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Records on Synthesis of Neptunium Compounds, Recovery and
Reuse of Neptunium by Professor N. N. KROT

Masakatsu SAEKI*

Department of Materials Science
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received November 13, 2002)

Professor Krot (Head of the Laboratory of Transuranium Elements
Chemistry, Institute of Physical Chemistry, Russian Academy of Sciences)
stayed at Tokai Research Establishment, Japan Atomic Energy Research
Institute for 45 days from January 16, 1997 to February 28, 1997 by an
invitation of the Research group for Moessbauer Spectroscopy of Actinoids,
Advanced Science Research Center.

In the mean-time, Professor Krot left many memoranda on actinide

research for the Research group. This is a compilation of those memoranda
in Japanese translation.
" The contents include many topics, “synthesis of neptunium compounds in
valence states of 3, 6 and 7°, “method for recovery and reuse of neptunium
from compounds in a laboratory”, “records of the neptunium compounds
synthesized during his stay”, and so on.

Also, important contents of discussions with Professor Krot in the
Research Group are summarized.

Keywords : N. N. Krot, Neptunium, Compounds, Recovery, Reuse,
Moessbauer Spectroscopy, Actinoids, Valence States of 3, 6, 7.

*Scientific Consultant
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1. 13XC®IZ

Krot Hf#i13, YRFORBMEBRHEL L X — « TI7F ) 4 RRA RN T 4%
RIN—TORBIZIET, 199741 H 16 B (KIEH) 75 199742 A 28 H
(&MER) £TD45B/M. BARRFAHMIER « RIFFFEFTIZHEL -,
CORIZ, BLDOAERERL, UBEOT I7F ) £ RARAND T HNRHFRS
N—TELTT &7, EROBENLMH2Y OBEMNEEAL TWEH, &
INTAFRERDT I7F /A FEIFR, BIZXTY =T LOHFFEIZE > THEE
REDTHY, BAFBICHR LEAD TB ZLEEBOLH L LEZ, RE
L7,

Krot P HEHMTICF SR LRI TOLBY TH B,

1. aITHRETATI— -  E(CEFRER - BY 7 AMLEFERICEITS
7 = AEIRE

2. AANUTHREHERICEBLI-BONDX TV = AMEEWIZHONT

3. AANUTHNFERITER LR 0BT I RSV = AF
ik

4. KEBIEXT=AVDFEROEE LW ARE

5. AANRUTHROMEICE LRIV =0 MELEW

6. KEBBRTERINDIRXTY =0 MEBEHOHEE L MR EICLERE
B

LEDOREHIMZ, ERETOHR L OHIR T, HLTXEAETLEMDT-,
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2. TRET T

144

— - UECERRRT - BY 7 ALFEHRE
BT HRTY =0 ARINE

FEEBRROE | RV = nEE
® T | WIYSIR OB
Mn(OH)z iz & % Np DA A 55Hh
Np O ##5 2k R
« YA R
VR BE v ' v
Np B OEMH Np(C204) 2 6H20
TR Sy
l ; 15373 l
Np DA A& NpO2(ClOy2 X k
AP Y1 ] v 7 KD
AR :
v
Np {L&H &R FIFA

1. MnOH):IZ X2 CHAVS Np BEKIL, BEMERVTIRLRET
bo, ETOEEHITMIHEE CTLE L, KHNERER., BEE/IIHE
RIBCRET,

2. BAFUTBBHTIE, BICBRITEEDZSATIINIT 20,

3. TUEZULEHDZWEITNIIERBOHREET Np (LEWEIKIL. BA
FUoRBTHI L, Np(IV) ¥ 2 wEEIC L EEEERT 5 = & 23
k5,
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(1) Np HD53ftho TRU RFLED Mn(OH)2 1 & % Iz >\ T
pH > 10 DEFE N L DKL~ T ORI, FL—RED 7L v IE
WINME 72 2B{LIREED Y 7V RUBY 70 R THLRLICERE TS - L RH %
Ho ZOTRERTY 2B, EDTA RO DTPA OB MDOBEA AL HETT
HoTHLETHETHD, L1rL, BREDI ZVBENERRA 4 OEE
i, ALY, Mn(OH): OB L &8T5 729, BFICE R Urhinite
R T Iv% 0.05~0.1MIZRD L H5BMTALERD S,

(1. 1) #EK
1. 20-40% NaOH & %\ i3 KOH A&
2. 20-100 mg/ml & EFER D Mn2+t D EEEA OB
3. BHEERU1-3M OFMEREK
4. 2-8MREFEROBEERMDO NoHy - HNOs, NoHy » HoO F721%
NH:OH - HC1 &K

(1. 2) FE

BEERIIEERE 0.01-2 M ORICHEET S, BEAT AL ) HEOREIL.
REEE T, pH = 3-1 RT3, BUVBEBRREOSEITIE, b LLERL, &
RRWEL. BRE2MUTIHART S, 20O%, Mn2-FiE & NoHy(orNH.OH)
BREZ, BEXREAEAHNO05 -1 gl RO O01IMITARZ L5FMT 5, 70 -
90 CizmP#, 20 — 40 % NaOH k% pH=10"13 1223 L H o< Y LIk
T, b LHBERICZEO Y 2 VBEA 4 2S5 08B41212. NaOH BiKD
RHYIZ KOH B EZFERTXETH5H, Mn(OH) 0B % 1 BRI LEEE LT
%, WEEZBVIRBT S, DT, L&D NaOH 5 %\ i NoHy(orNH0H) %
BLKTEREILR % %%, 70-90 CH 0.1 -0.2 M Ho02 281 1-3 M F4ER
T, B0 Y ERELEDULBREEMT D, WRITEEIS%. TTRMEREED L
LTRET D, BIREEPRIIARBGESL, H8 Np BiRe LTRET S, Kk
(%, ## Np BB RV DOBERE L L EEBTIONRBEY THS, ZDEIN
Fikik, B TRUBKOEMOBAELELTHS (RESR),

(2) BBAFURBEIZL D Np OERE L BREKIZS\NT
KL, FRIEEMREA A IS 2 AV, 7-8 M @ HNO3 iR B
NpIVZRFTH5HDTH 5, Np # Pu Th 2R < Lo FRHi ) & BRI
BT ENHKDE, LhrL, HUIZRREAFEDHKBIEIZLY, Punb b
7- Np 3 BEFIRETH 5,
(2. 1) ®EK
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1. REBEOT7-8M & 0.2-0.3 M R4t
2. 2-8M DR DBEERE D Ho0. 78R
3. wI/uR—FRARE=—NAVEY DURRA AL XEIRIE

