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ISOTOPIC MASSES 

Bonnie E. Cushman 
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The mass data compiled here are recent values, obtained in most cases 

with improved mass -measuring instruments or with newly determined Q values. 

They are intended for local use pending issue of similar tables being prepared 

by authorities in the field. The period covered is roughly 1950 through 1953, 

although material from a few earlier papers has been cited. 

For each isotope the mass computed in NP-1980 from Fermiis semi­

empirical formula is given for comparison between the theoretical and experi­

mental work (NP-1980, "Table of Atomic Masses, " by N. Metropolis and 

G. Reitweisner, March 1950). An asterisk (*) following a mass value indicates 

that I recast the published data into terms of atomic mass units. The nuclear 

reactions or mass spectrographic doublets studied and the masses of the 

reference isotopes used in each determination are listed with the resultant mass 

value. 

The bibliography is composed of two sections; Part I consists of those 

papers cited in the main body of the report, and Part II includes some additional 

papers of interest in the study of isotopic mass determinations. 

The compilation is nota list of best values. A series of consistent 

valuesdoes not necessarily mean accuracy, . because of errors inherent in the 

measuring instrument. However, improvements in measuring techniques have 

brought better agreement among the results found at the different laboratories, 

and for this reason I have concerned myself primarily with data obtained within 
I 

the past few years. Furthermore, I have assumed that the paper most recently 

published by an investigator presents his most accurate work. This report must 

therefore be considered only a guide, not an authority, in the field of atomic 

masses. I win appreciate your comments and notification of errors and omis­

sions. 

Grateful acknowledgment is made to Drs. G. T. Seaborg, R. A. Glass 

and S. G. Thompson for providing me with mass data in the heavy element region 

prior to the publication of their artic1e in the Journal of the American Chemical 

Society. 
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Method Mass Reaction or Doublet Reference Masses 

__ ,,_~. __ ,.v~ ____ 

1 
On 

Q-Value L 0089383±5 7 D. - H = -(ZH - D) - Q (ZH - D) = O. 0015380±Zl 
'I ::'Q = O. 00Z3479±45 

'I 
H = 1. 0081283±Z8 

1.008981±3 H -D = E(D) ~ (n -H) = O. 001553±5 
Z 

1.00898Z±3 n (13 -) H H .:: 1. 00814Z±3 

1.0090087±56 HZ-D H = 1. 0081686±52 

D binding energy 

Mass 
Spectra 1.0089785±38 (ZH - D) from (a) = O. 00 1555±6 
and Q-values (a) (b) = O. 00 1549±6 
Q-Value 

ZH - D from H = L 0081386±3Z 
Mass Spectra(b) D = Z. 0147Z5Z±57 

~ \: ,..:. ...... 

References 

K. T. Bainbridge 
NYO-849, 
June, 1948 

H. E. Ewald 
Z. Naturforsc4. 6a. 
293 (1951) 

G. W. Li, et al 
Phys. Rev. ·83, 51Z 
(1951) 

T. R. Roberts 
Phys. Rev. 81. 
6Z4 (1951) 

K. T. Bainbridge 
PhYs. Rev. 81, 
1 46 -47 (1 95 1, 

~ 
I 

c::: 
() 

:::0 
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~'l . 
~ 
0"-
00 



Method Mass Reaction or Doublet . Reference Masses References 

HI 
1 

Fermi 
Formula 1.02845:1:3 N. Metropolis and 

G. Reitweisner 
NP-1980, 
March (1950) 

-Q-Value 1.008142:1:3 n (~ ) H n ~ 1.008982:1: 3 C. W. Li, et al 
H (n, 'I) D D = 2.014735:1: 6 Phys. Rev. 83, 
D {y, n} H C ~ 12.0038Q4±17 512 (1951) 
D (P. n) 2H 

1.008146±3 D (y, n) H D = 2.014740± 4 A. H. Wapstra 
Phys. Rev. 82. 
756P951) 

Mass 
Spectra 1. 008141±2 HZ ~ D D = 2.014732± 4 H. Ewald ,.p. z. Naturforscho6a, 

CH
4 

0 C = 12. 003807±11 293 (1951) 

CH
Z - N

14 
N

14= 14.007525±15 

1.008145±2 H2 - D D = 2.014741± 3 K. Ogata and 
H. Matsuda. 
Phys. Rev. 89, 
27 (1953) 

c: 
() 
:,;; 
t'" 
I 

N 
,.p. 
0"-
00 

( 

./ 



Method Mass Reaction OT Doublet 

1 
HI 

Mass 
Spectra 1. 008146± 3 C 3H 8 - CO2 

(N14
p _ C 120 16 
2 

12 
(H)4 ._ (N14) (C )2 2 

(C 12) 
2 

(H)-
·4 

_ C 120 16 

(C
12

)2 (H)6 _ N140 16 

D2 Mass 1. 0081386±32 H2 -
Spectra 
and 

C
12

H _ 0 16 
Q-Values 4 

1. 0081283±28 H2 D 

3D 1/2 C 

CH4 - 0 

• 

Reference Masses 

.---_# .. -.~. 

