




uETeLASSL3FsH) QRBL 1568 

C* P, &irn 
C, E, Bornand 
Boyd Weaves 

Date Issued 





29- 
30 
31 
32 
33 
34- 
34 * 
%* 
37 * 

38-47. 
48. 

49-58. 
59. 
60. 
61. 
62. 
63- 
64 c 
65 * 
66, 
67 
68. 
69 



I 4- 

Florida Stsate University, Td, ,zb~seee,  Florida (Department of Pbysics) 
Georgia Ins t i tu te  of  Technology, A t l m t r a ,  Georgia (Chemistry Dept ) 
B F. Goodrich 3esearch Cent%t-, BrecksviU-e, Ohio (Physica.3. Xesearch) 
Hamtad University, Cyclotron L6dbo~at;ory, Cambridge 38, f4assschusetts 
(Physics hpa~-t;.mznt;) 
War-vard iJnivergsl.+,y Medic& School, 25 Shattuek Street, Boston 15, 

Illinois Ins t i t u t e  o f  Techaologj, Techazology Center, Chicago 16, 
I l l i no i s  ( ~ e p a r t m n ' ~  OR ~kteins s t q )  
Universiey of IlLinoi s, ~ b a x m ,  I l l i n o i s  (FIQTS~CS Department) 
Indiana Unlve-csity, Bloo-m%ag%on, Indiana (Physics Department) 
State University of Iowa, ~awa City, ~ o w a  (Physies Department) 
Kansas State College, iWhai+ t;m9 HLwsa~ (Ikpartmslt of Physics) 
University of Xichigan, Ann &box, MSchigalo (Chedstry and Physics 
Departments ) 
Michigan State CoUege, East Lmsilag, Michigan (Physics a d  Astronomy) 
Univemity o f  ~nness t a ,  b m e a > p o l i s ,  BEanesuta (Pwsics  Department) 
National Nav(Lz 14edicaL Center, Xkthesda, 14, Maryland (Biochemistry Div- ) 
NoPthmstern University, EvamL~n, I l l i n o i s  (Department of Physics ) 
University of ~ok ; re  DLZ, ~qotre ume, IndTana (physics wpxrtwnt) 
Ohio State University, Colim~us 10, Ohio (Chemistry Department) 
University of Pennsylvania, Philedd&i,a 4, Pennsylvania (Physics Rep% ) 
University of Pittsburgh, Pftt.sSurgh ljP Pewtylvmia (Radlation Lab II ) 
The Presbyterim HospitaX, 5;- H0;rth 39th Stzeet, P'hibde1pM.a 4, 
Pennsylvania (~ed;hcsl)  
putrdrie University, bfayet te ,  b&iam (~t iysics  Department ) 
Reed College, Port;J_ar*d, Olseg~n (Physics &pa*ent) 
Rice Inst i tute ,  P. 0, Bax 1892, Houston, Texas (Physics Division) 
Rutgem University, Mezr B m s v k k  IJev Jersey (Physics kgE&mnt 
Stanford University, Stanford, California (Xi~ro~mve bbsra%ory) 
Vanderbilt University, Nashville, Yemiessee (Physics) 
Washington University, St e Louis 5 ,  f.l.*isscruri (Che~strp) 
Washington University SC~OQX of &dic5neY 8% Jduis 10, Pllssouri 
(Department of Me die ine ) 
State College of Watshfbngbsn, Pullman, Mashingt;on (Chemistry) 
University of Wiscom~n, ~hdis:ora 6 ,  Wisconsin (~hys%cs) 
A and & College of Texas, Physics Deperrtment., College Ststion, Texas 
Louisima S t a t e  University, Physics &pa,r"cmen.t,, Baton Rouge, Louisiana 
Given distribution 8s  S ~ O W A  In TJD 4500 wider Pkysics Caetgory 

A%B SaChUSet% s 
87 

88 0 

94 
95 - 
%* 
97- 
98. 
99 
100. 
101. 
102. 

103. 
104. 
105. 
106. 
107. 
108. 
log 1) 
110. 

1ll. 
w. 
ll.4 LI 

115-351. 

113. 





-6- 

UWCLASSIFIED 

TABLE OF COHTE3lTS 

1n.troductfon . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Summary of' Production and Shipments . . . . . . . . . . . . . . .  
Stable Isotopes: 

Element Page No. 