(2. 2) FE

RV =0 AR BEBRD D5 I HEWBR LAV T8 M ICHEEL., 55
2 HeO2 249 0.5 gl BRUZRD K O5MZ B, ZTOWEIKEE 40-50 CIZH 30 53
MBL, b LLBELRLBETRIET D, DWT, BRE A 4 THBIE CHIK
L7ch 7 AT, $itE 0.2-0.3 mU/min * cm? T#ET, #IEORITHER T <% Np 40
mg H¥2V, 1 g UTIZRbRVEIIRLARTIIER LR, NpIV) 2R EE.
T8MMHERT, 7 7 LEMD 6-10 BT 5, X7V =7 AO¥EHEIT 0.2-:0.3M
HEBRZ AV, 60 CTHZ LAEMRD 6-741T 5, BEERENZROBEITIT, #
BIZWoK VIRBET D 2 & IRBERIL S o VERE R SLIZ BV B 0 S wet salts
ETRME L. KFHIHEE CHERE LB & 5, REROTHKR VSR
B’DOAN T LBEEEIT, WSS EBERRICIMNZ S,

(3) YavuBEBRRECZLDZX 7Y =0 AOBEBIZOWNT

AL, 5-6 M BEBFIZE N T, Np(V, VDA Np(IVIZBTE L., &% 2
MIZHFRE, S 2UBEMI L 2BV =T L2 EREE3HLDOTH A,
(3. 1) #¥

1. 091M = UBEK

2 0.3 M 4R +0.01 M 3 = VERYAIR (Beipik)

3. RBELKREE

4 TREHER

(3. 2) FIE

HBERIIEERRF2EALTHTIIWVT R, XY =7 AOREI
2-15g/l, HMBEIL -6 M O&EN LV, B2 —H—T, Bk
50-60 CIZhnZAL . HoO2 W8 % HoO2 MEN 02 MU EITRB X 51Tz 3,
15-20 ;7 E% ., LFEBERIZ0.91M = VBEKRYZ 02M LU EBRIC2E LS
Mz B, DT, KIZL VK 3BIHRT 2, B0 RKEALRIT1 "5 3 B
FORIZ, RKEDOE (dense)fERICENT D, BERBL., (LBEAE-IT
0.3 MEER+0.01 M ¥ = VERIFIRIRATR (REWEMNE T LV) THESE., £—
A= D, FOE—H—ZHERHEEE 10 ml ZFML, BHLZEY, B0
WHRIZ72 D F THIEAE, wet salts T TERRIED, RV =T AORBRIE YK
BAKICERT D, TOME, BETBMED Np(VD) OEBRERTERRE R ELN S,
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3. AANY TR ITRICEER LT HO0D
T = MEEMIZHOWNT

1. ZTEERIYV=0LMnbOXRTY =155 RN6 HETHEEROFE

1.310 g ® NpO2 %7 25 ml DRMERIC LV, FT BRI TR0 54 8kt
RANEE 5,18 5N - 1A % wet salts £ CINBUENE L . BE A REKIZEME L.
HIABT T AT D, ZOETEBEORTY =0 A6 lEKIE. 256 ml
WHRRLERES., FOXTY =0 LABEIL0.1948 M Th 5,

10 ml ® EFER 7Y =0 L 6 lTFBAEREZZEKTH 20 ml ITHFRL,
70 CETHEL, 2M ® NaNO BN 1 ml M2 X 7Y =0 L% 6flinrd 5
HIZBTET D, DNT, BT VE=TAET VE=THRRLLBRICRD X I
Mz, XRTY =0 b5 MR ELEBRIES, £ LELEREK 20 7HESE
BWET CHA L, KTHE®%., FH1E80.3-0.56 M)THEIZEHET S, Boh
TAZEPEOR T = v A 5 HfFERIL. BEEY 10 ml 275XV =04
MWEIIHN0.19M TH 5,

2. wu VBT e ARV = AVEE (NHNpO:CsH204.) DR

v BRTYyADOT EZY MEEOARIIT, XRIIIZES T,
FHERILLTO LBV TH S,

9019 M O 7Y =y A(V)ETEEEIR 2.5 ml 25 8 ml IZFREAKTHR
L. 70 CETMBALA%E, (NH9C3H204D 0.5 MBEHK 2ml 2%, L
TIREBOMPAVIERFBREI TS0, H2RHBRETHE L, £0%. I&
BeaBERBL, BEKTHRRR., EXMTHRBLL, EROERDIT. ER
#1180 mg TH Y, A AN T 3HRERBHRYURTIZNDT-, ERBID 5 LI
mg . XX AEOMCE Lz, £ORRIE, £ cmiilicrah Ty
5 NHNpO2CsH204 L RI—8ThHDHZ 2R LT,

NHiNpO2CsH204 OEEILX, 0o TRV, LL, BFRINARS
MOTF =00, (LEHFOETORTY U LARFIL6 Fm#EEHERL L
TWAHILIIRETHD, BERND, XTYV =0 LD Dey BALIIERARTH
V. NpOgtDFEEN /S RiZEN2 W, 8- T, NHyNpO2C3H204 DREEF I,
BA Ay —BA A EEBRFETINENPIIART PAETIIHRTE R,
INEBETAH-DICE., XBRICKDEESEERITNRLETH D,
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3. T7ENAEBXTY=1(V) (CeH(COO)2:(NpO2): * nH20)D AR & R

NpO* DA F > — A A S (CCB) X, BANIEXTY = (V)D A
V74 v 7BRONRA AT 4 v 7BOBEKLEHPICRNWEENT123],
AUT 4 v 78 (Nas(NpO22Ci12012 « 8H:0[2]) #> CCB i34 R 72 2 AR
Tholz, ZOBENDL, EFERERINVRARUVBOELBERFEL2E ST I LVE
BIZHOWNWT, ZOHEFOCCBIZOWVWTHARSZ LITREENLOTH S,
IDEBEZICEIE, 7INLVEBXTY = M(V)(CsHA(CO0):(NpO2): * nH20) % &5k
L. AANUTHHEEZEULRODOFETEFOMHE LD LT 5,

BRIX2OOFETIToT, B1OFEIUTOEREY TH S,

% 0.5 m mol DKER{LR 7Y = A (V) 1B R 77 = V(ISR D & Bl
L. 4ml DEEKIZITABIE, O.5M 72 LVEEOTE F U EK 0.6 ml 2%
KEBBIEHEERT 5, V7 ABRELE T, B PBRAE L TH 2 BERmMaL L
Teo TOFRER. SHRERB B LN, (LEREZBEL ., ¥ 3ml DK T2 EEESE L,
RE L7,