C
12

=12.003842± 4 

.6.m=O. 0 1 1 23 72 . ± 21 

0.0251493 ± 41 

0.0363877 ± 41 

0.0489623 ± 55 

D = 2.0147252±57 

C = 12.003895 ±19 

D - 2.0147186±55 

C = 12.003856 ±19 

References 

T. L. Collins, et a1 
Phys. Re v. 84, 
717 (1951) 

L. G. Smith and 
C. C. Damm 
Phys. Rev. 90, 
324 (1953) 

K. T: Bainbridge. 
Phys. Rev. 81, 
146 (1951) 

K. T. Bainbridge, 
NYO-849, 
June '1948' 

~ 
I 

c:: 
() 

~ 
t:""' 
N 
..J:>. 
0' 
co 



Method Mass Reaction or Doublet Reference Masses References 

2 
ID 

Fermi 
Formula 2.03109 

Q-Valu~ 2.01-4735±6 H (n, 'f) D H = 1. 00-8142± 3 C. W. Li, et al 
D (y, n) H ~, . H3 = 3. 016997± 11 Phys. Re v. 83, 

D (P. n) 2H 
3 

He·-= 3.016977± 11 
512 (1951) 

D (n. ,,) H 
3 

C = 12. 003804± 17 

D (d, n) He 
3 

D (d. p) H 
3 

2.014740±4 D (y, n) H H = 1.008146± 3 A. H. Wapstra 
Phys. Rev. 82, 
756( I951) 

Q-Value 2.0147186±55 D - 2H H =1.0081283±28 K. T. Bainbridge 
fl,rid 3D - 1/2 C C = 12.003856 ±19 NYO-849, 0.-
Mass CH4 - 0 June i 1948: 
Spectra 

2.0147252±57 2D - He
4 H = 1.0081386±32 K. T. Bainbridge 

H 2 - D He 4 = 4.003842 ±13 Phys. Re v. 81, 
146 (1952) 

D 3 - 1/2 C C = 12.003895 ±19 

Mass 
c: 
() 

Spectra 2.014732± 4 H 2 - D H = 1.008141 ± 2 H. Ewald ~ 
Z. Naturforsch .. 6a, t"' 

D 3- 1/2 C C = 12.003807 £U 293 (1951) - N 
~ 

2.014740± 6 H 2 - D H = 1. 008146 ± 3 T. L Collins, et al ~ 
Phys. Rev. 84, 
717 (1951) 

2.014741± 3 H 2 = D H .- 1.008145 ± 2 K. Ogata and H.J\.htS\.$. 

D 3 - 1/2.C C = 12.003844 ± 6 
Phys. Rev. 89, 
27(1953) 



T3 
1 

3 
2He 

'r·'" 

Method 

Fermi 
Formula 

Q-Va1ue 

Fermi 
Fo-rmu1a 

Q-Va1ue 

Mass 

3.D 1733 

3.016997±11 

3.017029±33 
+ neutrino 

3.01782 

3.016977±1l 

Reaction or Doublet 

D (n, 'Y) H3 

D (d, p) H3 

H3 «(3 -) F 3 ie 
H3 (p, n) He 

3 

He
3 

(n, p) 
'2. 

H-

D (d, p) T 
3 

_6 ( ) 3 L1 D., a T 
3 3 

T := He 1- (3 

L 06 ( ) U 3 ·1 p, a .!. ... e 

D 

H3 

(d, n) He
3 

«(3 -) He 
3 

H3 (p, 
3 

He (11., 
06 (_ L1 p, 

'2 
n) He oJ 

p) H3 

a} He
3 

• 

Reference Masses 

H -
D = 

3 
He ::: 

C ::: 

D 
3 

He = 

H 
/ 

D'" 

..,. T = 
L

06 
1 = 

C = 

,--

1. 00814.2± 3 

2.014735± 6 

3. 016977± 11 

12. 003804± 17 

2.0147186±55 

3.017016 ±32 

1. 008142± 3 

2.014735± 6 

3. 016997± 11 

6. 017021± 22 

12. 003804± 17 

References 

C. W. Li et a1 
Phys. Rev. 83, 
512 (1951) 

K. T. Bainbridge 
NY0-849, 
June '1948: 

Co W. Li et al 
Phys.R(:} v. 83, 
512 (1951) 

I .. 
-.J 

1 

c:: 
() 

?:J 
t"' 
~ 
,0 
0' 
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3 
ZHe 

4 
ZHe 

Method 

Q-Value 

Fermi 
Formula 

Q-Values 

Mass Reaction or Doublet 

3.0l7016±32 Li
6 

(p, a)He
3 

2 3 
D . (d, n) He 

T3 = He 3 + j3 

3.99807 

4.003865::1:7 . Z cycles involving 
(d, 0.), 
(p, a), 
(d, p) and 

0. decay in 
light masses 

. Reference Masses 

D ~ 2.0147186±55 

T, = 3.017029±33 

He 
4 

= (1/7H0
16

+6D
Z 

- EQ) 

He 4 = (l/6)(016+4D2 - EQ) 

D2 ~ 2.014723±5 

References 

K. T. Bainbridge 
NY0-849. 
June 1948 

E. N. Strait et al 
Phys. Rev. 81. 
747 (1951) -

~ 
III 
I 

c:: 
C1 
~ 
t-' 
N 
~ 
0"­
()O 



Method 

4 
2He Q-Values 

\. 

