Tl RiFm opEw I gdEme
Wfmm-owan i @@a—MnO, —Mn**, MnO, -
Mn(C,0,),*", MnO,”—MnO, %enfx | mmmmiﬂ
AR AN ergerizemge 1iFm m’m-e oqF |

fog g Boifaerm Ao 6T % 4IgA ATHA ATK ATIREAS
fatm oframa M zREE | Swmaemtt, e (Ag), T
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(Zn) e =w (Pb) @3 A ¥4 ITS *MA| AR SToRTAH
@F 0 Ford 10 —100 »maariiee &3 *ffs ivm Tm gw o
qoq tAmerm @mite, (AgBr) st gavm Bro wa s e
ey fafvam aom fog Susewer sErew (aged) z¥wa fafwsw-fatem
T3 LS 6w | '

Foeh o fivmfafem  wfesene  (Quantitatively)
fFate gm0

AX +BX°=AX°+BX

@A X ° = cowtorn St ( X ormem )

(e) fifeFats +fSfwl @ *14-RM (Reaction Kinetics
& Mechanism)—«% 33ca diAnaz s vy 1

TG SEROLFA AZA A (Arsenous) € IgAfe
(Arsenic) wmbies RiNmm-Rkirm @ cabrr ol
SRTIWBIAR TN Agras Afarer Fa AW |

HAsO, +1,”+2H,0 = H,AsO, +8I- + 2H*

faiFmibs Atmsss  (Equilibrium  constant), K=K,/K,
@A K, e K, sarmst (Forward) e f3optegdt (Reverse)
faterams 1 oS a1

erees  1a36y (Walden Inversion) @3 og opEmh
Ttz arenel gRrere ¢

R, R,
N /
I"+R,—C-I = I-C—R,+I"
/ /
R, R,

aqH IR T (group) wrm atewrsw  (Substitution)
e | o} 2rafes (Initial) &g afr smene-stera (Optically
active) z, o3 wisy (Final) fairae »md (Product) wmens-
faterm (Racemic) z¥t3 1

@i saew g ovw, Cr(C,0,),°, s
faterme oran owee, Tag e @rees (Cr — C—~ O —) omew
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ot & wmenE-rtE Z¥ve omw | el HaTd B ems-
AN Fe T w8 e Rirn® awR® ew som (First
order) ; oW 9B Tafrm z fda wea

Cr(C,0,)," = CI‘(C,O‘),'—"I- C.0.*"

Taet woqm St B cwn SmmeiE sl (Intra-
molecular rearrangement) #AEIs AT | (AT AT
(C.O0.*) (domx *'C w¥wmdre ) B3w =8} o1 =@ @,
CSRPTAS] QFIINAN @I W AeES TH 1| IMER AR
aeme} e Za M I AREieE AR e |

() JRTFICR AN —aPmHiTE qmmm'
A AT BT TOis enwTey Rrwes o citer spd—
Reratvamaran it cerita cwta ( AW witaTw ) o

crA-emba-diafomm  taem gl owle  gomEmer
AT eieh 2[TR-T5w 3 @RW 289 |

ol arg (*°CAu) w3 eaTie SRR (¥ TR et (@)
97% oM AnF—e)teS 3% oM AT SRer (¢) 3e
oF |

Au—Pt—Ir fqem
Cay wrln
Pt l HCOONa
YTST JYITH
l aW(ig?ition) )
e Ty (aqua regi
gia

) )
(5) wysrwol—Ir (R) 34—Pt+ Au
i H,O,
i i
(o) wErws—Au (8) Was—Pt

| HCOONa
&' (6) wWTwo—Pt
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% smeRe (SnS,) wSuwrew fafew sritwree oEw
arm dam (°°Co) wmn ot 3 WA ¢4 W @,
ofye oNiAS BT ATYCFAR T AW O] (IO A
(contamination) G¥ ¥ Iw emwFiew (acrolein) fIE™
w31 |
~ couPErd iatemmy T e z¥ame & pH6 «a sfvw pH-a
oregiaiaam-8 TRTETHERTATION Sysrwter Aox (A ateras e
I | 68 AEA A Aeewee pHE 93 A ade embiwh
BT TS eamE 1 -

qEadE wrEeriem ( ARIRe, AT, wrm? goniv )
A coatrn kAT wa fTe g¥Ee | wusrEerm 0w
qUTHN € I (SHBEAS wiEer Fhared wgewd @A e
T W B ErEmTETeR Sn,[Fe(CN).]. gt
T frate ziame 1 :

(®) W&t ogFFe WS (Isotope Dilution
Method)—entmm ¢ znl-lam o *wic iy aptere |
wioer o Terem (ewe Bomre T MiaFeny oF I e A7,
T G oTe oramEr | Ay Tneem xS ewtg @3
oatrn  oReTH™ Tire (tagged) ctr ffee Fm ozm
R T gire T @ity e I o o 3xm Tt
sareRel (specific activity) wdfie o™ 2fe coabww
st 33 W ¥ e emies Wi (oabrrem gom
M oW RIS W AR eea ( owteRelE IRt
@tvm o ) T7 Ot Wi svmda ofaeme Tdme I e
aqA AART =N mmmm(yleld)
T orfawrer w7 |

(@) cowfwwfif® (Radiometric) ’Nﬁs—&m 3%
ofw Greies wele | coaPrROm g7 Afvae Wdw Fam o
qepEE Soe (Tutt WEGMET IRTF I LW qOE-
@, @ERe anw e M o coubwm ‘'°Ag Ao
AgCl - SUsTFoTes S | teris AgNO, (**°Ag) @3
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rfer AlFAe W AW @ T mwE  AlFRe
Aot I TR | ANrAO ) SN TR WIS HICR FTNEE
WG Mo ARl e Im T 1wk erwlers wiela #rfaam
@FERe omA (107° aw) fwfme F A®3 | SEEUTENR
freerm smwAw ape T I AW cowbww emAiew A
KI s Agl susewonem g+ Fe(OH), wwseaest 107°
o € O rAe I trmera Agl T onfye I oam @
oy Sz mpel Twdma wn w1 owbrr TIY wem 17 ag
&pes wfaae T o3 Soe cond AT ¥ I OGN OReE
Atrwem T Z20e el e afs . Agemi e |

@ V% fersl Reergel (Activation analysis)—
GITIRITE HICATHS AATPLATS (SN AEGMHTR PO 2/
oigra Afrae A (outwrn Z8re | &7 Laveted awmama (Analyti-
cal chemistry) fafes orgfs | A @1 FgAIOE EdtES A
faeiere st qfes  Somale ( coabra endramsrmg )
g IS T | fag aems afmmitte (@ b ARt
farem 21 g ¥ @@ z@ @ (Nondestructive
analysis) | c(oatTaeiR oo fien FgAbee *REgEE!-
fqs7e TASINSAE SRMZA FAR FA (SAPEAH O IA LN |
tRirS RIS TYDE GPTEY FAM eOTFEIR X A
(SEDFR TW-IEE [T AN I TR (SHPERE A
o Taore milemes oW @i FEw  (factor) ZRUS
TR oo TRy T AT

Ov % couPrm, A=1{No(1l—exp {—0'698t/Typ})
- f =T788x 2rRWET (flux) ST e
' 2t creave of aof-eriotada taddy am ;
N =gl smmepren ( 2t cmar )

TR O e 02x10°"
AT PN -
. o=2muRY (cross-section) mtm (FHIT A ST
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fo 2t m:rmhfmwm qF (93 =10""* It
oot )

t =S (o AT TSI ( (LIS )

T,/ s =SdFg=m ( Gesve )

N _owms
exp {—0698t/T,/}=1—e T/
gomTRe e ¥ Wre, 1 aw o (*°7 Aw) 28rs 3'8

smgety  tbiRorme ¥ Aiewe Svw @ (= 1><10“
fatls afe wf-oistaimm afe crate ;

0=96 barns=96 X 10™** +f-FoTaor ;
Tya=388%)1

Sv % sirwe ( 2fe erve eww )
=fNo(1—exp {—0698t/T,;,})

=(1x10*) (—— X6 02X10")(96 x 10-%%)

197
—0'693% 38
(l'e"p '3‘%—“)

=1'56X10"* Tzerem 2ffe crzve (dps)
=4 h 7irae (1 4, curie=8"7 X 10*°dps)

oy sl v 1w, @} Ffrwom Bex cowbrn G (*°%Aw)
Teow (2X%107° o)1 wIEE FoW GTE  grad
107*° ar oy *°"Au wrirFeny WaEem I W GeiEs
TR T RN e 2w o By e Alme e |
T (’H)Mmmmmmm—m
SN onTiemT, TATITIR WYY ST, (RIS SWIRUST ey el Benin
gred sfaomEaTen | ederfrard (Semi-conductor) aga st
107°—107*° o oW WG] *eTerS fRdn M oqm wrE |
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(@) coufen siéa w7l oifie fafq (Radiocarbon
dating)—¥%eq e abrrwen csabwr Fw sRwmwen (*4C)
e seE (°C) wox e enw 1 Rxwm M‘Ce*'C
wm Olepr TeAmt @ Ww qE om fen @ Wk o RS
IHE-14-07 (SHPTR ET ~1RLS AT | (T (TG ACIGE T
(3B A enforr a9 ) TIMORT IA-14 cswtm ofawrer st
Bzra ATSE A TifE I ]| BT} of eTeR qm At o}
swfen onfawre SeWIG forf3 (Willard Libby, 1946— ) ;
foix 1960 et 11 2FTew APF AT & [l b
wafae ZRATeEw |

IEwerE Swed s e aqd A BN e &
a% iNedw Immersm miRuiwewa e Wirmm fay zqm
Féa-14 7% I (o 2.1 )1

. N+*n—-**C+*H
cosMIC
RAYS

. NEUTRONS GENERATED

UN+in—"¢ + W

C0y+—*00, +—COy

ATMOSPHERE
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F1é§-14 @7 p-cTuimEe ae—le 1.6 s Ry (o ;
o 5668 w1 ¥xm Tt wiwwera zm (Specific
disintegration rate) 1'7x10** faerem (zfs o afe
crwe ) | & AEEe aierman couPrRE oW g | Ty
Frgmers H4C afere € ngpe az Y'C wa am | ARE SR
argwem *4C antae 2&m **CO, Beom 3 317 IFRRNTT T
e Wi **CO, @3 e Tafere g7, Sfemms st
ofFa ST 23 IW @I N ATIFMS ARMAFSNI TS
! e ™ e oy gUE om R I UF R Y
IR wA HC an Ao 2o e a1 (eWe IR AN
«® Bfeq v3 A1 ol et sy *C cowiem st s
Bz Afss 7w Rdw 3 am (Radiocarbon dating) |

o} »%fs wm fafy e Sz Azt 10,000 w3t
UM 2AWSIGS FgTa 377 Twdrae Fhammes |

L.k fEfime e B oisfes

PR el Toieem-nen (AefdE Ped e FEERR |
TFI-FANCR I ASTHENI FIPS e HIFeAMTD | @7
RGN TAIET TORAE ARy abar fFrreeion Sxm qov
FrEFATe Fimwe | onzd  wmvEd  afmnyler afre smres
aemRiae, fog cRYfa e wbe sy @ I @ ANEM
TARAE ARIOCS X1 SN I S 1 | (LA Ao
forams ezt e el it smnda cowtER STRTATT
oMeTl AW | ITIH TO@ ACHCe Toiogm ghe |
- vl oAy oW e (Body fluid) wat mmfens
(Cell) cuienmas aferny FPEE N T/ CMGAN-24 IR
WA | O I (4, CNTGAT (TURH (T S 7MY R F-
ord YT zn ¥R afe itz 4TS e aigg oy o I

IO, (T AT AT W A A weeny ofsfaty sfraea
Fire ok cvwbrn smag W Hire ter wy vEE I )
BT cowbwn confew, wém, wmiaen mive, fetriw e mmmw
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2F% INGS ZBW AF | BT ITATAS WHT IAF & SIS
cathe oiewr 14C fstzs smdiaw (Glycine) emme I LW | IGIH

RADIOACTIVE SODIUM ~ Na 24
FOR STUDYING SODIUM TURNOVER IN BODY

':‘la 24C1 @

E

JECTED SAMPLES OF BLOOD-SWEAT
BODY FLUIDS AND BONE

MEASURED FOR Na24 CONTENT,

ﬁaz.zzw-mawmmvr&wl

Ryaa cir @} BTN Y ewam w0 Rien T gy
o I o 9 eeidd agres B (Tissue) 23re amate
ot emfwen omiAe g i oA afeww ffae #m
Z2mE | -

omafea-181 i  ZWgienwm  (Insulin) 4 @R
@59 W e fwn Renth WU SmeTRers IW 2R |
wTeTE! ETieR-131 wmn widaee afga ek @fen™ e @FRm-60
W A Toieen & afaise |

.22 TEEsicE G e

FheeTeds magen e Z3AE (ouTN ARG 2eNd |
Slerm ffe e ofiSa FTm ST TRAME | ACRACE
(Photosynthesis) =zfFfm 20" WAFATE A TXIMR,
o I-14 gawEn (50.2.3 )1 Slerm siaois @/ @R
ofvea Oom Rén m o@ fay's fon Smrive ¥ame cowhTH
o, fow, Aewm, ImewEe, ARSI, FEEW Reni
il @& T ofFw Poan W afemy Slew oA
fafer oo Awrfae o wat eI eI W IW R
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o a4 Jfalse | oot SRR AWME 2w TRTSTE
i A AT MR ¢ SNY M @ e iy e
AN AT IR S[EY O TGS ZRAE |

RADIOACTIVE MOLYBDENUM-Mo093-Mo99
FOR STUDY OF MINERAL ESSENTIAL FOR PLANT NUTRITION

fow 2.4 : SRS ¢forem g i |

e SifvFl—daas sggdt 2o S smenise
e | Fim atefer e EwiwmaTe erfer enfasrm @Ak
Beor iy egfew Afwerw Gawem ewEm (¥ wfavet ) |
frmqies ciemeslln smeeefas suean dam egieq e
o 9F Tvger qoTI |

from rfeem 3ew IRge daayian Tl oliyfa tafre
F A |
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A 2.1 : AN HaES cowiER AP

eS| wdrgem % e

8 (Mev) 7 (Mev) +

*H 12:26 3w | 010186 -
MC . | 5720 xew | 0°155

4Na 15w 139 1'368 , 2'753
up 143 fim 171 -
S - 87 fim 0167 -

seC] 3x10° Teg| 0714 -
K 12:36 B | 3'55,1'98 1:52

45Ca 165 i 0255 -
ssMn 258 9By | 2:84,103,0°72| 085

s7Fe 45 fim 046 ;027 1°10; 129

*oCo 5263wy | 032 11173, 1-333
¢*Zn S5ffE | 090 -
"°As 268w | 241,297 0'559
**Br 3538 | 044 025
. '°St‘ 29 m 0.54 -—
1] 806fim | 060 0-364
110Ag 240rve | 221,287 -
198A 270f= | 0096 0412

sésggzg*aaggézaﬁ%

210B; 501 fim 1'16 -
leMev-lO'rTWM(’lﬁﬁ?S;'lﬁ‘Nﬂﬂ)
CETHIERTSISREFE SFPRsT &

wiwmd 3 | 1 am Th-232 wiire 1 0@ #a% o-lewm
283 ? (Th-232 un w4, =158 X 107*° ce™ ) |
&z Al 7o ¢

TA ¥, 2eT @FHF MM =N,,

@R 1 37 1H e =N

1 30w Treeew sfam=4N=N,~N

=N,—N, exp (=At)=N, [1—exp (—At)]=N,At

» o wxlodd wrawtdiorr Wit o @t ek et Ff 1
atew #éionr <& o Dyl wiees b @



oY SReIT—eiE e awm a7

9y t=gform ww=1w@=816X10" =
% At=158x1072* X 815X 10" Frze
=5%X107**
1 e Th-232 @31 %% Ay, N
__ STCSTITE A
AR T
_ 602 x 10*® »rzrmme/carn
232 am/cre
=92'60 X 10** *»@w1g N @wS/A™
s N, =260 x 10**
AN =N,At=(2'60%10**)x (5% 107**)
=13x 10'° (FWI

adfie 1 3ema 1 am Th-232 =3t 138 x 10'°a-fyesten
BqR |

1 e Th-232 @7 sfrae
=AN,=(1'68 x 107** cze *)(2'60 X 10** %z )
=4'1x10°* fyerem afe @re

8
3471511(?“ Tt =0"11x 10" g = 0'11 NIt |

wtemed 3 | aioH-226 coulTn RiSR T @EN-222
(T,/,=1620 357 ) @ *ma comentwm=-218 (T,,, =882 7 )
By w1 @3B e afeam-226 apwe ceew  FEB
g EEM Wm Jww woIm 99 oM AMREE Berre
Leio i

gizwl s (daughter atom) wewm,

N,=N.,. g" @ N,L@"% (parent) *RBNNE 7w ;
(]
A, © A, BT Rew-41T ;
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W Ay > Ao, N, (D=N,. Y [1—exp(~At)]
b

o A, Ny(=)=N,. %ﬂ

R =1-exp(~ M) =22

udfre exp (— }.,,t)-——-—-
=1, _Ty, |
t—M log IOO-EE—GQ log 100
wierms e -
t _log 100_ ,.
T~ Tog 2 = 6°64.