# 3 mg DIREl 3 @ % HH XFE(Sartorius) 2 AV VFEE +0.005 mg TEY
By, /hE2AEDDIFIZANTH 800 CT NpO: T THERLT-, EESHO
R, LAEYFORTY =2 AERBIIIEDOREDFEST 57.8 %(57.5, 58.2,
571.10ThH o7, ZDOEIXLAEY CsH(COO)2NpO2)2 « 6H20 NEIRHIE 57.88 %
WZFY 95,

XERMANZB RN TV B FEIZES T2, (LEHDBFRINALZ b %
X 1279, 580
VA ZaVaN L,
ERLTHY . e
W O 8 R DR wer
Pz~ BREE
M~y 7 hLT s}
W5, EE ORI
HErERLT
[ Xt ®& 5] .
CsH4(COO)2(Np
O2)2 * 6H20 IZ1%
FREEIZE DD 3 -
B 2B L7 Eig.LElachen slooplion spuchom.of slld_LhERLIALEE
NpO:* NEET
HLfEWRTED, -, LEHPIIIBA AL —BA A S (CCB) fF
TET5, EENDHCCBIFLY. 2HEBEMFELTERLTNS, LML, A

———— et
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U7 4 7BBEOHBED L 572 2 BT, BFRIINARZ NABERIXNTVA
WO TZOEEMPITITE T2,

L) —ODEMEIIUTOLEEY TH D, #0.19 M 27 = L (V)RiK
3.5 ml % 0.2 M D(NH92(00C):CeHa im#E#2.5 ml & 1EE L. 5995 CTH2ml
ETHERCBM L. £ERL-HESREBET CHEI L, K CHriegReg L,
145 mg DALY % BEMARIZND, A AN THEEFToT-, (LEHD
—®E AV, XBREFEZITo R, JOFETERLIEEHOR-R L —
L7,

4. XTV=AV)EXBOBEE (NHNpO(OOCH):) D%

NHiNpO2(OOCH)2 MBI T#R6, 7Nic ik~ 7= FiEiz e - 7=, FMEIZLL
ToLBYTHB,

019 M XY=V (VIEHK 3.4ml % 1 ml TTEMBL. K 10M
NH.OOCH + 1 M CHOOH #J 2ml # /1 % 7=, iK% R A% RIE T 3 BERIHRE
Uiz, ZOMIC, JREDIEEPER LT, BEREL., K0 CIZAH L &
DARTHE LT, £OH%, LE%Z R L7-, NHiNpOOOCH), DIERREE 1Lk X
WD T, INRITE - 72, D 107 mg DILEWE A AN T 4¥ & XBEFIZ
#tL 7=,

NHsNpO2(OOCH): DIEEFITIL, R 7Y = VENFEEIZ 6 >OBEEL
HLERHLERL T D, XTV=U AORMEKIZI8 THY ., 6 FH#ERT
& %5[7], NHs:NpO2AOOCH): i C C BITFETE L2V,

5. XBX7Y=n(V)—k#E (NpO:00CH - H:0) D%

NpO200CH - H:0 IIEFIKBIETER I N8l #%iz. = bS8t
RTYV =NV & /hiBEIo NHOOCH %K% 85-100 CIZmE+ 5 = &z
LOVBONDZLBRALNCRoRI6]l, ZhbDRREZZEE L, NpO,OOCH -
H:O ODERELLTDO L 52477,

4M NH4OOCH 7&#% 0.4 ml & 2MCHOOH %# 0.3 ml ##7 0.12 M D7
B 7Y = V(VIBHE 5 ml iZA0 %, BEHKRE A LT 3RERIMEL L7, &Iz
LY EROBMARIIA Sml TR o7, AR LT-RER%ZRICAHEBTERS
L. KTHHEH, ZRIMTEBR L, 116 mg DLW BHBIBZIZAN A
ANUTHRAER L Lz, DB XBREBFACE L, BlEKRIT. B8]
DRIRXBRNRE — L —F LT,

MHR[BI THE AN TWB X HIC, FBRTY =AV)—KEOHEEFIZIT,
NpO2 " A EIZEANL L 72 C C BEEBAER EN TS, Hx D NpOot A >
X2 ODBE0 & o7 NpOo A A2 b 2RI F & LTERZLL TV S, &2 THXR
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Y=y ARFRERP CTEMOMEL EHTND, X7V =0 ADOERMEIT
7ChY, BISEEEELS FR#ETH D, '
NpO200CH - HoO @D A ANRY T 27 hZE L, B RER?H 5[9],
Ll MiELOELWELICERE LT, ¥B-ER- 7ot F RO
—EDBIZHOWTAARRYTHEL2FARD LI, BRODHDZ L LBDND,

6. WBEXSY=1N) (NpO220NOg; + 5H20) DFHE

(NpO2)2(NO3g)z * 5H20 DREIEITITNLK Db DFENRH DA, T I Tid
TENONRRHEN TV A FEIZED Z &I 5,

£ 0.2M ® NpO:NOs #E## 2.5 ml 2% 95 CT 0.3 ml BEE THER
L, hERE—H—hT, BRTHE LECERIEERILS T, KN
BIZE— D —FIZBERCBRVEERE LN, ARFaFTE—I—END
B IR L R XBETE T O R L ik L, (NpO22(NOs)2+ 5H20
LRIE LT, % 150 mg DLW E BERMARICAN, A AU THRRECH
L7, ‘

(NpO2)2(NOs)z + 5H20 DHEETIZIX, NpOo' A v OFREE CBRRFF
N5 L eEMTA2EBENEETI LB TWAI11], 5 HFEERD
NpOot A A/ ix 2 BRI F & LT, NpOo' A AV LMEIHEE LTV D, 6K
2D NpOg™ A A i3 1 EEALF & LTER LTS,

7. FTUE=TEVaUBRRTY=AVEE (NHsNpO2C204 - 2/3H20) @

E o4

NHNpO2C204 + 2/3H20 D% X, X#R(12,13licfE > 7,

% 0.2M ® NpOoNOs3 E#H# 4ml #KT8mlIZHRL, 0.256M D=
T CE= T ARIKAml LIRA L, TORREZRTHEL, @o< VL&
ER ST, 9 4ml FTRELZBRET, REOKREEL, BELBERE
AyEE L. MEIK TS %., R TES L, BRXBREFE R8I #E
SHTVWAHELR—ThDZ L2HEER L, ZTOWEPICIX, 320DXTY
SVEREVC 1 BRI F L LTRALTWD, &P O NpOot A A ik 5%
R 2 LTV D,

