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Stasi

WTSTATSA PUA ALM STA Me- ASS AGATA FHS TAA wz

FAS SATA Mart Vm Wary YR MSTA aa Fa BAA |

MISCSTSA VCH TRA Mero Tea ye Bet iio

FN Bae Coahya SCN, faeert cieryian wae BUra-

Trarred cect | care yaic laa awa sire eke

RAHA AAS SHIKSA HVS COPA MSCAICICAA Te AICTE

ACTS | ANT HAA TT MMT COREA MICTIN 6 rT

cataryin | «ok ordicat aie afacca “caicera Sea-Tac” as TSA

givers yobs waa ieqea wasn site! heel

ator “Coaltrr MACON” Greate spit eerie

HIG TelASd AAS Face ARIA Fara | aiserara wlaceanivg

ACATSAAS AAAS |

OF HSCS WTOTeTSA Siaa sea «@ fawly 4a ales wT

AoHpia TSA VYyAs Prop, Gey apes sq abi later

ag @ late aa uk TSU ASA acaeMlael Urifaly

RRMA ACR | Tae AEA FATA oe Goat ioaelt

ACAAS AACE GAR WR |S MIA STH Magu seare! foaraeit

Tam Byte wy scaiael gears Prentice Hall,

Inc., National Science Teachers’ Association wae

U. S. Atomic Energy Commission-<# yoaw anne |

TeareMencaa WISTSA SI MIATA WMS ye wersa Bey

MSA] YR AHA ALIAS] Fiaaa! ok alorq yeTeins sat

Fou WHY LAAE wrara leona Sta eroereicra @ ahs eyrrs-

TeaAly ST |



iv | | Sine

STATA CAMGTT HI MBNA VT STTE—siesTT

fnatamrenaa foyer sray TSC ANTE CFT BAPTA AIF,

AQ Raver eaSeT MANTIS CET SOM yAaTTECS ate foe-

Caer Sayer cosa yatee fags) sera wiawor 7acaaq

Ge AMTATH AA YSS MHC FSSC] STS |

fqaetaet,

nisrcwer | wim Fate cw
I, ssa
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ACTA WETA

ceerfars SUZorceret
‘Se

. fawowrt cae
( Radioactive Isotopes

and

The Missing Elements )



alcrs Beret
(In Quest of the Origin of Elements )

“OMT SEMA CANTO TAM is

Bay es Slave ATT I

A Saige ace Clo Sater,

BTCA eve TAT |

SACHA MITA «= AA A ITT,

BG cata faapiaet conte |

CaNTSta SET CAASae1 Aix

Tetytace tga even 1?

maT (Periodic Table) ate orate sera GES
aaa, oafedke sted Ua MeaA—wsnd ute ailas aca alge

ates oie tater faewa Aiea AIT | | BHA aleat SecwicearT

aecs Rocataarm de ( raat FATE 1 BCS 92) cater omndaia
Gan aoet oF TSA-AA Se ye AMA a0 Elasioa war

aiace sec faeries aera atone sem Baa somes

Tage sire Baca OTe Bar 650 caris tea oer Aiva araqacs |

faasiqg ere nine eeare yar Seat area AleS sere:

AIP Bice Waraceta SrSat as fata sacera AvPe crarinora

ge | atTaty, Sealy Ta Ma AMIZS Mines TATA NTA

Calling Rema yes yor araqge | carivycia ener fag taw

Fiam alniva’a TS S coewe Gertiae gam face Tacs Arm few

mas sitet! ok ata ait ceric cei ten ora “es 28H

TaQr TCT Mex —agrerd Tt aa az, Giga Bont7 1 ok

crintne srigedta ye yay ace ieee Seyiaa UMeptaas

Trey Ore ATH |



2 iaeort @ RocalqacaTSs cate

@a e@aaqa (Ben Johnson) 800 wex acy ‘The

Alchemist” yece sea sitattece : :

“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.”

of yaa om (remote matter) AYR INF WAIN SlerAcE

qiewsitet (cosmologist) e cantotfertura asim Fe

qea xian) orca aed wae catamaran cater orieigier

Bares wWMErta (relative abundance) wera Gr Sem

MAIN CPRlSS PigacaN ae AGorea GAT SMP ATS Fiaacar |

CAM VIA SA WAT FARCE SEF, TAP G TWA *dA-

Taree qe aareates (outer space) Gepiite Taree eat

CIT] AA aA Atarize ware feat] wcencsa areit-Taceacea

Sn Carnal wersag cateryian Aare SN a | aaa Te EA-ATCET

erIny aem xerena seine gains ca contelfenta

aq (21 catotacra waxtrg-iatere cota Say ) i

>.> CHCHS Siceifses=ze Cis (Relative abundance)

SIMNSs G6 Tames (cosmic) Grsay x8 arm face

qlicera arcniss aR Aya cnoraie fty’e for Gemnise zeae

(fsa1.1)1 arm faces omrdgion sca cece aces

aes ATs — AIG MATAMTT SST 93 Sr Ie CITE MATERT

ena sem 76 oi aaa mat am felenesa—on

AMMAR GA SENT ST GA A CAAT WIT 23 opr!

araarias are (Atomic weight) yiea ace anRd grr macs

qe ase foact ee Baer alee eal «ak Bqwa

AMSA AMT MPPs Bisra crn aa cmizactq (Iron group)

cateryiea ceca! st catryia estore oniqet cateryiaa gers



Gicta Cex | 8

10,000 qa caeit ofa emce i | omeres Career fete

AMIS! Magian Arve ais fara Stay (mass) We TSM

1 ort |

LOGARITUM OF RELATIVE ABUNDANCE
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RELATIVE ABUNDANCE

fom 1.1: caycera ercrftes ertps |

s2 clerseasag

ee sn (George Gamow), are cre (Hans Bethe) 6

aro xa (Fred Hoyle)ar og atte atayiva asi qaae7
foa *TeM ATT |

eryings yvogiqeiea Wo A THIYTRA YSETE

CAM CSA AI AVATeet | HAATPLgSATACTT YH ATA Cl, THAYCRA

8 AMA Smear Gey aaa couse iqirm (Nuclear reaction) :

aera TAS Fara Srat MoT @ latency Sea ( cattba—

celica bar : proton—proton (p— p) cycle )* :

4 *H > 2°H+2 e* ( *feniq )

9 *"H+2*H — 2 °He

2 *He > *He+2°*H

4 *H > “He

« 8 oe ine fog fafien en afer Braces ete

°"H+*H —» *H+'H , *H+°H =» ‘Het+'n



4 fae @ B8catrmerea cater

faen aq s8ce acicecaa Ser ( St4a-atecRicea Gas ;
Carbon-Nitrogen or C—N Cyele ) |

13C 4 1ti —> *e°N+Y

**N — **C+e*+y (favtien )*

°C+*H ~ **N+¥

MN4+*H > “O+Y

**O > *N+eT+y

“N+*H > "C+‘He

4*H — *He+26'8 Mev (2°68 etic

Scarsia cor “fe )

area «clare af ae feta apy TeOsM

90 Siem cat, camoa-caroy oe CHAT ASTa falerm; FI4A-

Tecan oF Ty faiem vai Gea sora yer faterm secre

eece igiemna ceucea Ger wae ace apa “ite fie ari «et

STqA-ACaa BURA TT MS —2 cio fost citicawe wr; oF

OSTA AIF ZVcS CO TH WAT ATA AC |

cage fatrm (Nuclear reaction) oiasraa 1 a6 amta-

caté (Lord Rutherford) 1920 ara sfaaarct staatacea s

“What is possible in the Cavendish laboratory may

not be too difficult in the Sun” ate arcetey acazerace

BA ASA, SA) UAHA AGS TOM ser ay |

mera (Einstein) 7s E=me* ( E=«fe, m=

mda SI, c= UeMea aorey) aqanit “face ome was

mes “ets ATT SN aa! Aor arace ome fan “leq

TS Ute way CHITA ahea erie fe Alor arryaTs
irwaate fe ws conta fone qs ufase, srr Boaay

srt fet atx 50 we feat cihtraw 1 ok ape wen same

alee fern; yy fea waary searyia—ceba (Proton), fasta

« tfrerel ( ope fcr ) ade |



catcra Gex-aaA : 5

(Neutron) 6 cada (Electron)—araiera eta “Ife (Kinetic

energy) 21a 10,000 Scereaa core ( areata wien Tete “ite 10-*

Rereay coro) 1 core falerara ok ae oifacaet comba-cenbr

BF Aq att at oar fala soa Get ae ae Hrs Bara

Toe Ate or fee ocr TT CETERA areata isa wa
TA, TI Bingrer cay tor sare ay aay Ha Hepiow

RA a ACHAT BAT Weseeas “te (gravitational

force) qf@ Tx ae cavaa (core) SIT waa ates aa

aizfecna Grigor oreiqe gia ms wae Ga zee coulaleacrst

wey ( Ale MIM) Ta THA T AAA sie “ane Cre!” (Red

giant) cq Ulsigs za |

eta wea 7 aleian caer wren ama 10 care twat

citocae | fate sergier 2206 afer fafa (Fusion re-

action) saraligeers erat catzacstia cataqion 4s A Fz I

“He — *Be —~ *9C > **O — *Ne

fefeata cafaferty sta wfacar fret
( Seti )

— **Mg cece cee sce ccvesecens —> 56Tie...

aattcafaata coreactta cater

Aigtana-8 Hos wergrt cHas, AT Wisse TEATA ACH ALF

fafea sora alge atea-fatrar Sra creas (*7C) vitae aa |

apiece caiatra-8 mem ATH Al; Bart at HMCANCHTA

@isteras-9 erefae (ore) can aal fete « se

watt cita—fatesm (Lithium), cfateaa ¢ aaa (Boron)

me me AG TA Mt Zara cat aferara Gey zal GUTS

Wan, Stat qtayiers canba-en an sera sia Faye Fae

iafeara, cafafeam @ cia coe fatrare-ve-coms force orn

Ta! 8 afm qSaws cHtacs TH TRACT AVS TH | |

facta rater ( orem 1°5 catio feat citocacea cit ) a14a-

TACHA CUFT AI Me! Ba BeTS cafes Afar falerae



6 iarort @ Borataacarea cite

TMeaeA-15 tn Ge HG xa—8u B25 Wala FI4q-12 ©
falorara

cs 10 2 sen 16y7 3 18C 4. 4TTe

Cen =F 1 ot ode ARGHITNT @ aTSTHTAT ANS OANA

CES FI

Bola Wc canon fata alacert sare ulacea-17, Trex

were fren-21 FO Ral «aa Ulace-17, irea-21 6 a14q-18

( Towle orfica Geony ) faterneaa aigu fara oat cue aie

SUH, AE) aaww aga favda Gemige cai ak vacaa fatem

MARINA AAS asa! sara iaeda fafrara (Neutron

Capture) cizacta cataqia saraigsera ort cateryia—

Tare fe ( aay Fates 83 )\— Cerny sta! TaaaceT waaAqST

catenin comiary wax ogra |

Me os Wels aeT (giant star) ae xk
cpininacat (citat 438) wiey amie searei copininara

SE coutya cita—Zara Arce) MNMelat SIACATCOTC AT BTS
Ore 1G area Ter | | BRS HCA STHNA SAS McA TAT oF

cia tgs etafen vm is cine ereraria crore Tea

atreics § antecetaaa-254 ( aaqaraes 98 par = aferea

( oftgera 55 faa) Rive orem cre: apres Saracen

erica alesis atater 1952 ara faiety dhryce

win-cege Taeeracta (Thermonuclear explosion) Syat

ZaTw |

Scare caitearyiea Ais wl eeater se 30 fatrcoa ace |

MAME ASK GT SC AATACIA VU THATS TAHA WH 1 we

faereracra wt HE ca Tearet cate omiedacw wlan

faey com ve He ST TAPED EEN aie! ker cats

Tey e gaentaa Bie asetl weaws BlNeMneacsa UTS SBro cee

Ce tar FAS coe-aisac a Baca BTaat eica Yica “heer

6S UTA Min —rel SIS, Aq, ATEN Boning Gas zee



Gite Seavey 7

aniqer ateiae xt0e erg omer fetes ywgiagn aya

Stay CA, Boa araazs fen ena 650 cae ten een! = Stan

Tan Bast cited ta ae 450 cit aaa ( Geptivte

aces WIT ae a1) 1 «coabya Bocas crit (Uranium

HYDROGEN BURNING

HELIUM BURNING

hew swseee wees we ee @e ewe we wes Se we ew
___ _NUCLEAR REACT IONS AT EQUILIBRIUM

}>
z

' \
\ fe pai

¥) <—__A—>

fou 1.2: cate state toca erate fom |

Series) 2205 amine gaara a, arma yfedla aaa ens 800

Cri Tez |

“cate ove sic erreton orem ete (fea 1.2)
BSH MM anaes ace nis co, giao on a



8 , : Trey @ ROcatraerea cater

cateryier ates one ae ae] ete-aTa ABA Siaace, SATA
qe geaten wa-wesa as aleriam cae— fatee aia a

AHA AAS |

ennfees ame, etautfe :

1. W. A. Fowler—Scientific American, September,

1956 :



R11 coer TAcricoit—eaighe e elcatt

( Radioactive Isotopes—Techniques & Applications )

ATP COREA MATIN ATT AsceA Yiatow | Tey

Sora Vaca se feerla wae 6 Bea Ae alana ce

RTORTA AACA FICE METS |

1896 71 cena Cascaa (Henry Becquerel) 364

COMPAS BMT AF TOI FA AP sida Fara ye Aes

A WHT Pat @ Tocag sat catwara niseara sacra | 1919 Arca

mG atetacets (Lord Rutherford) ¢ 9f6 B&s (Chadwick)
aden Blast COTA OTB AIS stacey axe Cale otetcea
ates etfaa] (Transmutation of elements) *ToBe

Racer |

Tar CECA ACH Someneny Se FT ALANS

Siac =17 ( wast cata) aay conba Geony Beer 1 Bee

TAMERS Biarrcoas wAtetaS set oF AAT
Taleraics CHSTS :

14 N+‘,He > '7,0+7,H

faf@eai (Nuclear reactions) 4 Za! GAA ATTA Basra

cea alge waatg-eera fatem zai ceucea aatacea “ied

falas aeanis Sateen (Mass number) 71 crea THedy €

Coot Aate-AeaM ae stains Tac Tales Aen aya

(Atomic number)! waa **,N-0F Be aecaIcert-cmea

Sree 14 wae aaqeaes 7; iva C’ (RaC’) Gea 2ar6

inyS Gonte @ Clante AMT Ae FN ARAFAT

Ses slam Ge fstea we seri Berens coma en (*,H)

esis fae TRS oma BTA Sn leas (scintillation)

wea | Ba) Mm aTatacans comms faferm awcH fAsAcME BA |



10 famed @ RGralaacarea cater

amraine faftem omergr afetery erat weer (Outer
shell electrons) >have aay 8 faterate sie corne-faferarer-

mTeT GAT OTH AS CHT 1 Fa |

atntafas fafera :

Li+4H, > LiH +1 ev (1 Scawin core )

cvens fafem: ",Li+*,H — 2*,He+17Mev (1a
7 oe RcrsaT CORD ) |

(1 Mev=1x10° ev=16x10°° erg=3.8x10"*

calories)

APSCHE WAPSUA Faq coalwPa Bc Roa Slerea

wigs etc wefan (Irene) ¢ catfire Fat (Joliot Curie)

(1984 art): caine sat worst cormiqaa (Polonium)

aero fate areal Sra Aa tafe citfers om 2806 comiera

Secon Seow sca sec Polonium-210 (concentra

—210), Radium —C’ ( a@foma—C’ ) enta agive cwatya

aia cers (projectile) mer sera Gen ferca Baa FH

z8u 1 oma sian Goes oer sn, freer 6 om atey Fonte

CHATS-CPUF-IF eA] AACS Gem Bq] BSS |

"wLit+*,H > 2‘ He: °,Be+* He — *7.C+*,%:;

",H+?,H — *°,Het+*,1; 7,Li+’,H —> °*,Be+y

Ao TWAT ACM ONS sata cHae-cHrATs (Nuclear pro-

jectile) Genasat wnt tafe ata—uaneirenaa

(Accelerator), et#a (Cyclotron), Tyra (Synchro-

tron), faim (Betatron) Zentei faelr aaraced oa

amqgeia (Reactor) 7aH aoa aaa waaTyget Tea sere

cms Cen (intis sae ate =wzfecisiscra ate cece

107*—10°° facaa ) 1 o& Ha onfzeercaa sre 1950 arte acer

ata 1000 aa eit sien cwaber Benin Cente etare t

aay oF Fem oa fp Bae oe Cl AMTTTAT NY TT

RRA I



Coa MAPTIN—eaGhe e ACAI ill

ro efits a esi

Rat cata e Car coarrT SOTO TT NST YY

CI € CalhPAsa | eqni—wAe Wal cater

o1 ,P—tam caren 31 a coatapin m1 fey °*,,P,

PHVA CSSA MACAO Sele MAT G-aes AST (15) Bee

waren fafery (82) wax Ba Race Fabien (B) faye ea, AE
eigara 14°3 tra ( ute 14°3 fren comfepara sem eels za) |

ot °P COREA SATIN aa Bat eee °*P-07

ATATAIAG AF OBE |

coatara cata ( cafaata, 28catvara, anistrart cert) xtrw

afcinass coulerm faatd saree ae sifaenca Barn grat catcer

afans aa ( coubea cater cai acer Ber aes ) 1 Benen COREA

AAT LAT ATA wT UT Gell eer ena Tater 2am

2TH 1

CORP PATA TH BA CHATS TCEA-COTUCAT AT UTE] I

mT raTes-83 (fara ar cat Cateye warey ahaa Ale

caToCAa Gera faoarra oivsy ae cet ofa acs cl, cHaCsA

PRSTAR YY TA Ae cHePylery QING AA MAG aes | Bee wk

Sal ciiagiaa ( wanqwaey > 83) coarse eer ouca AEH

SMA Bat ATMA SIS CHATA | = PNT CGRTPPA STACNVICH ©

cara Gama iaticrd amet ee cen Barra cae yior

Pera |

carrer ay for aecta: (>) arr (alpha, a)

aieq, (2) fat (beta, 8) afey aae (©) am (gamma, y) ate |

Gsio ETCH ARI Flac os atepyien fearon fees xe I

Cuca ase UM aeriae aA aI—Bz1 mm atey (y) 1 ota

aiey Carere-laens, 2aew IAS FN AR—RalA CSOWAWASI

(penetrating power) 34ifus | Ryser acacn fog aly OTA

face tiem ara—8e orem (a) ate fa ate aerareat

SN 21 SST UE; STA BTR aS aA FN MNF, ATE

latent Sera AageT (* He) 1



12 iapom @ ROcaiqacarer cite

Sida Te COM Fala SASL TN ate AAT Ae CEPR APA

Herel Sq ak fea ate cate ae faraes omer ae fem

MATa ATA Gacs Oars Ba, eae aF BA-wIS (Ionisa-

tion) Bree alqa we coca att Sta Aa AMA HA OCA FTI

ag fox aera aya acecea ineyqate (Energy) « ada

(Half-life) ee ami am Sana aaresay FH amt ak

coatrm wzet mens sera wie-an (Geiger Muller

counter) ar Fa aa l Bele Bat CORlePASIA aes Tet

faery (Radiolysis) 2251 Racy, SACRICHA CATATMAG Ae

ye yas (Free radicals) Genny = |

2H,O ~ H,+H,O+02H,O > 9H+H.0, | erat aracaa fafa (a, d, H)

29H, >-H,+20H ( B-aieqa faterm )

os oa-iqeran Tafa ant saa coatersa afey sates
Bae Atay Biace mai maaetas fares way wy-

atta (Radioactive ash) sac rar afuatama, Sra

Tay arergtig, Bearing Te THMA LACAN DMT ALA SACS

OAS SAT | «SIS cwalpA SAAT AM AY Slag AAA

Wiss ASHES IMI Faq Gay acarerais |

S.2 Ccoparter eters (Tracer technique) <2 SITRtFt

CORPMPA MIACNIIA @ Cara Bet ciara aPMains VF ase |

Seeae CHA ATaTaine 31 etacecaa (biological cell) afeara

qat cue T McA AIT BCH, Ge clic cwalyrT

AAAI | OF COREA MAMI Aes BUM Fea

aim-stae aca (Geiger Muller counter) wae araraiag

Ronie aerate fate wien Race BATA FN AA! «ASS Bey

Haars COREA MACTCIs ( 1077° arr) ARCH WHA BA ATH |

COaTPA SRMCIA ALAC TA Tat SAccoiera leterm Baya

sara aghea art Cefn ceata efafe (Radioactive tracer

technique) |



Comber eto —erte © ear 18

Gara ate ois (qualitative) n misses wR FH

aa! odberdia aga alge Bara Gorge combs MNT CTT

a Gal faieativa fetiaw fier Gorge Aye AAT Fa TH A

Ties eonemibce apraiase yeasts os mMTSTAS ATH
lace SN zat ak aate faencra fate “era—aaraa, o*ard-

fom, aig, Sos, waeiqm ken—aaq aa fens Oenisw

Pinas | Bara Feqet acacra seas orcenipw aaa |

R255 BTA Pcizes chars ergs

(3) Bra (Diffusion)—eaaty arnsias 6 wees aterara

Ae, STA UM Sion wMarela Zos anicra (Self-diffusion) ays

SY Hos yrwyf i Boy myx womigier ser wawgyiaa aT

BSA TA SIA CAT AA COSMPA MONA AN |

GUS, OF Be Clara Sry couhpa Cra (°*Cu) ase

ASH BSA SNC G1 Slat Griiaecy compas zecy ataay

FU 2H Aca Cay sian os commPA SIM ATA wToeeA WHT

fase 28m oO! «kaa Cray apeeiby compas aiaary

Siac Stara Maga AA yres (Diffusion coefficient) tax

Fa Az |

ak xacaa wate asa ae (alloy) verre fear wes

TRUATA, BTA AHA ATS he |G Vepy CIMTG VTP MATT TOCA

Cia TSA FCA |

(q) Goifaecera wit (Surface chemistry)—7cda
Omigerera assay Sloat aterm AIA MICIFNTS Fa AST BAAS