Antimony . . . . . . . .  33 

Barium . . . . . . . .  35-35 
Boron o e - 10 
Bromine . . . . . . . .  25 

C U W U  . . . . . . . .  29-30 
C d c i W  . . . . . . . .  14-15 
Carbon 0 l.3. 
Cerium . . . . . . . .  36-37 
Chlorine . . . . . . . .  1 3  
Chromlne . . . . . . . .  16-17 
Copper . . . . . . . .  21 

G U i U  . . . . . . . .  .22 
Germanium e . e . . a 22-23 

Bdnfunr  . . . . . . . .  39 

Indium . . . . . . . .  30 
Iron . . . . . . . .  17-20 
Lanthanum . . . . . . .  36 
baa . . . . . . . .  42-4-4 
L i t h i m  o . a 10 

Magnesium . . . . . . .  u. 
Nercury . . . . . . . .  40-42 
Molybdenum . . . . . .  27-28 

Page Noo 

7-8 

9 

Element 

Meodymfwa . . . . . . .  37-38 
Nickel . . . . . . .  20-23. 
P a l l a d i u m o  . . o  . . 20 
PQt&3SiWU . o . . 13-14 

sa,ma,rrium . . . . . . .  38 
Selenium . 0 e * c . 23-29 
Silicon . . . . . . .  an-3.2 
Silver . . . . . . .  28-29 
Sta;.rpontiu , . e a a e 25-g 
SUUUr . . . . . . .  12 

T e l l a r i t u n .  . 34-35 
bE2 Th€du.um . . . . . . .  

Tin . . . . . . .  30-33 
3it~1i- . e 15-16 

VELnadiUm . . * o . . o  16 

Tungsten . . . . . . .  39-40 

Zinc . e o . . , *  21-22 
Zirconium . . . . . . .  26-27 

UNCLASSIFIED 



-7- 

This report of e l e c t m ~ ~ t i c ~ y  enriched isotopes %s revised 

frequenkly t o  include all isotopes whicli are available for um, or  &re 

i n  the process of chemical ref lnewnt .  The most recent information on 

the isotopic abundance of each enriched sample and the amount of each 

isotQpc i n  the inventory is also Iistect. 

Isotopes which have 'been concentrated bu% m e  not available a t  presen%. 

The list also includes those 

All vELghts reported m e  element weights converted &om compound 

weights by standard gravimetric factors. 

On all shipments mteria.l wfll be shipped i n  the product form shown 

unless special asraagewnts are made for further chemical processing. 

Isotopic abun&nce data not in t h i s  report, such as concentrations 

Spec- of other isotopes in the sample, will be submitted upon request. 

trographic analyses etnd complete isotopic abundance daLa w i l l  be for- 

wzbsded with rilll shipments or  as soon as amillable, 

Any users of isotopes who need mass analysis services should check 

with the Isotopes Division of the A. E. C. regarding their specific 

needs. 

Isotopes produced by the electromagnetic process axe available i n  

m i l l i p e u n  q w t i t i e s  for  distr$.b.ution on loan Within a d  outside of the 

Atomic Energy Catmission and m y  be seguts-t;ed by usSng A. E. C. form 

100. Copies of t h i s  farm m y  be obtained from 

U. S .  Atoxaie Energy Commission, P. 0. Box "E", 

the Isotopes D f v l s i w ,  

Oak Ridge, Tennessee 
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Users of Stable Isotopes who need extensions of t he i r  loan perlods should 

write The Isotopes Division, Atomic Energy Comission, Oak Ridge, Tennessee. 

A l l  purchase orders m e  t o  be sent t o  Dr. C .  P. Keim,  Oghk Ridge 

National Laboratory, Y-12 Area, Oak Ridge, Tennessee. 
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80 
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52 
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30 
40 

-9- 

kXlM4ARY OF PRODUCTION AND SHIPPiEXTS 

Element 

Antimony 
Bar ium 
Beryllium 
Boron 
Bromine 
Cadmium 
Calcium 
Carbon 
Cerium 
Chlorine 
chrmzum 
Copper 
m1iUm 

Germanium 
Eaf'nium 
Indium 
Iron 
Lanthanum 
Lcad 
Lithlum 
Hagncsium 
Mercury 
Molybdenum 
Neodymium 
Nickel 
Qxyill;en 
Palladium 
Potassium 
Rhenium 
Rubidium 
samariw 
Selenium 
Silicon 
Silver 
St;rontium 
SUI-* 
Tellurium 
Thallium 
Tin 
Titaaiun 
Tungsten 
Vaad-ium 
Zinc 
Zirconium 

TOTAL 

Productt on 
Completed 

4 
19 
2 
5 
2 

19 
39 
3 
14 
7 

14 
1-3 
2 
11 
6 

12 
79 
2 

29 
24 
17 
40 
33- 
14 
26 
2 
6 

31 
2 
2 
14 
47 
9 
8 
14 
9 

42 
16 
63 
3.4 
18 

3 
16 
27 

717 

No. of SaInplcs 
Now Available 
For Shipment 

4 
1.5 
0 
5 
2 
15 
17 
2 

12 
6 
9 
11 
2 
10 
2 
9 
60 
2 

25 
LO 
14 
34 
26 
15 
14 
0 
0 

23 
2 
2 

13 
43 
7 
8 
9 
6 

34 
3 2  
55 
10 
17 

3 
10 
22 

597 

No. of IndivLdual 
Shfpmente and 
Transfers Made 

26 
32 
2 
3 
4 

75 
61 

3 
32 
7 

66 
29 
16 
36 
39 
25 
74 
4 

63 
103 
44 
87 
88 
57 
65 
0 
0 

55 
16 
11 
68 
62 
24 
18 
33 
16 
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ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPMENT 
and (atom percent) Element Weight Product 