BAARTITIT 164 mg DILEWMEFED, AANUTHRAL LT

8. ZuvtFr@x7rY=1() (NpO200CC:Hs - xH20) DFRE
X® X 7Y = (V) — K61 OFilE * 7Y = /W (V) —KE[14] D& Sk

taZE L. NpO200CC:Hs » H:O DR EREL T, ULTOFIEZAW.
% 0.15 M @ NpO2NOs FHE#HR 4ml 2 05 M7 F /BT MY
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VAW 2.5 ml LIRE L, 42 ml FTHRME L, REBHETICREORRENE
BLTe, TORBOERE L, GHPICELIHEM L, 45, oy
BELIc bt Bbind, - T, #EOEBIZFENAIN D bLICHERBE
TITole, DPEOKTHS LEIFKP CEBRE L, ¥ 210mg D% 4 BHE
FTFHD A AN T oI LT,

9. XFYV=UANVIDILEY (CoNHa)eNpOs(OH); - 2H:0) D FE

TERTY =y AiX LIOH F0 6 ik 7Y = A% S04 # The
fELTH®E L, FIICIE., 6ix7Y =7 L0BFEEA A 12 L 28T,
NaOH #RP TOLFEINTWIZ[15], #8- T, LiIOH BT S:0s2-fa1
TRIET B0, D UTFRERETo 72, FOBE. 0.5:0.7M ® LiOH I
1 0.05-0.1 M @ K2S20s fF7E T C. 70-80 CIz# 30 Hhnd42 = L TEIL S h
DIEBHLNIRoT, TNODOERBETT, 6MlXTF Y= AIEENICT
liicBIbSh D25, 7THX 7Y =7 ADO—E7 KNpOs & 2\ Vi LiNpOs DT
W5, ZhoD{batit, B LiIOH WK CHMT A2 LS, —h
DL EEIAN, Co(NHy)eNpOs(OH): + 2H20 IZUTDO L I LTER
L7,

3 mmol ® K2S208 % &%) 50 ml ® LiOH & % %970 CIZms L. 0.194
M OB 7Y = NV(VDIEHK 4.5 ml ZMZ., BEHE% 70-80 Ciz 15 2BR -
2o 3 mmol ® KoS:08 % BUM X, MUEHETTEIC 15 4L L7, A%
BRETHT—va ryThRE, BAOHMOIEBEKNDPO,) % # LiOH Bk
10ml TRE L7, DB LIEBRET I T — a v TEERKICEYE, BT
ORI, /MBRIO 0.1 M @ CoNH)eCls BWikE Mz, ML B L.
Co(NH3)sNpO4(OH)z * 2H20 %#ILR & ¥7-, AR L7 REFEOBR VS ILEE
B L. DEROKTEHES LB CEMR L, %200 mg DL Bénm s
WD ARG TN Uiz, XRD 84T Efi L7z,

10. BV U ALERTY =0 AQIV)EHERE (Cs:Np(NO2s) DI

ATV = AIV)E RERBA F o L OMBREEICET 2303 ER I
2V, WTHLOBAICH. RRIIEOEBERNCERENLTEY, Thb0
TERTOBNIR T Y =0 AIVORELEZORTFET D, B2 id, B
BRAETOLY BVEREREN S OBBILABIZL XY =7 AIV) ~DBT
EEHEA LTV A[16], Cso:Np(NOs)s DFEITZLLTF D L 51247 -7,

#9902 M DHEEX 7Y =)V (VIEK 3 ml % 1 ml T TEHEL. 1.5 gl*D
CsNOs ZZ L IHER(KY 125 M) % 3 ml 224 60 CTETMEL 7=, DV T,
PR AR AK 02 ml ZMX, £RLI-EBRAEBETA720, ¥ 2BEHRET
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R L7, BERBE%, BEBRTHERL, TXHETERLE, L8 467 mg
HRINBBINAL, AANRUTHNAHE L, *15giXZ2TEADT “1Y
v VY- 0” L LT)

—EIIB R XBMETAICH L, BoNTHRXBETFRERIL, AUV

FTNATHBDH, ZHFE TIZ, CsoNp(NO3)s < Cs2UNOs)s DRIEEART — Z I3HWE& X
DT, LU 5, CsaNp(NOg)s OREEICE L Tk, ZhE ToO—
IR B, (CioH12N2Np(NOg)s * 2H:0 DOEEICER L TV A L TE 5
[17], Z#uix Ce2Np(NOs)e DHEEF D Np IZEMIEMN 1 2 THh Y. BEMEEE
BEEIDV LEATZ20EBETHIZLEE®R LTV,
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4. AANG T R RICERL L 72302 & DHELR§~ R &

1.

R =7 ARINE

X7 =y ARHEE ., (NpO2:2(NOs)s - 5H20
ZOEHIE, KIZERTREZTHD, BHMHFLZIATRE, £#4

DODREIZARTDIZLIZIY, XY= LVBEIELNS,

2.

2TV =MV IVIR Bt
¥BiE., XB7 U E=ULBE, Yot UoBiE, v B, voy

M7 ey LB, BFBE, /) o— L BE, U7 oy AEEIC
%Lfm\m%%wm#%%(*7w:7A@@mﬁ@)u&ﬁu\2ﬁﬁ®
BEINEEZENDITERETHSB,

3.

LEBE R ODH D VIRHILIT, X7 = /V(V)BREN 0.02:0.05
M O&EHEIZ2D L5, 0.2-:0.8 M OB THRMET S, LERLIEGEL
TIHABDERE, PCRBRIOT VE=TAEMZ B, 27V =1N)
DKBRILHEBEIETHL, WAL, HEATEET S, (tBR%E
0.3-0.5 M OB T, BEIZLRWVWE ) BBELBRT S, £0f
R, OB 7Y = AV(VBERAEON S, BHER ORI A
Ty AREREIZINZ B,

2= N(V)BEN 0.1-:02 M OFEHEIZRLE LD, 56 M O
BRTEMBET S, (TABRYEZRA%, B HO A2 BENS 0.2:03M
(ZRRDEHIMA D, E—H—IZRHILEZEE. 10-15 5 50-60 Cic
Mm%, a2 vBRESNOO2ZMBRIZARS LD 0.9 1M DL 2 UE
BREZBMT D, A0 2 0BRTY =T bk, BIROY = TEE
WEDEMIEIZ R D> T, fERT 5, Y2 VBRTY =0 LGBk
BRIZABLEEL THO (ZO, Va2 UvBERRRT 520, LI
OLRFHMZBEMAT L L), HEX TV =7 AERIBIZMZ 5,