Gra eater am carela Ta AH AyH alos for Orbe

RACE | TAS ATSCMN SAA GN GMI Wa SN A AAG

Coutrn arinam-51 fate ee: 8 areae-5l- ayaa

Siam arrccea faferm caran are |

ior om, Ef ae (Powder) ¢ sacae (Colloid) Sentra

Cmiqerera Swaey faa ase aba! § wsis POTS CHER AF |

cre aracecor (aaa, coisas B) aeye gaa (Saturated



44 amor 6 Soratqarcares cater

solution) wae fafee ofzare cre Aree CaN FN eA! AAA

6 sia omota Onizerna cae rameyian acer ela fata
(Kinetic exchange) 3&4, 4@IgIq SCI Bat COMPAS SIT

MET I -

Safire ThB sataecra Pb

gacra ThB garta Pb

THMACHA BMS ARGS AAT! BIC CACOA NPY Sa

CS ( HST AI) 1 WMSGT Sriaecery covwerd eary qe maaTY-

ae ine sm ae! Fe were ssa cow recacoa ara foe

Siiqecera wasry fete Sq AA! RSs Aisa Aree «

AAA AACA ( CORPPA AeTeA-3B5 ) Srlqecny BATA

THATS VATE |

(1) afietst (Vapour pressure) farfzi—efor wean

CAA MSA THM tata sata ay comlPA Maco fAcATT

SUN Gl AAW AH Bias SH Glewy Saat TA SlAIewaA CHUA CoM

Siaata Graal IAT AAT FN ATA ACTH—SAS HO) TN Tey ATA

amen | fag dara ecaren ara sens fais sre HHT TA | Cae

aoa «= (( neTes 1955° caocaw) Ace aom-110 macnn

fats Fal za! Gey waieto ag see arenes use Texney fem

MISA MST MNCS ITSS FN TA Glaiy Rat COahyAe Bar

THHSS MHa. eta ae Tew AM Fa TA I

(q) fafa fafapai (Exchange reactions)—dac
oan aq fafaaa fara Gora oeense sa AST Beare |

SAPS THUATT SAT GUC CHEM BVA I

wets gaa Cl-—Cl,, Br-—Br,, I-—I,-«a ace fata

OS PS ACA WH Cl, HATA SIG ATTA MSCS Misa Sq ATT AT I

fatwa «6 ata—I-+1,I, | ys cicta (Pentane)

grace I, 6 SbI,-oa fatraa 20 tains wep aq 37° cicero —

ASTSs UsIet cata Sbl, aise ae |

Bra GACHTARG TIT ATATAd Sey Br, @ AsBr,-oa aH

( as4et catt AsBr, ) ea Br, 6 SnBr,-94 ate ( Beset



cautrn MRoMi—egie © ean | 16

ait SnBr, ) wena fafaacn ae 0 oaeite gaca PtBr,- 7

PtBr,~ «a ae Br may we Bra Br°-aa sige faiaae

FC | eree Hel,” aa orate Trang Io CAA AS HS

aca fata Bea |

areeta-35 (°°S) aarcay araicas sacaan «Geereary | ofa

aTaeee waa (Polysulphide) area wae are (S—)

Sra falaaa Mo 1 100° caforacwe Aearswaw Se HACKS, ATETPIAG

(SO, ) 6 aracee (SO, 7), aratecary anita (Sulphurous)

6 Tease MraN (HSO,”) oF acer fatracas aa Aces AA I

qraraTaces 4 wraa (SO, ) wer AwHaeteers ain

zeae **S) aaa am | coaER ATeTETA-3B5 @ ATED

(SO, ”) faters Finn arenes aes sn zat aca Uniacwa

Qa fast SF BVT CAN AAA, coRrpPAS seleey merecaa

TMT MICH Wes Talparesy ATAIKA CS-AMAwA TM acs a1 eer

SO, oF Gais AeeTa MATT TAT | | ORIG CORPEA MAAS

On Rc />

0 ¥~\o-

ory (S~) aay S,O,” oa aede arerercaa aces we faiqag

QA ACH I

easiag (H,PO,) aas varaa aniawe (H,PO,) ara

SHPIF GA Veacn-wySAA Unlawe (H,PO,) 100° citvcaw

Vere BPATA Ray falaw wa 1 sea (H,AsO,) ©

orcimas (HAsO,) 100° catorae orene Grea faigan

SCA A I

ania catrcra sca fataaa Tae ap FH cRRTE |
fataaa-ecarn «= gata «e@a—MnO, —Mn*TM*, MnO,”

Mn(C,O,),°°, MnO," — MnO, 2sniv | erate cra on
SATSCAN WN Saige iFM eter CICS |

Tag aya Oritgocea ACH HAC CHR ATA GAA ACH ALITA

fata CTR] Sq aka | «Brearya, Prereta (Ag), fore



16 frac @ Rbcalaacared cater

(Zn) @ cw (Pb) oF AT SN MACS MCA «ATMA STOTTATA

as vers HOTT 10—100 mMaaiae Sa 4a Taina Fey BF I

yea faerera cammau. (AgBr) sesce paca Bro wa ace afra

wera fataan aura fog sescry oetsy (aged) seca falaaa-fatem

TFA AWSTS SCH | |

sap cea iginneiaiem minora (Quantitatively)

Tarts Bae |

AX +BX°=AX°+BX

Gen X° = water orecarcery ( X operas )

(0) fafarata aifefani @ =14-fafq (Reaction Kinetics
& Mechanism)—<«2 fava atarcaa Baa PRE 1

VTioT BUCA AANA Beata (Arsenous) 6 wchias

(Arsenic) wniacwa fataqatafrara xa coateya oniae

SHAMCICAT AM ARLHS ALAA FN ATA |

HAsO, +1,-+2H,O 2 H,AsO,+31- +2H*

faieaica areas (Equilibrium constant), K=K,/K,

aaa K, ¢ K, aamat (Forward) 6 fasteydt (Reverse)

Talerata ata Aloe Fea |

emer fenéqy (Walden Inversion) aa we aq

faqScaa arene eereve 8

R, R,
ON /
I-+R,—C-I = I-C—R,4+I

/ /
R, R,

eu ot aie (group) wa ategra (Substitution)

aaa | wet alates (Initial) aq ate ercens-xtea (Optically

active) 28, wca wise (Final) fateare omg (Product) encens-

fafera (Racemic) 22t7 |

ais wate araca cea, Cr(C,O,),°, wrene-

iaterer cren cice, faq arian caracea (Cr -C-O—) oraeay



comiern Stcnri—eghe @ can 17

Sy Re oreenseaien eles ona! wetter wal Rare arcens-
TATHS] FS Aca wo ae fafem’ carbs aey eera (First

order) ; Bray amercay faim ara face sez |

Cr(C,O,),° =Cr(C,O,),7+ C,0,2"

err TSI at Ce cra ormariee oatanm (Intra-

molecular rearrangement) 7sqes eto coatern caren
(C,0,*") ( @ara **C ater) a ate on aa a,
coatrael arinam ici aes xetiae ae al aes oa
arnet aaite Tx tae UTeeaies ody zeATT |

(5) Besteacey ctitei—armins yosteacen an one
MANA GIT SIP] Hos acters faerass siaq cite omed—

Rocalralcarea cater carta cuca ( ABA Taco ) 1

CTn-wmMbTaeiawam fecm yeslter opehe PoTsTRT

wn Tet | mEtois eeare-foa BN CTA Ser |

crn ciara (*°°Au) eta oenins aBarce ce ciara Been (0)
97% aim ea—eatrs 8% orn emivacra seer (¢) atize

Cee |

Au—Pt—Ir free

CSY Walz
Trea | HCOONa

QTSY GNSCH AH

agaa (ignition)
@ Upaice (aqua regia)

atleay

1 |

(>) BeecePe—Ir (2) Wa4—Pt+ Au

| H,O,

1|

(o) Sascwri—Au (8) wWad—Pt

{ HCOONa

Ae? (¢) Wescw7i—Pt



18 Tare ¢ Bocalqareres cater

Pa sree (SnS,) ancey fatey cites cage

catare tara (°°Co) aa ober Sa Seae! cre ata G,

CH HAG TIC ARCHKK AM MTA GAS TTA AA

(contamination) @I¥ #1 aa aarti (acrolein) fay

a |

ss (weniara cataioraray arn aerite azarae ca pH6 aa alive pH-a

SIgiaiqaa-S UR Mace ACT Catala AGFA

OF | ws AI TAA PHE az ate were onianveta

BAC VAYS MTC |

SATA BAP yes ( AAG, ATIC, — goniv )

gare comPpa otc aan fatte seas BCR FF

AUK G LA COalpaS ois Stace Aacerk ara fara

eq AST. fe cecarianacea Sn o[Fe(CN).]. ATTA

ane trate ReaTCE | :

(e) Secret eTyeA MEFS (Isotope Dilution
Method)—ararray @ antisera ot rats mates aptere |

Sin Coq Trecra carte Goa TA MATS YAS Fa HST TA,

Say oF THIS acarer! ay Tacit ace Tait cat oF

coutera agen fstee (tagged) catr fates sn aa

Sana fre aecw fee caries yore sm ea wae Bara fates

coatapre (specific activity) ae am afe coatare

ATT BH Bl Sera aigwe anates lakes costae Sern

el 2el Bae a aoa ager ( cate fate

alert en) xa age tater opneda afar fad sq AST |

a AAAI TN anaes yoetsay valor Gery (yield)

siren *iferarer a TH |

(@) cuefaxfafs (Radiometric) “etgfie—tn oss
ents Cacstas pete coatracpn tga cfza fade sara eT

eormrara Gorge commen MAAN TR FN Bl PUTT:

Wan, Grase omaa tains SN ata coaley **°Ap aS

AgCl eascwaem arenas ferme AgNO, (**°Ag) om
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STNSS AFAR Ae UCPC Me MiAeRS BACT AAS

ATMA FN TA « AlPASTA OS sy LACS PNG TIA SHAG

STAT NHS wat fata en sr 1 ak qalere Ulowa ofan

arms oma (107° aa) fata a wet! BARNETT

Teer BaACAt ape! fie Fa aA Coat BEM ACTS

KI aan Agl oasceocr mara! Fe(OH), aascerx 10°

ama e Sit owe wey fneera Aol faonca onfae Fa are ae

Aa Sara nye fears asi coatex T1* gan I” ag

oes alsa Til as Orgs cece ea FN AA Mae TAG

MFASTA TM BAOS NGS TAR ATS. ALKATAT ATMs |

(4) Bak a“feraei facta (Activation analysis)—

GUUFA GCMSS Marylee CoarPA MAM LA TONTAT TA

CATA Alex TN comispa Bere 1 Ba Cavetlas anracra (Analyti-

cal chemistry) fafa aie «aa at aqace alow 7

facies siam aies Grace ( coahea Sacre )

AXE BS at fag Ucn atemitce sr aye aTATAiTe
later T gle saa waeta ax m (Nondestructive

analysis) | coahrrciatt gen fais agaiocs aarggelt-

Tasge Taree SINTRA FATT Ve COSA CLG FA BAI

alae ANAC AAUCSe Bora sian corrent tad tee
COREA NN-PTAF AY Ala SM AAI coafaraa an
qe facgre waiteacia wen aries sre (factor) xerw

TTT Gory Tay Sq ATH |

ou,a coutem, A=fNo(1—exp {—0°693t/T;,})

| f£ =feae arcea (flux) arm aelte

: ate crave ate wi-citetacica faeia ARM ;

_N=wpragita omarpeen (ait caren )

FRET GTS ea a8— x6'02X10 oe

| @=eorguer (cross-section) we: cHMeA I BASH



90 3 faery @ BBcatsarcares cater

CHT BNA ACF faterara fore are (ass=10"* a-

caPetacra )

t= CPUs CHS AleyT APTS ( CALITS )

Ti, =aaryaM ( crcace )
_. 08986

exp {—0°6938t/T,/,}=1—e TM

qormqan fears smn are, 1 ana on (*°" Au) eete 3'8 tra

omiggea Meiers se aie Ge a (f=1x10*"

Taodsy atte Tf-caPotaora ats cicece ;

o=96 barns=96 X107** a9f-cafotaura ;

Ti.=3'8 faa ) 1

Oe aterm ( ate crave freer )

= f{No(1—exp {—0°6938t/T,, ,})

=(110**) a7 x 6°02 X 10"*)(96 x 10-**)

— 0°698 x 3°8

3'8
(1-exp

=1°5 X10** Taste ate cicsve (dps)

=4 gat niga (1 gat, curie = 3°7 x 10°°dps)

Tart: Sacer cre AH, ak Alero Sex coebyg cars (7°? Aw)

Cem (2x10°° ma) wees amy ule wee

10°*° ana ore *°"Aw oixeora Had em si | facafas

— aT TAT reise Be ok Oye Tien vate |

waoray (*H) atey aeons stam ate een ofa SoAI—crETt
TC UMMA, TACSCCA TAT SIN, CHANG Vaever sey cone Borie

meee aterm | | eefetizeet (Semi-conductor) 794 st

10°°—107°° ana Boney Uee eters fade sm ak ence |
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(oo) coufen =l4a ual sifme faety (Radiocarbon

dating)—tieq ¢ enfrecea contra aida otc (7°C)

arava, eraera (*7C) ace fate eet Rar **Co**C

wry Claws faut e alcaa Fert oa fe cH ae wey BaCS

ST4e-14-04 CSSA ZA MACS ACF 1 CA STATS YATSGS AQAA

( as 1 entrar ae) Catron a14q-14 comtem atta Siam

Gara wise Aan Tada Sn HST Rae ak walor Alia aR

oaion oizarae Geers ferfe (willard Libby, 1945— ) ;

wit 1960 Arce Sra ager WAS AACA Se ANAM YAMA

WANTS GLANCE |

ager Goer era sine aiega Acad Tqeay Cerny Fz |

o& faota argue aces ates fairaa fag xem

B14q-14 Alo sea ( Toa 2.1 ) 1

14 N+*,n > **.C+*,H

COSMIC
RAYS

__ NEUTRONS GENERATED

\
Hy + in —- eo + ‘hnATMOSPHERE

4 |

coNico, Plant g< Ao,

Biosphere ~~ _ "00,
fo 21: rea vw



92 arr -@ Rbraltarcares cater

Bréq-14 oa P-CORPEAS Vice—ate 1.6 ew Brorsda core ;

erga 5568 qari Ware fais afrweta xa (Specific

disintegration rate) 1°7x10** faerem (ate aa afte

arace ) | ot Algae ciara couPpaa ant wig Tey

agqreca “°C falas 6 ages ace **C oa a! «alata Goer

ane *°C anaes eam **CO, Sen sea a1 WyeacTa TM

mata taiera *°CO, wa ace faire aa, Ghegericve AIcenreaecera

EAT ANT ALT Ser HAL MLA arireracs Vipers Basias

eal Glew fart sandy quia om ok 14a oUF Cex OU

aera era °C at HFRS BTA MACS aes CaS ATG AACA

of Clay ts 1 ana etarcega acy **C comb alsa sia

Cara ates ant fafa em aT (Radiocarbon dating) |

ek AHS WH Tata @ Sara Aacaritm 10,000 aaa cert

aly awellee agar Tay Teta Sisacey |

S82 fSfse spec cEara etree

qricaa acart foleem-neg castes grea ABT Fieace |

TMAT-SANCTA ACA ASPSC BS wee foiserrncni cara

ATMPYIA MATA ASW AMA Hoar frarater Ora pq

SMFS Bisacel crea wsyar afearyia aire eres

anaine, fog ceyter aay aio my BP Seq CL ATATAA

MARA AHS Gl BI FN MA M1 carey wrersata

THAT BMATSTAT ara acwereie caters omreela come OAT

ACM AA! SeAsio Pore Ace faloaH Beer |

tar crererg Gat uot (Body fluid) wae c@rayiace

(Cell). cnitvanaa aisry apa sn aa ciivans-24 aaacar

Gal | CPN AT CA, CHNTGATH CHR CHTAS SAT. NTC AACA S-

ora fase aH ore ate aica ate -@ Bier aT ace ST

BASIC. CHA TOT AACA BAT TN Se Secsig ahelaty oscars

stave eter cwerlern orang aren folew ces uy aqRIt Fal BAI

ator coatara cenita, én, antaen ania, feos @ aac
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Opa Wage Bea aes conlocra See oes Fa Fay BAST

cattrs eet **C fsies anata (Glycine) erat a zat ScHFT

RADIOACTIVE SODIUM ~ Na 24
FOR STUDYING SODIUM TURNOVER IN BODY

@
SAMPLES OF BLOOD-SWEAT
BODY FLUIDS AND BONE

(MEASURED FOR Na24 CONTENT

i |

fou 2.2 : atae—aicaa Weracs crf erica there |

Byraa carey oR smi Apt acara Fara oa fate Aaca Beagles

RS FA AA GA acersior agreed fey (Tissue) 2ace apmaine

oieaa Sits omnis yas sign wei atone iia Fn

BEATE | .

eranter-181 am Raqiacaa (Insulin) 414-91 wae

qnma-59 am acest fem Bente AE STeTeATS FT ATE |

SANG] Micather-181 an neacawe atga eax cifoa 6 caraTes-60

Qn Baas olsen ate Ztaiow |

22.9 =siResics cos erste

PASAT TIN AYA AVA CHAP ANACULICAA VASICA |

Clara ge e@ atta sem Grabs Saae! AHTEACR

(Photosynthesis) afew ae BNCTFTS AST LAAE,

Coalen 149-14 a7 ern ( 69.2.3) Sierra aiayis cary cary

aiacea Goa faq sea ciara faye fon Gene atace coulyr

Sin, fees, meres, seis, acoA, wpa ouiva

araicn | oh wa eine Seay ce atenty Clea cea

fate ert qolae TA wae Stora Slae-csns acm StI cae
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BE HIT AMT SS | COPPA SAO WAG ACAI BATSCE

Biaa Ara faqs ocqeTA | «Sree Bal carey -@ Ania Tacacya

ANC HATA WAIN SILT Sey WAS LACE |

RADIOACTIVE MOLYBDENUM- Mo93-Mo99
FOR STUDY OF MINERAL ESSENTIAL FOR PLANT NUTRITION

® RADIOACTIVITY ANALYSISUTRIADDED TO N ENT OF PARTS OF PLANT

SOLUTION

NUTRIENT SOLUTION

fou 2.4 : Sfara@rw efaces Site rate |

Geatcaa sifesi—arran vet aca Sera orenise
Rae | Play catergian e Secatrmrea cataryierr onissara wae

Cena ATA eater ASTOR] SNSeM ecart ( aS MiiaceET ) I

Taraqies clincertia mrapiiae yusleay Cea oaiest ecaens

BA OS Sry GUTS |

Tacaa Cries Fe WAS arayian tahoe xigia tairte

Fa ZIT |



26 faeory 6 Boralnnicarey cate

mah 2.1 : atetael args Cowften cherts

a 8 (Mev) 7 (Mev) +
Rfaata 2H 12'26 aeq | 0°0186 —
s1% 4C 2 | «65720 amy | 07155
ontfoata a4Na 15 edi 1:39 1:368 , 2'753

Prats sap 14°3 fir 1°71 —

aTeTe S| og? fia 0-167 —
catia s8C] 3x 10° auq| 0°714 —

ib Tiras 49K 12°36 wi | 3°55; 1°98 1°52
Srteriaats 45Ca 165 fara 0:255 —
aatertfaray Mn | 258 et | 2:84, 1°03, 0°72) 0°85
AT 61Fe 45 fira 0:46 ; 0°27 1°10 ; 1:29

CHATS Co 5°26 tex | 0°32 1°173 , 1333
fax ©°7n 55 fafae | 0°90 _
St 76As 263 WB} | 2°41, 2°97 0°559

catia ssBr 35-3 we | (0°44 0°25

Sahara : Sr | 20aR, | 054 _
wtcatfer 282] 8:06 frr | 060 - 0364

_ Prretz 2°Ag | 24aree | 2°21, 2°87 —
ons °9An | 2:70 fia | 0°96 0412

frrate $10B; 501 fax | 1°16 —_

+t t 1Mev = 10 ae Sepaha-cors ( rificaw 8 , feral ate )

CSS Spas FERS SHER &

Grigad sy) 1 am Th-232 etce 1 cerca said o-faorert
aaa? ( Th-282 aa faere-eqs, A= 1°58 107° carpe” ) t

Raa AAS] FS ?