Mass 
Spectra 

, 
Mass 
Spectra 
and 
Q-Values 

• 
Mass Reaction or Doublet Reference Masses 

4.00386S± 7 
16 o (d. a.} N

14 
0

16 
(d. a.) N

14 

N
14 

(d, p) N
lS 

N
14 

(d, p) N
15 

N
lS 

(d, a.) C
13 N lS (d, a.) C 13 

C
13 

(d, a.) B11 C
13 'n )B

ll 
(u., a. 

B 11 (d. a.) Be 9 11 8 
B (p,o.)Be· 

9 Be (d. a.) Li 
7 

Be 
8 

(a.) a. 

Li 
7 

(P. a.) a.. 

. He 
4 

=(1/7)(0
16 + 6D2 - :EQ) He Ll (1/6)(016 + 4D2 _ :EQ) 

______ ~_------~~::;---1-:·008T4·2±~ 
Li 

7 
= 7,,0 l8223± 26 

Be 
8

:= 8. 02S0 l8± 30 

C := 12. 003804± 17 

Li"f (p, a.) a. 4.003873±lS 
8 

Be (a.) a. 

4-
4.003860±12 D2 - He- D ~ 2.014732± 4 

4-
4.003944±19 D - He-

2 
D := 2.014778± 8 

(Old Value) 

4.003842±13 D2 -He 
/:1: 

D = 2.0l472S2±S7 

References 

C. W. Li, et al 
Phys. Rev. 83, 
S12, (19Sl) -

H. Ewald 

00 

Z. Naturforsch" 6a, 
293 (19S1) 

A. O. Nier and 
T. R. Roberts 
Phys. Rev. 81. 
624 (1951) -

K. T. Bainbridge 
Phys. Rev. 81. 
146 (1 9S1) 

c:: 
() 

::0 
~ 
N 
~ 
0' 
co 



Method Mass Reaction or Doublet Reference Masses References 

4 
ZHe 

Li
6 

(d, a) He 
4 

Mass 4.003880±30 H = 1. 0081Z83±Z8 K. T. Bainbridge 
Spectra L' 7 r } 4 D = Z. 014 7I86±55 NYO-849, June (1948) 
and 

1 p, a He 

Q-Valves Be 9(p, a) Li6 

Be 9 (d,a} Li7 Li 
7 

= 7. 018Z0±10 
9 8 Be (p, d) Be 

B" (p, a) Be 8 Be 9 ::: 9.0I506±20 

BIO(d, a) Be 8 
B

IO 
=1O.01616±13 

Bll(d. a) Be 9 Bll =11. 0 1Z87±1 0 

2DZ _ He 4 e lZ 
=IZ.003856±19 

ZHe 
4 

- l/zd6 
'" 

Be 8 =2 He 4 + Q Ci6 
(d, Il) He 

4 
+ Be 

9 
(p. a) Lj_Q §,? (~.d)Be j- (D~- Ii> ~ 

Li 
7 

(P. a) He 
4 + Be 9 (d, a) Li 

7 

weighted ave. 

ZHe 
6 

Fermi c:: 
Formula 6.01377 () 

Li 
7 
(t. a)He

6 
::0 

Q- Value 6: OZ0833±39 H = 1. 00814Z± 3 e. W. Li ~ 
I 

'----
Li7 Phys. Rev. 88 tv 

= 7. 018ZZ3±Z6 ~ 
1038 (195Z) - 0' 

00 
e =lZ.003804±17 

• 



• 
Method Mass Reaction or Doublet Reference Masses References 

Lo 6 
3 1 

Fermi 
Formula 6.01963 

Q- Value 6.017021±22 He6 (13-) Li6 
H = 1. 008142± 3 Co W. Li, et al 

6 3 
He

3 Phys. Rey. 83, 
Li (p, a)He = 3. 016977±11 512 (1951) -

'. 

He
6 = 6. 020474±27 

Li6 (d, p)Li 
7 

Li 
7 

= 7. 018223±26 

Be 9 (p, a)Li6 
Be 9 = 9.015043±30 

C =12.003804±17 

L· 7 -3 1 0 

F-ermi 
Formula 7.01194 

Q- Value 7.018i23±26 . Li ~ (d, p) Li 7 
H = 1. 008142± 3 C. W. Li, et al 

Li 
7 

(p, n) Be 
7 

He
4 

= 4. 003873±15 Phys: Rev. 83, 

Li7 (p, a) a Li6 512 (1951) 
= 6. 017021±22 

Be
7 

= 7. 019150±26 

Li 
7 

(d, p) Li
8 L· 8 

= 8,0250 18±30 ~ . 1 
() 

Be 9 (d, a) Li 
7 

Be 9 = 9.015043±30 ::u 
~ 

B 1 0 (n, a) Li 7 
B

10 
=1 O. 0 16 114±2 8 

I 
N 
.:!:>. 