7 ENBEERERETY =L(V)
INODEEMEKITITABER, TUrE=TKTLET S, KBLX

I AV)DORBRIITEBRIZEREL, FRo 2. (1) 71X (2) oFEicky,
EFNEFNHEBA Y= A VNEREZ2 7Y =AVDEEE T 5,
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4. CsNp(NO3s

ZDIEEHI 10-15 ml DKICEERE L, 2 M NaNOs Bk 2 1 x 7%,
70-90 CIZmE L, 4MlxZLI5MIcELEswEs, 0%, mikD 2. (1)
DOFHETERLT 5,

5. X7V=vsNVIDDOLES

ZEMIL 0.2-0.3M OFEER 10-20 ml (ZE#E L. NoHy - HoO 1595 2-3
BWEMZ, 70-80 CIZMEAT D, DW\WTC, BRIOTVE=7KIZL Y., KBk
R =2N(VORRAE £ L, BE%K, MBS L. HEBTHEMRT D, Boh -
eI, BONRTY =Y MEEMRKIBIINZ 5, BERBOXTY =0 L5
X, Y2 UBETITY, KBILRTY 2 AV)DOB L IBAI% ORKIL, &%
XV =g ABEFEBIZNZ 5,
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5. KBILR 7Y = N(VDEEROLEE LWWARE

XRDF—4% (Gmelin’s Handbook, No.54, Uranium, C2 2R) iz L
X, UO2A0H)2 1L 3 2D (o B, BB (RIFRFR). ROy & (BAHRER)).
THET %, « B3 300 CULTOHZB LN, y BT« -UOs 1 HB LN B,
BbLb—BREORZBEIIT 70 CUELETRETHSE, chbirERT S L
NpO2(OH)2 137 T v DABRLH L RBE O BRIL LTERTRETH B, D
ANy IRFONRTA—FZUTDERY TH D, a=0.5607Tnm, b
=0.6270nm, ¢ = 0.9956nm (Space Group : Pbca) [K.W.Bagball, J.B.Loidler,
J. Chem. Soc., 1964, (8), 2693-2687]

B - NpO2(OH): D FE LW A RRIE

(1) $990 COBEERF TKBILER T Y =AY L BIbT 5, =D&
TTIE, X7V =y A(VIDOAERO FEEMIZIEYY, [D.Cohen, Inorg.
Chem., 1969, 2(3), 866-867]

(2) ENCEEED(PH 3-4)DHEER - ITIBERMIEIE % 90-100 CHHnsk
L. MERIOEY Y 2% 5,

(3) ZE 100 TORXRTY =MV OB E /- 1 LB E BRAEIC T
FE=TKEDHS YV E, pH 28 89 IZRHETME S, £ LI-IER
ks ECREVEIMRRT 3,

Hx OERET, Bl WMEERX 7Y = AVDBEIKRIZASH AF LT b
77 X (Urotropine) #MXMBTHZ L2k v, KE{ELX Y =A(VD)
# % 7=, (ALogvis, N. Krot, Russian Radiochemistry, 1993, 35(5),
531-533) LTI 5 HAE TN TV, (FAATAFE Fitk 5 6 fH0E
TTHAD,) TOWLHRDODERIIRehotz, LaL, tEBROEREMEIT
B+ NpO2(OH)2 DFRICKIIE LTV 5, (REE : AEOFRXICLB L. 4
flir 7Y =0 hDKBICHILBIERFO 5 X 7Y =7 AOFEBICHET S
WX THY, 6MMOFRTICEL TIREROTIERE DL S THB,)
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6. AANUTHROHMRIZE Lizx 7Y =T MEAY

X7V =y AUDDILEY

(1) ¥Bx7Y =70, (Np(OOCH)s)

(a)

(b)

ZOEMIT. B, BRPTIENRVERETH Y, AHBTILIESR
KAREETH D, (LEHREIX UOOCH) s DBFEEY AVTHEX
MEPTIE TABETH S, R3m, a=10659 A, c=4.104 A, —DOfkd
Wix, I<HMoN TS NAOOCH); Dt L Rl—Dix 3 Th 3,

#1ETE 2 Np(OOCH)s DARRIEIIU T DO LBV Th 5,

#30.05 M @ Np(V)E 7213 Np(VD D 0.5-1 M BRI (39 10ml) %27
NAVERIERKITR T, KD Y — FETBTET S, DT, 20
BRIZIBRIDO 4 M HCOONH 212 %, 10-20 S AR LT bR 2 5
BLTHL, BERBL, KTHREBT AT - IEREFE T CELE
¥ 5,

THAETIIERKIFTS T.80.05 M O Np(V) £ 721X Np(VD @ 0.5-1
MBEEBEER (W 10ml) %2, BT AT AREDI DT LMD -
<HE@L, 2M HCOONHs 2 ANV T AT F &5, £ U7
RI3(a) & RIS 5,

(2) Wi 7Y =7 L(1DAFIH (Np2(SOds - 8H20 & Np(SO4)s - 5H20)

UMD L oD 3MDT &= RiZHoWnTiE s Db aisn
BNTVND, 2O DILAHMOBEIZHONT Y, ] 21T Pro(S0ss-8H0
R Nd(SO4s - 5H20 O X572, 3N T V¥ = FORIET B8
WECETAT— 2 2EICLT, FTRITETHS,

I b OLEHERRIL. Np(IV), Np(V) & 7213 Np(VD) DFiEE % 7= 1318

 HRBBEROKEL Y — FEROW-BRCFE T TE~ NpdlD &

HHTOHRARETH B, Npa(SOss -+ 8H0 13, AL E-IIEER
MPT.K05M OFIBBRIEEY P - VEBIELI L= X ) —LEMZ
DI LWLV H/EDLZ EBRHESITTTH D, Np(SOs3+5H0 13, £47.
0.1-:0.2 M @ Np(II) O#E\ VEEEKRICERFBEMZ 5 LIZEVELN
BTHA A9,

(3) AV AL FXTFY =y AUIDOHESEE (KNpSO) ¥ 721X

KsNp(SOy)4 - H20)
BRIEITROXERE BB 5 Z & :Izvestia AN USSR, Seria Khim.,
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1967, No.1, 2586-7, Chem. Comm., 1968, 960, %} J. Chem. Soc.,
Dalton Trans., 1972, 964, ZDFiEL, 1 WD LHITFTH LBV, {8
L. 772213 0.5M FiBBEE I KeSOs AT S B 7- B % A
T I &,

(4) TrE=UAEXRTY =y AIDOFESEE (NH)Np(SOl: « 4H20)
ZDEaWix. J. Chem. Soc., Dalton Trans., 1972, 964, =32k L
7=(NH9U(SO42 - 4H20 DIBA LB L FETEARFIRETH A 5., HEIC