Trread © | wIH wAwe 5X107° itatedrm fefemw
( 29 ©19f @ BICor ) @3t am-2rfe 3 x 1077 e R®mtwEm smem
T awayely 33w fRdy 371
2151 S791 @ 51er 602 X 10** Txfemmsr sy
=29.400 c.c. iziemm

e ¥, i ey =x

602x10*_  x
22,400 c.c. 5x107*c.c.

X= 134x10"’mm

m goraivam citecaele wil R¥eatvam (-238) ormg
Z}re av 8% a-wen fﬂxw 2w m—ﬁOﬁ-@(@hm‘G)
Fomatas gA |

IR A Wy X oy
_1.84%101: =1.67 X 101(
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T ¥4, ST BBcaiv sneg =y
238 e Byiwmw 8% 107" am
6:02X 10" Feeataam sy y
__(3)(6°02x10*®)(10"") _

y= 2.38 X 10! - 7.’59 X 101‘ m
ot Reratwa »m@arg =167 X 10*“ + 7°59 X 10**
=926 x 10**

goataR (—238) sfrg=e =451 X 10° IwA
_ 0698 _ .. —10
?m,wﬁ.—-————4,51x10.—154x10
g N =T smms ( T w7 ) *@wg Jem
@ N, =ueniw g Aiem,
. 14
N _ e 759%10

In§: 996 x 10™

_1 . 926_ 1 .
T= A In 789 " 1BAX10°™ 2 808
(log 9°26—log 7'59)
__2'803(0"9666 — 0'8802) _ .. °
- 1.54X10-10 —'1 29)(10 IR A
omaqeity I|A=1"20 % 10° I&A |
Bwigzel 81 93V «twem Pb-206 ¢ Pb-207=14;

& Pb-204 z¥e 1o Bz @ afw 33 (U238
a1 T,,=451%X10° 7e@; U-2856 @1 T,,=T707%x10°

T )
U-288 _ 139
T aie U988~ 1 1)

A 37 U-238 (outwr el Pb-206 7w & emafewr
smeE e (No)=X, @2 U-235 @7, X, (Pb-207 wn
o )

U288 aela x,=g—ﬁg§"—"x—%o—:’=1-54x1o-"/m

@
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U285 anty A= ?,-%%-ﬁ-—%.— =9'82 X 107*°/aex
®
U-238 couberg coells ;
N, 139/140
In =% AR —A,T =1 In 180/140+ X,

.. 099929 10
1_‘“_09929+x ~164x107*° T -- (4)

U-235 comiern conelts ;
N,
(No).

1/140
leln1140+X,

_1n 00071
In 0T+ X, = —982X™°T .. (6)

_ . X,
YT X,—M R —TZ

o 1nuff) mn—%1 __ _ _98ax107*° T
[ T4 ]

X
00071+ﬁ

(6)
itz (4) © (6) !QN
0'9929 __e-x.uauo"“m
09929 +X,

ot OB 0W=X, O

., ' 0'0071X ___eu.a.xzo'lor o
0°0071 +-Ti= .

!NR e—.—f—’;‘m-om X, e (8
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Brare Fltege-qRin e e o g Q1 oIy S IR
M awred | . (7) e (8) Zire IrE AR

~1.854x1071°T
09929 e - —0"9929
-p.8x10710T

=00994e — 00994
1.54x10730T ° -9.8x10-10T

odfie 09929 e ~0'0994 e
=0'8935

Bz z&ts T (gares )=1%10° 3@

yead YNy A =1 % 10° @A

BriwAd ¢ | 25° ¢ € —196° (1. owe wEim TedvT
515 wie ( Rl (oms ) 3% ? .

oz e, o WA wiie s ( #rm wrv, Absolute
temperature, A ) @FPie? Wik [ Toalt . 71 273°A ov
g =ie = 0'035 Brerri-cems (ev)
° 0035_ ., X X
2" . O, 578 ~273+95 298

gdie X =0038 ev

—196° . a1 T7° A wme,
ude  X'=0"0099 ev

Briwd v 93P EEpEe WF w8 ETWE *MS 5 96
fAe87 AwMe M ZRA | (THPTH TRCAWIN WA T 6T
udre 2fs cigre 10° *rrg @R 823 g Tia=2'69
a1 A srelire Feel Alrae AvTaS 239 ¢

0698
o, A= ~ 269 x 24 T

Al =AN= R[1 exp (= At)]"
WR-—mm

0035 _X'
273 ~ 71
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=10°[1—exp (— At)]=10° [1 —exp '_2_%%%)(4‘
=10°[1~exp (— 0°0537)] |
=1Q°(1—-0'948) =52 X 10" frerm =t cirere

_ 62x10° .
—mﬁﬁﬁ=14ﬁml

Brig@d a1 003 @i @ WI ERM-59 oM
afs cneve afe f-eidhoma 10** fHBiReRTr §] wtem
TPMEA I ZRA 1 FEW-59 @7 WO & erguen =
80a4 (barn) | % 99 °@ FSIYA FEM-60 S Bew
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1 1 falmam erge  RBwiwma BBeafaam-l - (Tya=
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M-I AN IR AW AAIGCE FOwY “few” IR
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fa%da 1 '

s¢ 1 50 iafates wmore Foie 10 fatetesm e Baa
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FoMts §aq T *iT Sl I} W3R SeTeny Wy e 1 Ty
B39 ;re 20 fafafoatm o a@m afmRe 7 SwIwEeR o
Atrnel- o st Toiacs 924 faomm o T 1 2E™ e
g 5 Tatwtedr 20 fatatersm ofe ag@a (dilution) wfager
fataes 7655 freram omem a® | *fewz Afraw (background
act1v1ty) 100 taersd/iaias | wwe @A @ERS SweE

e Tem I



conbrn mRCTST—ergie o emam 89

- s6 1 10 fafmsmr BaSO, wweweem sty 0'1 si¥omrast
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Qe emiwres g fZmy 3 1
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a7 W B Airwel Wy 1 ( Br-82-a7 wigwm=
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cre afs f-oitsTasng 0185 ga1 (Joule) o fa3Md 3w 1
Frates B¢ foma v aw H — He womea 1 3 g -
CUTLEA 7 TRUSTE ( &N “[s1Y/e ) ?

einfns ay, eawlfd :

1. G. Friedlander, J. W. Kennedy and J. M.
Miller—*“Nuclear & Radiochemistry”, 2nd ed., Wiley,
N. Y. (1964)

2. R. E. Lapp and H. L. Andrews—"“Nuclear
Radiation Physics”, 2nd ed., Prentice-Hall, N. Y.
(1954) '
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"8 G R.. Choppin—“Experimental Nuclear
Cheniistry”, Prentice-Hall, Englewood Cliffs, N. J.
‘4. -W. S. Lyon, Jr. (ed.)—“Guide to Activation
Analysis”. Van. Nostrand, Princeton, N. J. (1964)
5. S. E. Liverhant—"Elementary Introduction
to Nuclear Reactor Physics”, Wiley, N. Y (1960)

8. R. T. Overman and H. M. Clark—“Radic-
isotope Techniques”, McGraw Hill, N. Y. (1959)

7. H. H. Willard, L. L. Merritt, Jr. and J. A.
Dean—"Instrumental Methods of Analysis”, Van
Nostrand, Princeton, N. J., 4th ed. (1966)
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CTHPYNS] WL | WTHE ITI ARG N 2P ZRAE |
TR ea BorerErn °°Te arem e 9°4 X 10° xe 1
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JYTHHAIOIF ANACFIZLA GINSS FAH ¥ BINE A IR TTwera
ot Teeq Toan ool IM G| FEOHIAGE ARH SHoMTNS
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w00 IV e VII &7 7 @ w1 fqwmae-lreren (Reduction
potential) T SH VAR SRR FCF TOAN |

0738

TeO, 065 TcO, 083 Tc0, 0281 Te

0477 |
0'510 |

0260 Re

0'367 ’
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Electrode)

TcO,” ( *mubgwess ) € ReO,” ( *mwas ) Foms e
#3071 SemEn OeTa (odnzg™ (tetrahedral) 1 MnO,~ wa
Zzrn wEln gt orEnlt Wz @Ak GEREEE Sl ¥z MnO~,
oeorwl I efermel oE | AT BTl 3XWAR (ER HIAUEA
( irTalie wopws ) Angw ters I A |

arpied wratare ogintmmm AW srem Tm AR, I139 BT
TER] ARGGian sfrm ofe o | & sy e s
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w71 &7 frefotmm ( @i 60 ) e Amiam ( cit 62 ) w7
udet ain «f fwriae faeies ale W e SpEE
shom S cater ool wretaeiom o | Toy R v qEw Ien
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os Ridam, Amnizy € FBrieopmaE oy IS BT TEY
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GRS Ted Z2US A SR It AEE W It b
&iTT TwEEd S AR AP AEAAiIE iew Srrire:
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et Beomioas faewt srets Bgaa #lawem CIFLOW © IHS
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aftaieer T 561 (@R A | ow ¥ Hfatre @, Pm*t
e @ R A R retetvem wor Rera e npen S
9.0 CR* 85 : SHIFBIBIE (Astatine, At)

1940 smm AW, Wicsfe e ona (Corson, Mckenzie
and Se'gre) fmmeE Aize waw Fera @Ee Tafrm wn—

1°°Bi (@, 2n)"** At—ePoBER Beony 3faem |

200 oBi+*“ He — 22  At+2 ' n

o} @n o I e ot Aty M Iwm @3k By i
723 261 |

. oS orate «BFer | Tavriy wwiageE (target) s fafrm
AN ZBIW AT AW NS I ZF; NA LINF  AINEIA
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Sw-nies 3t cmm WM w1 enm ARlis wmiwe Wige
giwn snfee oo (distilled water) cite 3t Boge e
Qe MATHS I LA |

wifremaEn e “epiBBIRa” ((wredY ) 2&s oW
Fhm o7 aiw amae Fhwew + 8z gwemew (Halogen)
»AAER AT | ETHLIRET B S AfFrer & TeR AYFS
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1 cema g39 2% ofe owve afe fafafedmw 1°54 x10*°
e 0 3N zm g we e (Swiww fawrew (Radio-
lysis) 7% zH! A9 R eie T FWPOLRGA B TARW
o 4T I g |

bl om 19% en¥ridrer ame (T°CAt—"1°At) 1
trwm wfie® Bi(a, n) Rirm ke dgw1 'UAt @@
wiowi-afii (alpha spectrum) WHIBIBI®A AT
Aawe | &z wowm 40 fammew 586 Mev amerm zen
("**At — *°"Pb) ¥’z *rez3 60 M famets 7'48 Mev amew

1 ("“Atfv #21Po) fata 21w |

gIEEA  Aileion X SPOBIRIE A S | AT
oo FIET S gqes ¥z Swnd (volatile) fay civomm oS &
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PETT ARE AT | WCHTEEE TS| RENFe ANTAC 83 /e Lo
waee ( B, e Bonir ) TP o w1 oemn A
sizarer Ffam oo e (o @F U7 o (Distribution
ratio) Wy Fm IW1 8 UMM TRWRFAF GG @I
Z20S =e3 90 S DR Humw e gx Awes AtCl,”
gt AtCl,” smeer ( ICL,™ @ ICL, ™ @7 sex gt ) |

oo fonis e s3—1I, VI e VII | &nins mav fass
Yq AR TR-SWRC N Renfre z¥m At Seny &
(=erRe )—sioe farerga aiate 37 *mien’ oive-ata (Anode)
Brite T3 | e ATGTEIRE citrr kT ane 2 e iwy o3 | omwe
T &EF, AOMT AR CR-ATTT q1 FRTAITA ANAC FZLITCA
AtO,” Bemy g | &7 THoTeT SAIeD W ARty gF |

fofeemifRasica coutrm wnivtRg o reHRER Sead
oo TR kI oty fsieen Renie |
0.8 C=*1 87 : FP>T==R (Francium, Fr)

apier alar zire 7@ g oMl Row omt i
I 2R A ZREA | U feAnNa cowiwn fawme
calE wty BYrA SAEAR 5%1 bieet | amiEtam ety
FAANE CoICH (M. Perey) *#tawq st q, emi#tams-
227 z¥te Tmw e 1 Rivga PeRk wi—wrewm 12 em
grg-iaEes (o -decay) @3t 98'8 ®m foi-fawmew (8 -
decay) | wwF-RTTER Pere zW e 87 FW SdgR™
21 fafas «x p-afey AlFae wmE | cE ST TS
%939 +%ie (Radiochemical separation procedure)
W e "%, Fr 8w whare e edwferew | Tolq qorom
qm SEnt 82ne afeize Ffaew stfomis (Francium) |

;, !IlFr
7/ 1fy. ‘
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@l (Satrr ooelits Si#tTER T FOA O

FEA EleRm—Od Tatrm I 2% Semw I T
#9°Ra N 22"Ra it 1TAC

WRENT 2GS it mid wiemm Ates @ wa ReE
ZerFeny @~ W IM AW | O maee Tatamw oiR-
THRG, (T, AAFRG 3 QTFAW IHEE T WGrwe FhwA
21 aive onfrgrmer Tater cowbern ol afze @@ M1
sty @® g mfw Fifesm  (Rubidium) 3 Tafemm
(Caesium) o34 & I T G A THIN TACFICG, Tois,
EICFLAOES, FTATIEAG I FAAG T Tty
FNZH | CNIE JUUHF AT ATS FANEL T 1S 27 |
B W FiemE Aixe w1 et e 2mnfers 2 |

Fiformicam wrifees! Bady coican vcb foars cimBa
T @i ool Bt B wBHITEw ( 1946 T ) 1 »rcm Toiv
1958 =mer I feaedt favers (Paper Chromatography)
efes AR 7F-7€ (carrier-free) WIEH FwEN 2GS
raie SERT ITamtieew |

eNAfrs arg, el :

1. E. K. Hyde—]Journal of Chemical Education,
36, 15-21 (1959)

2. G. T. Seaborg and I. Perlman—Scientific
American, April, 1950

8. F.A. Cotton and G. Wilkinson—"“Advanced
Inorganic Chemistry”, 2nd ed., Wiley, N. Y. (1966)



81 ofgetel

( Nomenclature )

@] omren RERy AR g tare R el el
ofeT AN I R | WTOLITEN o B angwn wrierne
G AT 2ATATHAIANC] ETT-L TS INE WAt |

(¥) =ter=e)@Fste (Atomic Number) : 2te® Gifes
ISR PRI (FPHCT CAMOTAT YN W »ivang v ferfe 2 1
«% A rrfrE-omRdive @te s e ot I | ReiNEE
oy s 92 ok R¥rivaman s me 92% cemdw
AT | (FERA O 92+ @Rk ~HrE-sadies ReratEE g
9%ew | W% sy FARE it Tlrs wrfae |

(v) =R ST (Mass Number) : *RIR 2GR,
7887 @ RroieT ©F AW RN SR | 37 AT ANFAAERT
e AN | qorgw, He (fzfomm ) ez 26 Bromdy e
@ 20 comba e 2% TN wme 1 wowy, fzferman s
=2x00005486+2 X 1'00758 +2 X 1:00893=4"03111
e @3se (atomic mass unit | a. m. u.)=1661
x107*¢ am 1