TA FH, Mase cogT ae =N,,

OIE 1 TAA CA CHAS Ae] = N

1 aenca fqeracra ofaar=AN=N,—N

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

oa ayer ataatdtors acne feacey ates wetzetsien yetrel fixe 1

wtee eter at farcre ibyfirel wieer Gage etre |
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ei t= alerw AH = 1 Feq=—3'15 X10" &

ae At=1°68 x 107° X3°15 X10" are

=5X107**

1 aa Th-232 oa cas Are, N

_ SCS ATR ALAM

ATATNTS PH

6°02 x 10** *aratg/cate

232 ara/caret

= 2°60 x 107" saarq 2 cone /are

apart N, = 2°60 x 10°**

AN = N, At =(2'60 x 107") x (5 x 107**)

=13x10°° Csars

were 1 qeqca 1 aa Th-232 z8re 18x 10'°o-faotoa
Ba |

1 ara Th-232 a7 AfrFae

=AN, =(1'58 x 10°*° caceeaTM*)(2°60 x 10** cong )

=4'1 x 10° fasten ais crete

8

= SAGs B= 011 x 10° ga= O11 Rant

Outen 21 cifwars-226 coaiera falsacra weer crwA-222

(T = 1620 78a) @ mca coceninara-218 (T,,, = 3°82 faa )

Ser ai aa fepe caiwa-226 are Guna Fal

edger Self acer Bara osm 99 Sn FTTTEA Ste

BRU ?

yiawl *aaga (daughter atom) AM,

N,=N,. he caren N,&aae (parent) mare Hee ;
b

1, @ Ay Rares TaSrer-was -



28 farort @ Beratrancrea citer

att hy > he, Ny (=Nq. #2 [1 exp (—At)]
b

BAS AIC, N,( )= N,. “

es _ -

wdie exp (— — Int) = 5h

4 Ty,
=; log 100= it log 100

CSHTS SETS :

t log 100_ gq.

Ti. log2 O°6E.

GriETd Ol ass were 5X10°° fataiatra telenns

( aa Stet 8 SICH ) aa aTa-ate 3x 107" aq B0raiqaT oem

Tal weaves aa7 Tata sz |

arate SI 8 pe 6°02 x 10°° faferara oaaty

= 99 400 c.c. faterara

Mtr a, falorara etary = x

602x10**_ —s— x

22,400c.c. 5xX107*c.c.

x= 1°34 x 10** orarg

coatern Recalaam ciara asic Recatyrara (-238) err
sere cams: Ca-en fase stm Ors-206-8 ( cateaTa-G )

AATSAS LH I :

TIAS 1 Waeny Bralrara vray
° 165

Jl santo . = 1°67 x 107*



CCulen Meese 6 aCATT _ 29

TA Fa, Sate Vocals way = y

288 aa BWealrsry _3X107" am

6°02 x 10** Sweaters orrary y

_ (86 02 x 10**)(107*) _ 14

ath teat nae 1°67 x 10** + 7°59 X 10°
= 9°26 x 10**

Swaine (— 238) eeirasrea= 4°51 x 10° tea

0698 _,4. -10
¥51xi0*~ 54x10

ate |2|= N=fatas aaas ( T tea ) aay Aen

ay N= oie aay AM,

N _, 759x 107°
In N, —AT=In 5°96 x 107"

_1, 996 1 .

T=: ln 59 -TBEx io 2 38
(log 9°26 — log 7°59)

_2 ‘*803(0°9666 — 0°8802) 9

164X107 2 29X10" ea
awsaqyeia TH7 = 1°29 «10° eq |

Buieqed si «ae wae Pb-206 =: Pb207=14;

afyeio Pb-204 save gel farm aa ine sai ( U-238

oF Ti.=451X10° Fea; U-235 «a T,.=7°07X10°

qea )

TASHA, HIF A =

U-288 _ 189 7

ait O-985~ 1 (1)
aa tq U-288 coatera cra Pb-206 yea an araier

omg Suet (N,)=X, eae U-235 aa, X, ( Pb-207 at

oa )

U-288 cepts h., = SFB IO = 1°54 x 10°" fae

(2)



inom e@ Socaiqacired. cite

U-285 att 1.= ee = 9°82 x 107° aes

(3)
U-288 coutarn cerita :

In —-- Ny
(No),

_ 1, 09929 ~10
In o9009+X,~ —1°54x10°°T-- (4)

U-235 coutera corita ;

N, 1/140

(N,), Ast Sl In Ox,
_ 0°0071 ~10=I9 0071+ XK, —982X 7° T -- (5)

x xX
i ° = 1Iq X, 14. «. Xa 14

139/140

~AaT oem In re 40+X,

In -—

ger In Ne =in—O07] ___ _g999x107° T
(Nols 00071 + 22

14

| (6)
aatea (4) 6 (6) 28re

0°9929 = @72+54x10— 72°F

0°9929+X,

ere —ierieror ~ 09929=X, vse (7)

: 0°0071 = ene 40 20T

0°0071 +—+ id _

0°0994
+ (8)BE Sexo ot 00094=X,

UlATa,



Comin MMII —egie @ acATT _ 81

Cocare wasar-qaion AAT Saga ST BAT SPT A TART

Fa acaey | | Ait. (7) © (8) ace rN mM

~4054X10729T

o'9929e ~ —0'9929
—9.8x107~ 29 T

=0°0994 e —0°0994

1.54x10779T © 9.8% 10720T

ate 09929 e —0'0994 e

= 0'89385

Rx xace T ( gerws = 110° aez

PONT Aeyexioa TAA = 1x 10° Faq

Brigada | 25° a. 6 —196° ci. ert air BCR

1G “ie ( Scersdy core ) Fo?

STAN Stig, ster Tyoaaa “te wierd ( wat wr, Absolute

temperature, “A ) Bigniss ae «pp Twat or. 1 273°A orem

1G “he = 0'035 Rcrersta-cores (ev)

. 003s xX _x

25 GI. Ot, “ors 978405 298
ude X =0°088 ev

° ° 0°085_ X’
—196° a. a 77 A Ores, “O78 77

ude X’=0°0099 ev

Urieal vl ase waT-EAS as Ve CTA MCS 5 TO

faedy FS SN AAA «COSA SBCA TAT Ba HAs

edie ats cacace 10° aaaq was Zara atger «= T1,= 2°69

fat! § CATATa *MTSiorS Foul AlrAe Aotiaws seer ?

0698

TST, h= 69x04 wh
WeAs =AN= Ri exp (—At)] -

os orn R= ape ater
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= 10°[1 —exp (— —4t)] = =10° [1- — exp Sree

= 10°[1— exp (—0°0587)]

=10°(1—0°948) = 5°2 10" facta ate cacere

5°2x 10" .
=37x10° Sat = 1°4 faferezt

Briend 91 003 citings wl wate c@raré-59 one

ate crece ate af-civiara 10** feiqearge ge wireTa

VIN BN BT cae-59 ay iatieaa ay eget =

80's (barn) 1 g& sort or Soayiey CHTATG-60 corms Gerry

aera >? cerares «=o areica B-atrae so aera? ( ceraree-60 az

Tis = 52 Fer s Ha Say = 89 aa/citviaota® ) |

CHATS CHAP AS MSs Coes Tala BA, ra —nalo

CHATS CHYCET CUTE ALA!

CUS CHAE CHAPS

_ SUS AM X CHF CHARA X TTC

CHAE CHT

=N,.t;

T= aoa ere ;

o = apg” (Cross-section)

ayy r,=(N,t).Lo=N (G}'t1<

Wy n,a=

=§'03 x 10°" x | EG y | X0'08 x 10** x

80 < 107 **

=8'19x10"° faiem ats crate ate aaf-

CaToTavIca |

ye Porm caw itteara afaaa, R=8'19 x 10*° x2 x 8600

= 59x 10°° faiem ate af-citciaira | ,



cominra MRoTTII—eate € scart 88

ate af-citotaonra p-ateac

_ ws _ 0°698 x 59 x 10** 0-088Ax 69x10" = COE (n=

__0°698 x 59 x 10*°

52x 3°15 X10"

=2°5 X10° fasten ate crave

_ 46x10 —67 we
3-7 x10° : pat = 67 contest

Criead we | so faaa-118 wa foi SACTACRT erETET =

90,800 ati Bara wae 8°67 oma/cioisr® | Bara qed

ome fata sat at ofa aru fama-118 fadineerace 1%

TOA BIA FATA Se CATA ?

fawrery ate cicace

Re eye =N,o=4,-N.o

=o0 x 6°08 x 10** x 20,800 x 10-** aie aaf-crttintrca

= 962 eife af-cuhefasica

ate favaazaea araiss ape I, sro tanta cer x Gay

Sort Faq Ser ar MAM I-ce waiars Ba wae orwaET als

CAbotaurd CHAS ARM =n,

I=I,eTMTM

I _-—-nox I ox

log += 7308 ain log? = F358
8'67 F 023 x 10** “96

adie log 100 = 113 * 7303 * 20,800 x 10

erfte x= 0°0048 cahetanta

Beterd > 1 0100 fatrany goriqars-239 ( a-taaterst)

zece ate faface 1°40 x10" rere ae am cmt Reta
see ee



84 faeern 6. Rtcaitacres cater

cioginaa-239 wa coatrn yfew awirftas-289 ; 0°100

fata gcoriaats-239 wz ay se aaa ( Armraceré )

CARinea-239 ecarery ?

O'1 -faferata = 107* ana

“4 ong — (107*)(6'02 x 10**)
10°° ara acotieata-239 989 TATE

= 9°52 10°" sary

Ura aia, are — _4d qT = AN

_dN- 1 _ 1:40x10"

wn A dT’ N 252x107"
= 5°56 X 10° **/tatav

STI14, = Ts

0°693 06938 _.. 10
7 Tip= 1 = FBR x lot = 128 X10 fatac

= 2°42 x 10* 4aq

06938 _ 0698
CRPIAATADBO I CHC Any =O a)np 1'98X10° cH.

71 Awp=3°50 x 10° °/artee

dN\ _ a. ~6\/0: 17a — ot, = 50 x 10°°)(2°52 x 10°”)

=8'81 x 10" many / CALS

__ 881 x 10** aaTacars

~~ 10°

= 8°81 x 10° BtwaCets (rd) cam piarais-239

| Buteme 50) wait orenfer (-127) oa agae as F-

sim mea Cee india ATS sa AW Barr 15 fafas ona

wrariey-128 «7 85 amracané algae odcag ea corr



COUINEN BMRCAICLIN—Aghe 6 ICAI 35

favan wees orater-128 ax wT BF ne FF |

( Tye, 1-128 = 25 fata ) 1

8°6 amacené = 3°5 X 10° fretea/onve

BMeaiwq-128 aq Ti,= 25 Tatas = 1500 cave

_ 0693

SRIF A= TiO
_dN

OA — = AN aaa 385x10°/arse

= (4°62 x10“) /a. x N

_ 3°5 X 10° /c. __ 7 9
BEI] N=76ax10°*/ea. 1 O' * 10

face weonced wes 15 faiae sca ( 900 case ) oreative-

128 aa "aT AM = 7°57 x 10°

NN__ N _o-r
In =—AT aefe N,7°

write 7 ors 10° _ .-(4-68%107% 900)

oe Ny = TOTMID = 7°87 x10" x ett

= 1°08 x 10*° srry

STAT, N= (1- —e*), ou T=1 701 =8600 are

= 4°62 x10 -‘/anse

__ (1°08 x 10*°)(4'62 x 10-*)
AT _ -4~ e74 1- e~(4-6ax10 (60X60)adie R=

= 6°56 x 10° *aara/aree

IVA Ge- 128 wa ae 51a = 6°56 x 10°

MAT /CATHS |

Bwiend ss) wae Roralna (asic) asary-geike

50,000 fewrars agtee Btraiqne eve sa aca “Fa 0°7



38 lane @ &oratfanenret citer

ern fayenery B&cataes-285 ence ovamae-geltr trOie-eerz
10** fatan ate af-catotaora ate crece ae Bbraiaas-235 wa

fayey ergmer=580 a1 as TEC CTS SRT +e

OUI AE Fl WHAwle BVA?

OF TEA FAY T 4y Rocatsans-25 was AM =ay

qera Tavern any Recaiaa-235 cons wee |

GSH, ss erg fever iatem=ate cece fever fafrara

an ate x 8°15 X10" cH. /aea

| = Vb x 8°15 x 10" =VN,0/4 x 8'15 x 10°

an Va tate arena aed

L, =lateq wecagt

aq, go = fRbiqaecea aa

N, = QaNSe MATT AT CHAS ALAM |

PATS Gea 41 Vocals Saree

_ VNo% x 3°15 x 10°

VN,

=3°15 x10" xo,x¢

= 3°15 x 10" x 580 x 10-** x 10°”

= 1°88 x 107

BaF Alas quay elas PAT AH = 1°S3% |

.

S11 ctemadq ( Ti2=1590 tea) Tree 1% « afte

RECS SS FEA ATA MMIC ?

21 1 fafa ooretay «= Bteaigatea BOrataata-l- (Tia=

4°61 x 10° aem) wm aire Ate Fa

Ol aed Lamy Bbcaiama-238 oa ensies orstacer ACT

MAMTA VS Alaa conceniams-QlO eiere 2 Rociaay-23sS e



coman etcrnsii—esie @ ecm 87

crantama-210 wa wdrgsrT aeEFoT | 488 x 1 ORC
@5°75*10°° cape" | .

81 463 fatmern enptee miriam pater = 1°65.
erem/evre! Rare wtinm40 us aT 0°012% 1

ariaara-40 wa erp Tas Fz }

¢\ farae-212 etre o- @ B- sm faqs xa, seem

34 et a- € 66 SMH B-1 asic ay eee farTe-212 (107°

aq ) 2806 anaiss a- @ B- Alera SS wae 6 PO) MT OF HiFAS

FS RR ?

Ul at m*AITG-EeICS —r, OF erry ZA 5 x 10*°
maTyorre | oF peice wETAS1l ce Sew ATA acaerT,

MACS RATA ALS’ AlpaSTA 9O% Sit CGRP MLS > WpEATy

O2 am Bates 14°5 faa

QO: «tit age Socata fsern seem 5 Sr Rocataar-

255 saan See | | Sara andres fapen-apquer frei Fa

vi «sis 2 af-cfciatra 6 107° fataincrr a Shera

ASCH HIS AlSlatery fava ateq arn fash eq aber) = faeia-

SRA Bla ate orsce ate af-citolaora 5 x10° favia wae

qrea creat ager 190 aa 38 fala fadea FeNCS Goce

Rhema ne sosyian ody cre Stara ?

21 OBE *ANTY-ReICS atlases Beta m*fam 2500 ana

Rucaiaaa-235 1 ate ace anita faSinerces am ate cree
aie =f-citeiaora 4 107* iatia ca, wera se mara 5 aa

BTPTAT FTeyae HE RALA ?

301 1°65 af-cittinna crasaiatrs @ ate af-cictacra

800-faimars qarefaters sis cara ome ( crew-197 ) 1 wore

at ate crecve ate af-cisiara 10°* fei am feels

PT eM! waTet ober crn cr Ge afena 49x10"

cnree-198 HG eeace | « cmee-197 wa favda-ereceey seen Sa I



88. faery @ RGcatraeares cater

soto ome “ie Gene siace Bocatas-235 on foyer

aa Fe gem Clow? ate faye 200 Mev “ie Cee zat

1 faverata Recaiqaa-235 we feefes zee so crrend «te

Sens atte? (1 Mev.=1'6x10° erg ; 1 cutest =

1 ya (joule)/arse ) |

d21 Gee Recinaty fer RecaitaA-235 « Recafqara-

238 a7 BTS 1:10 ate faqeners ate tier sorqien

labia Ge freser ontas xkcs ?

vol 10 fateary ongiainas ore 30 falcata. ats cree

aie af-catetara 5X 10** fatiaerrme am faet{ em saat

MARA AAT Bata Ber Agaiocs sows “xfteay” Fara

Cater, Wace Cara aien Meo Alem aie fatacv

1 frerecaa Bere FT ae?

38 lL ase opeiniqasy aesq aece Tagiates Sorat Bce—

“sem 030 or Cu, 0°30 on Mn, 0°59 ea Ni @

0'0058 er Cot 10 fataara agace yas yas SIT ToRRE

TAORT FHMCSA aca Wace CS smggia fia sq AST TA?

7 faq lon tara om alerae ate falas 10,000 tere zem

aetta 1 fatiaeang=ate orace ate af-cfotatra 5 x 10**

ToaT | |

s¢1 60 fatateora are gels 10 fatetara cerato: aaa

me ae freets-110 Fer 10 tataincra 0°044 N faerera Tate

HA VTA SICH Fa Byscwy Seta (coagulation) w7 aW1F-

sce att Tm Me Silo sq aay Sreererca fate ate 1 | AUR

wat eave 20 fataincra wet aan aise Te Becway AF

Aleawl-a Slave Tatace 924 feet cre ari aia TreTETa

gacaa 6 fatatewr 20 iatatera we ayes (dilution) siace

fatace 7655 fasreaa oem aa | meeting algae (background
activity)= 100 frerea/iaite | were aaaita Grate eracra

TPS Tet FF |



couttra, MURCTOII—eagte @ ect 89

et) 10 fafa BaSO, eescecera aca O11 swears

S—35 Se! wceiita ee ome a S—-35 ae?

S41 as Bemine canines onine-caqenad faci ace

40 fatnata C-14 foiew capenine onino cam am ate

( atrael=2000 faeraa/iaiae ) 1 Taeetioce ATaTTErA STAT

mM UTS FI Ba age os ainsly waves wn Hara sa

aka faemine sist omiecs once veIeCS CNN Fae

A PTS TTT OTN CTI Ok TR Aline omedy eR

6O faint wae airael 500 facren/taiae i | aonias Tree

Aas winger aise Tears Fz A

svt ast aerevs 1X10°° fatter feierara ( era ory

@ bet) OE aie ary Agata 10°° ara BWratqara mArem cot |

qeaqets TA TIN Sql oHtSA HSS ACH TIT FF I

sot 01000 ana AgBr aescacy Ligitget Br-82 ace |

AgBr oa was yrran=7°4x10"** 1 «10 fatatara AgBr

or eps Ba alee fda eq1 | ( Br-B2a7 adie =

34 801) |

20! 148°8X10° fecniacra gare xkco Alisa Sycs ate

acace ats af-citetara 0°1385 et (Joule) orm fae sca |

cataafed Seq fos am aa H— He aneai a aca ae-

cCUlcert we zRcere ( att aaaTa/cacee ) ?

eafes ag, ctzaife :

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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o1 rarer cine
(The Missing Elements )

orfra-aratia cater 1 ( ceegert) @ cater 92 ( Rtrataae )

OF AAT TCT BAWIe Stale “NUTT ta—catey 43, 61, 85.6 87-07

SH! Apes orstacse Sarcra alex acrzans feet wae ofra-

AAs fates aly ars ACwe Borers waisoa Seas Teel MNaTH

fim 3.1: Stentetce aces citnefis Baa I

Reread Saray bier! one fen orsia wee ce Berm wre

Oe Siege ake Bia Cayrt (Synthetic elements) fact
acaennea | Fern acoret Cowfeea |

O.> Cater4s: coz Fats (Technetium)

Soria ondizart cicat e colfacea (E. Se'gre’ and C.