B89 51§ # /% Inorg. Chim. Acta, 1980, 43, 101 "H B35 = LAk A,

ZTV =7 AAIV)DILEY)
(REDOAT, TLREL)

X7 = ANDDILS
(1) ¥BRX7Y =0 AVD—AFt (NpO2(OOCH); - H20)

B FRIEIX. Sov. Radiochemistry, 1983, 25(3), 331-335, ik ~<5Hi
TW3a, £, UTOLHSICKBLERTEZATHAS,

NpO2(ClOy)2 N S, KEEILR 7Y = A (VD 2 /NBRIOT &
=T KRERWTERT, FlilAERT 5, 1 BEEEBRESE THD,
BERB L. KTHESE., BMETZEBTR/BEO 1 M B CHREE
BT 5, HIREBT D720, BEKIIBICED, BXTY =7 LhBEKIBIC
M2 %, %5472 NpO2AOOCH), DI\ \IEHK 1T, iR TR M7 Petry’s
cup Z#E, BEET (DK Lo BHAEE L L) THERIES, AL
faiX, XRDTRIET %, NpO2(OOCH); - H:O D35 A —ZZLLTF D
LBV TH5H,Spgroup Fdd2,a=595 A, b=19.28 A, c=11.49 A,
Z DALEMIL UO2(O0CH)2-H20 & [7] Ui T 5 (Acta Cryst., 1971,
B13, 1848 /),

(2) TrE=Zy LRV =g ANDOXEEEE ((NHy)NpO2(00CH)4)
(NH9)2UO2(00CH)s DA &M% E/R L. (NH)2NpO200CH), I
ZHUTOEIZLTHELNADTHA I,
%1 m mol DBEHREE R 7Y =/ (VD) (ECEEMOFERERER)
Z1ml FTERMEL, BMLIBEBRLARNS, £ 10M © NH,O00CH %K
34ml 2 Ww-< Y EMzD, ERLEZEEREZH 1 BREEBEL. BERS
B, @AKTHESRLERMTERT D, AEEHRXKREFIET
(NH92UO2(OOCH) s DF —F# iIZE3%1T 5, P21/C,a=9.0850 A, b=
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17231 A, c=17.711 A, B=93.18, BEFHOyFEII4 VI~
{LAHOBE BT 5 HRIFEET 2(Gmelin's N> K7 v 7 BH),
(NH9):NpO2(OOCH)4 IIKIZBETH 5 Z L ICERVPLETH D,

(3) Eifex 7Y =)L (VD) 2 KFotp (NpO200OCCH3)2 + 2H20)
ORI, £ IMXBORDVICIMEBREAVDSZ LI
L ¥, NpO2AOOCH)z - H:O OHFA LR UFETERTEDHTHA D,
NpO20OOCCH3)z « 2H20 D##iE i, J. Inorg. Nucl. Chem., 1975, 37(5),
1933, IZRENTWVWSD, BANRT A—H(F:a=9.622 A, b=14.833 A,
c=6.808 A, Sp. Gr.: Pnam, UO2(OOCCH3)2 + 2H:0 #D vV T DEL
fr&EEEET. 5 5FmE#EE TH 5. NaUO2OOCCH); 13 6 F7 i
BThHrHDIEITRITEBLEELEA D,

(4) BEFERX Y =)(V]D) 7 kF# (NpO2AClOg: + TH20)
LA OERITIZUTORERE L TWD LBEbh D,
% 0.6 m mol Np D@FIBERBE L SR 7Y =AM (VDEBER L . $
0.5 ml ETHARBEMHE L. KOH £721X NaOH 2D -7 r— 2 $ic
BExRRLEE5, BRLIEEHE, UOACIOY);: + TH20 DT —F i
HBEL. ¥ERXBREFTETRET S, Z0EWIT, REBETH S,
NpO2AOH)s2t A 4+ 2 EHEEBRKR L L TEATWD,

(5) NpO2(ClOy2 - [OC(NHY:ls 57 F851& |
AR SREIILLTFOLBY, # 0.6 m mol Np OBERIEERER
BEDRTY = ANVDEBEK %  wet salts £ T L.KOH % 721X NaOH
REDETVr— SR T1IBRRKET D, DVWT, @iy /) —/VIE
#2_. 3.2 m mol OC(NH) X BHKIZIMZ D, BONTIBREFRIBE
THETRRTHET D
® 72 B #iX. Nucleonika, 1965, 10, 765, 3B D = L,

(6) @EFERRX TSV =NANVDD RY AFNNRAT 4 o FFY A REeDHF
$E1K (NpO2(ClOg2 40P(CH3)3)
SO EMOEREICE LTI BEHRTHIHLY TH D,

(7) BEEBRRX TV 2ANVDO RN) T 2= ViRAT 4 o FFH A REDsy

F-4E& (NpO2(ClO42 - 40P(CsHs)3)
OB OSRIEICE L TII%HERTH HOH Y TH D,
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X 7Y = AVIDILEW
(1) Co(NH3)e(NpOys *+ xH20 MEIFIN BB TH B R TV =7 A(VID
L&
ZOLAHDERECELTIE, TXA27 U CHE% L. FAX TabH
525960 Thb,

(2) [Co(NH3)s5Cls[(NpOs(OH)als » xH20 MBI NAMRTH AR T Y =
v AVIDiE &4
ZOEHOERECE L T BIILHRT IOV TH D,

(BREE . AN 5, 3. (6) UBROAREICET S, #AORK
ﬁ@iﬁ‘%htﬁf)")ﬁ'_o)
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7. KBBERTERSNDIRTY =y MEEYOHEE &

WP B R B

RESLRLRER

Re—=YFNayEa—FHEOXGRERERRITER

206 1 OfEDILKEE

PLAHEIT, BERREEESICHORBECEBIZRY T2, BY
BRWED T 20U ETHD, IEREITIIREALEEBRRARTH D,
BROBTRHARY MBIERARY b A—%

TOEBIZLY, BERILEHOARANRT M LEADZ L RFEETH B,
A7 hu A—#1E 200 25 1500-2000 nm DFEREWEHEZ TV D
VEXRH D,

FBE L5 CORERIEERMNEERF

sua—7Ry 7 APICREBLI-ZOEBIZL Y, KBUEIZ X 168D
BN EREIZR B,

A ARG T — W IEE
BEICEE STV 5,
¥R X REITTEE
BRI T 5,

RETHENEE LWVEE

400 7% 4000 cm'! OFEEFEIRE FORINRTIERE

KIERMERBSITAIELR T Y =0 MEEYABRKH

BER 7Y =y MLAYABRCEERERE

42K FTRAIEFRERRTY = MEEYAB LR ERE
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HFRE|IZBIT D Krot BiR & OFRD 5 bAFFLT & FIH