C =12.003804±17 0' 
00 

Q- Value 7.01820±10 L,7 !. N14 
N

14 =14. 007536±22 K. T. Bainbridge 1 -

and Mass '2 NYO-849 
Spectra. June (1948) 



Method Mass Reaction or Doublet Reference Masses References 

Lo8 
3 1 

Fermi 
Formula 8.02545 

Q~ Value 8.025018±30 Li 
7 

(d, p) Li 8 
H = 1. 008142± 3 C. W. Li, et al 

Li7 = 7.018223±26 Phys. ,Rev. 83, 

C =12: 003804±17 512 (1951) 

4Be 
7 

Fermi 
Formula 7.01342 

..... 
Q- Value 7.019150±26 Li 7(p, n} Be 7 H = 1. 008142± 3 C. W. Li, et al 

..... 

Li7 = 7. 018223±26 Phys. Rev. ~, 

10 7 
B

10 512 (1951) 
B (p, a) Be =10.016114±28 

C =12.003804±17 

4
Be 

8 

Fermi 
Formula 8.00132 c::: 

() 

::0 
l' 
I 

N 
~ 
0"-
00 

• 



8 
4Be 

4
Be 9 

Method Mass 

Q- Value 8.007850±29 

Fermi 
Formula 9.00947 

Q- Value 9.0l5043±30 

Reaction or Doublet 

8 
Be (a.) a. 

9 8 
Be (y, n)Be 

9 ' 8 
Be (p, d)Be 

9 8 Be (d, t)Be 
" 11 8 
B (p, a.)Be 

9 Be (y, 
9 Be (n, 

, 9 
Be (p, 

n) Be
8 

y) Be
lO 

n) B 9 

9 8 Be (p, d) Be 

Be 9 (d,t) Be
8 

'9 ,10 
Be (d, p) Be 

9 ( ) L· 6 
Be p, a. 1 

Be 9 (d, a.) Li 
7 

B 11 (d, a.) Be 9 " 

.. 
Reference Masses 

H 

He
4 

Be 9 

Bell 

e12 

H 

Li
6 

Li7 

= 1. 008142± 3 

= 4. 003873±15 

= 9.0 15043±30 

=11.012789±23 

,=12.003804±17 

= 1. 008142± 3 

= 6.01 7021±22 

= 7. 018223±26 

Be 
8 

= 8. 007850±29 

Be
lO 

=10.016711±28 

B 9 = 9.0 16190±31 

B 11 =11. 012 789±23 

C 12 =12.003804±17 

References 

C. W. Li, et al 
Phys. Rev. 83, 
512 (1951) -

C. W. Li. et al 
Phys. Rev. 83, 
512 (1951) 

" 

..... 
tv 

c:: 
() 
:;d 
t"' 
N 
~ 
0' 
00 



Be 9 
4 

B 10 
4 e 

5 
B9 

Method 

Q~Value 

and 
Mass 
Spectra 

Fermi 
Formula 

Q~ Value 

Fermi 
Formula 

Q~ Value 

Mass 

9.01506±20 

10.00719 

10.016711±28 

9.01137 

9.016190±31 

Reaction or Doublet 

Be 9H - 1/2 Ne
20 

Be 9H_B lO 

9 10 
Be ('Y, n) Be 

9 10 
Be (d, p) Be 

Be
lO <13-) B

10 

9 9 Be (p, n) B 

Reference Masses 

H = 1.0081283±28 

B
lO 

=10. 01616±13 
20 

Ne =19. 99872±13 

H = 1. 008142±3 

Be 9 
:= 9. 015043±30 

B 10 =10. 016l14±28 

C =12.003804±17 

H = 1. 008142± 3 

Be 9 ::: 9.015043±30 

C =12. 003804±1 7 

References 

K. T. Bainbridge 
NYO-849 
June, (1948) 

C. W. Li, et a.l 
Phys'. Rev. 83, 
512 (1951) 

C. W. Li, et al 
Phys. Rev. 83, 
512 (1951) -

.... 
w 

c::! 
() 

?:J 
l' 
N 
~ 

'" 00 
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Method Mass Reaction or Doublet Reference Masses References 

Bll 
5 Fermi 

Formula 11.0069Z 

Q- Value 11. OlZ789±Z3 B 10(d, p} BII H :: 1. 00814Z± 3 e. W. Li, et a1 

B 11 (p, n) ell Be
8 

~ 8. 007850±Z9 
Phys. Rev. 83, 

B 11 (p, 0,) Be 8 
Be 9 

51Z (1951) 
:'! 9. 015043±30 

B 11 ( n, p) BIZ B
10 

=1O.016114±Z8 

B 11 (d. a) Be 9 BIZ ",IZ.01816Z±ZZ 

e 13 (d, a) B 11 ell ::11. 014916±Z4 

e lZ 
=lZ.003804±17 ...... 

e 13 "!13.007473±14 
U'I 

Mass 
B 10H I_ B 11 Spectra 11.01Z81l±9 H = 1. 008I45± Z K. Ogata and 

B 11a 1 _e 1Z 
B

10 
=10.0I6110±10 

H. Matsuda 

e lZ 
=lZ.003844±6 

Phys. Rev. ~, 
Z7 (1953) 