() =h==tefS=s @<= (Atomic Weight) : gt «3fs
oY TRTETOR "R I ey R emnF S aitm
AT T IMTH | AR M P @I Twpore | BP-
fRamam oM R 288 e @, Watwmwm 3T ey
TRTETCER "R 6tH 238 9w SRt | B vms 921 camiw
@ 146% RiTanF | *m PR 93T **C=120000 1

AFAMIIT Y S Y SR oA AN (g TmI ) |
Tefomm oy B3Ry = 4'0811 @R #m Y =4"0000 |

(7) <====r=% (Nucleus) : SRR AT (FHFH SIEW |
WY T W FHEe—RT caA-NSleE TR e |
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@FEF AW 1071 — 107" citstadm «ar sreeE 99°956% e
BZS A8 | 2R (Sh o (v Ber Tdslia |

(6) Sz==sB= (Electron)—(7C=S e~, 5~ ) : i
vy briaeneet v &t (Shell) 1 st (Sub-shell) emiweg
I@ 1 R ITRNE M e Rirm  Arwinkwm em
fézeila | . Bm SR S 2MW @ite Ien ; 7 = 00005486
a. m u.=91091 x107*® amx ; sy = —1 («3¥=4"'8030

x107*° e. s. u. [ Braguirenics 286 1)

(5) <CSIB= (Proton)—>&wS "H=NP : Bz WA
TS AN T FN—AASs RGNS [ (6 | SA=
1008123 ; 2. m. 1. =16726 x 10" *“ o ; &= +1 (A
+48030%x10™*%°e. s. u. )

(¥) =SB (Neutron)—>C=S n . @FWIT TSN
AN @i I ; S¥=100898 2. m. u. ; TUW=01 e
0iq ofgenm #m fWaerF aier 301 we Rimm &
R I e faew Ikt |

(@) =ifSrB= (Positron) TS e, gt : 23 FmIa
wEEt | 0 ; Sreeimy feemtewY; e3=00005486
a.mu; IEE=+11

, @) FSIBz= (Neutrino)—>C=S v : ¥zre wrym)
@ier 30 ; S5 = < 000002 3. m. u. ; IWF=01 TR &7
BT are1 Waverw I Tog o Rl o I 1 Taddea
et fNeNiems 7% 27 |

“n—*H+° ety

2rerss Sepragary IRGdcR AR 750 oee |

(%) CSTT= (Meson) : WoE TR (NI ¥ ; &7 Eropleay
&@ oW 276 79 @ft ek W 0,+1 31 —1; 1} evmaw
G snem T 1% () € T8 (1) 1

4



60 v ¢ Remimen it

7 ePA &1 071612, m. u. ; WW +1, —1, 0 ; FfgRm
107° e | .
= ut+y

uoweE e 001162 a. m. u.; wyw +1, —1, O;

=™ 107° cve | :

wr—p+2

() SHSoIEBY™ (sotope) : TN ©F Ty
e oY fen—a? @y @ieom engmbier Imm 2R
Wrtmmm @#% a¥vme, Priwe-235 (**°,.U) e
Rerafram-238 (**°,,U) Rzwmm amnerrres 92 fag om e
fafemy (285, 238)1 wRvGMiaTe cembn WA @R Ty
8T AT e onF |

(®) StU=w=pl =5°N (Alpha particle)—a : (SElGy e
e gl wmew w1 W fzfﬂm I T ; ©F
40039 a. m. u., ; WY +2; e “‘ He 1

() f=BI=r=N (Beta particle)— : (uiwy arivt fapias
FN—RrAFiE AT ; ©7 0°0005486 a. m. u. ; SMYH—11

@) N =F (Gamma ray)—y : coETTH e g, e
Ahr—27 SaFeTZ TaONE | _

() == (Curie)—C : (ouigae Mo €33 | 1 =
87 x10*° frermm ofe ewrs ; 8z 1 am cafemem (Radium)
Taerem TTaR AW |

(¢) cr=r=s fSfE=  (Nuclear reaction): AT
EWFT ATLS O% e € AR AW *R[AY INA SEAWS &
firm 7N gF, SR e aiEm e g3

T WAl+ 4 He— ?° Ps+*n
( couern )
aﬂzmm mmmtﬂramﬂn e Tvt5 Tt (o s
25T |
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(¥) SIS (Oxidation states) : I &I 93®
sy S (charge) ¥z wmv &7 afefzs I =i
@ % oW 4T 1 W I ctmerg emg® i
Srell eEIES (neutral atom) *f#ve @, erwE sEAHT
w9 &% (oxidation state) 31 &9 MM (oxidation number)
zngm | NaCl @i Na-wz smees +1; UO, (NO,),,
6H,O @it Uwr srwas +6 Zeoniri steres o
(Transition elements) coels Gitens uaTied aRe &7 oz |

(7) Sfee=ia f===1 (Electrode potential) : 2[TF
fameres 2% Sfoea (Electrode) ame—ormyaT (Positive ;
Anode) e ot (Negative ; Cathode) | qTg-4req smawaa
&Elly T (¥ ALY 4F, ©1Re ez (Potential) qﬁ zH ;
@&W, Zn = Zn** + 2e

Agrere: oieeana fairane faema fzomg v o—
Zn*t+%e =2 Zn

@R 3zwe Terwrd Remq e S zm1 @} e EmA
Fiare 28wa WIlh ot A1 oATe oigear faerem (2w ZRTEER
oigeas, Standard hydrogen electrode) ¥ & FIn
TR 2T TTRCYTE SIGeadd ReNTF «uIs 41 TH—

H*+e= % H, : E=0,000 Volts |

W8 e oigerRa x 3@ T oiperd eam e
( o Afrre1 =10 71 /mpe = 1 Molar) s8—0°762 Volts 1|

(%) =h=rsneife=s f=eles= (Atomic or Nuclear fission) :
Rovatm 233, 235 A1 #1,WrivAM-239 @HLE FgAS HEEN
W T It s g2 WA we e Zw @t avk
wox WelN e 2w wtew Bex w1 wqew@ Sfelmn (Chain
reaction) s z¥m o 200% Bemme aiwm (Fission
products) Seoy @3t ape @i PgT ! ¥ RiEwe



52 e e Reratvamemen Giter
a0 U+%n > “°,,.Ba+",.Kr+2-3‘°n+200 Mev

oo feven setee w0 aF | tzrtm-ﬁwhm
() =Rr=te), =13 (Atomic or Nuclear fission) :
B siae faverwa faeple fairm 1 ofe &% www ( T
Toalt civiears ) 2% 71y e W3 I& 22a 2pe wie F I3 1
ey A
*H+°H— ‘“He+*n+17 Mev
et qEEe Ale gdm fefemm e fqdiv Seom It WdR
% 17 Mev =ie fapiae o | 821 giRwgwem Qo Roerts
folg | ooz afater crn F1w, smaaias Tq9eq STers omETq
Aiorea st Fioa wwer (efficiency) SR @it 1
3T amtHT Cere SarE (Physical constant) ifer
9 crem z&= ¢
wFiTeMiTeEl 7R (Avogadro number), N
6:023 x 10** @f® ¢HITe (mole)
t3i%¥ &$3F (Planck’s constant), h=6"6256 X 10~*’
wif/onTe
WTMTFA AN, c= 2997 X 10*° (HIBFAB17/cTwe

(%z9)
"N'!‘lﬁﬁ* sfes «3% Mev :
1 Mev=10° ev ( Stoiq o™ )
=1'602%107° erg ( & )
=923°'06 X 10°Kcal/mole ( a1 afe
Teren-meenta )

R«iﬂmm 3 ST 1 coms faeg omitas Bnte
AR o TATemTE i |
Ity SMYUT @3F (Atomic mass unit=a. m. u)-
981°56 Mev=1'66 X 10~* gram.
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( The Trans-Uranium Elements )



¢! oyl

( Background )

- femmn Rferma e i, wife sRmeTE Z8re T g 6
2@ Teot Ay g TS Femeias I New dederey
GQITZ | 97 wrert *f% FIATARA (alchemist) TSI
a%1 FHEe ATTMEATE IO MAF AR | S WM O, -
@ Ronit #n arg S Ifamiterem, amn Svgere G
wre Teot | S-S AId-RoNaEd T AW HONTHS 22A
Tager srerta SR AEAIREHIE AR A |

fager »ror™ta 59 wFT A *Ke *E-ARds (Periodic
table) FR&% cifer *mndz ww fem | 7 sr o™t e fem
gewtram (Uranium), I@ *@Ng-Faes 92 @3 AREeiE
@Y 238 (wrws *°°, U ) «k W ag atfers o 28a
ziwge  (Hydrogen) ; *magearss 1 e »mameias %% 1 |
Tty z3re vium ofs 92% aifas ommdar st 88%
wpfoars | IR 4% ater (w0 43, 61, 85, 87) Fimw «n
IR 7% (U  iatmm, arfafemma, wromRT e
g ) | @] omare citerter 1937—45 Aw AP 2 6
sira-racla oM wErER o@a I (g oifaren ) o

1934 s gl et gftne T word! Flow coutrRe!
(Artificial radioactivity) wsnfzsm Fiam atar »mrd wemawas
(Transmutation of elements) #fepe 22AT |  coremiaaTy
(Polonium) e SmereT 3N w1 SNENINAN ATHF AT
Il Fo coutrn oAt oW Seory 22w, o B ownh
ot srmqre wfaae 23w 1 ¥ s imm (Nuclear
reaction) 037 e sfgldy 30 a3 2o 1

",,Al+‘ JHe—?  ,P*+*n ( T7di7)

a0, 15 P*—2°_ Si+ e ( orfwiq )



56 taen e BewivmmTey Gie

CoaPTn WIRGIOT BeATNg. ¥ 2Pt orEe I oA
oA @F AZER SfeF coutrn JRTANGI Beowy FA BT TRAME |
Yo T o aFR e g% e el erengiranE
Tie WS IhE omAiEe (e FiersTiam
trdiTeTE I (E. 0. Lawrence) #ixtFds (Cyclotron)
Y AR AW, T TN SoefeTeny Tagrearst Fn Seeny
I T R @R AR ot Gy FemsEe FAE
[OCE §U TNF oz Fimme | fqohwes Fewen (WY
JIEBRF (James Chadwick) «3 T Sigommivda @ier w0
Wi enfa=r Swrwtarn 1 @tsr amdm Femma TWSdEW,
il (neutral) citer 30 zeAR o TR FN A AFRA WUW
fatass 30 orerm WA FiER | ofgenw W zearm fRddw
HLEE, PRI SR 2T A TEFIE @R (FEeFw Afze Tieams
o1y z&rs wma

ginfta i (¥ (Enrico Fermi) fadiea wm aitey
o1 FMIAT IR 7S Terew | Sz graen Tem, SN Gite
*MIeda TS - AT e ate RSt ( Fars
92, M P 238) TGdA wm engTE I BwSA FANRR
(93, 94 Benir) oo ol FS I ABI TRS 2MA
ey Ao RewivEen Gitewaelt FW Im A3 g @}
e @ e Sz AT Aloyw aw Fhavem wged
courraely Serfe 1 S A few @, RIS WIS
mimmaren it od 7S B 1 Tog 2T A cnew
o 1939 Aner go7 Wi © WB31AAiw (Hahn and Strassmann)
sraeiad  fayew (Nuclear Fission) o= atacew |
Rwiwer ue a@ie WOima wne 2% eww we
fefes gr—rx el WdiN e 2ge wiew 7% Tr—oms
mmmﬂ;mmmmmm
(Fission Product) |

’SB.'U_'_ on__)llO'.Ba_F".:ﬂ"Kr_l_2_310n +200Mev



wgtrer 57

B27 O3 PaFTEt At oEefIs Rvew (1039) 1 emm
shamteiEs fAvarwm wowy o -
calfln wrifaery [ wighmis (McMillan, 1940) ] 1940
z&re 1961 A «¥ 7% I W @ie 93 zEre 108 wide
11% it SR AN qwwee, e TEAI@WE
pites Fh | ofiw-ady weww 15 et e (103
g ) WIRNNTA "R | Ster FEw "Romme Oy z3a
—wy O] W, A € Wi 77 77 trwg Srniee 2% |
tafee ToRENE saiee Fhm Tmeeer  Riegm Swiae Fiam
TGS 229 OF ToA JA—FNY I |

Pratwren ctcedr oo W faerw 2w
(mat 5.1 )1
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ntad 5.1 : TrfmiTaren coocad
ity e i wws|  wifReEe wifewor
e Y . T«
93 237 Neptunium Np | McMillan, 1940
( cgfoata ) Abelson (U.S.A.)
94 242 Plutonium Pu Seabo edg McMﬂlan, 1942
( Aot v W
95 243 oi A Seaborg, James,
:\mencmm ) m Morgan, (h!?r.sz , 1944-45
96 248 Curium Cm Seaborg, James, 1944
( gfmiy) Ghiorso (U.S.A)
97 249 Berkelium Bk | Seaborg, Thomson, | 1949
(Irdfemin) Ghiorso (U.S.A))
98 249 Californium Cf Seaborg Thomson, | 1950
(W) Steect, Ghiorso
99 254 Rinsteinium .Es Seaborg, Ghiorso, | 1952
(iemsTeRar ) Thomson, Higgins,
etc
100 253 Fermium Fm S?laborg, thorso. 1953
omson, etc.
( Gﬁlﬂ ) (U- S. A.)
101 256 Mendelevium Md | Seaborg, Ghiorso, | 1955
( ceefafents ) Harvey (U.S.A.)
102 | 254 Nobelium No | Seaborg, Ghiorso, | 1958
( Etfmiy) etc. (U.S.A))
103 257 Lawrencium LW | Ghiorso, Sikkeland, | 1961
( scafomts) Larsh, Latimer
(U.S.

Trram ARetes FéTerE M SREmiTeR ARl

(rem gRAmE |
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( Discovery & Production of Trans-Uranium Elements )

L. SiEsfaes

epiers SwryrEmneny RPuivTmren Gl aelee AR |
ot sl wfe qwepwmam (1072°%) @rgiwm e
YW AF | o} O el B o} @3 cla e
N fleAwrs T weeEm oy Temesits REriNwmANEd
cxiearz qisren &frs snem e emfeidmmicm e |

.8 CAF TS == Bf=== (Neptunium, Np)

1940 7a smeatae geamds Ié e wxes Fntecetiam -
famecas fayre salwa sazemma (Radiation laboratory)
WO (E. M. McMillan) *MawMids TR9eHT MITMH
e ferw | ST oRans frveg few RowivEm eEeE
Tavemmre q2F% wom sfe-fwmem 1 Sree Qfmm iFva
288 U +%on — **°, Bax+°°, Kre+2—3",n+200Mev

( ataam ) ( oo ) (=ier)

Borag coubor(+) 1

Tt @3l omeen Trwem Bem RwimA T¥ven ¢
MO TS FMCew | GF IIIAWST A IS TAMTADGT
I NS I Tew, AT o I 22 (wofe REcatmm-
TaetatTs owmfer Atwe 2R 1 mIETaR 60° Rle RTINS
Qe e Wy st e Lot wwRren sewice
S I Rw 1 e ww Ihew @, O Tiram
Trveq e aitemter wo W @3 oEPER e fen, A
e chteryton s RecatE AwRten omeAe g¥e afetwy
(recoil) = a1 fofv o st @, LowiwIAE



60 frr ¢ bl aiter

opfow o wfvmorr ({0rfvam-238 ) @3 ¥ fAdiw-
MEMe o7 (i BeT 28ume | fofy ¢ drzr TNt ST
(P. H. Abelson) zr7maive affam wgwa o o7 @l T
FhEm @3t 2 Fharem 93 aitem T 2ReR |

’SeosU_l_lon — .5993U+Y

llﬂ B- 289
UTm-zssfaﬁB 0s NP ( T12=2'35 7 )
et Roratm-239 zéve fab1 ¥ fphre z'm Swew
gaiate® aiter 98 (@eipiaam) Sge zw 1 W@ o™
2:85 T 1 ROraAm mzR et 9% pE—oed] @} AP
ore Reivams smaet ait A 22 @egivam (Nep-
tunium)—amseies am Np |

AFTRINE SPTEH (T4 O (&, (Ao R Aer Reratwamsms
AT qoin A afzEme | @t (Rhenium) [ os-
s VIIA ooflr aitm] s 8z smpn eqriers om,
¥ e g emire gRa 1 argiver e stwew o, T
yier iewafla ( Rare earth elements : & 58—T71 )
et & oA aitafe uale atenais—"20niamres eiareds”
(Trans-Uranium elements) *Rm@ge 2w 777 |