5{b2 X7V =725 (Np20s) (Z2oWT

Np20s DA AN THRIZBET D7 — ZIZROXMRIZH S : J.A. Stone,
W.L. Pilinger, Symp. Faraday Soc., 1967, 1, p77, ZOEEZIZ LV AIEX
NTHEHE. NpsOs, 1TEBEIXI NpOs THEZ L2 EZERTREXTHD, b
&% NpaOs I37F7E L 72V, (1 24X, Yul. Belyaev, Radiokhimia, 1983, 25(6),
791794 BR) S5BL2 XSV =T ADARNRY TEHRIZEL Tit, M.S.
Grigoriev S EBRIZEERMZBEIE L E L0, MR IXIT-> TV 22 L,
RROLARL TV,

ZOEHMEER L, AANRTTARI MVERETHZ LIZIBEHD
LR,

Np20s ix NpO2(OH)z * nH20 % 200 725 300 CiZhighd 5 = & CEER
RIEZROAMTE D, 350 CULEIZMBLARNZ &, b LENULEDHITS &
NpOz iZ2>TLE D, BR{bE R LizidhiE, KBUEDS L, KBk
DY ARV a VZEOERE—BREMZ, 140 55 180 Tz EiFhiZ kv,

2. BEMEPICERLTAEVWR Y= ML 2 0HEH

a) NH4NpO2(OOCH) fEIZH¥ 5, SENMTH 5,
b) NHNpO2((OOC)2:CHz) 7 BRL TiX 72w, MERTE, EHICHERENE,
H->T, X7V =y AOBRRCEIIZ THANE X D TREMEN D 5,
¢) (NpO22SOs* H20 200 CUAEDKBUEIZ L W ER. ATV VADWHE
BRTRELERTHIOZIVILEH TH D, SHFH#ETH DN, FEE
DERODO 1 OB ETFIC R BERELHEFIND,

d) (NpO22((00C)2:CeHy) - 6H20 BTN HFTE B,

e) MNpO2((00OC)2CeHy) *xH:0 M=NH4 Na, K, Cs FERIVEIZH
HBENFIND,

f) Co(NHasNpO4«(OH); - 6H20 : CoO(NH3)¢=3+ AR TH¥TIZ2 Y
A PENIBERDHD, LLBADERBREFTIXI1YA b THB, 2
AN T RN L ZBEIREHOFRED Y, BT U BEEE
HAET 5,

g) Co(NH3)e¢NpOs(OH)2 « 6H20 : Co(NHa)e=2+ EWTAL U BEEIKD>
HET D, EELFERLIHo TR,

h) NpO2(0OCCeHs) - 4HoO0 Np5flio kAWt @ERERKSHET L, B
FRIRARZ PVTEERRAI~ELT D3, ZOEHOREIIH TH D,
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KB T L L HiZ, Np— O BEEBAHOR TSI EERLTWAS,
BELHEEICHETHIN, LVBEREORVLDOEZEKATETH S,

THERDI=DDAY L RBEBL LY OFEREIZHONT
RIVZFLohTF7arFa—T2ER0T54LER8NH5, Bk
Vi3 1-2MNaOHIZ0.2-:05 MO KI 2 M Z - CRETALENRL D,
FLANRT LT B,

BEHEFEO SV b= AREEEIZOWT

=a)7 =47 InT)N 2LEBBEE(LEFOBRS L ASKREESR)
IR DD B, BIIBER L ES RGO EL L TR, ZOK
SERAVWAEL IV = AR  HF 2 L CTHERBLES,

12T ORETHEME IR Y | HERRIZ OV T

HAHEME 2B ] 5 BRICOWVWT, a7 TR 3 BRI T O T
5, BWOOFTI2EEE THY., 10mCi £ TOEANTRETH S, 5 OD
ERELZHLTNS, Npit 50 glhk, Am—243 % 100 mg, Am—241
I mg, Cm—244 1% 15 2056 20 mg, Cm (T 2WTIIHFFE L TRV,
Cm—247 ZHRIT O A EE > TV -, Cm—248 1X Cf—252 M H4EY
B5, ¥, Am—242 AV TCm D 6 flE/EV - E b BT,

X7 = AOBERP TOREMEICONT
FTV =g AT 4 EHD 6l E TIIERP THRZ 5. 4101, BERED
HEEP 2 ORERY, 6 HLFHERPLRORYMEETH D,

BHAKEZBWEBRAMAKDOHIEICE LT
BEAZAVWTOERICIIONEMNE S, EXKEBAKZETADETHE
BERDDINEIDEENDDILENRD D, ETRIZE IR LTH,
B BEOKOBRDENRR CIZ2E0E I MNIEMTHY ., FiZZ S
ol LThH, BKEBKOGFHA XOENRH DD T, BFHERE
BR5FEELD D,

THR T =T LAOANFYT I arl MEIZHONWT

ANEYT I as g MERURNZE L2 X D I BRXBREFIETIE 1
RO THIN, AANRNTTHNETIE 2 BRI oTn5, UL LIBEZ(
LT, b LIREREZNTE 4 BFOENEDLLIENY THRIHEE
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ELBRShIhbahin, BRSO amDREES T
MNIRR-TW5, BELOBRELFRBLNDINbEANLRY, T,
(Co(NHa)sCD2* % & T b &I TV i, KARNZR LN FIETH
BDTED 720, ‘
TV = AO TH~OBLIT, BT b Y U LAERELELTWD
THA 9, NaOH $ T2 0.1-1 M TEILE N, 1-4 M TiIERL IRV,
AMUETERBILENE XD, BRILBENERS-DTHD, B
AN BEETIL, BREBEA TV BRELT, FBI PN RLlbL
Bbhbd, LIOH B TIRANLIENRVOTONLRN, ErbRoT
HI-V, FREBROER. KS:08i2 k% LiOH #TO®ELIZ, 80—90 C
RO LENRH D Z LB hoT, FIROL I, (LEHBERTEI)

9. 6MiR7Y=UAMLEMIONT
6 DLW RB LT VO THEANA/ES DR LV, BRIILUTO L

BY,

CN6 :Cs2NpO2Cly 1@Fl7Z2 CsCl # VY, MBALRNT &,

CN7:NpO2(ClOgz* TH:O /m#h L #&FE#%. KOH %£7-i% NaOH ZAh
T v — 2 RICRF LERIEER D,

CNS8 : (NH)sNpO2ACO2)s HHEFAIKEIZ 2M (NH92COs &M%, THEHE A
B )—=nHBHNEH ) — NV THEET D,

10. 3fERTY =y MMEEHIZHONT
3 HOILEHWLEMFTETH 5D, KsNp(SOss3, KsNp(SOs4 stable,
(NH)4NpO2ACO3 oW Tk, ABTHRIXERL THD Z &, Marquat et
al. CseNp(NOgs, J. Inorg. Nucl. Chem., 1975, 37, 261, {LE&#H & RERT
Aok, (#H. CeoNp(NOs TH D Z & A HERFH.)