Isotope Natural Enriched Series Sample (milligrams) Form 

L i t h i u m  

Li 6 

L i  6 

LI 6 

Li 6 

Li 1 

L i  7 

L i  7 

L i  7 

L i  7 

L i  a 
L i  7 

7.43 

7.43 

7.43 

7.43 

7.45 

92 * 57 

92 - 57 

92 * 57 

92 * 57 

92 57 

92 * 57 

95 -2  

95.5 

88.22 

94 007 

95 

99.91 

99.5 

99.8 

98.4 

99 9 86 

ca 99.99 

ED 

ED 

Ez 

FI 

FY 

I 

AFt 

BQ 

CU 

EZ 

GE 

7 

15  

12 

. 25 

1, we 

10 

711. 

710 

4 7  546 

5,064 

1 7  000 

Boron 

B i o  19.57 86.78 DP 481 (a) 4S H3303 

Fv 734 (4 2,179 H3B03 

B LO 19.57 .)tK GF 768 (4 

BE4 250 (4 10 H3B03 B 11 80.43 * 

DP 482 (a) 200 H3B03 B 11 80.43 3c 

B 11 80.43 97 - 77 pv 735 (4 1 7  8 9  H3B03 

13 11 80,43 ** GF 769 (4 

B 10 19.57 * 

v. 

* - Hnalysm Ineornpie-te * - Refineaent Incomplete 



ELECTROMAGNETTCALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPMENT 
(atom percent) Element Weight Product 

Is o tope Natural Enriched Series Sample (milligrams) Fonn 

Casbon 

and 

c l 2  98 * 91 99 *96 FD 638 (A) 1,lb c 

Msgncsium 

Mg 24 

Mg 24 

Mg 24 

Mg 24 

Mg 24 

Mg 24 

PiIg 24 

Mg 25 

k3 25 

Mi3 25 

Mg 25 

~g 26 

#g 26 

Mg 26 

99.5 P 

98 9 36 Q 

99 52 Bz 

99.2 lf3z 

9905 €iz8 

99 -4 BZ 

99.59 I3z 

62 49 Q 

65 *67 Q 

86.8 

92 33 

96.16 

95 -91 

Silicon 

Si 28 92.17 99.4 AI-AJ 103-106 (a) 1,796 si02 

Si 28 92.17 98.1 BW -230 (4 7,510 Si02 

* - Analysis Incomplete ** - Refinement incomplete 
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ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPMENT 
and (atom percent) Element Weight Product 

Isotope Natural Enriched Series Sample (milligrams) Form 

Silicon (Cont 'a) 

Si 28 92.17 

Si 28 92 17 

si 29 4.71 

Si 29 4-71 

Si 30 3.12 

S i  30 3.12 

Si  30 3 . u  

S i  30 3.12 

99 16 E33 

44-E Gc 

68.62 EB 

cc 

63.9 AI -AJ 

49.6 BW 

64.04 E23 

we Gc 

s 32 94 9 89 97.90 cx 393- (4 21-5 5 

$5 32 94 89 98 45 ES 5% (a) . 7,463 CdS 

s 32 94 09 SHt GB 757 (4 
s 33 0.80 5.54 cx 392 (a) 25 5 

s 33 0.80 9.8 ES 597 (4 0 

s 33 0.80 * GI3 758 (4 
s 34 4.29 20.65 cx 393 (4 0 

s 34 4.29 5.38 cx 393 (b) 59 5 

s 34 4.29 14 e 92 ES 598 (4 997 Cds 

s 34 4.29 icir- GB 759 (4 

s 36 0.02 0.88 ES 599 (4 24 CdS 

s 36 0.02 )t3t. GB 760 (4 

* - Analysis Incomplete 
-H - Refinement Incomplete 
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ELECTRQMGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPMENT 
and {atom percent) Element Weight Product 

Isotope Natural Enriched Series Sample (milligrams) Form 

e1 35 75.4 79*5 AV 1.61 ( C L )  18 ABCl 

C1 35 75.4 92.4 DH 436 (4 0 AgCL 

35 75.4 3c FW 736 (4 17,603 1y&1 

Cl 35 75.4 JC m 736 (b) 8,824 I?E%€!l 

C1 37 24.6 65.6 DH 438 (4 97 A@ 

ci 37 2b.6 * Fw 737 (4 672 NlsCL 

Chlorine 

CL 37 24.6 * Fw 737 (b) 4,717 N a C l  

99.5 

99.9 

99.9 

99.94. 