Perrier) 1987 arm aan cater 48 enizera staat 1 aie.

cetfam faatanrnn weit ainecont eegce GReTA afey Wa

CTS FAT OM Cea @ cofancay siee ae weet Stern Wo



42 | lao @ Recainacares cate

BAUS AT ATS MM Yee Stace Aes at GIT cater ees

UO | : :

°°.2Mo+*,H > °',,Tc+* n

bora amratas of nea certs (group VII) afancrs aaa fey
Sera eeqTST cate ean Ar AP Sl Ca Ra ae

THOTT costafirara (Tc) ( ate 4 technikos = Sfaq ) |

Ge cmap farmer cosinizacaar adrpart 93 tra wae B-

COMPEAC BCE! Ate BART HRATCI MCT VES ARATE |

wrarera Tey Scares °° Tc arara weryssret 9'4 x 10° Tee I

marnite faneca (fission) Gres citar wey cosia-

faara ( Sema aI =6'°2% ) 1 Bare asa Osiataacas ae

Ger faven-Srars catecra aeinet eac6 eeoriaata 6 Rocairara

yersteacry gy oracarcas aran (ClO ,~) arecea aratcar coniisarter

Orr trary ATacepracos aca (C,H,), AslcO, aeefrg sa oF |

BUCS HCE ANAL ASS BHA MA KIT Vay Tata

qeca Teor fem oem FN Sal MATAE STA Uleonias

(absorbed) zfaa ma 2N mraceize onine Wa FeR-ee

(resin column) 3&6 wrmiiae 1 Gal ore malas

Mine Fe ekctw miss sm (distilled) avi way fare GTS

(solvent extraction) wa (emer kent fer was)

eiataa cna astm! lam keratra-235 oc feefes

piace 26 fairey copininara (°° Tc) Germy Sa Az |

Ot att ame wate gtq since matyget-inye

fUAVANT MAN FN—

98 noo B 99 B . 99
Mo MOTO Tan baxior wy RY Cet)

- wethr get eermreat ana TcO,” ot gern en aw MnO,~

( orerarercae.) eras wer «Geck® cyt avers els wae

ozininnena ataterIIl, IV, Vie VII cnami eervs



fact cateryior | 2

ay IV 6 VII o9 arr 6 grit faera-faecta (Reduction

potential) Ma ByAt cigacrt GracA ACK Set

0°738

0°65 TO, 0°83 TCO, 0°281 Te

0'477 |
0610 ——

TcO,”

0°72 ReO, 0°40 ReO, 0260 Re

0°367 |
igecaa ee=—cormy (Volt vs. Normal Hydrogen

Electrode)

TcO,” ( macéerarss ) ¢ ReO,” ( macarat ) cant

wal Ceraa Brera igure (tetrahedral) 1 MnO,” «a ara

Ser sate wa ore ace ae Ges Sat Fer MnO",

VeTs] FST awe Sas 1 Bniw wa Sarr Cel MALTA

{ aiqeora sacee ) areren eet Fa aT |

MAPISF Srplace Opinhrarcaa ABA MeN AA A, FIA VaTT

AST Morya VPs aio wel aie ASA Ger s

(5) &8rattara-238 arstace qosiaqea (spontaneous fission)}—

aa) are faa aon ; (x) ators conera ort agiog fateg trodes

Talem | ot gate faim aitere csiaiaacaa Sema TM Aca

ate ag ( ate ary ecatrara 107** ana Getataare ) |

9.2% Cot 61: EffsfStzts (Promethium, Pm)

fat spertia wets mice faangtas citer cert (Rare earths)

a arenes cece (Lanthanide series) *4ta-ative wager

BAA AWA OSG PST MACHA FN CHA—TI] BVA cate 61-07

ReO,”



44 flarort @ Bocatamerey citer

aa! 821 frefeine ( cal 60) @ anatianra ( cater 62 ) ag

eeqet cat od faving fates cacea Gay NAS MPT

pin Ge cate cetta orsineyion ser fey AR ACA yer aT

Tey & catercertia cateryiena mramaias yoetsacr | acer tater

Teale sergees Aca Staa-iaiaaa-egie (Ion exchange tech-

nique) Ogracra Mz |

1945 ace areaiaara oF fae, aTeta mctaecr (Oak Ridge

national laboratory) =atfrfs, cae « sfacay

(Marinsky, Glendenin and Coryell) 74209 p5oreera

ise wmigemy @ Aaesa Bam) Socatrara-fanecna

Cras citar aelaecra (Fission product) aneq ae Senay

cater 61 ( Senay sm =2°6% ) 1 Rare aeere faragtes cater

fea area, Rita, fTaisaa, catalina « inefetrara

(Lanthanum, Cerium, Praseodymium, Neodymium) t

falas STATS Faq Ber Mperwp eeecwry (Ce(1O,),) feast

ora Rida, arniara @ Rentomrace or sae wa Gey

FN BOT! ay waren ( area) aT AeCeA Aige

fates sign adtee sm ea eae areal araa-laiqaa Fe-oes

(Cation exchange resin column) eaatae ¢ afaentas

em eel os weniaa meats (Ammonium citrate)

mem aac (pH 2°75) yquateaa aeomy eealen | ARES

Rae lays cateryiont wa ake: Bitar > cater 61 > Treivtaany

> caftwelviaaa 1 ate yatecga aiiatear? (Prometheus)

orreracta ise Race Sin MRA Slam TAH UT Siamtecery b

Ces AIPA VA Mycss Taiaspe mraqiay ey Sears:

cates args eee eifafeaty (Promethium) | :

aiaterare Senmcra Tage pete Sera since CSCO @ ATHS:
(Ketelle and Boyd) 64 fza_ areta acta treioinas-eay

cogs faiem ani o& mefere Sem sare fst ae

ataienr (**"Pm) ( eirgert, 2°64 aan) age siaaiece |

etiaterarcste CATS MICA io MACAO AES BRACE (*“* Pm —***Pm)
—Rerera acn*** Pm a4corei iidettat ( erirgenrn, 2°6 zax ) 1
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ettateancra sara bo yet aifne 1 weaken aiaive a, Pm**

WMA 6 Eat Bray wae frefetaacna ace Rare Feet ANT VICE A

9.9 COPIES : SHFSISSA (Astatine, At)
1940 arm Sana, aicafe © cca (Corson, Mckenzie

and Segre’) fares afae oer sora ge fale e—_
*°°RBi (a, 2n)*** At—eroeka Seons stacery |

30° abit *,He — ***, At+2 ‘on

ce cal ST FT @ atm atey fret sca wae Barr erga

7°23 Fol |

Oe opate eka | Tarte aeaece (target) crus faferm

ANN BWA AT AA ATS SN TT; MA Bare ep-areitoa

(Volatilization in vacuum) wae eteqy Sq 2a, AT BBS

Sax-nios sia ond Fn wl cm Tats unio whew

sian mies ace (distilled water) cite siam Serge FOF

TSA AAS FA TA I

ericsacen afte ey “eperbrea” ( orerhl ) ebce oa
stam por citer aratay isc | «Be arcenceat (Halogen)

MATA APT MPR Sr SerM AleASTA Sa Mew APS

ga (10°**—1077* molar) aaa Fa Ben amet

1 crema wai Race ate cree ate tainfawra 1°54x10°°

areas Fn leat] oH areata scr acetal comlera facet (Radio-

lysis) RF 2Al Ga sais We BPR Be ATA

CY TAT FN LATHE |

aromas a 19% meen ace (*°*At—**°At) |!

Barca atest Bilao, n) farm etce Gees ***At aa

witrsi-zefM (alpha spectrum) ViwBwiea Aatssgcety
aiare | fara wen 40 er1 facrecr 5°86 Mev are sn

(***At — *9°7Pb) eae eee 60 orn facateca 7°43 Mev aren

wen (***At—> "2Po) fated anche |
are cateryie Ace SIPUTORCTT AT STE ATATAA

SIUM FCT YS AACS al Gare (volatile) fag cateona ys a1



46 farert @ Recaiancarer cate

ET MTS MCS | Mreaioarst Wel Aerve aniaw aq Bere Cart

mace ( Reta, cafe Bente) frets en amt orere aieAS
ian Fi oe Cat Me To GTS (Distribution

ratio) fafa em ami 8 cuena xeuratas oie ae

Beco SFq 9O Sin SPIO Recs freinwe ay ees AtCl ~

eaq] AtCl,~ sem ( ICl.” 2 IC,” an ace Gerta ) 1

Brower teats aay sa—I, VI 6 VIL 1 ania gar faes

BIT. AMPA VA-VMHAee wan enize een At* Gen aH

( aPoreee )p—wtye faceaa stave 221 oareat Sive-arca (Anode)

Oras LH | PHTSTABTCAMTBING catcraraciaercl BI ALITY A | Viae

Vl SAF, MOT CHAM OA-ATACKT Fl AIACHUCHTATA STAG ARCATA

AtO,” Gerry aa) Ba frerera SrcaTEwS aT FAIA PRY aE I

fofsentizestca couitem srcatocra con MPT eT Bess

emits Beace ekacae avg isteem Roniace |

9.8 Cole 87: =ptf-syatsl (Francium, Fr)

MAMPSF MBAS BAG BT ME cata wacn Sat cic

OPTRA aA at eeaien) Cw conc coutery fara

CH A RATA VyTACTA COV Cte «BnlslraT ceria sc

sariuend cita (M. Perey) tr sian ca, antéfaas

027 etwe ares © fan fafena Goat as—aweq 1°2 orn

orrpi-igatay (a-decay) aa 98'S err faul-facarea (6 -

decay)! orereriqunaca Gree ex cate 87 aera Bdare

21 Taig wae B- aly Flaw BE! cra coabya anata

gestea ais (Radiochemical separation procedure)

an ate *°°,,Fr Gem siace ang etatec | fein qe

aT Uy Gace atleige stam wifey (Francium) |
/ ‘ine |

23 TAc/< 12%) Ng
(22 qeq ) N 238Ro * 19D

7

( 18-6 fe )



Tapert cateryier 47

caiencra cater orice anistanom faery SCA Ce

TSCA CalwatI—iqous tafe a Sx Seon sn xz |

0Ra > TRA "87 Ac
SROKA ays apisitat wae wie ales aq wae Race

Aerrert aaa dhe tear en aa i Ge ga tataara oe-
OMG, CW, AMPA W clas Sees Ts Veecw slave

21 fatae ogee faire comfera cenit ates at mi aca

aaa ok wa aia wiqiema (Rubidium) a fateana

(Caesium) 444 Ct Fa Sq As MCA BEAT onacHIcaL, Torare,

ACHAT ATICCL, GRICATICCAD 1 GEICAPoIAD Teac Bulee

SI Zl CMA SNCS ATA AIS Pisa Set alee xz I

Bal Se PPC AAS Fra cAI AID AIMS ABaCE I

sifarnicra sifeeat Qast ccas coca face careiea
watee ety nese Bwaries eeatfar (1946 weet) 1 ona feta
1953 are sire aicaeit facra1 (Paper Chromatography)

aateq AR Was-ye (carrier-free) UTE Hie zgT

AHS CSA SiAAaCeTT |

onnfes are, ctaattt :

1. E. K. Hyde—Journal of Chemical Education,

36, 15-21 (1959)

9. 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)



Si facta
( Nomenclature )

a yeaa ar ANS BAKA Slacw AAMT FATT ROH

MASTS BM FN KATA | «BTSLaTSA MeN Bara arewy atigcere

OE ASMA AATHAAS] ETA-SMICTA FICE Uta |

(3) Press) Sesitex (Atomic Number): 2cels catia

AMSA AAMT PACH CHTOTTT ALM GTN MaATY FAH fyts xz I

oF Ae wftearatics cater omreefa ara free aca | | RGratracaa

omar] wares 92 ude Bocainmera maa crate O2ie cena

QE 1 PUFA BATT 92+ wae wmfaonaics Socaiarcaa aq

OQeq 1 ak mag FAs cic intro oia6H |

(q) PRSTS See (Mass Number) : aaTEq cabs,

faeay @ Bera Sa AalG oaary Saree | Bx ora oases

TO ATT Tos, He (fata) wax WG Reet wae

crare OG coma e Qe faves Sree! woes, igterenciy Saree

= 2 x 0°0005486 +2 < 1°00758+2 X 1°00893 = 4°03111

Sanya ass (atomic mass unit TN a. m. u.)=1°661

x10°** ana t

(1) Pherstof==s esses (Atomic Weight): cic wait

ANY VRC MMT FIT Foy Sat Cane Ge catcea

MANNS PU AU! Bde me qeE ass ayers: Rra-

aaa os yee 238 alee cara, Rocaiqanns ase oraay

REI ANT CTT 288 ye Sati «Bears crus GQ candy
6 146 Trois rcs 1 ome yarwa Ss **C= 120000 |

AAMNTS ARE SC HAA] STAM ATA ANT ( ger fea ) |

Telecel aaTY SAA = 4°0811 wae ons parE = 4°0000 |

(4) C=REET=5 (Nucleus) 2 AATGT HBC CHACTA UTE |

aaa Sa ceace contee—Ral conva-intaaa ATaCA ales |



TST | 49

racer ar 10*°—10°** catotacra wae orrarga 99°95% Sa

Race aS MATT cote xt cerucaa Srig trsaefier |

(6) ScHA=S= (Electron)—( FITERS 0,8) > RHA

craces oitantet fates weet (Shell) aqerca (Sub-shell) emf

BA 1 MANGA Ais wf e Talrm Rereiatancra Sera

iret |. Bz ATG BUST ae cit Fn ; GA=0°0005486

a.m. u.=9°1091 x1077° ana; oTata = — 1 (ae4e= 4'80380

X10°*° e. s. u. [ Beerpcironiss Bbiac J )

(6) CE&INSA (Proton)—AceeS 1H SIP: 251 PAWNSA

BTST AT Gla SI— Ss AAG MNT eT! SA=

1°008128 ; a. m. u. = 16725 x 10° ** aa ; Ste = +1 (4

+4°8030 x 107*° e. s. u. )

(&) fASESA (Neutron)—ATSES ni HFT BWiST

aaa cies: ca=1'008938 a. m.u.; oeaM=O! aeffe

Trea Cigorm war racers ait seni caus falar Bn

CH sey eas face Saat |

(a) AIfezGA (Positron)—AceesS et, gt: 2x1 crarea

wart ciat en. krereica faratowmt; er=0'0005486
amu; UaT=+11

,(@®) fRBVPSTN (Weutrino)—AceS vy : Fare out

cia tn. St= < 000002 a.m. u.; BaMT=O1 adie ex

favacaa acer faacore Sn fog wa craks tN sq fae

Tqsreca frwiicra Blo TA |

2 n> *,H+ e+

erAaws Corea fede MST 750 OFS |

(92) CAFS (Meson) : Gow Baal citer FN ; Sr Brraieaz

oa am 276 ya cet ore ora O,+19-1; @ aera

GAR “em Trace ME (7) @ FAG (lu) |

4



60 favor @ BOcaisacarea cuter

a oma Sf O'161a. m. u. ; arem +1, —1,0; atgart
10°° cee | | ‘

T > ty

Lb armtaa Gt 01162 a. m. u.; ae +1, —1, 0;

erga 10°° cacye | ,

pt —> p+ Qy

| (6) StSc-NcSt>1 (isotope) : AMIS Cs Tey

MTS yy Taley—ek vaca cera SacI Fen BA I

Rocinnca wis ween, rafsa-285 (*°°,.U) ¢

Rocaisaa-238 (°°°,.U) sara sarees 92 faq ons yee

tafe (235, 288)1 weercrryiace cama Aen ask fag

TORT ACMA SAGA acy |

(3) Steer =e (Alpha particle)—a: jatar cia

aece fagine uaer seni Ba fala cesar Aa; Ga

40039 a. m. u.,; STA +2; Aree *. Het

(w) fa) =5-N (Beta particle)—8 : Coatsra cus fargias

s—Brasioa wat - Sz 00005486 a.m. u.; oeaty—1

(5) ettst =a (Gamma ray)—y : coatara cata fag fae

aiey—Az1 wawRaae Tae | |

(9) seat (Curie)—C : coafsrae maa wee 1 at=

3°7 x 10°° faster ate crave ; 221 1 ara catwarcna (Radium)

fawrert S1cAa AAT |

(s) caeez== faferen (Nuclear reaction) : ATE

CFUCFA AIRS OH “ie 6 NoTIy AT MAI SIT AIS

faire Any FH, Cae Coes Talepm Jen Sa I

oT Al+‘,He > °°, ,P*+%,n

( coufara )

— wera am Tecw Sere SAAN 6 inte FaTey coreta aie
QABITS |
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(q) were (Oxidation states): (iq Citi asi

arpa Bata (charge) Gara at ey ufeigs sa xa!

A rae Rersis ae 1 Te sic cabmere omarais catera

Srmiq wmaee (neutral atom) fate en, Grace oaNeioT

aa SF (oxidation state) 7 ara1 Aen (oxidation number)

an zai NaCl citer Na-aq area +1: UO, (NO,),,

6H,O ater U-st afar +6 Renivi atero cater

(Transition elements) casita catemwa oarins ara Sa acs |

(7) Sfeeara fas=— (Electrode potential): 20crt

Taecarea ysio Siveata (Electrode) ave—omnuat (Positive ;

Anode) 6 yarxat (Negative ; Cathode) | ang-sreq sracaa

wet FAT Cl ATATTS es, Sarew freraa (Potential) Ww aH:

qua, Zn = Zn** + Qe

MAA: Siweeara Tatras tae fences xn sq—

Zn** +%e = Zn

wae Bao faces feetaa iaeq Genwy oxi «oF faeq ae

Siace aC GIS TaOPT TN Va Vives iserta ( aT SAcwICEA

wiveaa, Standard hydrogen electrode) ac ye mH

SH 1 AM SVE SIGACIAA ISIS AFH 491 GA—

Ht+e#4H, : E=0,000 Volts 1

oF aT Clyemaa ace ye fess cipeataa em frerea

( foes aire = 1°0 a mpy=1 Molar) aN—O0°762 Volts |

(x) >hesvetfas faetess (Atomic or Nuclear fission) :

Svcainaa -238, -285 7 ei corinara-239 cwuere agate fora
Wn Ges sia ous "yet SATA WS Se GA Aye oss
wt iatia © apa siea Sea aa eee Sivigm (Chain

reaction) wpe xem ax 200% Gere cite (Fission

products) Sep aze ape sie Gee aa! o& fefrare



52 lamer -@ ROCAinacared cate

neF aU t*,n > **°, Bat °*,,Kr+2-8*,.n+200 Mev
( fe )

mTaMNnTs req SSeS Sn G1 SAR mag “hear Ser |

(q) * Perse), > fsre7=1 (Atomic or Nuclear fission) :

Sa mraaiae fenewa fate faiem i aie Ge oer ( aie

feat citicas ) yaic ay ray ata Fe zea ape wie AIG F071

RCT Yale

*H+°,H — ‘,He+*,n+17 Mev

Siat Sacro Alaiate sem fefeara @ fawaa Gey sq ae

ace 17 Mev “fe fagine ext 821 SIRceTCRA CT Tara

fete 1 Teoma stare cre ara, mraartias faqen acral oy

AMAA Ate yor ww! (efficiency) ways cit |

Sass anatase CYS aCFA (Physical constant) wie
TAC CHER BVA 8

BHICStAiTyl Ares] (Avogadro number), N

6028 x 10°* etfs Cate (mole)

218 4s (Planck’s constant), h=6°6256 x 107°’

wit /onre
wricrcaa afScatt, c= 2°097 x 10°° cafefasta/cicee

( cH )

- otaatdics siferr eee Mev :

1 Mev=10° ev ( 2ta#aaq core )

= 1°602x 107° erg ( arf, )

= 93°06 x 10°Kcal/mole ( arm ate

TScen-Fyrcentig )

rein cota ae atic Breredace 1 cord freq omnicay Sats
BATA Se ACTA MS |

AAA SAGA GFF (Atomic mass unit=a, m. u. y=
981°5 Mev = 1°66 x 10-** gram.



fesra vara

2Brafanicates cach
( The Trans-Uranium Elements }



¢1 aogfas
( Background )

fxearera heart ara cata, ate wars awe ICA AH S

oma feet aTeTa ATECe CTAICS aMTeiAS Sa Tres oetenceg

are ern Tore os BATT (alchemist) ATFATSET

GG Fiawe WeATS slaw mncay Te 1 SAN Bry orm,.

cia Bont asa ag Gem sigaiacen, aera Gergen ona

ace fae) M-AATaCCTA MTS-AOMTSTAA BA WSCA WMA Vet

Tae, OTA ATSIC MAA GTTSATANCTA ATAATA CC |

fae “porta owed wicsa Bren oe oeta-aTaive (Periodic

table) qRait catias ommcda ar feat Aa oc Stal cata fea

Scafaaa (Uranium), ar waagqararee 92 wae araarias

ee 288 ( areee 7°°,.U +) wae acoA ay callers orm Rey

zergredt (Hydrogen) ; saar-raree 1 6 oraartize pre 1 |

zeiyery sere Sbcaiaaa 24s 92S catfere omnes ace BS

agivears | aet 40 citer ( wares 43, 61, 85, 87) Fier wae

MAMI AS (Ae oplabris, etal, MPT 6

wists) 1 a cmars cateryiea 1937—45 ara aise FH e

Ta-Tas Braise MpITETY opi ea ( Geta aaiaceee ) |

1934 sree wart treat afore FA WTS! Siar cowPPAT
(Artificial radioactivity) enrfassta slam citer omg Horeca

{Transmutation of elements) *fage sacrt concentra

(Polonium) faye arene en aa wreagtatrat ages UTES

sina wet coatara wapea sect Cen aka, ea Bz grat

Tataey ome afare eta i Ge cous iairata (Nuclear

reaction) fatiq 6 afata sn Taath Boe |

Alt‘, He—>*°,,P*+7,n ( fabie )
: (CORPEH )

- a0. apP¥—>*°, Sit °,e ( ottenta )



56 fae Ge BGcalrncrea cater

CoRTaFA MRATCIN VenmMcns, at aneat ayaa slam ACF

ona as Aca Vine coataPA STACATOIN Ber Sq AST AAACE |

Ce misscar aa ase aa gio yey Orissa eraaTyiqeacad

wane wigs sist onaiae yeas = sniacei¢n

iralamrercaa MCHA (E. O. Lawrence) weit (Cyclotron)

TY Meee Bia, BWA Wn Confer fayeast sn Geese

7M AST Bal ok aaa Sat calaryiers AeTsiAw FATT

Wr PH Sins ay siancae: Taelwes Reaceq crazy

Wes Ss James Chadwick) «7 aa sioornmfiata cata Fn
fatiera mice Gara cata omneedla woTea Tatia,

Cray (neutral) cata sn Leasy Gy STH FN TN GAA BATT

TaPrs ST Scere Sas Beat! Cioeria aT Zena fatia

FRCL AATGA TaYCA ALATA Bisa as cruces alaw laters

fry Zac MH |

Bvreita wiaface cafa (Enrico Fermi) fasiaaa am ata
MTG RHNSAT MAINA AS Tacs | Sara aan heey, amen cater

MTT TS) Aaa Alay yore cite Bocatvaracs ( Fares

92, m1: Yre 238) feta TT CATS sac Gower Fass

(98, 94 Bente) cater mag aie sm wet RATS AAI

GS ASX Bratacarea catacet Ao sm wT! fs oF

ates chia 6 Sra Aetain lage em stam Bees

courtraca Genta i Cra aren Hem cm, AETes asies

Rwainncntss citar mit AU Beare fey apo Trem MeN

cry 1989 aca seq Wit 6 WrtAAte (Hahn and Strassmann)

omartiqs fayet (Nuclear Fission) witsra facet

Rwraisacrs cous wgate fia oS Ya wT ee

fqefes ga—ace acasie fata e ae sfea ais ca—orers

TEM HEAT GORWCATI ON GENT COUTIEH SRCTCH TA Hehe

(Fission Product) |

ase U+ tnt? Bas? Kr4o8ton + 200Mev

arpa faq ROcalaaeaea cater meds aE see Higgs
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Ra OF Arreerat ies Maas fetegr (1989)! oTaTA

srantifas faecta asa eae SOcafeaicaten cate
cattia erifseta [ ateitetat (McMillan, 1940)]1 1940
xare 1961 Ara ok YS wIcHA ace cater 93 zerse 108 adie

11% caters otiasra ara fase faeraes araatqearace

pats stati MSta-wtala weer 15 Stet cater ( 108
othe ) UCTaNes eB | Sle TH AteTHACL Brite Beer
— YY Ue AT, Pia @ oedigna aa a4 fens Cemibe Beet |

fafee fowaice oaiee siam siaqrerera steam Cale sian

WMiISS WA GF LOT FI—HANY FA |

straircrea «96ocitacerta «osiee fae faire 86 see
( arat 5.1 ) |



freer @ Rcataacirea cite58

mia 5.1 > Vcafeatcaten cater

sreeT ty otter citn aes] wifvetae atfretcas
wale a | qeq

93 237 Neptunium Np | McMillan, 1940

( carp iat ) Abelson U.S.A.)