@ A R @S e Seeny zRATied (3 8wl
coteeEen et M1 o} dAg egfed (Tracer technique)
(Tectn wfaoen ) s maen wny oo | @} cmfere
ATHIAS R e ey sn et givam s ooy
qRA ¥ Z¥S Ozm coaPwE-lrerem-zim (Radioactive
decay) *frwri w1 «¥eny Gepiwm @R ERe,
‘wre-iemae freq (Oxidation-Reduction potential), &foa
o BN ST I AT RATEN | o RN ST @

s (IIL, IV, V, VI)aaﬁwmrc:—-mmmVW :
'-'er’m Tt

1944 smm Sererom ‘h'l‘hma AT TN AR




eriroTer atemeelty enfagm @ Beemv 61

(Wartime metallurgical laboratory) e cetemzaru
g Beeny giem | sEang-gels (Nuclear reactor)
Rewiwm-238 wx Az i  wwwe  RguatvE-237
B —RW o pI Wl gesm @ oim-237
76 o (o, Tie=22x10° 7&) | as Tiwamyia
QB

l8593U+ J.on — !87°’U+2 :I.on

B
591 U L =0 s
2 T_—’m=68fﬁ'ﬂ' Np (T1e=22x%x10°3%7 )

«¥ §2% fairam wdwy #faffo ¢
15U (n, 2n)**"U @3k  **"U(B)**"Np

w2 CRAFT04: ZCSH=R== (Plutontum, Pu)

gx Teety SomivaoTen ca’ralmifmuﬁwmm
TEE ¢ w16 Frvew Ra—Ewe, eFie o M,
(E. M. McMillan, J. W. Kennedy, A. C. Wahl, G. T.
Seaborg) o7 2erimmarer @it TprEw eFiae Fiatew |
Sz 60° ARTFEN 2¥0e ©rat TREwes ( eEeEw, *,H ) aby
FoMen WA ReAtEw-238 e @ piwm-238 e
Fiawew, 1] EEN fwn e z8W ywTiAEw-238 Beeny
8 |

nss"U_i_ 21H — s““Np-l-Q 10'11
B
288 288 T
0s NP Tm—zlofww 0o PU ( Tyy=86'4 387 )

aqore  fafemibee  weweer =7 *°°U(d, 2n)**°Np
( d=deuterium, e} g ) |

RWriam ods @dws 16-Mev (160 orF Rrawds
o ) wieTor GHbEA AT AN UENT TR I ()
O (@ By @ EiNA RGBS AEF-RPERel 316
2ot (forwe, 1940 )1 R s «fam @} Snewi-coatar




62 e e Eomioner Gin

Boreme E IS JRIIACE GO1 oo | HITITY 94-
s creliey anfaw s kW | csabm da eRie wE
arire zke, W} @it 2% ewm sy (IV, VI) omr @
Bxm omem e efevmet e HER emew ( Giier 98-a3
oI ) | o aiel Al 3 Rufen et
aEa (S,0,77, peroxydisulfate ion) ¥ Troem oA
(Ag*) wmEiRs Ewa ( ce@anEt, 1941) | qeIElN oneme
PR EW @a 94 u3 AMRies A Te=m “emi” (Copper) om@
oer “om”’ 4IgE Teize I 2R ‘BEER Srel e S
(Honest to God Copper) | ReIE 1942 ser Gitsr 94 &
“gebtivam” (Plutonium) STem rem 22e, (o1 RIFATRR NHF AR
TSN | BT azy e e oz “grel” (Pluto) |

i enfamEg  emteFe *a 8719 qARMW HREWWHI,
o239  wniepe zR@ 1 8w @ EiWEE-239 @3
“cogery ¥ (Radioactive daughter) 1

*ogU+ Yon- U+Y
289 B ﬁ
U, =235 s NPT, =235
280 Pu (T, =24,360 3&7 )

o} wrieeE smnpite fmnan Rlexm aF e emree o
el Ryery RPmivm-235 wrerm quoitw-239 @it
I | .

@Y @efiM—azB 3¢ @ suma (paraffin block)
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12 fetemem R¥raivam M3vds o) 1@ ¥ 2o (5w 6.1) 1
o oy AW Yoo fafemin argw wwRy (target) amgm
&orczr 60" F¥eTdc wEORW It (deuteron beam) FwmS
¥ @A Qfatmm z¥re fwfe fWoix w0 @twm ot
R@ivam TRNT  WIpR e | WOIAE AWnS  Semre
*Be+* H-°B+*n

Taferm srparht R8eatvam araey guotiam-239 Bge 231 AT
oA UFeRN I O BAI (oEbHE  RORINAN  RTT
Fre  UiR-Ruide %wi@ (diethyl ether) wgmme fA<pm
¥ R @ARINEN-239 ¢ amww € Tatmm gramRe
I (carrier) T/ 73T FA 22 WAL TR TYCHF IR
(precipitation) Xewiwm z¥te A=dHty cmew I B+
ARIAE-239 w7 “combwn I’ gwivAE-239 1 «Remm
o 0°5 s¥egre™ (ug, microgram=10"° gram) gEsiiaam-
239 2ge 71 Rafest 1 Rvraivamaren (uiemady Wy @IAm
OITTRTFE cotemear (weighable) smare Seomy 31 7SI
zRang | .

goiaa-239 w3 favew  eRew  (fissionability)
geriEN-235 @3 ow 50% em @it efe zesm o@
gzne AniEe opn fRANA IRTA I AR NE—REHIE o}
YN I ZRA | O FEI@I neer Al Aeefa
Aot zipers  (Hanford) IMYMM PFINA  guoriaam
BeomieAs e blemer 1 WMITMMCRA 2T *HTAT Hie®A Al
&7 (ultra-micro scale) z%s eremaw 87 *&w St Fm
odie 10° oqeor (ot A Beomw €T AgeHE IFEIAE FIOW |
yooriaa T yrs wRe famiiae wmensm smIeT orfaeRt
N 2R ( Ry FoEes ete @ araa-laarae 5 ) |

w8 cAF 95 SHCHEEERIN  (Americium, Am) ‘@
CWe 96 : ZBFET|IN (Curlam, Cm)

oSty Beomaa ot BgtT o 8T omaet crteviem
o 34 sl efs Gew !l @i 95 @ 96 un wiew



64 . frron e Rbraivamaras aiier

T ¥ oNme WA RRRArE gz e femi g
IRrTRE et 8w ook 23W (1, Wi @in-Eh uF G-
caely iRAEGE, BEMR ACTETNT TR AT SR W3R SRS
+8 e +4a Ufle wm eeTw W 1945w
otz TTola e e Fhn aite 95 s N xaen |

180 Pu+*on—"° Pu(T,,=6580 = )+ vy

2o Putton—tt Pu+t Y

241 B- 241

tuPu (T1l1=13.2 mj uAm (T,,,=458§E§)
Bqra W 1944 wmm i we-239 2ite O IR (RS
falrm @ caier 96 onfasps gda |

180 Pu+* He—-***,,Cm (T,,=1625 W7 )+*,n
e RiFal I$ TR MIFTMT aywe BAfen | oRd
o agfem MIIMMA  AETEINS JURITT 8 ARSI
Aoy gRAR? ( g oA ) |

fureTeona oaEeomca Fifaewin (B, B. Cunningham) 1945
e Adeww R emAigieE-241 TR @t ege
FhiewH | ey \SHIAE ¢ s (L. B. Werner
and J. Perlman) 1947 sma fqqe Faam-242 RS
T (AT ITRE MR ) 2FS Fhaiecer |

T anweat @ier 95 € 96 AR Il Fo™v
UEAAFE A (omafaiewm ) @R @iemew  enfad
Fat woreta A (e ) | ereree SwveTET, citer 98—96 Wz
oiré  R¥wivmmares aiwtests W Rwemies  aiien-
cest (Rare earth) ammine spen o Ftamfersm ( ofavew
v )1 AR SierEn ordwy shieew @, @ie 95 an
apn faaemies ain Rerafesmy (Europium) ( aiter 63 )
wieire gduien, RBET R AWEPTE 932 cie 96 «zr A Taar-
gigr aiw, aoetatm (Gadolinium: & 64 ) wTYTe
g&anien feepritn Tewt et (J. Gadolin) AP |
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w.e R 97 : ATHEETRIR (Berkelium, Bk) € r.shvi 98:
(Calitornium, Cf)

ﬁmmﬁmﬁqﬁwﬁm%&wmmh
mwmmmmmmw
T3 O AT AR | XX@ Aok b Tem Sege amiae
ety OERAT AU | @¥ AR AANE  ANGW ZEe 1949
AT R e € 1950 Ae™ 2o |

wataiearm-241 ( ffoam am ) awRgE aEER-FN w@
oo FTaE Gter 97 Beery ¥ 2Rt W3R et Aol , Spw

e firgyEal (Seaborg, S. G. Thompson and A. Ghiorso)
Q@

22 Am+*,He — ***,, Bk ( T1p=4'5%%1)+2 *,n

omtesE ota 1950 FeR (Feml A G 98 Teony ¥
Fhmm-242 (SMRurTama #rfwe ) e 607 vz s 85 Mev
rerE-PeE (RS T z%ee ( N, B, B)Y5 e fiteze
—Seaborg, Thompson, Street and Ghiorso ) |

242 Cm+4“ . He—**,,Cf ( Tip=44 fal3 )+ *on

& 7N (6 5000 oy FR; (e 98 T FANEIAY AN
Z3ed | oA AW N33 AR @, Imaweram -
T erEeEbRan & T 5000 @7 TE (3 T |

@te 97 € 98 (¥ IFEINE 7eIFFAY € FAEIAY TSI
rafen o fiwm egfes (Ion exchange technique)
AR ( g »favew ) | ACAAFAN AFRG 20 it 97 F
g I LRATen qAT IENE et W | mataiERSeE
whe T Raten VI sw e faenier aiem gt
TR @itw 97 ¢ retey I okl | Fhmw AWy
e Gt 98 v enwlweTA W ¥ wien wmA b
GTS q |

| ERgweTeTA Wcaknammmmm
97 ¢ 98 @z Ane ¥ o amyles e 65, St

5



66 o e Rewiwen Giiw

(Terbium) am crem g¥mien Rrorw BiRiT (Viterby) wxwem
A (FAMA AN AT RFomias @i «fve smem Tomiea
citer 97 O} YIS ZRN AT SRPL 16T LI AT—
Féfoms (Berkelium) | cater 98 wiieize z8wr Fnfewstivmm
(Calif ornium)—3mieweridm FMeE = |

1958 wmm FfRgm e G (B. B. Cunningham &
S. G. Thompson) sEiim®-239 e f0ita wae fairm
g&rs Sy acdlomm oge shmwew 1 1962 Awa Frie™
e e (Cunningham & Wallmann) 002 sguFrams
(002%x10™° gram) InéTemETa-249 TR-IHWZE &M 2T
lamfeem w3k 8z 2irs 0°002 s¥uwFam (2X107° gram)
IRTE FieEn AT o ~EwE I |

1960 smm wifeemin e swwpiw 3x1077 oW
FrieaTiiam-249 wimeERe oy iamieenw | Swm &Tw

. HCl HClandHO H,0
gas gos"zo gas

at ot
Transfer 10 x-ray 4%5? 45‘0‘(3 GC‘bO‘C
Ignition in air Ocopillary
@df I300°C  cf
“of oxide

adsorbed
on ijon
exchange
bead
©
cf | . cf Ct oxide.
trichloride ox chioride
© xray study

fow 6.2 : wPTwfE ctelfin dws o |

@ sa-13m (Crystal structure) zag-afey farsem sefe
(X-ray diffraction) wmn *nite tmniomm | o} srhwn fore
SRS ¢ IRFEIRT @M IS LRwen ( ~famen Q §Oa ) |
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o CHF 09 : SIS=<FEIBEFRIN (Binsteiniam, Es) @
C511 100 : =SSN (Fermium, Fm) ( o B

2T SR @ Qorspar arineizam ey (Thermo-
nuclear explosion) ¥ coatwa eqmttr (Radioactive fall-
out) TS Gt 99 e 100 onivps zRwiewr (1952)1 @%
T sex ke Teein SrwerE AT THNTEET R Bom
frmn Sfom o123 7w O STt 2T AoRS I R | R
WA MR ¥4 LA Wargan TwwoqeT uF e[ Yo
z2s | Biatys e amaiaem e sweemma swtw @
zRA | oo MmN SR arel  aerewE (Argonne
national laboratory) «at w3 cferera Intewerfam T
foecem @7 @em e (Los Alamos  scientific
laboratory) | st 01 2 Gilvam-244 € o WiiTwm-246 «g
oy N oM 2 2o ImEw fafvw epltwm e quw
@ier 99 @ 100 «3 75 *nem om | 66 Mev »fe @ 22 4w
wfrperer fabos smewAlry ol 99wk 71 Mev =fe e
22 g6 sfEE Rt aEw-Alrr @ie 100 AR ga
( 19 Torwg, 1952 ; 136, 1953 ) | 2xes Sreranamm, amg 200
s #BM cuter 100 e 77 2Afed | orweE e e,
SIRTBIRAT AW (A 99 @3 e g’e ok ivam (Ein-
steinium, Es) 93t @iz 7=mm et 100 wifeizs 2@ crlfam
(Fermium, Fm) |  oagemms »Rane-geies o, Grivam-239 ¥
9/3 gz TWOly @ R IR @ e G IFEE
afFm @ Tm I AREAN qE AR iAam-253 Seom
¥ ZRATeH |

w.a cF101: coresfFASES (Mendelevium, Md)

ter 101 Sia @F A Ko Mol Gurew | Reratvm-
TR citewesly et G ey € e ¥ TIEEH [HE
fewt arae1 Rzrovm wdgeerer (Half-life) 29 28te g9eq 2qvehem
@R 2GS (SaPH THRY Z20C ST FRkY aimyian yieeaem
gren A T g aé ew femtomdl sew AEE I



68 o e SdwimmaTey aniw

@8 IPTRe e ¥M | T 3t oa om |, 10°
oy P aRoRivm-253 wwRgE 2l 40 Mev nfe-
Tafers SrorF-en W (10 0 afe Greaes afe f-eioiam
amewr) 27 o6 ( =10* crre ) sifeweny NS FN o,
w3 cuier 101 wg 195 o1 »mem 8T |
N=N,oIt .
N =aitt 101 @z 7R1FR ;
N, =awRga *mpran (=10°)
0 = (3% Tfra 2rgwen (cross-section) ( =107*7 39-
TR ) ,
I =gmEmr3n 2/ s (=10 30 afe crave afe of-
Fohom ) ;
t = mEeE iYIm (=10 ouve )
Soram miteaTy quree wFtar 3odm o g —
N=(10°)(10"*")(10**)(10*)=1
e Prare ME @ie 101 @ Semw 2¥W @ @IH
g |
B RRUS SR RTO) ALTEE (T ZRLS oA | ARE
10° *rrY ZZTS ATF CWITR a1 GFH oEEg T FA @R 1 o™

Recoiling
product

lon beam - ~Catcher
foil

L

Tur-get/

fom. 6.3 : «ifsTwotd #rfs (Recoil technique)
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T 9% YRR emmam#amqm(mqm
oin ) Treratn o [3F Foiw I iy R | o} g
Fdr o GEle w¥wm wieww efetom—elferweld sl
(Recoil technique) | 3% GiwmE e wRwHRINIOR T
w@Ae T8 I 23N (57 6.3 )1 erea orvrete v by
fronfes am A1 ooy emioqm o wal GEE TS
(Catcher foil) am Te= ; crter 101 @7 *=e efey (recoil)
Bm o zxe fae o @Am oms (Catcher foil)
COTATE (AT TS (¥ (uter 101 @3 »manq fewr ek 5@ onks-
SRIFGR e "R ST e FeET fen 711 9] e
R sreie *RtTw Eee Il o it ofrm @
qOH AT SIWI Tewt | SpeTeaco ot o o
I qM @, oW i Tearecy arter 100 € 101 @3 oew
(fraction) STiAéNAT 7w Fops 2y faves-give ceubwe
(Spontaneous fission) 3f& ¥ 1 ¥ oY RS MW
(fission counts) FTTTS FIWA CNGNTSTH IR IR -
PRIFEF AW (counting circuit) Hx FA-SIA wiw-
Rt o6 o 3 4w | afeam spmg Rverz wim Ml
TeuTa ATx A iAo 981 A wive g Afwer | w3y
TR 2d IR afaidred fqenwma zErwre a8 o-laEes
o Flm-2ra FIE g2 |