99*?4 

99-89 

99.96 

99.94 

99 e83 

1-33, 

0 . b  

0.40 

7.13 

BJ 

CM 

CM 

DA 

rn 
DT 

Ex 

FA 

DA 

DB 

DB 

rn 



E LE C TROMAGNE TICALLY CONCENTRATED IS0 TOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPMENT 
and (atom percent) Element Weight Product 

Isotope Natural Enriched Series Sample (milligrams) Form 

Potaasi-am -( Cont 'd) 

K 40 0.OlI 3-64 Ex 622 (u) 7 KCL 

K 40 0 m0U. 7.75 EY 625 (t) 10 icz~4 
K 40 0.011 0 978 FA 630 (4 33 KC1 

K 41 6.74 92.9 bJ 239 (8) 45 ~ ~ 1 0 4  

K 41 6.74 86.8 CM 348 (4 37 K G l  

X l k l  6.74 98 94. DT 496 (4 100 KC1 

K 41 6-74 98894 MI 496 (4 65 KCl 

K 41 6.74 99 20 Ex 623 (4 69 KC1 

K 41 6.74 9 9 . a  Ex 626 (e) 650 K61 

K 41 6.74 99 21 EY 626 (er) 988 K C l  

K 41 64% 87 75 FA 631 (4 540 KCI. 

Calcium 

Ca 42 o e 6 4  28-3 DI 4-4-2 (b) 393 cac03 
Ca 42 0.64 82.52 EV 614 (a) 140 cac03 

Jt. -Analysis Incomplete 
Jcic -Reii.nemen-t; Incomplete 



Calcium (Cont 'd) 

Ga 42 0.64 

Ca 42 0.64 

Ca b3 0 . 144 

ca 43 0.145 

Ca 43 0.145 

ca 44 2.6 

cs 44 2 b &  

Ca 4.4 2.06 

Ca 44 2.06 

ea 44 2.06 

CPL 46 0.0033 

cee 48 0.185 

Ca 4.8 o .185 

-3.5: 

ELECTROMAGNETICALLYCONCENTRATED ISOTOPES 

Element ISOTOPIf: ABUNDANCE AVAILABLE FOR SHIPMENT 

Isotope Natural Enriched Series Sample (milligrams) Form 
and (atom percent) Element Weight Product 

64.17 

JCIC 

37.95 

72-13 

6?.95 

85 -4 

96.2 

97*w 

97.99 

jtic. 

LO .id 

84.28 

7.49 

355 

43 

0 

295 

rco 
0 

4.88 

555 

0 

0 

10 

Ti 47 7.41 dwc GA 753 (Q) 
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ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Elernen t ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPMENT 
and (atom percent) Element Weight Product 

Isotope Natural Enriched Series Sample (milligrams) Form 



ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR S H P E N T  
and (atom percent) Element Weight Product 

Isotope Natural Enriched Series Sample (rnilli grams) Form 

Chranxiurn (Crmt'dd) 

€k 53 9.49 92.1 m 3= (4 14 %P3 

cr 53 9 a49 go*& EU 6l.l (4 6 &203 

et. 54 2.38 88-95 EO 612 (a) 0 

55 -47 

39.0 

81.06 

83 eo3 

98,k 

98.g 

9&62 

97.42 

V 

B 

E 

F 

AM 

Az 

BB 

CL 

a, 

FN 

m 

3 

B 

E 

F 
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ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPMENT 
and (atom percent) Element Weight Product 

Is o tope Natural Enriched Series Sample (milligrams) Form 

 ran (Cont 'a) 

91-52 

91 4 52 

91 * 52 

91 - 52 

9 - 5 2  

91-52 

91 52 

91-52 

91-52 

9.2.4 52 

91.52 

91 52 

2.24 

2.24 

2.24 

2.24 

2 .24 

2.24 

2.24 

2.24 

2.24 

2.24 

98.9 

99.0 

9 8 3  

93.3 

96.5 

99.84 

99 * 70 

99 70 

99 070 

* 
.IC 

-Hi- 

21.10 

30.5 

69.63 

33 02 

77.6 

51 91 

79.43 

62.38 

59.31 

31.9 

AM 

Az 

3A 

BB 

CI 

CZ 

Do 

Do 

Do 

FC 

m 

FN 

B 

B 

F 

AM 

B3 

CZ 

DK 

DL 

DL 

DL 

2,427 

12,451 

35,471 

9,818 

51,056 

10,QW 

242,643 

76,218 

27,594 

18,171 

304,226 

62 

81 

15 

69 

24 

509 

232 

830 

381 

1,245 

Jt - Analysis Incomplete 
e - Refinement Incomplete 
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ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPMENT 

Isotope Natural Enriched Series Sample (rnilli grams) Form 
and (atom percent) Element Weight Product 

044 



ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE F O R  SHIPMENT 
and (atom percent) Element Weight Product 

Isotope Natural Enriched Series Sample (milligrams) Form 

l i c k e l  

Ei 58 

Ni 58 

WI 58 

Hi. 58 

N-l 60 

Ni 60 

Alf 60 

m. 60 

~i 60 

Wi 61 

Mi 61 

m 61 
Mi 62 

~i 62 

67.4 

67.4 

67-4 

67.4 

26.7 

26.7 

26.7 

26.7 

26 .? 