94 242 Plutonium Pu Seaborg McMillan, | 1942
( qcbtfieate ) “cys

95 243: Americium Am | Seaborg, James, 1944-45
Morgan, Ghiorso

Cateafafrnts ) ce "US-A))
96 248 Curium Cm Seaborg, James, 1944

( Sfaatz > Ghiorso (U.S.A.)

97 249 Berkelium Bk | Seaborg, Thomson, | 1949

C atcéfaatz ) Ghiorso (U.S.A.)

98 249 Californium Cf seabore Thomson, | 1950
( artfarcetfana ) Street, Ghiorso

99 254 Hinsteinium Es Seaborg, Ghioreo, 1952
wisaete fin omson iggins
( ) etc. (U.S A. )

100 253 Fermium Fm | Seaborg, Ghiorso, 1953
( cefiars ) Thomson, etc.

UU. S. A.)
101 256 Mendelevium Md | Seaborg, Ghiorso, | 1955

( cqcefafeaty ) Harvey (U.S.A.)

102 254 Nobelium — No | Seaborg, Ghiorso, | 1958

( catcafemts ) etc. (U.S.A.)

103 257 Lawrencium Lw Ghiorso, Sikkeland, | 1961

( acaferaty ) Larsh, Latimer
(U.S.A.)

Srcaa TANS Aor Ma STI MTS TY

CHEM RSATE |



wl Seafarer civcta afters @ Sena
( Discovery & Production of Trans-Uranium Elements )

&.> Sit=sfees

Aor Corecamennt seater cic areas ae |

Zocaiaacya wMsiacse Bie anna (10°°*%) angina

AUT UC Cl SS orsias zero ok aio cater rare

wm steams an xampp ise aearedte Rocatancaea

caicara wiereq Sire orem france confoiterditra ace |

Bw. CONE 78 : CAA Saar (Neptunium, Np)

1940 are orcaiael earda as cr aca sifaceiam foe-

Temecaa ieee coatera scaaenma (Radiation laboratory)

astefaerta (E. M. McMillan) onaamise fave caaens

mys fect) Sera ocaana faaase fea Rocataa sae

Taveras yah oem stefani: Gree cia igoq

#88 aU +7 on > **°, Bax+ °*, Kre+2—3*,n + 200 Mev

(cafzata)) = ( Terror ) ( “her )

Corts CORA (*) |

metry ass os scar Gry Boca wer as

ASM Bsa Alay! ak sees, wa BeHEKe cAET

SIT TS Bq fen, ware sey sre zecw tte ocala

Wrerecaa merging alow aac 1 acaaracaa 60" Bie AeA

ake iasqw iavia atqen ain RocataaT BMecor seaiocs

CS FN ak seinen ere stam ce, Ge fairs

fayey GraTe cei arg Ge ast coalre cote fem, are

aecare cataying seo Recatrars aakcwr Bea Bare atetey

{recoil) gH m@i fela aga sine ca, kbd



60 iraery @ Roralaared carter

asic ae ewer ( 20raiva-238 ) ax ACK fatia-

MACS Tor cicery Cet Beare! oly @ Srara est SCAT

(P. H. Abelson) araraine era Aes oF TST ct YAS

SACI GIL AI Siacery OS-wares coiceiay AIG Vaca |

ase sU+ on —> ase BUt+Y

BoD Bp" 230aU O36 ting os Dp ( Tie = 2'35 Tra )

Seat Beratea-239 xecw tah sn fagine xem Goer

eaesigis cia 98 (agian) Gee zH1 Rar oer

2°35 tar Boca acea waTeT az crARI—aeaT ak APT

Bsr Roralaacaa waaetl catcra araean zea copiaams (Nep-

tunium)—=rcesies ata Np |

AMATAAS HYTRCA OTM CUT CA, CTA QiTATA ACH Bocatracya

aTaratae ata angen afeae! cafaacadt (Rhenium) [ *a-

mata VILA cota cata] ace fart aren etece nea,

at aan Sar amine eee seine Pras staves ca, Taae-

qlee calecerta ( Rare earth elements: wars 58—71 )

CAN OF TA clay asics catecertta—"“Rocatraronss catercentta”

(Trans-Uranium elements) *faTage aes AFT |

GANA KARAT oS Bora Cen eeatiaet ca Ca Bel.

coracany fea Ti! Se aaa egied (Tracer technique)

(facta sismer) Ararat acqan wey eaatet! Mk wEiorS
ATATHTS YOST ailerara Tater ovsicr crm QivaTaT aaa TSMC

UNIT FA AVS Cara coalwa-iterm-aia (Radioactive

decay) "4a ct Wa! aert caRinaT ied BATS,

erae-taeraa faeq (Oxidation-Reduction potential), afta

Ora Poke BP Fa AST Blahen | cmt gigacag orale aa

wa (III, 1V, V, VI) anias CRATE SOE ay V aay

eT] Et

1944 aren Treen — AMAS ATSlaM MTV



Seuiancnrea caterers oniaesa 6 Geena 61

(Wartime metallurgical laboratory) awa cotmaant

cam gitar Gen eaahe | aqag-geltoe (Nuclear reactor)

Rveiqaa-238 at age fatiey aes Rocaiqars-237

Cerny A—ATI Ae B-e fagiaw ema aq copinans-237

qo ea ( ada, Tis=2'2X10° Ter) 1 corns fateraryian

Os 8

498 wU+ * on —> 287 sUt+2 * on

B

Tin =6'8 Tart

oz yao Tatra Aisy ataiote s

2587) (n, 2n)*°"U qe *°7TMU(B)** "Np

9 CHleTo: gcsifaarr (Plutonium, Pu)

an) fqute Bbratvarcerea cater | qr sires enteearcra Batorare
alefaenta o oie sraseR frenrdt—cacafy, eat e Tel,
(E. M. MeMillan, J. W. Kennedy, A. C. Wahl, G. T.

Seaborg) qoq 20caiqacated Citta BTA etiae stare |

Stam 60" ARN Beco Stat aeruces ( wavaN, °,H ) ate

TSA «MAN | ASraTANTH-238 -atw AM RINETH-238 orew

SIA, AI RUS B-en ise xem giitaTA-238 Georgy

Baqi |

387 U
2887 Np (Ti,2.= 2’ ax 10° qed )

8° Ut 7H —> 388 JNp+2 +n

238 B
ooNP a0 tea

seca falraioce aececyn crn aa *°°U(d, 2n)***Np

( d=deuterium, oat eye ) |

Scaiaas warts cae 16-Mev (160 ae 2csiq

cere ) “ferronry Casa aye Gal GTS Far Ber oN

crt Cl Cary Ria MCT BTS -CwREAS Fe

necoten (forrya, 1940)1 g@aa xiam a oern-coatprg

—+*88) Pu ( Ti,=86'4 487 )



62 faery G@ Roratracarsa cater

CHAS AML AWRAS Ystsacry Vl Slee | Wavy 94-

rarcesa cataioces eniaara m1 ata! co@iarA cia agile wa

amine eka, oF civaa gato ae awa (IV, V1) are wae

Raia Baca aa Meret eras aca acaTea ( cater 93-07

Sarna) 1 aey ara fern wy sa Bearer cocniMosaeicey

ama (S,O, , peroxydisulfate ion) am Traea aaa

(Ag*) aqaccea areca ( caeatst, 1941) 1 gearelta one

Tea an cit 94 at aestes ara Tea “orm” (Copper) aa

ara “orm” wagre uleige sq ae “Hpacaa Col Ae CN”

(Honest to God Copper)! wana 1942 are citer 94

“chive” (Plutonium) aren orem 22a, GI RinaTcae ATAACTS

VATAASOA | SOA aA HaATOT Teota ae “gw” (Pluto) t

POUT BITBCAT BPS HCA SATA THAT HAUT,

qciliqama-239Oigpe | RRR) RitRTa-239 7

“coutera tan” (Radioactive daughter) |

*ogU t+" n- ,U+Y

239 B p
Ur =93'5 tae oO NP T9365 tea

28° Pu ( T,), = 24,360 7e7 )

ot oieara oaaepiie freat Sherr as yal CHT |

Tass Tage Recalvans-235 worm qotiaa-239 cit

TFA | .

AVS VtiHi—asid a crea wena (paraffin block)

] ( cy clotron)
nee Saeeae

a ae ee —- =
_———. aah eee

—_ aaa,
—_—-!ase oe ae © —_ a a a

site oe of oe Be
e ee



Boraiamcrsa caterceria oie @ Seon 68

1° fecenaa B6cainarr TAs aa TE sq ker ( fexG.1 ) |

a& oreraioa art fea claim aga eae (target) ae

Sca 60" wWecwaert waa afey (deuteron beam) PATS

wm ata ciate sac fete fatty an geiva fam
Rocaiaasy AICS Mes sia Moat wees Gorare

*, ,Bet+*,H>*,B+7,n

Tater wart SocaqaTa aac aCoTiAaTA-239 Gee aa aTATatAy

ara yatta, BI Seal CORN Rona aace

FITS wie-saeq Feta (diethyl ether) 7avacn faery

Fa BA A RiaaTA-239 ce aT 6 faiaar FrATeU

qracea (carrier) TM Aas sql Boa aac BAIA Baecwye slam

(precipitation) 2ratqary 280s acy CTT FI BAI

Gia ginar-239 ax “coulen sn” goritar-2391 «tere

ama O'S aRaFIat (ug, microgram=107° gram) gutfama-

239 eee sq stale | § Beraivacatea caterers sey sae

quorivaracee cota (weighable) sara Ger on aSa97

RACE | ,

qcoriqara-239 aa = favey aati (fissionability)

Socaias-235 oa oon 50% oa cit amine cena 17

2aee AAAs cpg Tea WIAA Fal AACS mMcA—iaeaalera ak

TAN Tay BVT! SA Gases coor mace slacia

aece areen6 (Hanford) waar asara ycorirara

Cemmena Ber oferearl § saaaTcaT Malas AIHA Biowsy aiase

%4 (ultra-micro scale) zice fava wa m4 GAto Fm

eee 10° acer cant srt Sermy as GGUS sane Flow |

wbinay Teor ayn wide Taeiae GaN MATS! MAiacERCy

PM zara ( faae waee vate @ aTat-iqerat oe ) |

%S coleios: stcsfefeeats (Americium, Am) ©

Cale1 96: =ssfSrensy (Curium, Cm)

qcoiirara Benner wate Seraca wa kara ase cateryiera

apa sf ple sacia cweryl cit 95 e 96 aq aise



G4 | inom @ Borainacared Ciler

MPT s crane Rarra yeslsam ye AT fei Ge

crracrein ies Bel selene Bet Ce, ok calA-gae us cate

caita afaaaee, Serra arising acia ANT Mee ae STATA

+38 ete +40 Sete sm age aml 1945 ATH

YOoUaRace TSRT STN GETS Siam citar 95 seew Fa eae |

989° Put? n—>**°,,Pu ( Ty/_= 6580 Fea ) +7

seo Put *n-**,,PutyY

941 B 241

ot (Ty =13'2 ae) om ( Tus = 458 ver)
Bara aren 1944 seat euoiiaa-239 Bare GER FIT CHES

fate ata citer 96 oniaspe zee |

299 Put‘ He—***,,.Cm ( T,,,=162'5 twat )+7,n

args Taras We ct mA Bye Beate! STAT

Pres META ACTA APTAINS YIssay 6 AqresT

wor eaten ( nen ofa ) |

ferercra acaanaca stfaeeta (B. B. Cunningham) 1945

mica Meret fepe Ureaisies-241 aeeTRU ait aes

siaaierm | wanes Sates 6 ata (L. B. Werner

and J. Perlman) 1947 are foya siana-242 mecereneu

Sec ( Te FHF AAcrTaA ) eee siaatigre |

as cea iqeariinect cit 95 6 96 areal Siac Aor

Ueaiaeta At ( weaiaieny) age 3 caivnaa omiged

Sat oreta aca ( Slaata ) 1 arenes Srerevan, citer 9B—96 az

SNeasra Beraivacares catemita vcr faqeaqtes cita-

cat (Rare earth) ammaias aren aes stiaatecen ( sfaner

U) I ATASA A Cela Maca Slater ca, cil 95 aA

ay fanaqies cata t Recaferar (Europium) ( ata 68 )

Breas saute, kocacra ara wae cater 96 ax apt faaet-

jee cata, sncotatvaa (Gadolinium: gree 64) were

eeaten fequriia Treat mores (J. Gadolin) aarp |



Berainatcea catecerta otissra 6 Geonma 65

we Cater 97 : SteaeS TSI (Berkelium, Bk) cater Q8:
a (Californium, Ct)

Siaarcara ratet cateryian ontaacaa eed oman ore fam
—zgisacas la coubeaora on sina 2kce san caters epee

Fa HST FHT AMA! «Bara ACK Aeivs ter Srper araias

aaa Ceeaa AM! as Al AINA Asa wey 1949

meatal crcaa Tacs 6 1950 Areas aresrercn |

Breataipary-24.1 ( falerar AIM) eee STEN ATM

SETS Siam cater O7 Gerry Sa aka ase frearliest Alaee_, Saray
e feneqca (Seaborg, S. G. - Thompson and A. Ghiorso)
ara t

aan Am+* He — ***, Bk ( Tp =4'5 WH +2 2Qn

Bates ota 1950 aaa creat et cater 98 Geony xtey

giaari-242 (sa@arrara afar) «@ 60° maces las 85 Mev

SUAS CHAE faterm eo ( Aral, Kapa, 3G 6 freq
—Seaborg, Thompson, Street and Ghiorso ) |

a2 Cm+‘,He > ***, Cf ( Tin =44 fated )+*on

@ Fay came $5000 way aee catia 98 wa AaTeEsae FPony

esatani atts fret asa siantace ca, stave fTeg-

TaMNeIaA Staaten & wax 5000 aa away cant Teer |

att 97 6 98 c@ apnatas yasieay e@ ATesay AAT

eae ora fataa water (Ion exchange technique)

AI ( Hea wiser) Mealaleary erase Zac6 cater O7 ce

WIE Sq Bahan YAR AAAs eenet Wa mafalemce
eiae =m xtaten VI sca wae faregies cata gonrate

ART ate O7 ce wareisy Fm etalen! sh era

Rees city 98 ce aneinwers yxe Fm Realer aT else
AGS QT |

BREET feamrgtas caters ATER Ae aTROT ate cat
97 «98 az areata 3m ater «Taaagies cnet 65, oriémens

5



66 ineory @ Beratsacred citer

(Terbium) aa crem ataten aarocra Beaia (Ytterby) aca

ATCT CIA SICA Bs faaegias cava eiver oem fori t

ta 97 SE areone ake origepcaa hour a4 cer “Cas AT
acéieeaa (Berkelium) 1 cita 98 ufeige sae snieceticast

(Californium)—aniecetttn arcendt Facer |

1958 ara sine « tea (B. B. Cunningham &

S. G. Thompson) govtiqas-239 « fata cease fefrm

RACw Stixeaa Wie see sive! 1962 aca sia
6 enema (Cunningham & Wallmann) 0°02 weurara

(0°02x10°° gram) anéienm-249 ve-vaeu at aew

Sisatacet wae Bal eerw 0'002 waar (210° gram)

VIL Figalaccry Vaisy sy MAP PTA FIC |

1960 am stfearta e eaterata 3x10 of

sniecatitas-249 GiaceTee egw sizmigcm | Sera ara

| HCl = HCland H.0

gos 905 “ep gis
Transfer to x-ray afore dborc eore

Oreo in Gir gyoriliary

at it 300°C Cc Cf oe — — iE
oxide

cdsorbed
on fon

bees \o/ lo) \o)
Cf i. . Cf

trichloride ox chioride

' ray study

fou 6.2: uiificettiarn cltefire eres *Tefe

Cf oxide.

qaara no-laenta (Crystal structure) saq-aiey facwo opie

(X-ray diffraction) ua ste sitmtear | ok ober fore

GHMAG 6 UAHANeG MM Wagqu wouter ( afawer 9 wea ) |
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.. Cole 90: Sls sea Einsteinium, Es) ©
cater 100: cafes (Fermium, Fm) ‘
PS TRPATMCAA OF Btorycer eretiianeiaara faeeraca (Thermo-

nuclear explosion) tgs couiara sayaifet (Radioactive fall-
out) Zacs citer 99 6 100 efagee xtmfen (1952)! uaF

Fqarera Ace mean feeera sracert ATA AATEC GeCRA Gort

fem Sige Wears FIN Ge eoyahy get jets SM Tl MCA

CNS MAL Fa BIT VArQAT seTeT as arate store
sets | UlahS Sats oncaiaeta Tater oar ate] Sa

Reg ae hacnr Ba ately wasn (Argonne

national laboratory) aa ra cafacera antacetiam fae-

lnecaa «AA MATT acTattnca (Los Alamos scientific

laboratory) | satera 3a oe Worinata-244 @ 2 coritaTs-246 aa

Siee oN cmt! a1 aac onan feinwe adhere a Awa

cit 99 6 100 aa wart aTem cri 6°6 Mev «fe 6 22 fa

Tams orerei-nira citer 99 «ae 71 Mev aie e

22 wo odrpara fates orere-aiea cite 100 aaresaq eee

( 19 Torrya, 1952 ; 1 916, 1953 ) 1 aes Geracarn, stax 200

raat mam cater 100 wate Fal Beater | aaga “fea walter,

VSPA ANA Gita 99 at asa aka Sepia (Ein-

steinium, Es) aas ceita ar cit 100 aieies ate critare

(Fermium, Fm) 1 scaaenarct *aary-geilee ei corttata-2389 ce

9/3 zeq favia an wee saa oa ute ata araiae

efem <a ae FCHe Tecra Foye MePoeiaM-253 Ger

Fal GVAae |

&%.a csteni01: cacesfefSats (Mendelevium, Md)

cater 101 orfassta os aesty WATA TSI basa | | -BCcaiM-

area citacercta Sat ctayia yee @ ATS Fn Garstea yaHR

feat sta Rarces ager (Half-life) gy xkce TyeT akrwhen

ee aes cate rey 220 Ge wrelel aiagina yiavace
qrsa mm fer faq aécrr feelers Seg areata tet



68 ier @ ROcaivacarea cle

Tre Rem wat fore stam corn or ca, 10°
orm] fates enepoetea-253 ereaece sty 40 Mev «ite

Agi Srerei-een atm ( 10** en ate crace ate af-citoiaura

eraser) 27 wo ( =10* cree) aigiererd Brae Fm SF,

Sea Gator 101 wa 1 oaary oem Tera |

N=N,oIt .

N =aita 101 a oaatepieen ;

N, = erage oaargacen (= 10°)

o= eqs faierara eager (cross-section) (=10-*” af-

Caboraera ) |

Il=orearen aay atm ( = 10** en ate crrace ate af-

CAPGTTUICH ) ;

t= OnR Tiger ( = 104 cre )

Socan alsze zeae TY PAM MIM Me—

N=(10°)(10-*7)(107*)(10*) = 1

adie Grae as cat 101 aa Genma abcq ma cae

AAT |
RR RRS Micha THAT FACS CANT AALS AA TRA

10° aay 2kCS or catcera Ta MAIS oR Yrs FM Ae 1 TOA

Recoiling
product

Ion beam _ tN _Catcher
foil|

Targ et”

fim. 6.3 : atfezwrd vefe (Recoil technique)
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We oF YIplsq e Aqsa sq wry sa ( ara TST
erent) fxeartin 8 gis score arta aia ako | ok yeTTeT
era wy Geias eta afters agieiom—elferwrte uf
(Recoil technique)! «aii cra mee Mein APY

Ms TS Fn Bey ( 506.8) 1 amneies mortars orem atey
fanios tm ai oes antes oa wal omit 1S
(Catcher foil) arn feat; cata 101 wa orang eifetrg (recoil)

BEM AMY BAS Mine Care cata wee (Catcher foil) |

CATS CATATA MTS CHT cater 101 a oy fer eae ser MTBA-

RATT CTS ATTA ASE Mss ASA fee A | we CaaS

ara aes waters adhow sian oray fafara afm an

TOA cites Spray Slee 1 youtyrersic orelteeta oT SCH

FN Ala ca, atay faiaaa foacaca cater 100 @ 101 wa Bem

(fraction) Biqeraa AIH Worews oaarg lqyeq-aiqe comPaPAS!