Mass 11. 01Z87±10 BllH _ e lZ 
H = 1. 0081Z83±Z8 K. T. Bainbridge C 

Spectra e lZ 
.=lZ.003856 ±19 

NYO-849, () 

and June (1948) ::u 
t"< 

Q~ Value I 
N 

*'" 0' 
00 
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Method Mass Reaction or Doublet Reference Masses References 

B12 
5 Fermi 

Formula 12.01535 

Q-Value 12.018162±22 B11(d,p) B12 H = 1.008142± 3 C. W. Li, et al 
B 11 =1l. 012 789±23 

Phys. Rev. 83, 

C =12.003804±17 
512 (1951) 

6 
ell 

Fermi 
Formula 11.00921 

....... 
0" 

11 11 
Q-Va:1ue 11. 014916±24 B (p, n) C H = 1. 008142± 3 C. W. Li, et al 

Bll = 11. 012 789±23 Phys. Rev. 83, 
C = 12. 003804±17 512 (1951) 

6 C
12 

Fermi 
Formula 11. 99947 

Q-Value 
. 12 13 

12. 003804±1 7 C (n, y) e H = 1. 008142± 3 C. W. Li, et al 

C 12 (d, n) N13 
C

13 
=13.007473±14 

Phys. Rev. 83, 
~ 

C
12 

(d, p) C
13 

N
13 

512 (1951) () 

=13.009858±14 ::0 

C 13 (d, t) C
12 

N
15 t"" 

=15.004863±12 I 
N 

N I5 (p. a) C 12 
~ 
0" 
<Xl 



Method Mass Reaction or Doublet 

C
12 

6 . 
12.003807±19 D h. n} H O-Value 

C
12 ~d, n} N

13 

0
16 

{d, a) N
14 

C 13 ~p, n} N
13 

<;:13 ~d, p} C
14 

_ C 14 ~(3-) N
14 

Mass 
_1/2C 12 

Spectra 12.003807±11 D3 

CH4 -0 

CH2 
_ N14 

S·28 CO - 1 

12.003842::1:: 4 C 4 - SO 

°2 
._ 5 32 

CO2 
-CS 

C 3H 8 -CO2 

• • '-

Reference Masses 

H = 10 008146± 3 

D = 2.014740::1:: 4 

H = 10 008141::1:: 2 

D = 2.014732::1:: 4 

N
14 = 14.007525::1:: 15 

Si
28 = 27.985792::1:: 32 

H = ll.. 008146::1:: 3 

S32 = 31. 982236::1:: 7 

References 

., 
A. H. Wa-pstra 
Phys. Rev. 82, 
756, (1951)-

H. Ewald 
z. Naturforsch 6a 
293 (1951) 

To L. Collins, et a1 
Phys • Rev . 84. 
717.0951) ~ 

--.J 

c: 
() 

::u 
t"' 
~ 

*'" 0"-
00 



c lZ 
6 

Method Mass 

lZ.003844± 6 
(weightedavg. 

of the four 
following 
values) 

Reaction or Doublet 

lZ.003840± 8 HZ - D 

D3 _1/2C
12 

C
12

H - ° 
l2.003849± 60

16 
_ 5

32 

C
4

12 _5 32 0 16 

l2.003829±Z7 B 10 

DZO 

BlOD 

D3 

-1/2 ·Ne
20 

_ Ne ZO 

_ C 12 

_ 1/2 C 12 

lZ.003827±15 D20 - 1/2 A 40 
C 12 H _ A 40 

3 ~ 

D3 _1/2C
12 

H2 - D 

Reference Masses 

H 

D 

5
3Z 

D 
B 10 

:: 1. 008145± Z 

= 2.01474l± 3 

::31. 98227 4± 8 

:: Z. 014?241±3 

~10. 016110±10 

Ne
ZO ~19.998772±13 

H = 1. 008145± Z 

D :: 2. 01474l± 3 

A
40 =39. 975148±24 

References 

K. Ogata and 
H. Matsuda 
Phys. Rev. 89, 
27 (1953) 

...-
00 

c::: 
() 
:;d 
~ 
I 

N 
~ 
0' 
00 



Method Mass Reaction or Doublet Reference Masses 

e
12 

Mass 6 
Spectra (N14) _ C 120 16 

O.OI12372±21 
2 

(ell (HI) _(N14) 
2 4 2 

O.O251493±41 

(C
12 lz (H

l
)4 _e

12
0

l6 
O.O363877±41 

(C
12

) (Hl )6 _ N 140 l6 O. 0489623±55 
2 

Q~Valve l2.003856±19 H2 - D H = 1. 0081283±28 
and 

D3 1/2 e
12 

D = 2. 0147l86±55 
Mass 
Spectra e

12
H ~ 0 

4 

12.003895±19 D3 _ 1/2 C l2 H 0:: 1. 0081386±32 

C
l2

H - 0 
4 

D = 2. O147252±57 

References 

Lincoln G. Smith 
and e. C. Darnrn 
Phys. Rev. 9'0', 
324 (1953) 