11. X7V =9 LD 5HRV6 liDOFOHFIZONT
Neptunyl(V), Neptunyl(VD) &\ FEUA & 5 il Neptunoyl, 6 fffiiC
Neptunyl., it T “yI” LFESFERDH D, 2V T TRHEENR—KRHTH
Do

1 2. Actinide & Actinoid {(Z DV T
Actinoid X BBV TH B, 77 LTI Actinide I TAc 1T 9
LD, Actinoid IX TAc IZEEBIL- b D) W) BKERKO, SIEFL2EF
FRVEDIZ, BlTWB LN ) DIIMBTE R, AL BELEX
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HTH D,

13. @tk 7>Y =7 A NpOy + 2H20 {2\ T
BER{LER 7Y =7 A NpOs » 2Hz0 1%, Grigoriev 288I%E L 72 23845 13
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EBRHEAL R (SI) L MEX
F1 SIEAKBAL X OCRBIHGL x2 SILORSN B x5 SIXoRE
&’ % i 5 % W i 5 ¥ BRIRE i 5
= XA = b o m 4, B, B /| min, h, d 10 = 7 ¥ E
" IR AN kg B, 5%, B °, ", " e~ ¥ p
5] 5 B s y » b |1, L 10'2 5 5 T
& w7 v =7 A b vt 00| ¥ # G
BMOFEE | >y v B v K BFEALL | eV 10° A #H M
G w | mol RFHBEL | u o IS B
* glr v 5 5 cd 102 | ~ 2 h
¥ @ A5 U7 v rad 16V=1.60218x 107°J 0y #| da
i B A|RTIVTY | st 1 u=1.66054x 10" kg 0| ¥ v 4
10| & v F c
107° | 3 Y m
%3 EROLHE S SIHALRE 0| =420 u
&4 SIEHKITYEMIIC "
. 10 + n
& g w |us|ERSIRL ARy ! O A
A Pt ¥|~ n V| Hz s! % B z = 10718 7 x4 b f
h =a2—-hF¥| N m-kg/s’ AV yzabo—n A 107 7 b a
E f ., & Hhl| =z # v| Pa| Nm? PR - v b ,
i (tE, MRV 2 — 4| J | Nm < —  a| bar ()
T&, mEKly o b W/ Js " v Ga L %1513 TEEBER) B5 K KK
BLRBR, BH |7 -0 v C | As $ a0y - Ci ERER 1985 EHITICL B, 2750, 1eV
&H, BT, Jﬁih ¥ o+ V| WA I N % R BEU 1 uDiliz CODATA D 1986 4 #f3%
w & % ®R| |7 7 7 F|F c/v 5 S rad Bic L - 1o,
g8 K[ & M| - 4] Q V/A v L remy .
avs s sy R |v-Ava| S | AN 2 RACBBE, /b TN 7Y
4 w|w = — ~| Wb| Vs 1 A=0.10m=10""m b EENTVL AN ARORELOTE
B O ® ® |5 2 7| T gb/f | b 100 fan?— 10-2° m? ZTIIHBEL 1, )
N o N . ) _ ) B =
4% 575 YA~ ) H b/  bar=0.1 MPa=10°Pa 3. barid, JISTRAKOENEEDTH
! Ny ZBE ey RE| C | Gal=1cm/s’ = 10-"m/s’" BRBVE2OHT T — RIS LT
3 #|lv — A Y| Im cd-sr al=lcm/s s %
iz} 2 1Ci=3.7x10'°Bq °
Eiv 7 2 = tm/m » 4. ECHMREHE2ISH T bar, barnkk
b &t Bl~x 2 L oo Bg = 1 R=2.58x10"*C/kg . ) .
L U (MEDORE | mmHg%&20H8 53
® W @ |7 v 1| Gy| Jke Lrad=1cGy=10"Cy —IEARTVS
84 B Y B|v-~<nb| Sy J/kg lrem=1c¢Sv=10"%Sv °
# B %
71| N(=10°dyn) kgf Ibf F | MPa(=10 bar) kgf/cm? atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 Bl 0.0980665 1 0.967841 735559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
$ M 1Pas(N-s/m?)=10P(£7 %) (g/(cms)) 1.33322 x 107* | 1.35951 x 10™* | 1.31579 x 10~° 1 1.93368 x 102
BT 1mYs=10'St(R b — 7 2) (cm¥s) 6.89476 x 107° | 7.03070 x 1072 | 6.80460 x 10°? 51.7149 1
x| J(=10"erg) kgf*m kW-h cal (Gt&#) Btu ft « 1bf eV 1 cal = 4.18605 J (Gt &)
p 3
w 1 0.101972 | 277778x1077 |  0.238889 | 9.47813 x 10~ 0.737562 | 6.24150 x 10** =4.184J (ML)
x
] 9.80665 1 272407 x 107 | 2.34270 9.29487 x 107 7.23301 6.12082x 10" =4.1855J (15°C)
% 36x10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10%° =4,1868 J (HBEALRK)
- 4.18605 0.426858 | 1.16279 x 107° 1 3.96759 x 1072 3.08747 261272x 10" (yHg 1 p§ (IAE )
(- 1055.06 107.586 2.93072x 107 | 252.042 1 778.172 6.58515 x 10%! =75 kef-m/s
1.35582 0.138255 | 376616 x 1077 |  0.323890 | 1.28506 x 10~ 1 8.46233 x 10" = 735.499 W
1.60218 x 107'* | 1.63377 x 107%°| 4.45050 x 1072°| 382743 x 10-2 | 1.51857 x 10-27| 1.18171 x 107'° 1
hivd Bq Ci ﬂ% Gy rad ;'i C/kg R g Sv rem
B 1 270270 x 10~ ! 8 1 100 @ 1 3876 2l 1 100
L1 & B 15§
3.7 x 10 1 0.01 1 2.58 x 107 1 0.01 1
(86 1 12 f 26 HERE)
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