(Spontaneous fission) qfH my) wk ATTY Tagecta TIN

(fission counts) ARS AP CHSASS AA CAVEAT ACTA UATCAA

wATsAs wAlstoa (counting circuit) A wTAA-SIAA Bia

Prarors GO Heer BI QV atwars eras fevers Toa Aaios

RON ACH AH Uiatry Gol ACHAT BATS Mie) By

BOP ALA AASTAL Gintrsrrs Tyrer TSH AWS CH-TaearorT

Cer col rer-2car WTS VAT |

1955 area 18 creat arrataaeit oF atone ote

ees state t fey eo) arse orerel ateya onerad fear aa

Greats fates ster age fafener ommiyian ora TatraH

atrar ATI yes eC HATS Sq ot ct 101 az Beg CD

5G arn (Count) aa cater 100 aa aerarer Sib sary Taeca

ses orn crt (for 6.4): oraa fatrar foacery Ayre for

SUMS HATS AACHEN Fa] AVCA |

a8 Es +‘ He > *°°,,,Md+*on

electron capture...

10M Ti: = 16 eo) sool'm



70 fracorn @ ROcataacarea cater

ace Fm qwses faqeq (Spontaneous

fission)

Tin =160 fate

253 246

| Cf

L ew

101

| \| i eid, NAY |
5 10 1% 20 25 30 35 40 45

DROPS OF ELUANT

= aoO ad a a
mrww

vb fT @
TSPONTANEOUSLY FISSIONED ATOMS
D

fom 6.4; cate 101 aiftetcaa ataa-fafirra fBarcere |

as a6e K-wcaa Basia oiveta sare Electron cap-

ture 7] K-capture wm yf. o& aieaa comer ore 7

Te wre ingot FATT Us aise aA! ATATET ok

aacra (AEM CN RA :

eX t+ fem SY + v +Q (ae )

( faefien )

cit 101 wa araea ata cacefafenta (Mendelevium)
orfta-vrata Aol a zeart aueferer war aeestes foe falas

esa Mdi aca ates wttinns atm sae Aa

acetatencaa ay Gey mn Btatet |

Ww. CHIH 102: CUNT (Nobelium, No)

1957 ae seeeaa omniens cian RateRt «se
erties frerdiconret ( Rene, Wwwr 6 aaiae Feared ) cater
102 enriassra caren stave siana-244 6 a144-13 oraca



Recaiametea cateceria aieay 6 Seon val

Cras isirm eece wR Twa ain Bee zeq! 1968 are snfer-

cainm fratenencut afer aq Heavy Ion Linear Acce-
lerator ( Ac HILAC) «a seca cit 102 Berne ata

sinata-246 aq 12 faiem ans
nee Cm+7*.C —> wee ogNOt+4 +n

ne No ao En ++, He

oe Btert weitere cate 102 ce emay eiana-244 akcs
Bra ate kara “san cat” (daughter element) evs

re sq Rea (for 6.5)1 ase orem facet ner oq

12

C tons

woo mil
Catcher foil _ | Cm target mal

4 7 - -

oem _| | } /| | \ <_— Element 102
{ Moving, belt ————>

(— 400 Vv.)

feu 6.5 : carer 102 wifaetcas ae Agate |

Sinners wea see sa eet wae Rare fates ord Secs

WRAPS Fa Baqi ma oF Bisa Beara s4a-12 waa-

ate sears quite falar srmepyin fates omer atacas

Sm ea arent ok areas oss Gorge Avaeier sora

awa aac (metallic belt) UPS Fm ZAl ek Jae ogo

alepeq wrareat oesrsrat angencsa (catcher foil) face fran

aeara wa cite 102 orang one eeicea “san aaTpyter? Te

Sere resrert aeons waiawe BH Ok CNATS aNgTs eave

er cater orarys oaltepr-Prsheer wleret || SRS CATCACATT AAC

o& Teq cataica aaa Ze CHicafornta (Nobelium) |



12. - “oy clown 6 ttainmamed cate:

Ur Coe 108! ——— (Lawren¢ium, Lw) .

rit Bbeatrarcren cater epee exc 4 criverin as
oq rma FETT A GTI BACT Heavy Ton Linear

Cf target

Heltumatmosphere \Hegyy ton
.

Silicon-gold

aipha detectors

J

. Commorton AW
| fou 6.6: cater 103 wiftetcas carttfe |

anifacetfan freftetercay 60° mRcrtka eere Dew

Gabtaq Th (60-Mev =fw ) cre TArsew |

Accelerator (HILAC)! 23a area crater Gena

Fa Reatian (15a 6.6 ) |

eta fheqcats (Ghiorso) crece frearttn anfercetitara-252

6 110-Mev a@ma ora (**B) wean Bp ise

sinc | se oem facet steer Sm O'S seeRATT

(O03 X10°° ana ) aniecetinaecaa wigs ace (electroplate)

crem 281 ot weed (target) aige 110-Mev ana

arma cmay. faierm ofwotire ete (fon 6.7). wee Rew

air 108 afetee. ata fates. niet oreRt azn eer wae FCH

wueiny (copper-plated) mntes foc aegis ma Se fee

waiemers faery cosferne faze avn (Silicon-gold



Roraiancnea catacetty ota @ Bena, 73

radiation detector) tre biaw xema aq Bese AAT

Courara [TSlaCAa Ria MIAP-SeTy fe oizarey Se] AT |
158 Cf+ *? Bo os Lw (T.,=8 ices) + 6 * on

a8 eCit+*°,B>**"_., Lw (T,,=8 Ure ) +5 “oll
cit 108 oa eigen sm 8 cree mci ath

AHA AIC Be VICALTAT (Lawrenciam) aca afetze |

cate 103 eniaesrcaa ace Secatamncares catercerit (98—108)
lqnerqies catercertt (68—71) wy ae ate |



DISCOVERY OF Lawrencium cat 103 eherwa azaty |
fou 6.7



21 aterl tals 6 cafe
( Experimental Methods & Techniques )

Reaivacares catacert ae wees cat acm sta Bern

Fiat, TAIT Ao, Facwa cour ates eae goiqaa

Bul Barn Bers sey ofascs ( 1 eere 10** sag ) Beowy xa

RRA MS SAAT MPR Ga Utes opaie e arate

Certae aeaitent |

a> csocfern oreicl sicancia SBests

Roraiancnes catacert wetss confer genta Baer

TGS] Fata say faery AWaeygl oe AANA Wala en Bry

CATSATT | AICS AACAA ASN MAA ABTA AL GPTHCAA sreAite

asi fara wetel-aiceHa (Gloved box) 34 7 FI FAI

Wratl-etater| (Lead glass window) 7yias faers Fa VATA
Wea coalyra wane @ wale AS AAT A GA MA Fae

faye (remote control) aifas S1cSa =a (master-
slave manipulator) Ge avana aiza Berw Tawa WATS

SH Aaa FARA Baar sy aes alr 6 HSS] Gy

FA BITS |

araTE gyoiaany an at cla cats Sane cataryla Berw

weamag (1—10°* wag 1 10°° a) Cem aearhet ae

Oe «cera a pata fet Tl as Beas aA

MATT Be ANY Biase aa couPPA aia sate age seo

( faets ofan) 1 Sta BICeSS CHTE COUlaRa oY T CHAT
(Nuclide) afexq ariaite aieara fates ori ay FH

za, Rara coalsrawl @ “fe (energy) wAaatcra Ga SASH MM

ote on jouer aes eee (Non-radioactive —



76 fame @ Rocalaacarsa citer

carrier isotope) TWAIt FN Al SSAA, Bora PLAS

Saerwcm ay ime wee WS mal feg ona isin

oferat GT CHITS TLE MANIC AA TA Ml LAT

Cintyw” gears ca, Gia egies aera cataiea erateq

(oxidation state), catn oaq, latex cic Mae AW

aaa ST MeN Al BM sae yf-aaecr AIT—

CHa teat (crystal structure), we her, areit ere

(spectroscopy) Rentaes dara erate eaten eH 1

1.9.9 facia statis tafe

UPI 6 BCS erainaesa cata ( aiwrs ::

quan ) aerate wpracaa as faery eate Seta eta—

SINCCULAR

STEREOSCOME

MICROSCOPE

GWING Ge. 30%

magmnticarion

V2 ml SYRINGE

CONTROL

SIMPLE MICROPIPET DOWN

.. MICROMANIPULATOR TO 0.1 MICROLITER
i — cCm.OF LENGTH

MICROSCOPIC FIELD

fea 7.1; afeta afiats ery yscete fafarri

MEuresy sires sanity |

wiSOn wate. arith (ultramicro chemical technique)
be safeq Sess wiffeer © entity (Cunningham &
Werner, 1942) 1 wivens crear mae sfaar 107° atte
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10°° fatateacrm ; O'1—1 faintace arg ana an 2k
ems waberre (test tube) « ate; 01-100 wear

sist fase a @ BescHy Fonte wdbsr aaa sq sso |

aor tasty (10° ana) aise aay Ge acatrorrmry

cotasvaay (highly sensitive balance) teas aa wae

ate-iaareTa FS FHI ake Uae aaa atlas acy

{mechanical stage) ( fea 7.1) |

aaraiey Tay a1 aret an cea ET Balen ators

SVS i Bory aise sy Focalqacasa caiceta GSS HATH

(single crystal) age FH Asan faa wT, TR BAF TACHA

{0°01 —O°1) cHera of Taw B51 Pega, oan falqaa

Faq sta (Resin bead) 6a 0°'1—0°2 waaay sniecattarr

ier cart To Up FM water! ase erat ae

erq Gq spitaceitars ga alana (adsorbed) #7 ea |

ca Race ys Siam 1300° citvcaw oer SY FU AeA |

BA PUMA THAT att AS Ai GF VMAS caty AZ

AAAS MEHTASY, SAMS LA CNA Maa BMAw waar

Ral oF Foate ctens crea aoa faara seraiey Taga ates

(x-ray diffraction) arene*Ts Fa Beatie ( for 6.2) |

2.9 gesifrarn Se miren mens

ofqet afar yotina oitaesa arice Geert Fa BAH

acy BCIiTATA-238 ae CA «ACOTIAATA-239 «Tem «ATA

Socalaacsa ACK Aaerca Gata @ fawaera cas Falerm eal |

ass UU ——***,, ND Biase Py

+n

388 U ‘ease yh, as9 Np Brse> Py

qcotiaaa-239 ats veret omg fener fem TN ar! wre

iaerftora aan aa, Race way ster Ger POT AR

FN Bers mca «ara saga, aAtacia ACW GMCS SATATA



78 eer 6 Roralracirsa citer

gcoiiaara Tereoerre opie ake weet wT Aiwa Bx

OE VTSHTAt TA |

lqeucra faterata Becatqarr Bow ( 1 quotas akew ) wes

Cras wa Seng eal oaaige fener Acer ata we 1S Grew

areca (Fission Product) CES BAl Raa olern—

facraws uigetdt ae Gee Geom are fahas omreyter free orem

Raa |

mah 7.1: Pst fAnonets satel
( GH Gernmey sm )

faverats =| Seritra aeigert fabl-attz ott a Pare “fer

cater ATH, % wie, Mev Mev

*eKr 024 «| (9°4 wax 0695015 | 0°54

6°Sr 4°6 53 firs 1:463 —

°°Sr 5-3 19°9 we 0-61 —

ay 54 =| 61 fira 1537 12,02

°5Zr 6:4 — | 65 fra 0°84 , 0371 0°721

Tc }36| 62 =| 2°12 10" aeq | 0:290 —

208Ry 37 «=| 39°8 firs 0698 ,0°217 | 0°498

200Ry O05 | | 1:0 ex 0°39 —

181] 28 | 814 fia 0608 ,0°815 | 0-722 , 0637

118Xe 6 5:27 fra 0'345 0-08

187Cs 62 | 33 qeq 0°523,, 1:2 0°662

0B, | Gr 12'8 firm 0°48 ,1°022 | 0304 ; 0537

141Ce 6 33°1 firm 0°442 ,0°581 | 07145

149Py 6 13°8 fir 0:932 _

Ce «| «53 | 282 firm 0170 0300 | 0-033 , 0-054

Nd =| 2°6 11°3 fira 0'38 , 0°60 0'309 , 0:520

41Pm | 26 2°6 qeH 0'223 - -
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Rocaiqaa-235 ot faverare ataqiag aes wem 97°3

emt my aia (light group) aa esq 97°1 Sn ope aria

(heavy group) cit ware Fm eka agony oa

sores GreTS cite (fission product) ara agri faven

“qa (fission chain) Rate tgs Zena wy atem fret ak

SeoT Acie FACS ACIARTT TAT Fm Tow yRe aM fay

at WITT Fac Af ee Sera esata fare FACTS

AAMeCHA, as Tart (solvent extraction), ara fatara

(ion exchange) 20nt eaie amt yasteae atfogia fac

MTS AVA AA aN HABA, Tcenos Aehract See Soratrary,

AA Raa, ycoriraTy Ie oraTiss Teqea4rs cateryier |

(*) otackecaa aifsre (Stability of Oxidation States)—

Social G RVCAATACMTSA BAT atawsca Blew FA

CAAA

UO,7*=NpO,** > PuO,** > AmO,**

[ oraseq VI]
Am®$* > Pu®* > Np** = U*

Crane Kaylee AAG ARHl AN WH, Sys aay 7

TISTAS AAA ATATCAT AS Cater yTeT YAH FA AST GAL SAMA AAC HY

fee gras freer vate aca Fa a! « yYColinaTACe AAvae

ciiwary fqaqcas (sodium bismuthate), ort *TaTeAG

(potassium permanganate) 7 were (dichromate)

wa ofa em am ( aaealV—-VI)1 orate aco

(V1)-cs oraaa (II) Beg THs otaq (nitrite) vacacn faatiae

va ara (VI-—IV)

(x) Cera wlace farwtetey CarstySl (Extractability in organic

solvents) —ZICe1d) cataryiera wala aes gaci MO,** STAT YA

Coy mace frserrcans 1 owe artecaa craayia, M** atts

anine waa (6M) wives ihtghta wed (Tributyl phos-



80 : fron @ RocaiqaTCTSA Cte

phate)—cacariag acs frering ax | tera ny Tehis oniaw

(10—16 Molar) gas M** oraeyter Cora arace freerercaran

(1) metescepte fafseri—M"* 6 M** eraagier eniare wae

Raw BUAIMAS feeq WBE Teas ARreasley eel CHpwq sat

oraa ara MO,** ot aaa aiey aa —Aars Beery

ATA CAM VACA STs PAS Ba Are I

aaresce fate a det acorns Berm

agate’ faxare exces (bismuth phosphate) uk afeaiis

are Aaescw rs (coprecipitant)! &q yin (IV) &

(earmeq IV) miavera (quantitatively) watsy 2eara

FQAS] Bal a Fares aalonp Wits wT Aaieoias

SNAG WANT AST! wos wpe Rocaiaaa payee aesiey Ta A |

weay 8§keraina-ycoiinaa §=oyealsay ABI! TAATTSy

Tavera Grae cierqiar alo aa Bet fT SPE Tes-

CHU Age Migs aa l Bway oF aoa Aci VS worse

CUMCTA Sey ACTS TAA HES ALOHA AFR BTAI-TeTae

bara Aas! ak ooFA cre waa fea sycHca = *iaaTs

AMAT SATS TAH CATT SN AA |

(q) wtan fafaay eifaea] don Exchange Technique)—

awrataancares citaceriia ( faoraes erat cateryier ) enfaserca
ort faiaaa cated as faery qe Stare fers arr aaiee

PRU BA YIPSITLA GF AlacoRlT SCG Fa LACT |

AMTI-HHla Wage Reralaaa @endt re (fuel rod) warw

Winn Sem FM wl wnraisiqnes onaaite gent

Re ARS Sine alow sm eel Tae ETM, AATEC H NG,

arat-iqera sara aera fayen Grae catering alesis

qien x11 nates Tie oniaAS HACK Bota BTA TA 7,

weary IV erates tare Fc | ,

Oras ativa tetece satis pedens reten aetey faa
com ete. -eare-fou (Flow sheet) mecarcn wityian faqs etn



ontter, reise orate 81

(>) Gacata MEFS (Hexone or Methy] isobutyl ketone
method)—acay, (1 feet Uae fect) mae

secaiqata (VI) « ageotinars (VI) teenie xe, quar

fagenars cater asin yes 2B ari etary Cat we Say

AM CRUG sel FI a ate sac aoa VI

zece IV aa faeniawe 2a eae eels wa ole OIC ARTA BCA

acca Bee Yes Ba AA! a Bina IV

enaise Mca fate stave ours FANGS AG wae tae

SCOTIA Cen Bz |

UO,"* ea UO,"*+ Al(NO,), 7 TO SH

——> Pu‘* Cr, O, r.O,*- PuO . Hexone .
F.P. (oars) FP.) gras Pee NITES GA

(Fission Products) UO,
PuO,**

BUA waa |SO,
ATMS ARCAT | CT

,.dil. HNO, CATS | FHA
owe wa: UO, - ats Ga: “os aq:

UO,” Pu‘*

|

(2) Hqotee sass refs (Tributyl phosphate
or TBP Method)—«% cH Fae FSO ae ceca

HI Baye zy! wiacwr wocea Oa caicaa fasepry Tra

await 6 N waite onfae gaca erry FT ORAA :

Pu‘* > PuO,** ; Np‘t=NpO,* > Pu * |

UO,** > NpO,** > PuO,**

6N onfav-aem sare M** oraagion Taser cre

ewe wey fog 12 N eecenaise ce 16 N aes onias

MIT 2Bco Bares fase ates xq ose oF freer FT oe :

|. Np < Pu < Am < Cm < Bk



SB ley 6 Sirairaares ctx

Recatras-ecoriray YaereACT GT LCT AAC BCOTATATAE

pet ansreca (IV) alate sara aay fratae fears fz

TRANG BAT AIT FM BAI yotiaaT IV oa om yori VI

oF TSPRITS 1 aire relod ATO] BAe BA Ber

qorinarace terse falerata ea eee Sta By BH

UO,** TBP was, weta wa: FP.

——-—Pu‘* 6N HNO, “wise ez: UO,"*, Putt
F.P. SO,

(Fission Product) Teta | or
H,O |NH,OH

Os Ga :<———_ais wa: “Yee wa: Pu®*
UO,** UO,”* | erae
(a U**) (7 U*t) re

(0) fart BEB —enlaetaty Boatwes oar (Bis-
muth phosphate—Lanthanum fluoride cycle) —&tvafqats-

SCAM AAs HAC AANA aN ycoliaatacse faetiae Fn

RA AMT ACT CACM AN SMH Bigg] SEATS Yrs FN

aq; wala wa etce yorinarace (IV) ferme were Aca

wereiey Fa stl feelt ws ak Fareerwnse Fst

BSS 6 YAH Bry Sia ON Fa Bl Bweowcs

alee tara aay Teles ONG Weer Sq was; aTae fee

crivary faces «ae free fone oma (II) age eat

Bela vata fara sacar freer fod aC FOALS

NIA FA Bl OR ANA ACHlinaace Sela. ataveca (III)

afar sm aa, Gempe fqeracea (Fe'* Roniy) Area

AMMTTT FAAS AMKHPCS HSS Fala aa Cnivary

aerrnkcer alge wor eae ARS Nine Gey siscw eI

CTS HATCH OE ARTE SHH FA TA OA MYATT FCATATLS

CFA ATaytS Fa BH | |

airarcaa Seay trey oF vale Sry alsios |
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84 inert 6 BGcaiqanered citer

4.2 Sree afetsm etafess (Ion Exchange Technique)

. Becinmorea ctaceria onfeeecaa se fete Sera coterie

age faaerqtes cataceriia (Rare earths : Lanthanide

series) aratay pot ecm crt seres onisate cot

( Fares 90—103 ) are faaagqias catacerita (aay 58—71 )

ayant Sex aria se yuster wee ye) ora falaae

aterm ktoarey cxcare cei citargiar yesteacy Mews Ae

are siaaten | wie kecaivacrer catnyian asia ma osier

MSA ACH ACH Siceey agher Tacs Fa asa! «Ta Feasiv

Ta ATT AW, Sey oF agied setae Bertas |

Tacraws Ziaatenea cateryiera ( wares 97—103 ) Sige uk

aated AM ASI etalen | onaa-faina ae Ss (Ion

exchange resin column) 28m «& catayiem Tefacra oa

ore toacacy (curve) Baa Alves Clagett sn eearheer |

araa-idivaa wet (Ion exchange resin) at Tar cea

qecata (polymer) smd ( arias yay 400—600 ) aaIa



ontw) ais @ sate | 85

mem (chain) 1 4a (ring) fater aon saree (cation)

(aq, aereias ont, —SO,H ) 7 eras (anion) ( aan,

aint Grae, -NH,*Cl”) oa enei Saree senrcy
wTIS GEA-aiqas-siae @ werges opaa-faians-srae gery
(Cation and anion exchange resins) afeies =m aH

ACTS AHAT ACH SI AIC ATW Barna falanT zy wae

CHATS AT ACY STS Cad Tatas a1 at. fatraa-

fateata (exchange reaction) vet zewat aA WA ( RSO,”,

RNH,” genta ) waree ens, cere Bara Here oracra (H*CI-

Fonte ) aan oH |

RSO,” H*+Na* #RSO, Na*+H*

eq a4 sq wa

FAT SZ FAA WI

( WEIS ) ( SETS )

RNH,*Cl +OH #@ RNH,*OH +Cl-

sea wa #4 wat

TAA CF Wa VI

( warez ) ( BUTT )

« Corare faieya-igieart ACTA TT eT MPT MICS CHAM

eats warts wracad ( casa Nat ae OH) alae aecra fataaa-

Gr arrea ( aaa Ht gen Clo ) fatracas scr ae ST RCS

Ht geq Cl eele ga grrafas a aa eats gacra Na*

aeq] OH” Feet wea Sin ae scat | faiqae-faieracs Fert era

ADA Grae Gorge cive-lacera ome (electrolyte) aan cat

Olay Senmarsial fastas (complexing agent) TM" SAA Fa

aa fargies ata ora (8+) ave Seciaacarer cia

aracaa (S+ : ovla arate ) afaw ara-iairan Ferey ( MATHS )

Calais We Te Tet sera afew Ge ate MAA FAM
infers Sm zal oe Ger sem-aacrs Actes Srger Ae FCs

Bus (resin column) ote crem A 1 Baeecs Gorge faeracen



86 faeern @ BOcafaacarea cater

(complexing agent) 2amma Ten Ge aiagia area oa uF

fates aca frets oa

8 R'NH,*+M** #R,M+8NH,*

WAST | -w WRG we

M**+HA”> 2MA,”

we | faetae wad

ate ata

aya M**=faqa-gies ory a BUcaiaacaren cater ara ;

R°NH,*=aneniaama saree oray nels wares AeA, CITA,

wretae-50 (Dowex-50); A> =catn Bray Genmasrat fasras,

CUR, GING, Ae, meds (citrate), amet (lactate),

Sere Zeya Macias (a-hydroxy isobutyrate),

sieiay oeaint coireniacs (ethylene diamine tetra-

acetate) |

Scare fase gi ulveten ceca fates pH(=—log

[H*]}0 frais en ant Gorge feerae gaia (elution)
ae catacent yeiva iataca Fa oreen AA—ka CMF UTAAls

anata (hydrated ionic radius) ey aya |

faxrrates carercen® :

Lu>Yb>Tm>Er>Ho>Dy>Tb>Gd>Eu

( eatss 71) (70) (69) (68) (67) (66) (65) (64) (68)

>Sm>Pm>Nd>Pr>La

(62) (61) (60) (69) (68)

Rvcafaatcates catercat® :

Lw>No>Md>Fm>Es>Cfi>Bk

( wats 103 ) 102) (101) (100) (99) (98) (97)

- >Cm>Am>Pu>Np

(96) (95) (94) (98).