K. T. Bainbridge 
NYO-849 
June, 1948 

K. T. Bainbridge 
Phys. Rev. 8T, 
146 (1951) 
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-.0 

c:: 
() 

~ 
~ 
N 
~ 
0' 
00 



Method Mass Reaction or Doublet Reference Masses References 

C
13 

.6 
Fermi 
Formula 13.00430 

Q-Value l3.007473±14 N
15

(d, a)C
13 

H ~ 1. 008l42± 3 C. W. Li, et al 

C
12 

(n, y) C
13 . Bll =11. 012 789±23 

Phys. Rev. 83, 

C
12 

(d, p) C
13 

C
12 512 (195l) 

=12.003804±17 

C 13 (p,' n) N 13 
C

14 
-=14. 007682±11 

'C 13 (d, p) C 14 
N

13 
=13.009858±14 

. C
13 

(d, t) C l2 N
15 

=15.004863±12 

C 13 (d, a) B 11 

N 13 (J3+) C
13 

N 
0 

Mass 
13.007505±12 C1~ H; _ C12C13Hl~~ Spectra H = 1. 008145± 2 K. Ogata and 

H. Matsuda 

C13016_Si29 B
IO 

::: 10. 016110±10 Phys. Rev. ~, 
27(1953) 

B 10 F 1 9 _ C 130 16 C
12 =12.003844± 6 

F19 =19.004444±22 

5i29 =28. 985705±21 c:: 
0 

13.007538±14 C 12H1 _ C 13 ~ 
H = 1. 008141± 2 An old measurement t"' 

C
l2 considered doubtful 

I 

~12.003807±11 
N 

by author. ,j:>. 
0"-

H. Ewald, 00 

Z. Naturforsch, 6a 
293 (1951) 



e 14 
6 

N
13 

7 

Method 

Fermi 
Formula 

Q-Value 

Fermi 
Formula 

Q~Value 

Mass Reaction or Doublet 

14000124 

140007682+11 e 13 
(d, p) e 14 

e 14 (p, n) N 14 

13000696 

e 14 (13-) N 14 

N
14 

(n, p) e 14 

13 0009858±14 e l2 
(d, n) N

13 

e l3 
(p, n) N

13 

N 13 (13+) e l3 

Reference Masses 

H 

.e 12 

e l3 

N
l4 

= 1. 008142± 3 

-=12.003804±17 

;::13.007473±14 

=14.007515±1l 

H = 1. 008142± 3 

e 12 ~2.003804±17 
e 13 

=13.007473±14 

References 

e. W. Li, et al 
Physo Rev. 83, 
512 (1951) 

e. W. Li, et al 
Phys. Rev. 83, 
512 (1951) 

N ..... 

c:: 
() 

::0 
~ 
I 

N 
~ 
0' 
ex> 



Method Mass Reaction or Doublet Reference Mas~es References 

7 N
14 

Fernli 
Formula 14.00783 

Q-Value 14.007515±1l e 14 «(3 -) N14 
H ~ 1. 008l42± 3 e. W. Li, et al 

e 14 (p, n) N14 
e

12 
~12. 003804±17 

Phys. Rev. 8"3, 

N
14

(n, p)e
14 

e
14 

512 (1951) 
~14. 007682±11 

N
14 

(n, y) N
15 

N
15 

~15. 004863±12 

N
14 

(d, p) N
15 

0 16 (d, a) Nl~ 

Mass 
e 12 H _ N14 I 

Spectra l4.007525±lS H = 1. 008141± 2 H. Ewald N 

2. z. Naturforsch6a, 
N 

e ~12. 003807±11 293 (1951) 

l4.007544±10 N 14 _ e 12 0 H = 1. 008l686±52 'T. R. Roberts 
2 Phys. Rev. 81, 

e 12 H _ N14 
e ~12. 003803±13 

624 (1951) 
2 

l4.007550± 5 e l2H21 _ N 14 
H ~ 1. 008145±2 K. Ogata and 

e ~12. 003844± 6 H. Matsuda c:: 
e 12H1 _ J4 Phys. Rev. 89, () 

~ 2 4 2 27 (1953) 
~ 
N 

N
14 _ e 120 16 ,j:>. 

0"-
2 00 



N
14 

7 

Method 

Mass 
Spectra 

Mass 
Spectra 
and 
Q-Values 

Mass Reaction or Doublet 

14.007564± 7 C l2'H2 _ N 14 

N
14 

C
12 d6 

. 2 . 

C 12 H _ N14. 0 16 
3 8' 2 

(N14) 
2 

_ C 120 16 

(C 11 (HI) _ (N14) 
2.42 

(C 12) 
2 

(HI) _C 120 16 
. 4 

(C 112 (HI) _ N140 16 
6 

14.007536±22 L· 7 
. 1 _ 1/2 NI4 

CH2 
_ N 14 

Reference Masses References 

H 

C 

H 

Li7 

C 

= 1.008165± 4 

= 12. 003850± 6 

O. 01123 72±21 

A..,~ 0., ;,Nier ; 
... ·.Pl:lys. Rev.' 81, 
. 624(1951) -

L .. G. Smith 
. and 
C,' C. Danim 

0.0251493±41 Phys. Rev. 90, 
324 (1953) _ .. 