1.2 

1*2 

1.2 

3.8 

3.8 

98 * 51 

99.3 

98 36 
* 
94.4 

94.4 

as. 10 
97.7 

* 
34.42 

80.9 

y. 

67 99 

94 -7 

K 

AS-AT 

DF 

FJ 

J 

J 

K 

As-AT 

FJ 

K 

AS-AT 

FJ 

IC 

Ai? -AT 

* - AnaJ-ysas Incomplete 
++-R - Reffnement Incamplete 
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ELECTROh4AGNETlCALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPMENT 
Element Weight Product 

Isotope Natural Enriched Series Sample (milligrums) Form 
and (atom percent) 

giekei ( C O B t  a) 

xi 62 3-8 * DF w ( b d  30 If 

Ni 62 3.8 * FJ 672 (4 1,462 &io 

Hi 64 0988 85.10 d 32 (4 10 Ht.0 

ai 6k. 0.88 97.4 .&-AT x46-152 (.) 0 

wi 64 0.88 *. FJ 6?4 (4 0 

A 

A 

J-K 

AV 

m 

DL 

DU 

FJ 

A 

AV 

DU 
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ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE P.VAILABLE FOR SHIPMENT 

Isotope Natural Enriched S e r i e s  Sample (milli grams) Form 
a n d  (atom percent)  Element Weight Product 

- 

88.1 

91 * 38 

89 82 

94*% 

68-9 

78.04 

95.2 

95.m 
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ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR S H P E N T  
and (atom percent) Element Weight Product 

Isotope Natural Enriched Series Sample (milligrams) Form 

G~XWBILXXB (eoat;*a) 

76 7 ~ 5  83.02 Fz 7% (4 4,897 @5Q2 

J-22 *% Gt 76 7.75 "39.3 B D - ~  203-214. (a) 
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ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPMENT 
and (atom percent) Element Weight Product 

Isotope Natural Enriched Series Sample (milligrams) Form 
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ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC AEWNDANCE AVAILABLE FOR SHIPMENT 
and (atom percent) E bment Weight Product 

Isotope Natural Enriched Series sample (mill1 qrams) FQITI-I 
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ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPMENT 
Element Weight Product  

Isotope Natural  Enriched Series Sample (milligrams) Form 
a n d  (atom percent) 

Strontium (Con% 'd) 

~r 88 82.6 99.67 EH 551. (4 39 Sr (Bog), 

Sr 88 82.6 99 63 FL 682 { a )  13,480 5rc03 

z i rc onium 

Zr 90 

zr 90 

Z r  90 

Zr 90 

ZP 90 

Zr 90 

zr 91 

Zr g1 

Zr 91 

Zr 91 

Zr 91 

Zr 92 

Z r  92 

Zr 92 

Zr 92 

Zr 94 

zr 94 

Zr 94 

91.1 

9x17 

98.0 

98.0 

95-6 

98.66 

54.4 

54*4 

86.6 

86,6 

75.1 

92.7 

92 -7 

09.8 

95.38 

82-1 

8 2 2  

92.8 

AA 

CK 

CK 

cv 

EE 

AA. 

AA 

CK 

cv 

CK 

CK 

CV 

Ex 

AA 

AA 

CIS 

18 

460 

7,045 

1,878 

3,612 

11,815 

50 

100 

33 

I., 831 

839 

281 

2,149 

96 
5,441 

94 

40 

68 

-5 - h L y s l s  Incowlete * - Refinement Incomplete 
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ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAaABLE FOR SHIPKNT 
and (atom percent)  Efement Weight Product 

Isotope Natural Enriched Series Sample (milligrams) Form 

zirconiM1 ( c a t  ‘a) 
ZF 94 17.79 92.8 cx 337 (=I 1,7% z3Q2 

zr 94 17.T9 %%9 CIT 3* (4 861 %*2 

R-T 

Aw 

FP 

AW 

FP 

R-T 

AW 

FP 

FP 

R-T 

AW 

m 
R-T 



-28- 

ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPMENT 
and (atom percent) Element  Weight Product 

Isotope Natural Enriched Ser ies  Sample (milligrams) Form 

Molybdenum (Con% 'd) 