1955 e 18 coamat AmEmTiaael uv Qfexixne saitw
Tioe Ziaen | fox 6 Fae I R wERa fex AW
Borgofa ofasriae zR@ @k Tirme smmdyier o i
aftFarn 799 ug € e I BN @ie 101 @7 TEH @B
5% e (Count) @k citer 100 @3 SFgs 8% *rpmg ez
IS o om (T5w 6.4)1 A R Tomeay Ayes o
WIS *EAST ARt I TR |

0 Es+‘,He — ***,,,Md +%n

electron capture
5288 oF
10:Md Tia=16 o0 sool'm




70 o e R¥ratvmaren ot

150 0oFm »gowrgs fagev (Spontaneous

fission)"

T14 =160 Taixd

253 246

. ' Es Ct
I Fm
3 101
-
L LN A '

1
5 10 15 20 25 30 35 40 45
DROPS OF ELUANT

5@ 6.4 : cxYw 101 wifRwiran wiva-RfT Sawae )

s 363 K-sran &towida ofweg sans Electron cap-
-ture 91 K-capture zon ¥ | - «¥ 2fFam @wes o=
o 9 ST AR @FWE AR | AYAeend «f
R Rien @ :

X+ fe— o Y+ v +Q (ofe)
( =% )

e 101 e e 22%e ceafafenin (Mendelevium)
TE-AANT =D T @At ceforen AaA Ao oz qfee
e Mdi @ feamm adeodiam a8m I A
cretntenmas smwrg Seorm I Raien

o CRIFT 102 : CRITAFFTEIS (Nobelium, No)

1957 wmm RIgEIR  MERWE (AW ENTSHEE o
aredttes frariomd ( Reeamre, FRreR @ amataw geAm ) Gt
102 o= @EN IFE | FaN-244 6 IEH-138 SR

-
N
T

o
T

N b O @
T

sb_owueoww FISSIONED ATOMS

D
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e iirm 2Re @} BN oitw Bge aRw 1 1958 smowr Fwter-
ceftam fedfamoces afeww s Heavy Ion Linear Acce-
lerator ( 7Cwesl HILAC) w3 7w citer 102 deeny giw
Fiaam-246 & 12 fafrm aman ’
sa.sucm+ 1.,C — "‘,_O.NO+4 lon
ase T1n=8 cve,
10sNO

0¥ FfeT smeters it 102 & orwiey Fhawmm-244 oS
g R X “Fn @ie” (daughter element) z¥re
I kA (T5a 6.5) 1 «aﬁ@ﬂmmﬂmw

# ooFm+* He

C ions

-600 V.) v
Cu(tche‘r» foll .| Cm tdr»get '

= [[| /i A

Moving be]t —_— \
(-400V.)

fom 6.5 : Yo 102 JRWITIT 99 391 |

Fham weRe ege I 2¥W «3t REwe Teiemm e S
IS I Al o W] I AR IEF-12 WREE-
st e witm Rirare spEngyfa fefemm aur wfewaran
M BA ot ¥ sEyia @l e At Sopmm!
wgx wm (metallic belt) @Ps 7m w1 @} IWH oW
wfren SommenT et argemen (catcher foil) s v
RIT 5w Giter 102 *RAeE AW Sufeed “Fan cmagyia Iom
RS AFERRT YIS RS TH 1 X CNIRE WY TR
T2 cuter s ot st | SIeEE TR AR
« e caimida AR Thw CaiAoiN (Nobelium) |




% C oy i e B¥tafvamme oriw

WA G 108 : FTRSTRIR (Lawrengiom, Lw) |
- et RPETAHTATST ot 2y FIow oW 6 - 0%
o *mag-iyere ¥ g ¥ Heavy Ion Linear

Cf target

Siliconi-gold

5@ 6.6: cxYor 103 wifAwias TS |

 gytferceifom Rt 60° MG T¥re Tge
SuB e 7% (60-Mev *fe ) crel II&TeCE |

Accelerator (HILAC) | 2z AZN®W NIt Seomwe
i (585 6.6) 1

¥ farexearty (Ghiorso) ey et anfeceriam-262
¢ 110-Mev @wa onw (‘*B) #¥m wwpmww  orfqsem
Fhow | @3B omem Tewm wrgemen S0 08 wRTETIW
(0°8X10°° om ) sntewwi~meay oige 2to*q (electroplate)
crem =R 1 @B WwRYY (target) Afke 110-Mev @mw
anAs vue. firn sfwsties o (50 6.7).)  wwRy ke
aiter 108 afctwy zim fofmmr wicr omem oz a7 e ow
wwainy (copper-plated) wiis foom smols T ¥ fow
wirmery Tsonw  cowere - Tws aoww  (Silicon-gold
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radiation detector) IR s zema w7 Pree SmEIgH
CSTTTA [OTHAT T3 ' - i »(famr 32 q0 |

258 s CE + “AB"”":.os Lw (Ty=8 Ge)+6 ‘on
189,56CE+ “sB"”"zoa Lw (T:.In =8 Ftye)+5 *,n

. oM 108 @7 SR AW 8 cuIe | ARFUGE =G
AECAR WA R AN (Lawrenciam) s wisize |

cior 103 enfaspras s Reaivamaren atemest (93—108)
frzefies catecalts (58—T1) et =»d %t



DISCOVERY OF

Lawrencium

: G191 103 egTey ey |

fou 6.7
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( Experimental Methods & ‘Techniques )

Rbivmonen citeteel uF wgerd iw T FEm R
PiOw, IR 79, QAT (THPTAS AGT R bTINAN
=y &z Tro ey offgam (1 g8re 10 emang ) Seemy o o
Bxor STfaT @ I SPTEITR o afeNd et e efer
Berfee Rmien

Q> cSoriEREE Sivrtel oiza=cia STer=

ivamner aloret soiee outwr germ &Twm
qCHIE FAA & ReEm IRE € WA (I FA TN
ATMEHA | ZCS IRMAT O] *[ FAFE @I SPTaeAs I
¥3le favey welsl-aicws (Gloved box) sty 7N I ZH |
MA-eiAton (Lead glass window) 7ytere fRoes % amwda
O (SHPTA M € EIHE ANE FAIAW AN W 4R T
ffam® (remote control) TIfWF TITSA 7z (master-
slave manipulator) &% awdw fz7 ZBTS IROW *RIFR
FE sfgprem IMEA 1 BT oW Rem abree e vl S
FA T |

G T e W} aiter oy &AW eyl el
Sparars (1 — 10" »marg A1 107° o ) Sevy zReiiew ™
el CSteATn A1 PN TR A1l @S SEEER  APRS
I F1& A=Y FTHAE & comea A 2ie IRTS 289
( Ta<tn »famg ) | ST WICATST CFLA (ST FENG I (FEIHA
(Nuclide) sfesy omiae ofFam Rifew *Amy SRR ¥
W, &xra conPrael @ wiw (energy) *fiawIoAz WA | FYLHN
2T w cowtrerE A e (Nonradioactive



76 o e ROwimTTen Gt

carrier isotope) IRTA I TH1  {UTSTAS, YOHIAAT FPTS
qrEeR & oW et Ige | Teg omm i
i o (FINe AT TR e TW A1 R
tafye” ime @, dwa eaffew sEmw aitein  emeEw
(oxidation state), catn omw, RRfenw @low @@ ARs.
AT O eM FW ! WIW IWID gf-fawene e —
@R eAtaet (crystal structure), a1y e, 34wl @
(spectroscopy) Xentws dam erffer eramen & |

ra.s o= aistaics agfes

PN @ SretvmeATn  SPwiaen aitw ( fery o
AW ) aTEIAS I @3 Row eRfe Sefve gdw—

SINOCULAR
STEALOSCOMC
MICROSCOPE
OMING Ce. 30X
MasmhiCATION

V2wl SYmnoOE
CONTROL

SIMPLE MICROPIPET DOWN
. MICROMANIPULATOR T0 0.1 MCROLITER
1

E PER CM.OF LENGTH

MIROSCOPIC FIELD

o 7.1 ; Wil oAfimre wrzy wysrower fifarw
© g I et .

w6t Fatsm @AY (ultramicro chemical technique) b
e agfer Suw wifiegin e watéwr (Curningham &
Werner, 1942) | <i@ra (wz #om oftgm 107 ok




saltm wwie e e b

10~* fwfetesm ; 0'1—1 Wiwiabm avge smwr ™ e
age satwa (test tube) e fv™; 01-100 mBurra™
I TPRT 63 € JWTFer Ronin st I7TE W TR |
gepe Atgare (107° o™ ) A & O qrairenmeny
cotnzw  (highly sensitive balance) Bgfae zZ@r «ae
sptw-ivtem I TR B aEtwa vmm o we
{mechanical stage) ( fow 7.1) |

gasaty fam 3q amel o At wfw wgiee Natere
2| Topy AN o RBwEiNAnaen (it «IF @A
(single crystal) ags Fq 7SI Temt M, Ok IS MECFTA
(001-0'1) era o IRFE 22| GORIFHRM, ATEA qw
gax Fe1a (Resin bead) 87 01— 0°2 SZwrianay Fntenceioam
@R @A S WPTER I AT @I cEmEt Few
Mg Oom FNtenerima @®a fupersq (adsorbed) Fm &= |
03 REe O Fiam 1300° @TGraw oma Y FIW ZRA |
@ Ffeneriaa owge &t 2FS T 1 O] wART @M 7Y
FAR-FN FRFRZC, AWMFART €3I N AR THILE ATATS
A % Teal c@hw @ wow e seatey Taspae eifeam
(x-ray diffraction) weneme ¥a1 g&mien ( 58 6.2) 1

Q.9 @%ﬂﬂ%&%ﬂﬁ%
spdet sfamart bt STl 2Ty Swy I QRAE
oy gEoTtAEm-238 @k oy gEiNEm-239 emem W
Bratvamea Ox qATErCw CHvEW e Tl s Tirm @ |
aaa"U_l_,sss”Np E:”'“Pu
+'on
nsa"U EBSOD’UE. IBO.A’NP ﬁlSOD‘Pu
+v
yotama-239 wte suad smag fved fom AomY F0A | o)
Wt wen ge, &Ene oy wfed Bt foma aRem
TN AW AMT | 37T FAGE, AOHT ALV YRS FTAYAW



78 o e Reratvaaey Gl

yEitiaam Toesrereer epiore Ro 1 wiew PmeW RfeRm &%
9% PIEFTA o1 1

frdiers faframn 28t ive (@1 Uit 2ts ) s
BoraTe B33 SO ZH | AN TIYeT AT 21 ¥R 1S Sorere
oM (Fission Produet) $gs =31 2zwm wrioe—
fapmee Mgt w3 B Beomrw st i sedyfer T crem
LUl )

AR 7.1 : NN Rawens sl

( 5 Beorm s )

Reewrs | Bt | wgem | ferwi | o afotfe
a @, % “fE, Mev Mev
“Rr | 024 |94t 0695, 015 | 0'54
oSsr | 46 | 53fim 1:463 -
osr | 53 | 190w 061 _
oy | 54 |61fm 1'537 12,02
wzr | 64 |65fm 084,031 | 0721
oTe | 62 |212x10° v | 0290 -
wRy | 37 | 398fm 0698,0217 | 0498
weRy | 05 . |10%@ 039 —
an] 28 | 8l4fm 0608, 0815 | 0722, 0637
1Xe | 6 527 fim 0345 008
wics | 62 |3 0523,12 | 0662
weBa | 61 | 128fm 048,1022 | 0:304 ; 0537
sace | 6 331 i 0442, 0581 | 0145
wpr | 6 138 fim 0932 -
wiCe | 53 |282fm 0170,0300 | 0033 , 0054
wiNd | 26 | 113fm 038,060 | 03090520
wpm | 26 | 26w 0223 - -
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Rerainam-285 wa favevare aiemfem s wewm 97'8
et oy v (light group) e’k sreem 971 om o avfa
(heavy group) (it 7Wre M ZRAMR | oFeTHF o1F §2
worfyF Boere i@ (fission product) am sem® faeed
»ey@ (fission chain) 28ts Pge zerm wuy swem Tmmg | ¥
wioeren Kt 28rs Uitaam cnew I oo HE I | Ty
& T Fiaem R e dmm Wl fewe woes
AZITHEAY, HRF Wt (solvent extraction), &maw Tataam
(ion exchange) Renit effe a1 | sRmrR Afeqia 1w
IETES 287 | A AT TR, SCes) wiene woe Roratwa,
A R, gl @3t sraaries faverare aiteryfer 1

(¥) wrigeletaT wifiw (Stability of Oxidation States)—
atwm ¢ R¥wiwmrer smAylan srwEa wime &
B3 ¢

UO,**=NpO,*"* > PuO,** > AmO,**
[z VI ]
Ama-l- > Pus+ > Nps+=U4+

Torare paYier RS AWER @ IW, Toge wRe A
Teemae @ AR W ierie AuE FM AST G SR AYTHA
faa @R Arm smte aum F0 I TR TRk
ez fI7qeed  (sodium  bismuthate), *GMr  STETHCAG
(potassium permanganate) 1 wREIG (dichromate)
T Erige I oW (EwEewA [V-VI) 1 SRm e i
(VI) ez omaam (IT) st FiREm5 o (nitrite) szame anias
0 3w (VI-IV) 1

(%) Cord MiaeE fAwiae CaNT®! (Extractability in organic
solvents)—=tas; citaryfera asity el g3en MO, ™" smmoia
tor ETE  TRsrmraTn | 5d ereTad amwgfa, Mt At
it g (6M) zire dgsdw wwes (Tributyl phos-



80 ' frroor @ Saiamoarey i

phate)—cFrniaw matd fnioe g7 1 wdemr iy Aitfie emiAe
(10—16 Molar) z¥res M** srmyfer terr BT Tseremzamn 1

(o) Ighesrwote RfdFm—M*" e M** smmotar amivre w3
2XTS AR fen wd fome mwiey o1 Swed ame-
s e MO, o o sty 0 —3T0E STl
mmmmmmml

wgrsewee  iKiem e e i Berrr s
e | feom w(ced (bismuth phosphate) «¥ dfexias
e TerHeE (coprecipitant) | ¥z gifwm (IV) &
(ememn IV ) wiavens (quantitatively) wusiwy z8am
AIHEl IW | G} AGWCH GHTeMy ARNE A AeTORE
SAG AT 78T | @R Sy RO IAHIN FoHs quePry T M |
Touy  Rewivmm-gwimms  geRleme AEem 1 emeRE
frverz Yomre Gialen s AmE o e TR G-
R TS RS Tx | Toay WX wiver ctnee 2_ee gyuoTivam
CTYTRA O ATATGA AN PILFG AZTHCHoel @R aprael-faema
BEF ARG | @¥ 5 o R eI SR vifaard
AR FTHRRC AT AT I3 & |

@) wgw fafems @fiFN JTon Exchange Technique)—
Braiwmaen aiecerly ( fapme: e@t aiweglem ) enfasa
o iqi eRfed o3 oy e o T B Wi
PR G TN R AT LA I TR |

*rg-gE TS REwiEm gt we (fuel rod) zire
oot S N oW | Wi S et
ve FEily oo ElET I | ERS WRvW, AT,

oTaa-fqema suFw AR fagew Gvmre aiwffem  atenend
gaiee o | mfwmtﬁ#wnwquﬁﬁmmam
Teaxy IV amees e 3w 1

P tion fefare el Wmmfwﬁh«q
crem gR 1. 2mve-I5u (Flow sheet) sremamen aliyfor e g&w1
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() QETHw *%fS (Hexone or Methyl isobutyl ketone
method)—x¥R (A Tudn a¥dvgpRer RUW ) e
goaivaw (VI) e suitimmm (VI) fwiire zm, soam
fayeRens cite Actmee oo 2B AW 1 - GBI LR ERE BWE
AOTE TR-TWRE Hety HI WA e taver qpitaEm VI
z&s IV sm Renfae o @3t ooy w3 stern o 3z oA
Reriaa e quy W W1 @W i IV @
meT K fafwe  Ihwer s mﬁswm« fauw
T Seony 27 |

UO,* sma_ UO,* +AINO,), /’vﬁwa:

——Pu** Cr,0,*" PuO, **Hexone U p—
F.P. (mi’mmé) F.P. 3% N<rm b 3

(Fission Products) Uo,™
PuO,**
20 | wetw | SO,
RELE I =TT | 2ot
dil. HNO, e | Faq

e wg: UO, "«

Wit EN: YN wy:
UO”+ ]_:|>u4+

() Ri®IBI¥w w5 =S (Tributyl phosphate
or TBP Method)—a% ¢t JEPRA F[I6 HRF QW
B0 JIFS TN | SR ameed ¥ ciitew fasnm oy
a1 6 N Fizfiv wnias gira Wemm F o ¢

Pu** > PuO,*"; Np**=NpO," > Pu**"

UO,* > NpO,** > Pu0O,**

6 N upfe-wmgn z8re M** smmyfem fa=rm @ome

wow o fag 12 N gidwgmetise oed 16 N aigfis e
AN AL B2 TN 3Ty ZH 93t o] TPy ooy adsmor ¢

. Np < Pu< Am < Cm < Bk




& Iy 6 oatamney oy

BT YR o R B YOOI
sgd s (IV) »fgrs 3@ o feme RIms fooms
TRIRS W o I g | it 1V @3 v gt VI
@7 WRIPREDTSl I | ALdE NTed WO R B ZR(S
gt feamss falrams wmn ol &t o =)

UO,** TBP g3 ,eMu @a : F.P.