O.0363877±41 

0.0489623±55 

= 1.0081283±28 . K. T. Bainbridge 
NYO-B49 

= 7.01820±10 June (1948) 

~ 12. 003856±19 

N 
l.N 

c: 
() 

::0 
t""' 
I 
N 
~ 

'" ex:> 



Method Mass Reaction or Doublet 

N
1S 

7 
Fermi 
Formula lS.00167 

Q-Va1ue . lS.004863±12 N
14 

(n, y) N
1S 

N
14 

(d, p) N
1S 

N
1S 

(p, a) e 12 

N
1S

(d, a)C
13 

OIS (13+) N
1S 

Mass 
lS.0049202±9 C 12H3 1 _ N

1S 
Spectra 

lS.004928±20 CI2H3 - N
IS 

4J 

Reference Masses 

H = 1. 008142± 3 

e 12 
=12.003804±17 

e 13 
=13.007473±14 

N
14 

=14.007S1S±11 
01S =lS.007768±13 

H = I. 00814S± 2 
e =12.003844± 6 

H = 1. 008141± 2 

e =12.003807±n 

References 

C. W. Li, et al 
Phys. Rev. 8:3, 
S12 (19S1) -

. K. Ogata and. 
H. Matsuda 
Phys. Rev. 89, 
27 (1953)-

1946 value 
H. Ewald 
Z. Naturfor sch 6a, 
293 (19S1) -

tv 
~ 

c:: 
() 
~ 
~ 
~ 
~ 
0"-
00 



7
N16 

0
15 

8 

'016 
8 

Method Mass Rea.ction or Doublet Reference Masses References 

~_ ........ ____ ~ _________ .. ___ ____ ...L .... ____ . • __ ~ ________ ~. _ •. _~ ___ .. ~'. __ ~ ___ . __ !_,~ .. ___ . ___ ._._ .... _____ _ 

.Fermi 
Formula 16.00734 

Graphical 16.0I02±. 7 

Fermi 
Formula 15.00467 

Mass defect 
difference of the 

16 -
7N - 0

16 
8 

is.obars 

Q-Value 15.007768±13 0 15 
(13+) N

15 

Fermi 
Formula 

Standard 
Value 

15.99607 

16.00000 

Mass defect of 

0
16 

8 

O~ 13661±20 

Mass defect 
differences of 
isoba.rs 

xz_l A-Y = A . Z ~EA . '1:n 

plotted as a 
function of A 

(A = 4, 8,,12, . . . 36, and Z = A/2) 

H = 1. 008142± 3 
C =12. 003804:i:l 7 

N I5
=15.004863±12 

T. Z. Szelenyi 
Phys. Rev. 75 
1105 (1949) -

C. W. Li, et al 
Phys. Rev. 83, 
512 (1951) -' 

tv 
U1 

Ci 
() 

~ 
t-< 
I 
tv 
~ 

'" 00 



0
17 

8 

0
18 

8 

/ 

Method 

Fermi 
Formula 

Q- Value 

Mass 
Spectra 

Fermi 
Formula 

Q-Value 

Mass Reaction or Doublet 

16.99903 

. 16 17 
17.004533± 7 0 (d, p) 0 

F 19 (d, a) 0 17 

17.004507±15 D H016 -D d 7 
2 . 2 

17.99549 

18.004857±23 0 18 (p, n) F18 

0
18 

(p, a) N
15 

F18 (13+) 0
18 

Reference Masses 

H 

C 
F19 

H 

D 

H 

C 

N
15 

F18 

= 1. 008l42± 3 

=12. 003804±1 7 

=19.004456±15 

= 1. 008141± 2 

:::: 2. 014732± 4 

= 1. 008142± 3 

=12. 003804±1 7 

=15.004863±12 

=18.006651±22 

References 

C. W. Li, et al 
Phys'. Rev. 8'3, 
512 (1951) 

H. Ewald 
Z. Naturforsch 6a, 
293 (1951) 

C. W. Li 
Phys. Rev. 88, 
1038 (1952) 

N 

'" 

c 
() 
::u 
t"' 
I 
N 
~ 

'" 00 



Method Mass Reaction or Doublet Reference Masses References 

. 17 

9
F 

Fermi 
ForrilUla 17.00237 

Q~ Value 17.007505± 5 0 16 (d, n) F17 H ,;: L OO.8142± 3 C. W. Li 

F17 ~j3+) 0
17 C ,;:12.003804±17 

Phys. Rev. 88 

17 . 1038 (1952) 
o ~17.004533± 7 

FI8 
9 

fermi 1 or:mu a 18.00238 

Q- Value 18.006651±22 0 1 8 (p, n) F 1 8 H 0:: 1,008142± 3 C, W. Li 

F 18 (13+) 0
18 

C :=12.003804±17 
Phys. Rev. 88 

018,::18, 00485 7±23 
1038 (1952) 