* gtr arn ba—ok sqestean. airs os gered ofa are
erat fate cater cata ora ‘eliacwr arm ( erating wae,



ode MIS 6 aaie 87

Instability constant) Tatey aiiacqa of faferort yasteacrs

qa fete. faxegtes caterers afteorm erat cater acotrany

(eaee 71) aan fete cri aqarerdt afore ort 8oca-

fanrcmrea cata, 108 rarcera cater seca fasfe x8ca, Ben oyatcee

Staarart en etattet | aaa fe, ofeecar 942 cater 97—108

or Bag oraa-Tairaa foacacy (Ion exchange curve) S¥-

neon faite tater aay ok Slant aaaitas water wails

eae |

amar fever Grate aay (Fission Product) tear taxa-

qise catargia ace—atyier qerae:® Recainsared caterylor

Cmeay ATA AST aH Freese GF BryeTS gras ( faar-

gies cata) sormaa axe BOcatrarcaren cterytar yaateay o%

gate ae arécera foarte aGiae sinahet | RTA AAT

ataten oray-igiraa orgies Airy amcaica TaN |

ay RAcHiae wniincwa alge fata Socataarcatea caleryler
ACCES WNIF BT Sriasyt cercacatt wat (chloro-complexes)

= bu tTM iio Dy Te Eu r=
- Ew E Bk
c Gd _
L . Cm Am

~ i i
=
> Cc . @
a 

)

SE -

a i? - @

ft py egy ttf Lititu 1 14 | |
10 100 200 400 600 10 100 400 1000

Drops of elutriant

fou 7.3 : aptaetatee (111) tsa ( arafeces fea )

ae Ot BaBo (IIL aracaa ( Stafarsa fom ) Srscww—SO

oratett gaa eBcw fered | wrtcat fete —ertere-er acer he
BVAfABiPrad-aw wears AT Tal Ysa ATS

BVatfem | caver 102 6 103 aa WIAA STTSSHT

feacece fafer etatfen |



88 Anwort 6 Qtcaltararen cat

aie sta faanqies catecrs Serta | Mees MATES STAN-TaiaH

Tet AACS VecMS Sayin My eae wiAwwT sae TN

af fgica (group) aye gai Sepoey wale aa eras

UAA-AIe AAT LATS 10M fates arte warez (95° catiraw
wren) Wa Se mayan tera.) cram ot wary

mTePmins User, wins Fe AA BT Mewar

RAM swiocs Ts TIT Tay Ss Reco (cation exchange

resin column)! for 7.38-8 anqnage (8+) aa ¢

wpfenes (8+) araactt Dowex 50 aan os ( wares) Bato

OITP-AAiMaecAiseiwras (a-hydroxyisobutyrate) ( fatwe

pH arm) an yasteacers foacery craicn eset | cater 102 6 108

Brigeercaa 14 Torrence wag ialas sn aeater ( Ox crn aH

Totes )1 wk fon care Goce we aiecerita sass ATE eae

Beate | MaA-iginsay Ss Bare yuslsam wa Unlsey

OAAPACS ANAS HAS VAY FAAS Hscwcy AVS

FN BA |



wl AAAS eA
( Position in the Periodic Table )

wo epniesecae Sesar

eT TSS wnrersisron (alchemist) st aa ate

alan eiacer—aréa (C), wae (S), one (Fe), om (Cu),
am (Ag), a (Sn), om (Au), tae (Hg) eae abn (Pb) t

Cra BT at Tote Tea—aeaq (retort), waqiv

(mortar and pestle) Quntei fey Sra wana ara

qatete aon tiantert | aerr seria avery commie cate

SPS LoMiat! Galaer erie wae vo cata Aare

Raa Ok ANH Bene wz aratae, cavefes (Mendeleev)

omata-ataita (Periodic Table) Gera sian sae «st

ad spent Steer aon ser! clei ar 7 e

rere fant aS Bk Say oaiagS come Cave

nies aia iafa @ Bara eae eiaaert sare AST eer | Fae

“ori aaenn faerie Tse GAs CNS eacAA TaTTS Tee

TAC WN Aor cite wicca yar ah Pre wearers

mace, *TATG_RT (Reactor), wreiaanaba (Accelerator,

Tawra: HILAC) Sentt aenyine wants em Bocaiqacares

CUtecata UT ASIA AVS A |

faults Tarqced Uren fe 88 aie ator am fe—

One cater RUcaievarsy ( erarese 92) 1 oF 92 catvers aces 476 PEA

fer—rars 48, 61, 85 @ 87 Bx aa Rerera rH ww
“Tare cite’ (Missing elements) 4a. @Ire aTetace

Rererst AW Tem ae ae ( wele winced) 1 Tees FIM

Coutea wae Zing Soca Rares maar aye siavw Larter t

1987—1945 arama sen Barn oiieye eeatier | aR AH

Rwrairacas vatet citenyies aypTErT Slecotert |



90 Taare @ Rocalracaea cater

Free rors Geta ce famnytas cateryier (aares 57—71)
aPTaTs ef @ Brerets fan UPat ass ae as yes covfics
waar face fans ete Barra aa fates ata cater 56
( aimary ) 6 72 ( orefaa) ot serge) fey &bcatracwa
maTOT caterata AYER MAS oie fet FeCl eTTET ATCT
AS SCHR ata Teer ca, cortaara ( eares 90), concdremtétarar

( Fares 91 ) 6 Bocainaa ( Fares 92) oa ANE fat ore fara
( Farey 72), oor (Fares 78) @ GROGA ( Fae 74 )
oT ARG 1 Beer cater 75 ( cata) ax age att 93 aa
ATCT Mises mcg |

aq 1940-41 ara ct 938 € 94 unfgeps ake Oe oT

MANS SRA SAT AVR ATT AST fee) BTA TAT
Uy Serra calaa (Fase 75+) @ eaten ( Fae 76)-07

ayant em Ciset ise ses crn cum, Socata Ace

Sarees AIT Mee leg caterers, wefimeNa Ae CETTE ATT ATE
wrara, cata 95 6 96-07 fta-mratics ea AyeR faercsa UTS

fem—Rerra omivarr ang Bator ¢ emnitarcey ap KexrA
wera, Tey ok san Ser eerie eer



AETH-ATANCS "ETA 9]

1944 ara atat, “omisagu we” (Actinide hypothesis)

SMS Fiscry | SRA WS ease onisiaasy @ Cras wT
catagian MTa-ATAS Aloe ay AMS sn xr Te 1 feta secs

Sremsnrs sary cl Ulster vatet catarytea fareias

aitcra (Lanthanide series) aya eat gem cateret (Acti-

nide), cata 90—108 az qwa cataracts Use 1 ak we elas

aeara wa cate 95 Renta onizeacad rey ocasy yy eearheet

ota-arata faréera et ( 5a 8.1, arat 8.1 6 578.2 )

arewins SRace' Bare Jerrca Tawln TTCaT Men, 1944

ATCA OAR TOA MA ta-ATaet TOT FCA |

amram 8.1. ttre anf seu calrcaha ata
(1944 area san )1 omigge cilagqia seat aera

aoe ate
64 | 65 | 66/67] 68 | 69 | 70 | 7160 | 61 | 62 | 63

Gd|TbjDy|Ho| Er | Tm | Yb | LuNd | Pm| Sm} Eu

57| 58 | 59

La! Ce| Pr

|89 | 90 | 91 | 92 | 93 | 94
|Ac|Th|Pa| U |Np| Pu (95) (09) (97) (98) {(99) | (100) | (101) | (102) | (103)

ATA AANCS cater Aloe UTA Tare se Tete zea clic

COIs @ Wane wf, Besa fan, Zora |

fom 8.2: sera orete-aah ( Barfagw ateetina AST BHA
, ornfas ESaice ) |



92 fame @ Sbcatancared cet

ws Seressa er :

fareqies cateryiet ( Lanthanide series 7 Rare earth

series ) «% faorq aiere cit camétee (Inner transition

series) 3aicwa arraias xcl @ Bcrereda Tac sis ae TqaTer

aq | Sareea arena casita faancra veces 4£°°** 5s* 5p°

5d* 6s* adie Sanna Berson ager 5s, 5p ¢ 6s aqer:

(sub-shell) 4 ane feq worera 5d 6 4f aqeR apt acs F

og 4f ayea Fans of aa Talaara ( Fare 58) Bao acoTAAy:

( wares 71 +) 1a |

aqarerd, feolr faries cia adie unitate cta-

casita (Actinide series) 2creia faancaa ateraa meres 6£°°**

6s*6p°6d"7s* «as Berm Teor arenas ater catrcrsia

Uses | wkescn aerate 6d ayera ScrsaA ACT Fea ; MCT

6s, 6p 6 7s Mf aqwagiaa Srtgtiocs Sf wyeca Scersty act

wat bf 6 6d aqecay “ies am are FAA! «MaRE Uls-

TAG citacerits seer Svin asa Gee wise ex:

Asam are 1 fag orca tere Sf ayer Byers sy Tike cay

Mier CT CAST or Ae M1 seat Barwa armaing af

array ace faa araics oniste « aMTTRS crea

caiayiags crayerscaa (Valence shell) awraia fart crem

Ra wets aC are Berets faryia Slag em gearter 1:

aad amy (gaseous atom) afet sce oniéiras,.

cofana, Raita @ arcatateasy ome oreaa fen fete

Reaet! Atay aly (atomic beam) he ZB0e cence

CMSA, AM Bia, aoriaat wae Bisa Acoreiy Ta

Tadtine etarigey 1

SMFS citeryios waits ANE Aes, S en Larva Atzw

meee atin ao Tart Rees areas etyter Bete

arg) (1) @eta ga carat ore fates ors (8°) ace

ae catr rat @ cre catera ace fee (chelate) catr Gerry



MATE-ATANCS ETA

atat 8.2: writ Snes ¢ wets cuter Scresa

93

fanta ( strata otaatg)

oreat' cater Sereda of | ooteaty| cat Sareha <
wate fer | wate fauty

89 | Actinium 6d 7s? 57. | Lanthanum | 5d 6s*

90 | Thorium 6d* 7s? 58 | Cerium 4f Sd 6s*

91 | Protoactinium | 5f£* 6d 7s? 59 | Praseodynium | 4f* 6s*

92 | Uranium 5£* 6d 7s* 60 | Neodynium | 4f¢ 6s"

93 Neptunium 5f£4 6d 7s* 61 Promethium | 4f£5 652

94 | Plutonium 5f¢ 7s? 62 | Samarium 4£° 653

95 | Americium 5f7 753 63 | Europium 4£7 6s?

96 Curium '5£7 6d 7s* 64 | Gadolinium | 4£7 5d 6s?

97 Berkelium 5£° 6d 7s? 65 Terbium 4f£* 6s?

(5£* 7s?)

98 Californium | (5f£*° 7s?) 66 Dysprosium | 4f£*° 6s*

99 Einsteinium (5£4 7s*) 67 Holmium 4f3+ 6s*

100 Fermium (5£27 7s?) 68 Erbium 4f** 6s*

101 Mendelevium ; (5f£"* 7s*) 69 Thulium 4f2* 6s"

102 Nobelium (5£44 7s?) 70 Ytterbium A4f+4 6s?

103 Lawrencium | (5f£146d7s*)}} 71 Lutetium 4f24 5d 6s*

x afectteysl wcagq @ceraha (Outer valence shell electron)

wai (2) ares, aac, gente e mTaPee city ace

arte ae STATS @ Bac can sHadtet (3) antsnge

coterie ser scxeis cater Hace Rrrsia SIT FCA Mae CHwT

arate Nts xtm ences, sa Berra ares Sf ayecaa

Rrareaa tatqerenca aan acs, Sel 7s, 6d 6 Sf aqecaa ate

ama AM! «cota (IV), -cenccrentstrara (V), 2ecatrara

(VI), cinginara (V), gotta (IV), tenia arareagin



94 farmer 8 Seralamered cater

qtatow | erat catenins ( wares 96—103 ) afew amqerneu

Creata cateryien ann ataaeT |

cia 97, sizacra (5£") eraaa faancr atae alaors

Caran | Ram ates omeoiainas (4£7) gota staara

— 3° ae omreutataaa —3* facrgene gat sta frei

mig ( etewra 4f", £7) wax wept (4f°*, 5ft*) Brereia

COSTAR Ale By BqeT Bere] Ht | as aineiter Screia-

lor acer aay atecrtt catrgian ean watys cater 97,
actin aloine Screia aq stam Sf" fara are sq eae

Ge airs IV eae tate ani aqarera f'* Screita
Tear fats caterqia grit—ot ener catcara ( 102-caraterna ;

TO0-Roraiaara ) Il arasey opecty. Berane f° Srraity

OTSA TSA |

SHEN citacnsia wal catayiaa eat 6d aye wae

Ta Tp aqer yf Bet) cre catate ake walt fates oma

(wares 118 )1 fey ok catayicn ater aez Fergal zerq

CH, Szea Maa Fa Tos eA ( fea 8.2 ) 1 RRA CART

Brag ScerpaT LNA CTC AA I

mrad 8.8: cate 104—118 aq Scaha ata (caters wz )

cater Borate faant7

104 Bf** 6d? 75°
105 5f** 6d® 7s?

106 «BE Bdé 752

112 BE** 6d*° 75
118 BE** 6d2° 7s" Tp.

114 BE** 6d?° 75" 7p,

118 bE** 6d*° 7s" 7p°



ordtg-ATRACS EA 95

v.99 COTS oC BRS eI

MAIMTIS 6 Bisnis os w cites sre array

AMS CA Bam Gace scasta faa e wa-maice BWA
ANAS AAC! «Sart weerto oraa-latata aie an anisase

Ta AISA G AATSsI1 ae Seal caterqiey enfgrera t

ACH SAPO ACA COIS @ APTAAs Melt Scat Fr eT I

(=) ateq wae eae State ait —seratreares

ciate oareise (electropositivity) aetys 1 afters sacra
(molten salt) civetqceraa n arenau aaa satay wea

Giga an tera aera citegia wet ape Gey zA I

AAQMaTy @ BANC HAM TOT MT Biva—Rarrq alee

AMIAMMS CMs AT Te cH Bieataleacsy Hey

NOTA ACH CATS CATIA ANP TAT | YCoTiACAA ATQiASSTTA-

STS HT AATSUIF | ALATA SAAN Bao wetaey ws Zara

Bale AME (allotrope) BIg |

sior Baer facatet (tripositive) anisneU BEAT BAA

UTA | Hecke wiisnews waa (tetrapositive) aAfRs

taizara IV ora aren areal Baa aap fafem

UTA | UTA eC FTATANTAG e Garces cabryia anes fag

TRG, ACHE, HTACHTCAD G ATTPIAG catrylert ACT AAT!) NCE |

CHA NTA Sa sew wiienee cleagic orale

ard faite etace | “optaettaree aecetocea” (Lanthanide

contraction) SyRA Wal = Wisnes CMV AMI cre TH

—Sarg ara “wtf FarVs Aecsiea” (Actinide contraction) |

MAPS ster ae Sala BWemda aM! kara TM

Scarsiia laa BAcw MGM ATA | | MANT-APTEH ATT ALOT CHUL TT

OTe she ore | UNeTS caters TCS Breeds SF ayEtA

Scarsia new sie xx wes afacsrerersa (outer valence shell)

OPT MCE | SU CATS VASAT ACSA IE AR MATT

Caer e arnta meer fants art Gk MA ATTA TD



96 iaaorn @ Boraiqacarea cater

wre caivata (Normal or Representative elements) ssacr

Tarts ( Fares ster acer orale area ate) targa aadies

UTES 6 UAT AKT IAA TAY GATS
CTeR] RRA |

mah 3.4: apf Pres © wptaetatee career
wrtaety aptarte (A)

BUSNAT caweat AAMAS caterer

Ac 111 Th** 0°99{La** 1:061 Ce‘* 0°92

U* 1°08 Pu‘* 096 | Ce** 1°084 Pr‘* 0°90

Np** 1°01 U*s* 093] Pr** 1°018

Pu** 1°00 Np‘** 0°92 | Nd** 0°995

Am** 0°99 Pu‘* 090] Sm** 0'964

Cm** 0°98 Am** 0°89 | Eu®* 0°9650

| Gd** 0°988

(aq) @ratwa (Oxidation states)—=onisagu ciara

areata era 3+(III); coisa 6 concorantsiaaa Sara

alert! catam e aotiaaea IV arava aac grit

VTA Bal aes, aai—eraiaaa, VI. cginaa, V

rae Ortigia 2206 cataara, IIT.

mah 8.5: Orif saree caercn Da erates

carer Ac |Th]} Pa} U |Np| Pu/Am; Cm] Bk | Cf Es Fm

*-eaTe | 89 | 90 | 91] 92193) 94195] 96 | 97 98 99 | 100

weer | 3/3) —|3 | 3| 3] 3, 313.13 | 3 | 3
414 |4 4) 4 4 4

5 |5 |_5] 5] 5
6 6/ 6! 6

1

Coates Aeenyier Steere ETat SraqeT TUT FCA



G-ATANCS ETA

erat opine wai IIT ets VI areca @ orga

oiqaiws aa, warm zea M**, M**, MO,*, MO,** 1 fafer
arta area 44, et, emgte Rete tras araice ene aker |

97

MAN 8.6: WHY Wace eteta

Cif PTtes wtaveie «

SlASr af + es refs aifty

us — | ate-atetat | UO.**+-Na (Zn)/He Bm ica ati ee, ateter

WS atfas ey (Us+).

Np*+ | cet aiet | H,(Pt) etal feeatas MAW; Weer wafres

| aa (Np**).

Putt CIaal- Ae wows atateq SO,, NH,OH | acy 6 Were Tia , AR

uta fata atatcatay (Pu‘+).

Ame | cttett =| I-, SO, wtat faertas TiN 5 eC FAT ee a |
U++ re Ust+ air yO, TM; Wetcr Arq afzs

@q (UO,?*).

Np‘+ | SW | NpO,*(H,SO,)+S0, att , teter tea atfrs
ay (NpO,*).

Putt , States PuO,*++SO, 4 NO, - 6M eotfnce at, a
' wifics facatar

. —Pu*t+ Pu, *+.

Am*+ | catatt-at | Am(OH),(1SM NH,F) ISMNH,F « ait;I- eal
' xe fratfae ea!

Cm‘t RACH CmF,(15M CsF) 25° cx. 1 BBN ath

NpO,+ | 77 Np‘+ wg HNO, aint , ate Vat face Facute
QB |

UO,*+ | err U‘++HNO, (ata) HOS UTR |
NpO,*+ | cotert? famed atateace

PLO a+ eemecntatet || Cette MnO.-, O, Sart || UR eer Frais
AmO,?+ atetar wai ara

# Ac**, Th*t, Cm*+ eae Pa otwaefa 14Qa |

SUlacay tee © ctgfa Sore Saher |

7



98 laeert @ Bbcalqacarea cater

Benes cleanest gets am «Bayi = TCafoa
afens catercerta (transition series) Cateroy Sx ane areew |
era | oe Sneath Giertert — aars-igerae-fqee

(standard reduction potential): enfae ace (1M

HCI1O,) aan-feerae-iaecaa orien ame eter Be a8re mre

amie RR CH, Fae ater ace cai omeie

(clectropositivity) aide ZA Gat Coot aaa Oise a4
one |

mah 8.72 IMHCIO, Faced Sif Buse calcers tas
faertae-faea, Volt. ( 25° Gr. ).