———Pu** 6N HNo.“m w7 : UO,*, Pu*t
F.P. SO,
(Fission Product) @z |or
H,0 |NH,OH
W G — WA LN e : Putt
Uuo,* UOo,*™ | &
(; U @ U*) Plu‘+

(o) Aoy FUEFB—oIEIoN FRITIQE bap (Bis-
muth phosphate—Lanthanum fluoride cycle)—&Swiazm-
e emieT BRT1 ARERS WM quivEme fetae F@
T AU o W T e st R e I
o ; ol sA gre griwants (IV) Remme wopes A
amietry ¥ W1 WOl o W} TRIGTEE I
s e *m auiey I CME I || GUTENS
ags Fam o ARle SN IRZF I IR ; GES fTANd
eiier  iemee ok TeweE fme e (1) e o)
goN Ty eme TN R TR aeme gemige
FIEE I W @} AN ywivawe g araemd (I1)
i I =W, Ooge Wemew ( Fe'™ Renfw ) smmad

AFAEN FERRE ATRCRCE WS FWE oW enfenm
mm wize apiq e TRl amiwe ey e @@
1% TIOR8 FRTHTTO FTIAW I T O3 AFR JTAARG
5UF FARiE I LW | ,

st e Toreer ¥ oreien Bom 2rfeios |



anliw wie e 2l
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84 e e RbriwoTeT Guiw

a.8 ~=t==-fafsrsrs =gf&s (Ion Exchange Technique)

. RbwtvamTen catecenlt enfeeTam o fete dxm Gterfem
Aize fewemies ciecertw (Rare earths : Lanthanide
series) AAMAINE AU | oearE et AEmes SmiENIRE ceelt
( s 90—103 ) =1z fazemfes teceeds (Famss 58—71 )
T | Ben el g opRiFAe TOR (AR | OmA i
airm Rlowmy cmare ol Griofo oeRleaa Sgeed ATee
wre Fimmienm | o} R¥wivmaren @lmian w3iy @ w3la
onfa=Ias X A Aens; i Nt I B | ww ITIH
WA AU A, ORUA «f effew IdwIRE ST |
farage: Fhmmwnen aierfom (Fare 97—103 ) wniv=w ¥
gied ARIAR 7EIR 2Rmien | oEw-Rivw 3w &% (Ion
exchange resin column) z¥te «® aieffem Tofmaa o
@3¢ Toarey (curve) srgW Afsreny eltgmrt s Z&amies |

om-laivm 7w (Ion exchange resin) «¥ fapm Ceox
FgEatn (polymer) »md ( wmeia® gww 400—600 ) TR

fow 7.2 : whw-fafaww 3



sltw i e effer . 85

weew (chain) 31 G (ring) Rfew wew warws (cation)
( 3, APwiaE wnfas, —SO,H ) @1 e (anion) ( xw,
ot @mRe, — NH,*Cl™ ) omw one | 33w qomees
HNF TEH-RITE-IET € Qmus oRw-RiE-sme Jow
(Cation and anion exchange resins) =felzes 31 zm |
AYTITE TG AX Gl HAL AT QAR TATm o @ae
CTATE AGHA AKX YMIF AR R 96 1| o « Riww-
fafram (exchange reaction) #ta1 3@ @ 1% ( RSO, ",
RNH,* gonir ) sRze ang, o &z@ sweosr s (HCl-
gonir ) sfgaéa gy |

RSO,” H* + Na* e RSO, Na*+H*

L) b (L L] I
AN B AR I
( w®Eg ) ( w@ey)
RNH,*CI"+OH- = RNH,*OH™+CI"-
A R ¥ w1
oq G E-LCRf
( wiay ) (&®i )

. Ooare Tiaag-Talram qowms o1 N WA AF FIIE
sty B3 A ( g Na* oqq1 OH ") sigs qema Riwwz-
@&rn aEeE (@ HY s Cl- ) Rivws @ 3ow &3 24
H* sz Cl™ weily g3ed gwralae oo 9k walw g Na®
o)l OH ™ 7o &3 BW o= I3 | Taiwg-Aieams o+ swd
57 omAe Berge oige-taem »mid (electrolyte) o i
rEw Bemert 13T (complexing agent) Wi SPRIRE I
w1 fwegtes @i omew (3+) W R¥wiawaren i
oreR (8 + : got amemn ) Afge ARm-Tiv FatE (F T )
TTER-Tate w0 AN FeTE IR RS OF @M WRAd §IM
fafes smzn | oz B wem-aarm ATne Soge FeFd IR
®% (resin column) criwm crem T | BITNE B RFTTE



86 S @ Bewiamaren G

(complexing agent) 2qMEx WA TE @@YR W T 9T
Tt oo Toefo &1
8RNH,*+M**2R,M+38NH,"
T X Lol S (U
M*+HA = MA,~
et b ol
it wte=

ey M** =fae-gies omm a1 R¥wivameres aier o ;
R™NH,"=wyranfaam @e o syias @e 6w, @,
erew¥-50 (Dowex-50) ; A~ =gl omaw Seammamt 3w,
@, FERe, AR, T3S (citrate), @mywss (lactate),
el TNy ARenfehet (a- hydroxy isobutyrate),
offem wRafw @Gdremiss  (ethylene diamine tetra-
acetate) |

Yorare RIme B39 afyene cowa faiS pH(= —log
[H*])a i 3 201 Yo Tame 5312RWRR (elution)
@ ot (257 Tofama o (e BA—Rm M AEAE
amAda (hydrated ionic radjus) st Swgmer 1 .

fangfes ozl :
Lu>Yb>Tm>Er>Ho>Dy>Tb>Gd>Eu
(wwse 71) (70) (69) (68) (67) (66) (65) (64) (63)
>Sm>Pm>Nd>Pr>La
(62) (61) (60) (59) (58)
Vafemioaten e :
Lw>No>Md>Fm>Es>C{>Bk
( o= 103) 102) (101) (100) (99) (98) (97)
- >Cm>Am>Pu>Np
| (96) (95) (94) (93)
* cater SR ASR—aX - sperdteRe . i @ e gin o
a1 ey @iew atr amer winw T (i RS,
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Instability constant) fater wiimes o fafawe® sutenrm
qn fels. Tmomies aiemedly Fuwerm et e aqdirm
(v T1) oo fofe o1 wemeend sdwere opt REo-
taared citer, 108 Fanws cite o Tt 2%, B@ oAl
elrgmrht 3 gwiee | waw fs, afesmeg R e 97—103
97 oIgW SmEA-laivw foavery (Ion exchange curve) o@-
arsend faife g¥afes it «} et kgfas wiwm Awids
‘gRahes |
oy Taqera Borame g3 (Fission Product) fzama laaa-
fier ool mr—alylsn Fewe} R¥wivmaren cieriom
BeomTAT ANY IGAW AeF | ISR @] e BN ( Tae-
flaF aiter ) sreme g3t RbrivEmaen cierfen qudteaa o
7275 sem At e wdire Fianten | BxmA AW
gt aw-Tai epfem faepe ewamm @@ |
oy FAC Antaren Aixe Riram Lewiwmrer ey
AZTEE, YIS A o Famaty wre (chloro-complexes)

U Tmyopy T Eu m & oce
Ew Gd

Activity

L S LILALLLLA]

] L1 ¢ 11110 1 1.1 1 LLLLLL L1111 |
100 200 400 600 10 100 400 1000

o

Drops of elutriant

f5u 7.3 : ARG (ILI) Wi ( FR(aTea fom )

@3¢ Wi B2 (111) wiveaa ( et fou ) sheraw—50
ot 7o BBCS fTE | SRR —wrenl-u deet -
i REBE S At T T R Afe
¥R | cator 102 @ 103 &7 WIEH ST
fraoce fafie e®uifen



88 ~mmmmm

3% 3w faeyies @lorm gwem | W09 G Srw-Teta
o ZRTS AMAE AR My TEEFHE ENiAeT 2RI W
3of o3 (group) Weqe w1 Bepver wic zRM TwT
amw-fala e Tire 10M fafam @riRe 2/1T (95° Giftrere
oret ) W OF wmmyYem  fewa 1 orem o} amerlew
e yRteRa ive zm WRG A G iwET-SEE
TRWIHIIBHES W 4rwe Faw &% TR (cation exchange
resin column)i %% 7.3-¢ wEWET (3+) SIEW e
opt#Ade (8 +) wmmwta Dowex 50 7o &8 ( @WNT ) Z20S
wTer-gR e riaebs (a-hydroxyisobutyrate) (i
pH am ) s erdteaem fsavay o z8er | aiter 102 € 103
onfamag od Tomweny oW fies 3 Baten (o7 @0 o=
foize )1 ¥ Tou 28w Soare ¢ cilewerdts <l smgen emiers
ZRANE | RN B% ZAC PWIRAE A AMIAIRE
AEAYINT  ANRTS: (FNE AHR FREIRG  JUTHTA ARIS

A



¥ | TR T

( Position in the Periodic Table )

v TFRERSCR Siee R

e *reriits B3t (alchemist) am 7% i
st wfarer—sr (C), % (S), e (Fe), em (Cu),
#n (Ag), B9 (Sn), g (Au), *mw (Hg) ek s (Pb) |
SR P @ guente  Tem—Idmm  (retort), woyiw
(mortar and pestle) ¥enfr | Ty $mwm M FEEE
qmtele aom Ilaiest | AY™T WO SR owEh e
wiqgpe z¥Aieet! EAiaer woite e woft aitr Aare
| G® T AYMS P AMETAS, wefae (Mendeleev)
sfmm-mraetg (Periodic Table) ®sraq 3t aomw-ome «F
oo qeema Rfezet o Fhaew | aiemiem @ o, e
rarre e Aetem 221 Somg amifagpe @We iem
#ieT W Ndn e Bz whmz iy sae AT w1 faw
sl e Rt et SE BN @Aa Iwene few
AT WA S (I IR faR I e gRuries |
AEFq, ot (Reactor), wngimmass (Accelerator,
favrges HILAC) Zentr semfae zwente @p Rewi-mmmes
emeea AT ASIPR 22 Al |

Teetn wzrRee W e 88% e wAfwew & fen—
o cater ZBcataT ( e 92) 1| «d 921 lter e 4% sErEw
tewi—oars 43, 61, 85 ¢ 87 &zwr@ wW | BEwW IM TS
‘Yoo @i’ (Missing elements) @9 @FWe WRAT
Rgrn e onem T AR (ot ofauer )| ages &g
coutrn w3 Fhow Somew Rz IR e e eate |
1937—1945 o woq Rern v RN | IR TR
Rt sraet aiteryfors Spe Gieete |



90 e e Rbrivmmren crier

Taer wrereits gty e framyles caiegier (e 57—71)
FrTAE o @ Rrerml T St 3R r 9T e el
-ty W T w@e 1 Rz ww WS o2w oter 56
(@imm) e 72 (gwfmm) e soge | foq RStwmem
ST iterffer TR wwAw afveswel et | Teot wgETeR
T ST amen Tem u, cartamm (e 90 ), combromtEtE
(T 91 ) @ R¥arivam ( Fres 92 ) @7 smpy Tt rw tmm
(T 72), onomta (s 73 ) e SrevA (FAw 74 )
aF AYS | weaI @t 75 ( cxva ) @7 sAize @i 93 w7
AT TS 7 |

I 194041 e e 98 € 94 wrivgs gher o @
ARAS ORI T ANCE RET SIIPT TR | ST 4rEen
ot R Qi (@i 75 ) € SinEm (5 76)-a3

fow 8.1: orfte-ed (RSw wwryren wier ) |

owel gem Bs | fey If@ o o, Rewtwman aoE
Reuoe A o ey it et O cewe s Wig o
oTaR, vt 95 € 96-ax sfm-Aradtes W Ayt Keréy wTInT
fen—Rawrn b arg Rfafew e emfaom oer geam
we1a, Tog ok qraen g 2o g¥e



wfTE-ATREICS TR 91

1944 smeer Ao, “amtdai®e w§” (Actinide hypothesis)
TS FREN | ST WO WA InfEtvE @ o crEwet
ctarfer sfm-Araetee AfdT i WS Fm o g1 Totag v
YA IR & SR sEde] aagta fzenies
@it (Lanthanide series) srgmor «3f gom aitermet (Acti-
nide), crier 90—108 ¥ 757 iewmdz TwdeE | W} wg afae
22 *1F @ier 95 Bonin SniaEw F1o ST Jor zRahee |

sffrg-araets 1adea e (Tow 8.1, st 8.1 e 5w 8.2)
aferine zBame | Bx qumwa feoln wEEven ama, 1944
Ao GIR IS *f1-aeft Tode 33

A 8.1, AHorEdcs wnif IR vy v

(1944 smem w@n )1 SENRPS iagian WA AR

Hire 2 |

64 |65({66 (67| 68 | 69 | 70 | 71

63
Gd|Tb|Dy|Ho| Er | Tm | Yb | Lu

Eu

60 | 61 | 62
Nd | Pm| Sm

57| 58 | 59
La| Ce|Pr

899 |91|92[93]94]| .
Ac|Th|Pa| U |Np|Pu (95)1(96) (97) |(98) |(99) | (100) | (101) | (102) | (103)

sfrE-madits it #ive W Tvier T fefe 283w v
=13 @ A 48, Armwdx e, Renta |

ﬁ@ 8.2: am A=A ( TARFS cahﬂﬁv AWy TR
: e gRaTE ) |



92 tawrre e eratvroaren aiter
v.a SrowsE=R ety '

fasoies @ioqiar ( Lanthanide series 71 Rare earth
series ) @3 W wfgre aiw endige (Inner transition
series) TR APTETAE 4o e Brerda Teme <A e Rane-
A1 g AR Aeds faaee e 4£°7 5s® 5p°
5d* 6s® =R Rzmww XawdeAw 3T @ 5s, bp e 6s Iy
(sub-shell) »f anz fog wemEw 5d € 4f SET oo «F ¢
¥ 4f oy mvas v T TAimw (T 58 ) a¥ve gt
(e 71 ) »fw |

e, el feremies coty odfie smfdae aia-
ceeftar (Actinide series) Erodn famne® AuRe AFS 5£°71¢
6s"6p°6d*7s" @R ¥zrn Tl TEREM Aiwe @R
aegE | «lvew Al 6d oEE AUl oM I ; S0
6s, 6p e Ts *f Tqmayfem fmgiers 51 aewE ol e
I | 5f € 6d wE@a wied A AW AU | «W¥rTg S
e aiaradly cweny O GRMSEE EoR wIlge ZenTd:
ABIN s | o owaw e 5 SjEta wenav® o Iigs T
wied (N CEOW (N W A1 INGR BTN AN o
GFFT o | N Arelee oAl e eERe o
iaio craremtan (Valence shell) ¥woidw T orem
22 | I T oS Seie e e 3 gluien o

md emAq  (gaseous atom) 3IfEY TRre wmiEiTEm,
cotizam, Rty e amwfatewm smamm Ao e faate
twfem 1 omaq 3ty (atomic beam) »mltw zirs cone--
atEtm, G givam, goitvem e ghmaow Rwridw S
frtitae giwiee 1

entiRe ateryiom smaevies AT T, o ww Rz AigS
WANIRG Gitofom e AEAW | R e afogfer Suere--
amt (1) wviw gaen *prmt oy Rt wme (8Y) e
I @t oA e &Y catom wex 5w (chelate) cator Seony



srfm-mafiee T
ntad 8.2: Wil IS ‘¢ wriwewiRs ol Foweda

98

fRgt (IAFNT *7AY)
wary|  olm | tomE s | ] am | gordee
e fom | aww fotn
89 Actinium 6d 7s* 57 Lanthanum 5d 6s*
90 | Thorium 6d* 7s* 58 | Cerium 4f 5d 6s*
91 | Protoactinium| 5f* 6d 7s? 59 Praseodynium | 4f* 6s?
92 | Uranium 5£% 6d 7s* 60 | Neodynium | 4f¢ 6s*
93 Neptunium 5f« 6d 7s* 61 Promethjum | 4£% 6s*
94 Plutonium 5fe 7s° 62 Samarium 4f 6g*
95 Americium 5f7 7g3 63 Europium 4£7 6s*®
96 Curium 5£7 6d 7s* 64 Gadolinium 4£7 5d 6s?
97 Berkelium 5f¢ 6d 7s* 65 | Terbium 4£° 6s*
(5£+ 7s7)
98 Californium | (5£° 7s%) 66 Dysprosium | 4£2° 6s®
99 Einsteinium | (5£* 7s%) 67 Holmium 4f12 Gs®
100 Fermium (522 7s?) 68 Erbium 4f1* 6s?
101 Mendelevium | (5{1* 7s%) 69 Thulium 423 6s?
102 Nobelium (5£14 7s?) 70 | Ytterbium 4f14 6s?
103 Lawrencium | (5f*4 6d 7s')| 71 Lutetium 4f14 54 6s?