MO 97 9.60 77.97 R-T 57 (4 284 m003 
Ma 97 9.60 75.4 AW 167 (a) 510 M'3 

MO 9*60 73.45 FP 699 (4 74 Moas 

Mo 91 9.60 89.43 Fp 699 (b) 119 M*3 

Ma 98 24.00 95.0 R -T 58 (a) 486 m003 
Mo 98 24.00 89.9 R-T 58 (b) 393 Mm3 

Mo 98 24.00 96.3 AW 168 (a) 487 M9 
Mo 98 24.00 95.15 FP 700 (4 536 

Silver 
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ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVALABLE FOR SHIPNlENT 
and (atom percent) Element Weight Product 

Isotope Natural Enriched Series Sample (milli grums) F0m 

Silver 

Ag 107 51-86 90.26 s-cf kl 0.4 u5 A g C l  

Ag 107 ?lo% 90 .26 S-U 41 (br) 2,143 k g  

Ag 107 5L66 96.10 EA 5= (a) 1,030 A&Q 

Ag 109 48.14 95.@3 N 42 (4 33- WJ, 

Ag 109 48.14 9 2 ~ 5  S-U 4.2 04 22 w1 

Ag SOg 48,14 92.16 s-u k2 (br) 1,644 

Ag 109 48J4 9934 Ea 523 (53 1,135 A&J- 

Cd 106 

Cd 106 

Cd 108 

Cd 108 

Cd U O  

Cd U.0 

Cd 1xI. 

Cd U.3. 

Cd 112 

@a 112 

Cd l.l.3 

Cd ll3 

Cd ll4 

1.22 

1.22 

o*ss 

0*89 

32.43 

l2.43 

L2*% 

12.86 

23179 

23.79 

L2.34 

32.34 

28.81 



-30- 

ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE 
and (atom percent) 

AVAILABLE FOR SHIPMENT 
Element Weight Product 

Isotope Natural Enriched Series Sample (mill i  crams) Form 

Indium 

In u3 

In 113 

Ill 113 

xn 113 

xkl l l 5  

In u5 

In 115 

In 115 

In 115 

In 115 

4 2 2  

4-22 

4.22 

4.22 

95 078 

95.78 

95078 

95.78 

95 -78 

95 078 

16.8 

65.4 

14.2 

59.58 

99.56 

99.6 

99.6 

99.9 

99.94. 

99.94 

TSn 

Sn 112 1-00 72 49 EC 527 82, sn 

Sn 112 1.00 58.88 FS 73-0 (a) 187 5mk32 



ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCF. AVAILABLE FOR SHPMENT 
Und (atom percent) Element Weiqht Product 

Isotope Natural Enriched Series Sample (milligrams) Form 

7.68 

24 07 

2-k .O7 

24.07 

24 . 07 

28 

535 

43 

'30 

u 6  

49 

3.88 

304. 

4,144 

7,284 

4,425 

2,913 

288 

182 

4,748 

4,4%2 

2, sr3a 

1,457 

91s 

1,014 

N 
63 
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ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE: AVAILABLE FOR SHIPMENT 
and (atom percent) Element Weight Product 

Isotope Natural Enriched Series Sample (milligrams) F orm 

Tin (Cont'd) 

Sn 118 

Sn 118 

Sn 118 

Sn 118 

Sn 118 

Sn 119 

sn  119 

Sn llg 

Sn 119 

Sn U g  

Sn la9 

Sn 119 

Sn 119 

Sn 120 

Sn 120 

Sn 120 

Sn 120 

Sn 120 

Sn 120 

Sn 120 

Sn 120 

24.07 

24 .O? 

24.07 

24.07 

24.07 

8.63 

8.63 

8.63 

8.63 

8.63 

8.63 

8.63 

8.63 

32 - 53 

32 - 53 

32 - 53 
32 * 53 

32 * 53 

32- 53 

32 * 53 

32 * 53 

84.6 

93.26 

94.91 

95.86 

Y 

77 01 

77.1 

64.4 

78.5 

78 - 25 
79 82 

Jt 

* 
93.5 

95.4 

95.4 

72.6 

53.6 

97 - 01 
98.14 

98.21 

BI 

CR 

EC 

FS 

FS 

AY 

AY 

.Be 

BI 

CR 

EC 

FS 

FS 

AL 

AY 

AY 

BC 

BI 

CR 

EC 

FS 

1,020 

8,510 

13,126 

11,804 

4,970 

93 

48 

382 

166 

5, 

18,057 

4,400 

1,730 

420 

1,588 

464 

3,155 

1,760 

18,120 

17,976 

16,592 

JC - Analysis Incomplete 
+E - Refinemenk Incomplete 
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EECTROMAGNETTCALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SNIPPMENT 
and (atom percent) Element Weight Product 