—2°6

Ac®* Ac

- 1°90
Th*t Th

(-0°1) -0'9
PaO,* Patt ( Pa

+0°32

- | + 0,063 +058 | -0°63 — 1'80
UO,%*—-———-- UO,,* U4t Ust U

0°677 a

0°447

1°137 | 0'739 07155 | | — 1°83

NpO.**——Np0, *Np**___Np**__—_Np
| 0938

oars OS a7 gogig = - 2°08
PuO, at Pu, Pu é+___ Pu8t——_—_____Py

| 1-0228 |

[160 109794 26 | [<-T5 Oe
AmO,** AmO, +___Am‘$* A m+ Am!+ Am

Beet __ pyle - 1.4
(—1°6)

© TSTMS AMT YT MATES
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ctv IV—III aa VI—V fear fairargia Geet

(reversible) ae Feats FR :

M**+ezM* ; MO,** +e MO,*

ot faigm oF Bcreuage oas 7 faeray am wat ariew

wa fag ye Rcorade-fsins fafergia Geet ea a

MO,*+2e=2M* ; MO,**+2e=2M**

oe Fzrera Talerata Ba Fy Fa eS fafeara alae wg-alacaa-
cae (M—O bond) 4 fiaaa org aries | arq-faeraa

faterarqiaa S1caT FT AA 8

U>Np> Pu > Am

ei Coliqarar ae Bara mTTST caterylers eey aac aby ATA,

ealaceat (hydrolysis), qecatt soma (polymer) «ae

qeslacataa (disproportionation) 2untt afeaa ay aa

igetal fates SieTS! ore ATH Stew) comlpacl Tisai

ay aaiderm (radiolysis) geace H, OH, H,O, &unty

CHAS AM HAHA LIC DSA UMC, Bala FCA CHoq srawayzia—

car, acta V, VI, onatatesa IV, VI faeine atm

are! ade wiotiame oni eelle aC blaly eratecad

(III, IV, V, VI) aareerca ence 1

amare @ aft oat we Siaserd aero M**

SRAyaa wes anita eae wee! a witaa-1V

Ua wMifacetas am secata wasnt ora late sq ATRIA

erates yey =10°° 1 andiacesa 1 aioe OTA OTT TATA FA

GRABT : |

M‘* > MO,** > Mt > MO,”

221 tes fata sea OTaAlA ore @ APTA Gee |

SS GAT TOA MATT SANA FA BACT :

F >NO, > Cr > Clo, ;

CO,-~ > C,0,- - > SO," ~



100 rr 6 SoCTeRTEATER cate

AAMTLG MAACTA GAA Bisse BACs ao Bara
gine citi cea Taper ace onlénate oad faiem

Feerera «Goreca | faeraws Bar aaa a cinaa

Cemaen AMT Baal wee sACEOA (TBP) CHT

aT a clitam trea @ yusteae ats arcareta ( 7am
otacoer ) |



>| aaetfas eicats
( Practical application )

Roane tects wpa aire caitas acaaTa

iamnae fen, fog Rercea oie cafe ocaamaa alan

Brora Sam AiHSTer SeacA as [SA FI AN Fiaa—

oaaty an (Atomic/Nuclear age)! qasrelt oriescaa

ar Ben Bara Aerey acart fea starTs ea tears se

fasta aaIACaT AAC ae aglow Bvcaina-238 zac

Sara 235 CNACAICIN $yUstsacTA §«acG] biemMiea, CAE

Boraiaas-235 aa fever age (fissionability) BMs ct

a coina-239 ote mt CM CT Ca, Ball Cee

Recatrats-235 wa ocr caiti spice eraiqam-238 2kc6
agains (slow) fawicra ARIee a woriaHTA-238 Cerny Fal ABA

( Has ofaceT ) |

SScalqaT SIACATEIN YUsleay os yas egies Tots Tees

Tata Reraiaas eager (UF,) ahs Se orey wale

UPS Beaten | fsgq Reratra-wwiaa yslear Bes yS
ALN Aas aterm aa alee eather ( AYA atacwee ) t

Gama wafers mana seni zkco faa sifandt Presa

UEMA Ba a corirars Germs sem savin intrs Reariert

emmescaa prcené (Hanford engineering works)!

ataica aay faame see wale aca Fal Bathe ( AeA

Nace )

omy fader Sree omeafet ee Bocaire @ eerarerat

TABU GATT COTA FTL GS BMY SAT Sy MPA AP

Bqatat (E = mc") ate Cerny sz | |

85 U+3,n > **,,Bat°*,.kr+2—3'on +200 Mev



102 faery @ Soraiaacared citer

ocers Boratana cous xate 200 Mev wife ( fem cate
Rrarsia corms) Genlase ayi aedte 1 ata Becataaa-235
ievecit 3c 2X10" fecen-snenia oremig Cem zA1 ok

Ort 1O-° CALHVSA TUT CES BA, OS aoe PKA TH HAE SIM

TM Os Hie feat Akow MT | GRSNA AAG CATA TTA

Gob! 1 feconaray Secaiqaa-235 oa Tareas “te era 18,700

br— ape fareras He-aaah-sias (trinitrotoluene, TNT) «a

AISS 1 OBST NA wisirm (chain reaction) fqaiao

since miaca 1 fecatar Bocaiaara 2ace 26 ope feces sxeTA

WIM MTA FA AA cae 2 core Tecarenw--vi (Kilowatt-

hours) faye “fe Geqiae zai smarg “fea oF ge fand fre

ROTA 6 eTfaopl icy ATceTow Aer |

a> PHancfs facsiae—sitafas -deeey

Sifesfera (Uncontrolled or runaway chain reaction)

aay ooTaaigs fare webs stated 1945 are

16 ynz Stace orentae Feacss Ae ciiscsra STANCATCATACOTA

Tel eect | 2a ase vate RAI VAST CNMATTA

Seay RV VGiaAS AA TA ween farsa ao asa aA WPS

McA alta fecatan e ais aca! | oTaNTas Tavares

Serta Arn yest tian Slot; sara ais wa Boa |

mass Tee TA AS eka Coniavery 6 Tanto

atid eat sare eam Ufeirm aes woNferw GaAT Zar

mea | TeRT Me a TyMITS Barr ever Ufelerm Traerndlay ace

—2z1 maaT-gela TiS | .

fatter @aa-giree (Reproduction factor),

K =O Ber FAO HCRA Ae

(n — 1)-om BaF THOR ASM 7

K-08 at > 1 eae oraaeias faretay wae K=1 gare

trates yee oteiem ae ( era ATT ) |
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Becaisary T a wolritaca Cay 6 UTAScAA Gort cos faery
wool Téa eel ate econ cfs wet ee ote Bara

DotmwOT CRORA © UTAUETT BNI cet eH, TACRAT Mea
wigs AN e ieverere troRAA AT aS aTTiss SA

as at eat cl Re Blsign afaprerna aay aces fatda enfaca

mT Ot Bo eee alelrm wa aera ora faery aves at

ae sa coriaaM-239 ( wen RocatraA-235 1-238) wa

area ane stu tacts (system) 2&8te fadacra orcas we
Fil a Ga Es UTE Cmte ga ae ae Uteien WH

CN SIA | OR TY MAT CH SCAT AAEM STA] BW Coir Se

Rwalanca wifes Ga (critical mass) tq aietas | Oz
“Suse Star’? ales eq (super-critical) s8cq fares aera

axe Fy (sub-critial) 8c cirve fareras Zara 1 “HTIae SA”

ea Fa See AGA Se —aan, awa oeTg (shape), 7

(composition) aq aga Sifgis (impurity) am faeky

CHE Slave MA MATT Eerie (nuclear fuel) Ore

iaeaa ators an age sac fatia wcaa ASTIN IY FH

MAA Oe HUSH Scat afar AA Maes |

mTartiqts feeeaa gic waters aie gyi (1) Gariv

wa fate (sub-critical mass) we Begerata 7 crend

U-235 target U-255 Projectile —

i i i eg
Propellant

Large moss Breech

Pear 9.1 : rat copate Tete STSTSM ATT



104 faery @ 2Cralqacarsa cater

Bras matas Berics yorsers for 9.1 Beyarat aren zz |

ar crenf erat Great ser tige—Ber TyceA ACH MRI

ena (target end)! way cient cetarat (projectile) Fer

at wees fifa site werl cine afemret apnaige

TARA ARICA cHATSTAt Betocs 10° craved FI AIT

TN HIATS crane BIS sa sa | Ow “afsmies Sa” (over-

critical mass) 7S =H ae Sess ape fareTad ME! (2) Ba-

mies Scat qrarice ( Rocatrara/e corirary ) Acerca oT Creal

Sai Ree Get aga way aie a; Sinem BACT FA

Rear oka aera ALM HS Aca ales Sa ae TACHA ICH |

arena facaitam @ arrnie aca ce gai oraartas carn

( a corinam ) fareraa etatie (6 wre, 1945 a) TERIA

aes faraa aim oafedive factiasrr saret era Avra siaaieet |
facariam recta 4°65 amide ware weet yeme Bae 1 2-3

TRA Te AIS Ulary Le SoA Sey afans eel FOS

seats 20,000 xo wae earcea areca ya creyet 40,000 FU

Sup Cato xsarlect facay TAT | SAAS YA-SolAeT BeTE

oma foq ore iva lage eal ak AIS Wl VF CCEA

Te A BT a mag_eion VIMO MeTSTA Ye PRCA
ates fy @ aaart faveme-trere cusften erates
(Badioactive Fallout) Facaq oers 6 fas 22a |

AOUANT-CTTA GT Bea AIM SET Reae—

SScecad I! Bara faterm onatias faves fate alte

wire aan atseaa (fusion) Oa ates! 9k ay aT —

Fe, ABUATCRATT Bla HAT Sep reat ( era 10 cals twat cafocars )

Ort Tes Tem aoe afer Gey sa |

*H+*,H — ®,Het+*,n+38.2 Mev

*H+'’,H>*,H+*,H+4 Mev

*H+°,H > *,He+*,n+17 Mev

*H+*,H—>‘,Het+*.n+11 Mev -



ACTA VCH : 105

TaTnTs Teves A ae Sows Ao sn aH!

at MA RAI MAY AM BS gat FICE

omactices Tavern efferm aan gece cin fees Ste eH I

SX MATTE Oa tees Sal a cori carara coon BAS cht

afemrratt

eo Ptersyeifa=s =) caserpas miferzz (Nuclear power)

Be Se _fHafas sei SifSfaren (Controlled chain

reaction)

ser alsirm aae a image sta qr wa: K=1

(ds. HOU) 1 mMaMaias fqyenerS Crome frenhrs sa arr

Ciges Saal cay mel aN—Aacwe Wer Cerey FA wz

Ta baat an fapenfeco anette a ai Bae

aaa Tagepet (Power reactor) Taftem yr atie—te get

aes FCs GG oem fagenie faaaierena naa Sa

WAS MICA! you Ulelrm Ae sige aA acme Taviy

eras anuiaam re (Control rod)! era, faery

iqvacaa tier Claw wlee sara aay aiatawerst te (Modera-

tor) WIAs ZA: Ae, Aaa aa, Stat aa (Heavy water,

D,O), ataterra, ares Reni crane aga alge Aad,

Peants faeia agente 7 eer (Thermal) fea atlas aa |

RUS eye UTSlerm AHS Ataoiteww ZA I

ANG-HEIA sett Sopa oasis @retat (Nuclear fuel),

ofataeert 4g (Moderator) «ax taxa we (Control rod) |

qr fears ecortara-239, Reraiaaa-235 6-233 ays

gin ome Btcataacra ongtos oretace BbcatraT-238

(99°3%) wae BBcataast-235 (0°7%) arcs t ATATaL oraTy-ReICS

Rbratans-235-mtes (enriched) agioe bcatqaa-238

TT FM Al Vlas, wcoriaaT-239 € BeraiawT-2sSs egw

FA ZA AMPCT BocaiaTA-238 6 cerigara-232 2ace 1 ct Teeny
AATEC OFC mamaTe faye Ga TSA Brea Serres



106 farert @ Bbcalsacarea cater

ST a, Stace “oera-pet” (Breeder reactor) aieigs Fm

Bal facea Aaelord aera-Kets SoralS Alen Fa] ae |

Neutron

esaty. mH or seep,

rim A |\ iN \
Products Neutron ***Th ~ \

\ %

ml 8Tjor’**Py *8°Th ee)

BNeutron | 288 8
d Fission Lt ~U

Products |B
288) **°Np

fi
#29py

omaTTRRA SIN ferent a aca fare Sty aiaaet

CIT MMM —AIT, ATA wear, Sat aa, aers ang ( onions,

Tl Tec MTA, Fonte ) 1 sie oragtagieRetta ioa (9.2) orem

Bea |

MARA wesyaa Sxrsaigia oor @ conta Tafsacta

2 >iwi ee td §6Steam
i

to

turbineSRST Stads
Water
intake

e

Moderator my

(os
7

Meeraee on LE RES SER EBERLE SRE SE Pe U ER REESE Prana rete re a reae nd
Reactor |
core fuel

Coolant passage

Pressure vessel Shielding

fEq 9.2: aft orarats_Fearepel a (Power Reactor) feu |
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ceria ari Se oF Grpzyiag far wew BIT

ASCs | Rera sa ET Cred wae, Soe sens, Bley

CAHN, CORPS € BPEAS (corrosion)-ateceite

Bonix as] 1 | Bent, Borera Hass slant sreaa Sorat
OIA RNAS FN WeI—Rare ase utsacneaiy As: oF

WS WMA BA Tas fea wae T wena AeA (alloy)

TSCA TAN Cweyvawcari—enasionm (ees 1900°C), areniaasa

(sere 1950°C ), coral ( wees 15385°C ), aferacona

( srerqTe 2620°C ), crtisara ( settee 1083°C ) ae GeoriraTs

( sees 1800°C ) 1

TST Wiyeem tea olan wera gta maverw 1

qeacaa “req Gex—aqen, cia ¢ astee t—eorenlt

100 seca farm 280 smal sey «fea pian fate

aap AMA) BAS LSTA WET WATASISTA FF WHOA BaeA

slat | Ul AWE S TAPE ee MAS Sal Dae (*H)

Veer Cex ANI WAS BA, Aaapey Aras ACT |

ect feat olary-qramt (fossil fuel) sam acey

agate AeMm A, CAAT Bora maetea Bias bet

2a fae ARS aAaAiSTar Bea, AAP 7

POP AHMET apie AE Bese eecq 1 ECarearer, Aire

ear Renie aaqte ote eect wer seat wisest

CIIG] TASMAMNA, CAMILA TST Grae Forince wamyihea Te

AAT ZS |

Soraivacared catecella Aaaatay AcHICIA ACTA ASAT

age AHI BloTinTH-238, Biaars-242, siawe244 mMpteo

nfeq Gex fom aafeae wet sit af aatagia xecs

Centar oerel-en faye ai GaSe arena ok cteryiag

TI TAF MT BMITH Kise apa CTMmisr AMO Ba AWA ZVS
iets fancy eens (thermionic device) wena fapete

Sena tN ASI! akert FA BAA BoriqaT-238 wafeo

(Transit) ziny Svece aeqe wae! Fniecetaa-252



108 Tract @ Rerataaes ate

amptgs tabicaa Ger gas WAS A! GR TAA TROT,
qorps faxera (spontaneous fission) FH aga fAtiA ats
Sa! kyle AR toda Sen farce araiay sre aay

$51 TF |

ATTRA RCS gw MoI Vay Tee cooley OATH

Seoma saa! Facer Teyel acary WAS aarlbo zag
( faoln afar ) i



co eit BBcatretcaten care
(The Future Trans-uranium Elements )

ata 103, acaternsa oaqet catenin aye feenta arn

merase Slacwca | Ta-aTaela eral FORT AACS Aca,
ACA cH ACS atiacs omer Rente feace ar Sigs acTaT

BEATE A GATS FIACSTE | FTES FEA BCT Aha Treat

qt 104 carn sisatecaa gaoreifema (Kurchatovium)

aT) «821 Bee FH salen sa TAT Ta BleceaTAS

ores Siam | feq varet vatera Bel walkie aH ATS |

Sat Boraiancaras caterytersa elryssre MTT-S AIA AC

In these elements _, in these elements a and
a@ and 6 decay spontaneous fission decay determine

half-lives _rmine half lives | longest possible

Holf-life in seconds
9 9 98° 100 102-104 106 108 110

Atomic number

foq 10.1: cater 94—110 em BATTECH four |

USS SS aca arr mes eee ( for 10.1) foals akce ors

Ate CH, cater 110 wa ergs 10°* creme BAT RTA



110 ime @ Brains citer

Vos Sal atayiar Amc a Mea! Farera aloe ae

Cleat Fale AL AT Cl acer GES Be (odd)

comer T faeay ees, Sera Ug MM Bkrq wae IATA

SI SaT NT RATS OA! Berries «= caterygiers

wicca wate Sat citerytea cam ataatoe sn eeanferr

USAR, AANA CHE ASCP aera (Recoil technique)

seat amie waaét citryina crane Bel acates Tem

Vins | ATS Coa igeatat ok ae Sys Siavecesy |

cit 108 aq aaret ciagia Genmaa aay Sat aaace

certs (projectile) feat Aaa em acer faery BNF-

frencacra. 4 (Heavy Ion Linear Accelerator, HILAC) «7

mca fate ear tren da St oan cHITe TOM BIW

werere AS cae (1958 mea eke) Alawe ase ecw

piacere | ames aw (target) aee alae eee Baa APM YAS

CSS | MHTITA Calter Veraera Alaa ala Sala Ben Sral Baca

Ie FT eq aay! Bite cate 106 Germ gaq sep

cH igaca freq ( rares 10) at Bor Aa BAT

( Fares 7 +) Siesom Jreats |

99Tso 4 TN —> LOC Ww

°6Cm+ 1°Ne —> Loex

qitt 104 (Y) ¢ 105 (Z) Gemmera aera itiem sear s

°°CE+ °C > iY
°8CFE+TMN —> 1057

OSs Set eas, a cite 137, wee FAA Sy aca

wow Ge facia sare ( 10°° fabda ate af-laera aioe crave )

TE HSM AST OFT THIET! aledice oF mia Trway-

ae Cemy FN FSA! owe we NaN-gela At fora

AqICLA We 10*° fasta ate an’-caiviaora ate cicace |

waits (29 ga, 1976 ) arcaa yarats ftert SATs CIRATs

(Paul Dirac) caren saaceq—caia 116, 124 6 126 «a



ert Bocaire citeryier 111

erie | Sara weeaT cae, (R. V. Gentry) ¢ aiize (T. A.
Cahill) artiaera acaarca engtos oreiae gare Ge cateryior

oriasia siamcet—erqerar 50 cat tem (5X 10° wax)

fog fata aere oethers ea ATE |

AAA MATS! Cateye ta-AaiS Ba, fox 10.2-cs

omits Bae | APTANA acta Claas fetecs as aa Tefiiae

eeae | wk fore Cre AH, ABT wAtcA (period) cata 104-07

ay seca ore fanaa fe (ood cet, group IV), 105 «a

ait orecrencm fac ( wom cat), 106 aa Ba wea face

(aS cart), Bente cai 104 ea0e 6d aqeca erste

carom Bias ae Bel af BAca tA 112cei ate 113 Race

Tp ayeca Sereda cami wR 2acr eae Hay Zac Tale TT

118 cei dara ok wae MATa eette Baca cater 104 aa

bet onatea ( areinacna aya), 105 as et erates

( Orci op) aay 106 aa (GORA BYR) TS TAWA
On seq |

“ets ors maannaygins Ge atria oP ae
bincwere | Rarera Mise | ANTS SAC CY PSA AN Betrsora

CCR, HRY CATS feelers MHS ATTA SCA MTSHTS AACA ALA



112 ferent @ Becainmerer cate

Siaae | «werar-aratta ore ain carers oS aera Ger orn sam

Aa AMMA SAF TarAT Wee ies |

ennfars ary, ctrmife ( etfaccew c—se ):

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)

3.. RR. M. Latimer—Science Teacher, 28, No 7,

(1961)

4. G. T. Seaborg—Journal of Chemical Education,

86, 38 (1959)

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

6. B. B. Cunningham—Microchemical Journal,

69 (1961)

7. B. B. Cunningham—Journal of Chemical

Education, 86, 31 (1959)

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



atx fae Tt

SfSec4y TAtTA-AtieA, 76

wenger, 11, 109—111

ByNal, 26

Bleaeea, 4, 67

wBrsaetefararat, 67

BTSfx Sat, 10, 55

Sracatcote, 50

— myFA TEAS, 18

Sere] AP ( Ft] ), 11, 50

Vcr s-Afera, 16

aicens-forfary, 16

ayaa fafaae eifira, 80

— ayfe, 84—88

— Fe, 84—88

wrafacel cefa, 56

AICS MHF, 2-3

Sicafafsara, 63-64

Urtf SrVe caarceif, 91, 93—100

— ATSTET, 95

— ata, 97

— Bcreta-far7y, 92—94

— oats frets fae, 98-99

sytfancatz, 10

CST Sa, 45-46

Baer, 60

BIITSTATH Aes, 52

7(a)

Strafaara, 1, 51, 56, 92—100,

101—108

— cat, 7

Svrarfracared cater,

55—101, 109—112

Swrsba, 49 :

— fara, 92—94

VAs fafa, 21

BES Herel facwar, 19

Cstfrte, 7

Crass WTA, 12

eat, 61

SaTTasTy, 66

SILVA FIaSaq, 16

ealata, 64, 76

a1 carer, 71

Sl4a-AHSCHITHA BaP, 4

stfacata, 64, 66, 76

sfacaer, 44

CHRS, 48

ceas-fafara, 3,9, 50

CHHS CHUTF, 10, 110
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