» it waw Bl (Outer valence shell electron)
IR (Q) wowEs, TR, TENRT € AAFRE il &

gIftE @3

FEART @ THAC C EI |

(3) wmidnige

atorfom 2w IwIH oiter sgeer Breeda o I W3R ToeA
s Onte zRm one, I Ewwed oreRE 5 wEuE
Brin Tetuereny o anw, ool 7s, 6d @ 5f sEtw e
o wA | ot (IV), camsramidtaam (V), 2eaiwam
(VI), el (V), sootmm  (IV), goniw sl



94 frrer @ SS@famTEy Ciler

Porfaise | ent aleyies (Fass 96—103 ) TS ARG
oz @iaeiem A efveyes |

cita 97, FlamwEm (5f7) Hrewidn Seew wiEw AT
Swraedtn | Bz Afge smerietvw (4F7) geem i
—8" @3t wmetatEm —8* fprweny Y | I S
add (afrem 4f7, Bf7) @3 wod (464, 5£*) Rremiw
OIS A Aol @t | o] it Srerdn-
o amen o aferett atagim @ wfew 1 atar 97,
Indlomm Sfelae Romidn 6w sfam 517 T are T W
O ofrm IV omwew OWte o) smeens £1¢ S
Tammt Tt cuieryfer graft—o} sy et ( 102-cAmeatom ;
T0mierm ) II e owdn; Sxwme ¢ Swedw
Tgea 6 |

NHTRT el *RA6t (e et 6d owA «@sg
o Tp 8T o 28| oW @Al B «3® e o
(T 118) 1 fag W@ atayiem SdRm ae? worgat ¥
3, 8x0rE e Fq g gaz (58 8.2) 1 BT caTeTe)
B ZFiN R (T 2% |

AR 8.8 : N 104—118 7 M Ha R ( cRreTel 97 )

@t o o
104 BE* 6d° Ts®
105 BE* 6d° Ts®
106 B Bd* st

. 112 B¢ 6d2° Ts?
118 B¢ 6d° 7s* Tp*.
114 5f** 6d° 7s® 7p*.
118 BE44 64 Ts* Tp*




TE-ATENCS W 9

p.0 COIS @ AFIET=s ==

WG € TniENge W} q¥ aiewedw sEere avmEive
APMT (P8 F1am BIA oy o @ sfm-madite &
wwfes zBaMR | 329 Fosie SmEA-RiANy ofFm wmn emtEage
ciemdt 2Rt @ FETRd R TRt aiwfew wnfa |
7w IRl el (ots € IMEINT Wi SmamT I 239 |

(7) TSy wEEl &R QR AN LSt
aitamyiera srmytare (electropositivity) srefiye | afers seem
(molten salt) sigelatema N FENET fRUR INATHAN oo
Qizam T e efraw ciegfan qre oRww Sew T
oA e FWIiAIR e WA @ aba—2TnHa Alge
ARG (AT NPT W | (A SRR
ANAR ALK CTATS (AT APl 36T | gEoiiaames arglveram-
wiNe ¢ IFEE | AR SIEm RIS IR o€ RTw
w1l Fewen (allotrope) wmng |

Fiow o fararet (tripositive) SM#aRT ETHWa WY
oY | bguftet SMPNIRC  WmAg  (tetrapositive) #ifze
i IV omeg sopn sme 1 Rz swsewea TR
TE | SN BT JERAIRG € OWWen @tryfer wwzety oy
MRS, AGRFS, ATAFAS @ AAFRG cIoryfer Gwat QTS ANK |

AN AR O RS AR el emEa
e frete ZRATR | “epTAEiwIRS ALCFISTHA” (Lanthanide
contraction) TH* WHAN TNHAIZC COMOT W N W
—Zzra A “witf YATET IMCFIGA” (Actinide contraction) |
BN T X A AGMEE gH A | Bxw
Broeld T QAT AMem AW | SIANIG-TFAR T TN I
YW 3% o | ETHAET @i RS STeRE 6f SeEw
Sl wiewn i 2w W 3fzrdtener®s (outer valence shell)
TPA AT | JA (NAE SBGEA AIOA T G AFART
RIS € AAT MIFHA ~hmiws g1 o} TN AR A



96 o e RdwiwmaTen aiw

e aitterr (Normal or Representative elements) Smsacw
feonlte (o Fiea o st aeedE 3T ) TeoE e
UNENIC € TgH FFUHIRE AHEA AP GIRRETENT
orex) gRe |

m&%(ﬁw s wWERiARe S

TIEARG Comedt ARG crtencerh

Ac’t 111 Th** 099 | La** 1061 Ce** 0'92
U** 108 Pu** 096 | Ce®™ 1084 Pr** 090
Np** 101 Uu“* 0938 | Pr** 1013
Pu®** 100 Np** 092 | Nd** 0995
Am®* 099  Pu** 090 | Sm** 0964
Cm®* 098 Am** 089 | Eu®* 0950
Gd** 0988

(%) wrinewA (Oxidation states)—=midaize @iwrmSa
e &y 3+ (II) ; corfaam e cemsramtétaam Rzm
utera |t e gpiriveE IV ememw dmerm gt
S A e wBm—Rerivam, VI @egivm, V
@R Sretaienm g8ve ceivam, I11.

A 8.5 : W INTT AN iz

@tm | Ac|Th| Pa| U |Np|Pu|Am|Cm BkICf Es |Fm
sarate | 89 19091 [92|93 04f95(/9% | 97 | 98 | 99 |100
weer | 3|y —|3 | 3| 3| 3| 3|3 |3 |3 |3
4 |4 |4 | 4| 4| 4 4
5 (5| 5|s]s
6 [6|6!6

ciers seyefer Aémerm Tt e Ao I



sfm-ARTS A

worn eniAe B 111 &g VI emwmew @ wwemfa
sfqmiwe g7, sz ®a M**, M**, MO,*, MO, ** | fafen
o S 3, o, ergte Rontn taor savdtce emre 28w 1

97

#A 8.6 WA WAL AN

wif FRE wizwem e

IR ot | 4TS "§fs wfie

Us e | UO,**+Na (Zn)/Hg I g wifis @, et
&S gifys gy (U,

Np** | qed el | Hy(P1) wai R TR A A

: T (Np*+).
Pu* | @ed-Am | Cwezatatex SO, NH,OH | ot © Iretoy ot weear
Wiz Rtz Aty (Put+).

Ams+ | CA 1= SO, vt et o At E A

U+ o U+ air3i 0, R Ao g wifae
T (UO,*H).

Np+ | ®ET® | NpO,%(H,SO.)+SO, o Toter i Atfrs
L3 (NP0’+)-

Putt L0114 PuO,*+4-SO, 9 NO, - 6M wpifits i, W

' wifors faomtem ¢
. =Pu**+4PuQ,*+,
Ame+ | CRENAMA | Am(OH),(15M NH,F) | ISMNH,F agitiI- wia
0 fwfrea

Cm++ ®® | CmF,(15M CsF) 25 on. 1 w1 Tt

NpO,* | @™ Np*+4 ®¢ HNO, ol ; 1 wutfirs faotem
wwi

UO,* | e U+++HNO, (&) weTe i |

N o fowrsw atatoncE

P:g ':. wm-orta || Ce** MnO.~, O, gotfy || OR e fanfow

AmO,+ | giwR LIEE e

# Ac**, Th*+, Cm*+ @t Pa wiyaefn 184
1R AP '@ eAFRex otz fdadan |

7



98 fveem e Roratmmaren im

antéate  iewomel WH!I Rew  emmefes  adiiom
#wre aiezety (transmon series) ¢y &z 3o areen |

R epe Srwls gl et
(standard reduction potential)| witte mww (IM
HCIO,) zmre-faeme-faeres witorm oe 28e1 1 &% 23S =
itz @, ommgrAe 6T ME ciem srwife
(electropos1t1v1ty) aﬁw W o SHe sRsEE Ty I
|

wta® 8.7¢ 1M HCIO, G¥eo woif Iwee cRivw @i

fRwrtas-fiwq, Volt. (25° @, ).
-26
Act* Ac
-190
Thl.+ Th
(-01) -09
PaO,* past— 7 Pa
+032
[ +0.063 F058 | -063 -1:80
UO,"' UO,"' U4+ U+ U
0677
0447
1137 0739 0155 1 ~183
NpO #+————NpQ,*—————Np+** Np** Np
| 0938 1
0o M T pope - -203
PuO,** PuO,* Pus+ Pu?* Pu
| 10228 |
e T 76 ||<-1-5'2'32(>-?73‘
AmO,* AmO——Am**——Ams+ Am?+ Am

-174 '-

B

Bké+— =15
* THI-TLPE FRGTYTA ARFS |




fE-ATReNTS T 99

atmm IV—III e VI—V fwm irmia et
(reversible) ¥t Feals Toomy—

M**+eaM*" ; ’ M03'++aea=tMOs+

o fafrm ¥ Lordage oe A fReme e Aed ive
@ ey 1R Rrereldn-tabs ffmmyia Seydt g7
MO,++ 2e=2_M’+ ; Mosn++2e=M4+
@3 {ziend T 2w 3w aq o fafrarg fze arg-wtsem-
@a® (M—O bond) " faam omr wichers | wrae-Taemag
fRiearylery anaw o «¥zmor s
U> Np > Pu > Am
2 ThTiTEm 93t R w19adt iterfier el ERea &t
wmafacee  (hydrolysis), 3=tatnt  am®N  (polymer) wag
etz (disproportionation) genfr offam & awme-
fagme Riram a@bae o Iw  oww ceubtwRel RisaR
&1 weigerss (radiolysis) zesms H, OH, H,O, geniv
BorerTe 7Y SEitd HIT IS AT, FRTF FA Sood eI —
W, wtmm V, VI, aeafatem IV, VI feire 28
E | W I e sl BT GRS
(III, IV, V, VI) Az 4 |
oTdfaree @ &bw W e Siwwery Ates MY
AR AGTeE omieeeE eRee ame | wiEm-IV
aEy  emdikceise zBm ILcEt Rt SmEw ofee @ AW
ey e =10 | SmETareRe A1 wibe ST R T TN
Clpn .
M** > MO,* > M** > MO,*
2% 3y 6T 0T ST ST @ AT B |
&Ba ST M TR AT W 22A
F- > NO,” > CI" > CIO," ;
Co,”~ > C,0,~~ > S0, -
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ARG WAL G SRS STEACE aiow STETAE
gy @t (e e wx wmfdaiRe wmmw  faiwm
Womers  SmEmn | o & sEeiie o wilvm
Bermey eriers 2RAME | mi‘qﬁltﬂvm(TBP)@mhw
B O e e e wfsamaﬂw(am
fﬂ'am)'



> Fifas erais

( Practical application )

rivmren aiemedy  Spw  Ifwe aifes  wRIm™
feveg Tem, Yoy Rxwmm oniesm ailfee e st
Tfera Fham Ao e o3 o7 o P Ifaa—
smurq I (Atomic/Nuclear age) | ISR  AMEIET
o SR BT Aot A few Araemee orw T w0

el e A o aptew REiw-238 23S
3% 235 ONAAGIN  RRFIPACI  AGD!  SleHIEd, (NIG
BYrataam-235 @3 Taveq 23we) (fissionability) &t =it
A BTEm-239 W= W (A oM |, 2R &I
Reratara-285 @3 @ @it 1 apiow Rwiwm-238 z&TS
Tgante (slow) fABitAT MAMCS 2 Hiivam-238 T I3 Fed
( g wfawey ) |

2eraTaam SR eRFAq wF 7Rz effeT e few
Rt Reriwm cmgprmee (UF,) s SRerer »%ie
oy giatten | foq RSty i eRlenn SUrETEe
e AEINE afem wa Aive z¥uies (FRW wfqwer ) |
dam satens mIena wwgfar z¥re fRa Ffawl Mrem
A g2 | A TE Beomid aww Iy WS g¥afen
enoitna  gweené (Hanford engineering  works) |
RN 2Ty RANY FIRFS At M I ZRAied (AW
*fawRT ) 1

g e Brare amdyiad eaw RErat © SRRl
WOl eatwd oTw IN | @R ZINNY SR O AU AT
gant (E=mc") sife Seomy 2701 ,

225 U+*n — ** Ba+°*,,Kr+2-38*n+200 Mev



102 fvror e Rbmivmeren aim

sres Rbwiw (e zve 200 Mev =fe (T 1l
Broely coms ) Oewfae mmo ok 1 o B¥miwam-285
faverm @ 2X10° Taren-Fmenty ol Seomy T @}
er-107° erares g Sge Tw, SR 25 REwEe 905 @R Ot
arm F 11 Tt Z¥re MmA | w¥end vmEwq @WE e
s | 1 Termam R¥rafram-285 @3 favers wie am 18,700
65— ape fareme dR-widi-btew (trinitrotoluene, TNT) @3
ANFH | oFHA @ wierm (chain reaction) Tafwe
Fiare onfaee 1 Terenem Rewatmam 28te 26 o fatamam Fxom
remie AQ1z3d I AW OR 2 @1l frenenm-a61 (Kilowatt-
hours) Tk wie Seias g1 spmg wien o¥ g% f3ans o
—eTeT ¢ *niae Ny cenioe 28 o

a5 SiE=cifas farmEc—s=mfas  tees
SIfSfEH=N (Uncontrolled or runaway chain reaction)

oo smmeice  favwrae AR Ruiem 1945 Amw
16 gen? ertary wmata geamsds W cifweaTs SEmsTnATe
el 2 | 39 @3 wEtwrEe Reeme—weEn onvmes
e i enfae T A% | ey favwerae wfba Fm o s
s &lemAd Tzt e Aemie g | A ReeTE
wreeftam s et fexfam 80w ; sgmpres ofs & 281 1

i fareErE o A6 2¥e Swefeem e Tl
Wi 2w RS v wlelrn oo Fonters waT Z¥re
omea | TReEN wo a1 sgerte ghver sk wfelrm fawewendly e
—2z *rmng-geha e :

treltrg e-gires (Reproduction factor),

K =, 0% 5o Rl e
(n —1)-=x 50 THSAHT A

K-a7 77 > 1 g2 smaarie faoema 3t K=1!tm
fatms aeem afelrm e ( W8I Ay )
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RO A1 7 TTNETS eu @ ety S cavEe Tever
el W61 I A o it o e gw odie 3z
wmmewmmsm‘?u TSz »reme-
wiHe MY @ RYeTETS WA M e Ao T
a5 @ 28R @ Ry Ftetrm sfapremrg o s oy wrfee
T eR T pew Glelrm W B 97 Rkeewe B M
AP A WIEE-289 (wem  Rdratva-235 @1 -288) @w
o alve st otw (system) z%re TRBirm wmotwe wn
FT R 9T 9FB TEw Tote TR T e wfetrm Ay
©TT O | AR SR O (F T 2O OTR] 2 i Sed
onrimew wFife® ©A (critical mass) Ay ﬂf@f{wl 0 3
“Fiies eE” afws ©7 (super-critical) z8ter Tavema b
¥R 3 (sub-critial) 2&ta @We lavwEd /@ M | “FieT =7
W61 I el Mér Bvm—aw, I ARE (shape), WA
(composition) ¥3t SeEEE BMgle (impurity) T Twedw
cmrgel 39S A | AT qremE (nuclear fuel) Sore
78in aferpos o wge Ffaw WRBEN w@w ERW @ I
W R FieTF SEF A g1 13T |
e frema 72 smfers wwe zm (1) Camfe
©7 fafwe (sub-critical mass) [ e T¥RER™ A oA