Isotope Natural Enbched Series Sample (milligrms) Form 

( c Q A * * ~ )  

sfii 3.20 

sn 122 

Sn 122 

sn 122 

sn 122 

Sn 3.22 

sn 122 

Sn 124 

Sn 2 4  

sa 124 

sn 3.24 

Sn 124 

sn 124 

Pes3 

4.68 

4.68 

4,68 

4.68 

4448 

4.68 

5.89 
5 e89 

5*@ 

5*@ 

5489 

5-89 

sc 

45.8 

83.66 

%.92 

88.92 

84.62 

46 

71.0 

83.1 

95 .d 

95.04. 

g o * g  

Jt 

L21. 57.25 

sb 1a 57.25 

99.4 

WFk 

a 
355 533 
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ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPMENT 
and (atom percent) Element Weight Product 

Isotope Natural Enriched Series Sample (milligrams) Form 

Tellurium 

Te 120 

Te I20 

Te 122 

Te 122 

Te 122 

Te 123 

TC? 123 

Te 123 

Te 124 

Te 124 

Tt I24 

Te 124 

Te 124 

TC? 125 

Te 125 

Te 125 

Tc 125 

Te 126 

Te 126 

126 

Te 3.26 

Tc 126 

0 .I 094 

0.094 

2.46 

2.46 

2.46 

0.86 

0.86 

0.86 

4.67 

4.67 

4.67 

4.67 

4 *67 

6*97 

6 8 7  

6.97 

6.97 

18.69 

18.69 

18.69 

18.69 

18.69 

22.3 

19.90 

77*8 

86.24 

81,72 

34.9 

60.91 

48.58 

72.5 

83.9 

21.8 

76 0 47 

81.34 

81,l 

87.9 

40.5 

m*53 

93 -2 

95.4 

95.4 

79.0 

89 e 66 

Te 126 18.69 93 b6 

DX 

FE 

AU 

DX 

liE 

AU 

DX 

m 
AU 

CA 

CA 

DX 

FE 

AU 

CA 

CA 

FE 

AU 

CA 

CA 

CA 

DX 

FE 

0 

0 

19 

140 

240 

? 

67 

114 

56 

198 

225 

555 

650 

38 

2,130 

264 

1,262 

1,1tg6 

1,547 

943 

914 

4,411 

39 263- 

Te 

Tc 

Te 

TC 

Te 

Te 

Te 

Te 

TC? 

Tt?! 

Te 

Tt 

Te 

TC? 

Te 

Tt? 

Te 

Te 

Te 

Te 

Te 
* - Analysis Incomplete * - Refinenlent Incomplete 
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ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPMENT 
Product 

Isotope Natural Enriched Series Sample (milligrams) Form 
Element Weight and (atom percent) 

31.81 

3.s I 83, 

31.81 

sJa81. 

31 81 

31.81 

31 *81 

34-44 

34 -44 

34.44 

34.44 

9344 

9454 

94.4 

91.8 

94 .o 
82.32 

%*4? 

93 

97.4 

93-5 

7823 

97.78 



ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPWNT 
and (atom percent) Element Weight Product 

Isotope Natural Enriched Series Sample (milligrams) Form 

Ba 138 71.83 97 41 FU 733 (4 34,830 %C03 

h 0  
2 3  ~a 138 0,087 0 597 EF 544 (4 850 

La 139 99.913 99 096 E 3  545 (4 16,641 +?3 

C e r i u m  

cc 136 0,195 29.97 FR 706 (4 249 cd)2 

ce 138 0.265 4.42 DW 502 (a) 290 Ce02 

ce 138 0.265 10.22 mc 6% (4 195 Ce02 

ce 138 0.265 13 . 10 FR 707 (a) 657 CeO* 

Cc 140 88,44 98.5 cw 369 (4 3,786 C e 0 2  

Ce 140 88.44 98c7 DD 417 (4 8,397 ce02 
Ce 140 88.44 99.55 2% 677 (a) 6,263 ce02 

Jt - Analysis Incomplete 
*Jc - R e f i n e m e n t  Incomplete 
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EECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANE AVAILABLE FOR SHIPMENT 
und (atom percent) Element Weight Product 

Isotope Natural Enriched Series Sample (milligrams) Form 

C e r i a  (Coat 'd) 

et140 88.44 99.65 FR 708 (4 =,Q8 @*2 

29 c*z 

Ce 14.2 U.10 84.42 DW 504 (a) 1,330 ca2 

cc lk2 11.10 88 .Stt m 678 (4 926 c a z  
Ce 1k2 1L10 9 - 0 8  XR Tog (4 5,863 CeQz 

Ce 142 11.10 07.4 DD 418 (ab) 

26.83 

26.83 

26.83 

Z , l O  

12.10 

12 .LO 

23 095 

23 *95 

23 * 95 

8-36 

8.36 

8,36 

17 29 

17 * 29 

5-80 



ELECTHOMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPMENT 
and (atom percent) Element Weight Product 

Isotope Natural Enriched Series Sample (m illi grams) Form 
--I 
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EECTROMACEJETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPMENT 
and [atom wmnO Element Weight Product 

I S O W  Natural Ehriched Series Sample (milligrams) F0lll-I 

Hi 174 0.17 7.85 ET 602 (4 xi? =% 
m 176 5 . z  48.46 6433 (4 67 hi02 
Hi 2.'" 18.53 61.71 ET 604 (4 0 

3f 178 27.25 80*91 ET a5 (4 0 

HI 178 13.67 u*:5.J. E?F 606 (4 0 

B s f r i i ~  

!Fungstea 

w 180 
w 180 
w 180 
w 3.80 

w 182 

u 182 
w 3.82 

W 183 

w 183 
W 183 

w 184 

w 184 
w 184 
k? 184 

0.3.6 

0.16 

0.16 

0.L6 

26.2& 

26.21 

26.2% 

14*33 

14.33 

14*33 

30.61 

s.61 

30 .6~  

30.61 

82.63 

95.72 

91.18 

93.. 14 

95.6 



ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR S H P W N T  
and (atom percent) Element  Weight Product 

Isotope Natura 1 Enriched Series Sample (milligrams) Form 

Tungsten (coat 'a) 

w 186 28.69 97 94 Be 224 ( 8 )  92 

w 186 2&69 97.17 CL 344 (4 616 * 3  

w 1% 28.69 97.7-7 CL 344 (=I 372 WQ3 

w 186 28.69 97 54 EL 565 (4 io, 367 wQ3 

_ _  

Rhenium 

~e 185 37.31 85 038 CP 356 (4 2,241 Re 

Re 187 62.69 98.22 CP 357 (4 245 Re 

0.16 

0.16 

10.02 

10.02 

10.02 

10 -02 

l&gO 

16.90 

16.90 

16 90 

23.10 

23.10 

8.44 

1.46 

79.3-3. 

66 .u. 

53 37 

54.35 

73.w 

72.1 

65.45 

62 51 

91 e 39 

86 *45 

Mi. 

DR 

DR 

DR 

DR 

DR 

rfR 

DR 

DR 

DR 

DR 

0 

347 

78 

375 

853 

2,930 

45 

213 

43 

0 

97 

ll? 

* - Analysis Incomplete * - Refinement Incomplete 
%--H- Hg(EJ03)2 is in Aqueous Solution 
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ELECTROMAGNETTCALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHPMENT 
and (atom percent) Element Weight Product 

Isatope Natural Enriched Series Sample (rniiligrams) Form 

80.85 

74 990 

64.66 

76.28 

71.8 

62.48 

9 . 3  

98.06 

97-33 

96.45 

95 -3-3 

91 .b6 

91 46 

87.87 

&*27 

75 -75 

89-27 

7T .61 

62-78 

49.66 

49.66 

42.93. 
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ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPMENT 
and (atom percent) Element Weight Product 

Isotope Natural Enriched Series Sample (milligrams) Form 

Mercury (Cont d) SCYK 

Hg 204 6.86 30 -07 DR 431 (g) 363 Ht(EQ3)e 

Hg 204 6-86 72 9 34 rn 491. (h) 93 3g(N03)2 

Bg 204 6.86 72.34 DFi 491 (hs) 143 

!T-kiLli?lBl 

T 1  203 

Tl 203 

TL 203 

TX 203 

T1 203 

~i eo5 

TL 205 

Tl 205 

T1 205 

TI 205 

~i 205 

Tl 205 

75-6 

47.9 

58.8 

86.0 

34.1 

89.5 

95.2 

98.7 

86 -1 

95.6 

91.8 

901.5 

3v-3 

BY-3 

cc-3 

CF-3 

CG-3 

33R-3 

BV-3 

Bx 

cc-3 

CF-3 

CH-3 

CJ-3 

Lead 

Pb 204 1.37 7.8 0 43 (4 87 ncrQ4 

fro 204 1.37 16 . 69 A& 135 (=I 38 Pbcro4 

pb 204 1.37 23.4 Bo 257 (4 13 pbcru4 

.)c - Amdy&.s Incomplete * - Refinement InccKnpleLe 
*H - H&(Ro3), is i n  Aqueous Solution 
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ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPMENT 
and (atom percent) Element Weight Product 

Isotope Natural Enriched Series Sumple (milliqrams) Form 
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ELECTROMAGNETICALLY CONCENTRATED ISOTOPES 

Element ISOTOPIC ABUNDANCE AVAILABLE FOR SHIPMENT 
and (atom percent) Element Weight Product 

Isotope Natural Enriched Series Sample (mdliqrarns) Form 

Lead (Con-t'd) 

87-97 EO 584 (4 4,345 Pbo 

FQ 705 (a) 9,wQ PbQ 

m, 208 51.51 

m 208 51.51 75 -4.1 

- * - Analysis Incomplete 
+w - Refinement Ineomple%e 