U-235 target U-235 Projectile

I ';'II iy J
lllll':’l \ |ll|:|:"
| :|'l'1
Il | ||] 'l Il|| !
Ifjh ;'Il'll:ﬂ]’ll:l

Propellant T

Large mass Breech
Bar 9.1 : eryae carary AWy SerENY T |
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AR AT T Sugend Bu 9.1 Sgam aa o |
a3 cmond et SoreErm Wy TiRe—EW e T -
am@ (target end) | & comemd cwor@Tat (projectile) wem
T AR 1AW IS ABA | FWe wiewE} IS
PR AR CFAeRRY S 107° GrIten I TR
YT AFIATT oA WS I L | o4 “Afemiiar w1 (over-
critical mass) 7% z¥ ¥R SRHME 268 owma @ | (2) &
Fiies e qEiee ( Reuataam/o pilaam ) swama oo crem
T BEwe gt W W 3w o SefaerE amed ¥
Zeam Ely e e B T 3fee 7w «ak fareTe 90 |

arem farartan e Amre wgeE @ g3 AmweieE @
(u g ) feveme eRafes (6 sors, 1945 1) oRE
fawe laqaa I offedtre Relisem e wmE Aem I |
farantamn wgam 4°5 q-mRw g A yfee 2Re1 23
TMEER W NS Ahmy 22 O & ke ¥ P
e 20,000 P 9T €OMFT AR L7F wr@ 40,000 Fo
B Saiye zhzies fNwAw ST | SRUIRANE qR-genme Ol
omd foq o SfEE! WZe 2@ @R NS A 9F  CTLI0ed
T A ZZA 1 ] wEE-gRA ST e qR SR
wiw By e mEA Rremedere (sufen @il
(Badioactive Fallout) 3ta1 T3 @ 1A®® 287 |

A DIE-ERE G R @ Peiee  gRame—
FRtEEN @M1 3% Rirm sl fvewa favrte dtfe
wdie 2y AT (fusion) $om afewe | ] ay (FEE—
o1, TRTYTEAR BT Es O oot (2 10 il Tealt crioeere )
«F8 J& 227 25 e Teuw I |

* H+*H - *,He+*1n+82Mev
*H+*H-*H+*'H+4 Mev

* H+'H - *He+*,n+17 Mev
*H+°H—>*He+*n+11 Mev -
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e faverE ARTA A Twenem A I
ER I TRETEH @A AW OHT TH IneR
aiaE faged affrm a TRwgwE @mn fread OYw & |
TR ARTWF o A Rm # Wi Qu ow A @it
wigrerrat |

».o =i=rsieif==s =1 c=s=er=s *ife"=t (Nuclear power)
Be sive—f=wlEs *Ye=1 =SfEF= (Controlled chain

reaction)

e wfelrm MIe A fwire sfmm @ o K=1
(5.5 893 )1 omEeier Ryeqere ermies e = @
Brge SrerAtaaet a emid T—RTwe A Bery T @R
A SR Ryeafete @omiae wn ogm ¥R
sy faqeget (Power reactor) iRdnwem sor stfe—&e pelt
e IET Q1 ems yenfe fazfmveny AIE IA
TS M| wwE wielrm A W o e e
et Fe faam we (Control rod) 1 wmam, fayevems
78l oo <lae itge Fam & #iatresnt 3g (Modera-
tor) IRFS TH ; qY, AR &@, ot w@ (Heavy water,
D,0), @fafemm, areiRs gonlr | s g7 oigs A,
fwemie Gl sgzefe a1 anfrer (Thermal) W8I w1z x|
Bas wpeem felrm yens #isias = |

et 2 Berpaa ongeis gt (Nuclear fuel),
sfafreant 3y (Moderator) @3t fawas we (Control rod)
TEmAt e e oiriEm-239, RPraivam-235 e -233 IS
M aF | RewhumE  arples o RUiwA-238
(99'3%) @At RBCATE-235 (0°7%) AMCF | UM FRAL-FHICS
Reatm-235-miFe  (enriched) offew RBtaivam-238
IWTE I W AWW, ¥ Wriwm-239 o Remivm-233 2y
wawl@mﬁm—ﬂsstamﬁam-%z e | @ Rew
*AMYEES IR mEiaE fAyed R TIA At EePm
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M z7, oTNT “aaww-gEt” (Breeder reactor) &feize am
zz | TR 2Tt aEmw-pEta e aman I 2k

Neutron

.’.U, !!Ib or IllPu

Neu}ron
<
Fission ‘;&
Products Neutrun ***Th \
/.’.U .Uonr Ullpu '..Th ...l,
N euu{n/ ]\ s u-'!f 230 l
/ Fission u
Products 18
...U w0 Np
|s
I'DP“

sEEEts ot fNerr o ewe faery o sfaawt
T AE—CE, AR &, R gm, wee qg ( Giienm,
1 s ou, Bentr ) 1 a3l spenqfagiegeta fom (9.2) crem
z3e |

et SeseEn Srranin Swere e couirw RiFAR

Reactor

_;m:msr. T e s Sagas N =L,

Pressure vessel Shielding

fom 9.2 : waf® oo Rgyepfv (Power Reactor) fou |
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RN aF | O W® Cepamimm tWinw Gow W
A6 | R W WG MR wae, % s, Sh
SIo-ARNIZS), (SHTRSl @ TIFAS| (corrosion)-zierareier
Beniv o131 6% | i, ‘T ek It e oAt
qRFE FMTES I IRI—ETTE 93 Sloammay A6 1 W]
76 AW I IWIH ROW g A g www (alloy) o
ot Ty ST —enasivam (swmes 1900°C), ArcmtaEm
(oemrs 1950°C ), cemm1 (s 1585°C ), st ream
( o 2620°C ), arimm (s 1083°C ) @3 Bigbiivam
( e 1800°C )1

AW TRPTErera wfed Gifgn Feznd JfE  onZres |
g wiew Be—3aen, condifom™ € 2rpies sm—remat
100 3=z T ZRTE oma | oew wiew sifzm WORW
EIpiE WY IVE JEE IRT TRIACIOR 6F TYPONT  ARER
Fla@ | oEm AR © NTHYE 2R Wige Rt zRwew ((H)
weies Oert 2oy IRze 22T, *RNIPIeEN 2AiFHE A |

A oawtae Elmp-gramt (fossil fuel) F3en TUD
ofgame omem W, (RI WA rENpaiER AT 25N
B[R A fag @EEE aRAieiEE  Gem—Id, TR A
IR 20T cREpiE AN IR BRW | GRTERE, -
axre Zents spmiqeie srie zRra AdeE FEEAR o |
Y NTRFTETH, ECEIRE! oz Zonime smageies 3o
5o Z2J |

Rerzimamaran utereety IRTIET AR GREFTIAY GRATAR
Mrw ww | gE-238, Fm-242, FIRE-244 MpSS
sfen Ge TR amieRel WéW IW | @ cEgia Z’S
Eeiaany oeml-en TS gH | BT SR W] citeriem
T IE AN ARG I 2pd erepled AU ¥ W 28
wroity fagifewy afeama (thermionic device) smzmwar fagienfe
BeomiA T @7 | @ReNA FE ANA yUAEm-238 dters
(Transit) Fiow Bormz Iwge 2w | Fioneriaam-252
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Mtge ROIeE B¢ T AT T O’ W SR
Feosgs fRyewa (spontaneous fission) ¥ 257 fdiw %
3@ | «Ryfes az WO B¢ AW AWIRY Inm ey
371 378 |

MR REN 2RCS TgT O8N 2RIZ J&H (TG g SIS

Besmry ¥ q1H 1 STTRd TG Aw R anEAse gdung
( faeta #rfar7 ) |
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( The Future Trans-uranium Elements )

aim 108, swatommss *@IeT cieia Ayes frenatm am
T FCOTER | R o Fevd ZRCS O,
ATEN I 2AME TS e Zontn faww A orfige IR
Z3IME W3R G¥Fe GTaTere | ITYT JeF WA IO e
@t 104 careen  stamiteaw Fswoifes  (Kurchatovium)
AN BT PSR ZRAfEwm IS A W ST
omrrs otem | oy cmaet st ¥ il 2w AR

et RerivaTTen aieylen SdRTE AR 6 ATr

In these elements in these elements @ and
@ and 8 decay spontaneous fission decay determine
10 .dohrmino holf lives { longest ble half-lives

0%

Holf-life in seconds
3 8 s

9% 9 98-100 102-104 106 108 110
’ Atomic number

fom 10.1 : Yo 94—110 <71 WYFIR fomene |

TR FE g g oners oy (5w 10.1) 1 Touls 2¥re e
ol AW ¥, Gt 110 @3 wfrgem 107 onve 2RI | GRAR



110 T e RemivEen aiim

ol SR (A HAMIAT 2 IuER | BEwAR AT
efqgaedt FMe ATEAYG AW @ @it FEE IgW (odd)
oA 1 TWBiN A, wrRmT SR ¢ RW W3R SR
oieeEd oW W zZe mA | BV@iweren  aiefam
iR *wie onlt aieiom v AfRTée Im wRufew |
FOREH, AR cwen aferwem 2fem (Recoil technique)
FfFt R | RS @iaylem crme XM A gem
BT | 3¢ tow Tt ¥ v SepTRe Fareres |
@tm 103 wz *m3eT @iagfa S e O wEEE
cw*% (projectile) fzamy A#IZ I awEw | RO WP-
e (Heavy Ion Linear Accelerator, HILAC) @z
sz fzfomm zite fqed *fs ol W cRvre T AeEe
wirere 6 (1958 W@ gRee ) | AhmRee «IR 2w
stacete | @) 3g (target) Fou »fawma 2@ 33 Twom (3R
BeIG | ST Gter BT stfgae gTw IAT T S A
T I TON oA | ¥R cniw 106 B tew &0
cwor Teom e (Fars 10 ) @7 o AIRunE  WEA
( I 7 ) Siegea Ingat |
“ES+7N"*1°°X
OGCm_l_ 10Ne — IOOX
aiter 104 (Y) @ 105 (Z) Seomoa 1 Tairm @&%er &
°8Cf+4°C — 1Y
**Cf+"N — °°Z
ueE SRt (FEF, W @M 137, 2T IAW N AN
e B fodw 2Rtz ( 10°° fRBiN afe aof-favw afe s )
) *nem AT 9N Awaver | ofuds o} iz fASdN-
oRTZ B I T | e o crwg-pEle A WS
2Rz W 1010 8N afs an'-Grivoibs afe crate |
wezis (29 g, 1976 ) @NIw @ ol ST AT
(Paul Dirac) creen shmmes—aian 116, 124 e 126 @7
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gy | drza gt @b, (R. V. Gentry) e #1fzar (T. A.
Cahill) arfrem wrmmms aples amias zire O atamyin
afeE SR —adRIE 50 1l e (5><10°m)n
e 13339 aee 2T e Tw AR |

apatemR smIet @tafan sfm-zedte =W, 50 10.2-c5
emife 28ame | IS 4oty ey Telare i wW TNdire
Ramg | W} T v FE, AYW oy (period) aiter 104-93

5@ 102 : TEXI €TINS cA¥er 104—108~97 FIF |

T Z¥ g fvaon W (59d e, group IV), 105 @x
g Ondremom T (e el ), 106 97 wW oeomE WS
(75 colt), Bonin 1 ciwr 104 z8re 6d o Rewidew
CIOMTH Blend @3¢ B Aoy TRW vter 112 ¢8| it 113 2%
Tp wqera Boreldn @M F 28T OR ANY ZRA WiTH A
118 5 1 *HmE-smaelty @& SR AT FEty 6 oiter 104 @R
¢ oo (oSt ogmer ), 105 x9N ST
gﬂﬁn%mmw) O 106 @7 (SreTHa SEe) T FATSA

I |

fedts o TRy 8w el SpTEN awe
sloete | amor el @ ARSI (X BT AN GO
Mk, Eryfer garel eI WP AT F0 ATowTd W WA
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oS | Em-TRE o A T o 2o 87 arn 3
IR STt ITHT IR AR e 1

enforr o, eRwife ( ifioer e ) :

1. G. T. Seaborg—“Man-made Trans-uranium
Elements”, Prentice Hall, Englewood Cliffs, N. J.
(1963)

2. G. T. Seaborg—"“The Trans-uranium Elements”,
Smithsonian Report, 247 (1960)

8. R. M. Latimer—Science Teacher, 28, No 7,
(1961)

4. G.T. Seaborg—Journal of Chemical Education,
36, 88 (1959)

5. F. G. Werner and ]J. A. Wheeler—Physxcs
Review, 109, 126 (1968)

6. B. B. Cunningham—Microchemical Journal,
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7. B. B. Cunningham—Journal of Chemical
Education, 36, 31 (1959)
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Inorganic Chemistry”, 2nd ed., Wiley, N. Y. (1966)



Ffrarfae ot

w8 wE=-aN, 76

g, 11, 109—111
s, 26

wIZARIZ, 4, 67
wigRrefms, 67
wigfie 7@, 10, 55
wIRGATHe, 50

— g3 o1uf, 18
o] 7f (@), 11, 50
wear-nfary, 16
witas-fofare, 16
wy-ffen @i, 80

— &iyf&, 84—88

— o, 84—88
wfiTe c¥fd, 56
WS enpg, 2-3
wiafafara, 63-64

w1 31 2% e, 91, 93—100

— TR, 95
— &g, 97
— Breia-R9m, 92—9%4
— e fwiad w3, 98-99
wiifamasy, 10
wOIRIBIES, 45-46
wIiTIer, 60
wFTeMiiTe! Meyy, 52
7(a)

’aafawrs, 1, 51, 56, 92—100,
101—108

— ca®, 7

TWrfare ¢,

55—101, 109—112

TR, 49 '
— 3917, 92—94

B2 frfR, 21

By % wTfarrel fore, 19

Twtfore, 7

Beifrere T, 12

317, 61

SF 1T, 66

e e, 16

eqi+ia, 64, 76

391 ai, 71

FIEA-FIYUF TS 5F, 4

FifasqIw, 64, 66, 76

Ffiee, 44

I, 48

us-fifaFdl, 3,9, 50

TS (79T, 10, 110

4, 110

sfiwmm, 63-64, 86-87, 92-93

B, 44

wifem, 111



114 o e BlminTmaren atet

#If¥3 o7, 103 | g, 49

ifeifiars, 6566, 72,8687, eare 5, 10, 105—107
92—94, 110 erzary a1, 103-104

A =fy, 11, 50 S Y SRR, 48
- civefia, 44 A§E-AE T, 1, 89—100
ez, 72 sfiei, 48
wifierww, 12,99 *IT BIRATF, 110
& 7T, 3 NEefIT ewy, 48
wpifes, 2 Aty fRdes, 51, 57
@i, 51, 79, 96 ' — Serare
catfore T 1Y, 10, 55 WIRCBT, 78, 87
g, 41—43 At [Reerad, 102—105
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wuBrae 7%, 61—63, 72 cetiBa-cesa 5, 3
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