N 
-.J 

20 18 20 . 
Ne (d, a) F Ne ~19, 998777±21 

9 
F19 

Fermi 
Formula 18,99643 

Q~ Value 19,004456±15 
19 F (p, (1) 0

16 
H :: L 008142± 3 C. W .Li, et al 

F19 (d; p) F
20 

C :-:12,003804±17 
Phys. Rev. 83, 
512 (1951) C 

F19 (d, a) 0
17 0

1 
7:: 17. 004533 ±. 7 0 

::0 
F20~20. 006350±17 t"' 

t 
N 

*" '" Mass 
. co 

Spectra 19.004414±17 D 0 16 _ F19H H := 1. 008141± 2 H. Ewald 
2 Z. Naturforsch 6a, 

D= 2. 014732 ± 4 293 (1951) 

• 



F19 
9, 

9 
F

20 

lONe 
19 

Method 

Mass 
Spectra 

Fermi 
Formula 

Q- Value 

Fermi 
Formula 

Q-Value 

Mass 

19.004444±22 

20.00032 

20.006350±17 

19.00008 

19.007952±15 

Reaction or Doublet 

B 10F 19 _C 13 0 16 

BllF19 _ Si30 

F19 (n. -y) F 20 

F19 (d. p) F 20 

F 20 ((3-) Ne 20 

F19 (p, n) Ne 19 

Ne 19 ((3+) F 19 

Reference Masses 

B
10 

=10.016110±10 

B11 =11.012811±9 

C 13 =13.007505±12 

Si 30 =29. 983307±31 

H = 1. 008142± 3 

C =12.003804±17 
.. 19 
F =19.004456±15 

Ne
20 

=19. 998777±21 

H = 1. 008142± 3 

C =12. 003804±1 7 
, 19 
F =19.004456±15 

References 

K. Ogata and 
H; Matsuda 
Phys. Rev. 89, 
27 (1953) -

C. W. Li 
Phys. ·Rev. 88, 
1038 (1952) 

C. W; Li 
Phys; Rev. 88, 
1038(1952) _. 

N 
00 

e:: 
() 

::0 
t""' 
N 
,j:.. 
0' 

.. 00 



20 
lONe 

Method Mass Reaction or Doublet 

Fermi 
Formula 19.99214 

Q- Value 

Mass 
Spectra 

19. 998777±2l F 20 
(13-) Ne

20 

Ne 20 Cd, p) Ne 2l 

Ne 20 (d, u} F 18 
. 23 20 

Na (p, a) Ne 

19.998771±12 D
2

0
16 _ Ne

20 

H 0 18 _ Ne 20 
2 

19.998772±13 B 10 _ 1/2 Ne 20 

D 0 16 _ Ne 20 
2 

19. 998835±43 D 0 16 _ Ne 20 
2 

Reference Masses 

H C'!. i. 008142± 3 

C :::12.003804±17 
F18 :::18. 006651 ±21 

F
20 :::20.006350+17 

21 Ne· =21.000504±22 
23 Na ~22.997055±25 

H = 1. 008141± 2 

D = 2. 014732± 4 

D = 2. 014741± 3 

B 10 =10.016110±1.0 

D = 2. 014778± 8 

References 

C. W. Li 
Phys . Rev. 88, 
1038 (1952) 

H. Ewald 
Z. Naturforsch 6a, 
293 (1951) 

K. Ogata and 
H. Matsuda 
Phys. Rev. 89, 
27 (1953) 

A. 0. Nier 
Phys. Rev. 81, 
624 (1951) 

I 

N 
-.0 

c:: 
() 

~ 
t"" 
N 
~ 
0' 
00 



10
Ne20 

lONe 21 

Method 

Mass 
Spectra 
and 
Q- Value 

Fermi 
Formula 

Q- Value 

~ 

... • 
Mass Re.action or Doublet Reference-Masses References 

19. 99872±13 
9 20 

Be :H - 1/2 Ne 

B 10 _ 1/2 Ne 20 

Ne 20 -.1/2 A 40 

D 0 16 20 2 - Ne 

20.99386 

20 21 
21.000504±22 Ne (d, p) Ne 

Ne 2l (d, p) Ne
22 

Ne 21 (d, a) F19 

Na21 (13+) Ne 2l 

Na23 (d, a) Ne 41 

H :;: L 0081283±28 K. T. Bainbridge 

D 

Be 9 

B
IO 

. NYO-849 
:;: 2. 0147186±55 June (1948) 

= 9.015q6 ± 20 

=10.01616 ± 13 

A 40 = Value not given 

H = l. 008142± 3 C. W. Li 

C *12.003804±17 
Phys. Rev. 88, 

F19 
1038 (1952) 

=19.004456±15 

Ne
20 

=19. 998777±21 

Ne
22 

=21.998358±25 

Na21 =21.004286±39 

Na23 =22. 997055±25 

I..N 
o 

c:: 
() 
::0 
l' 
I 

N 

*'" 0' 
00 



Method Mass Reaction or Doublet Reference Masses References 

, N 21 
10 e 

Fermi 
Formula 21. 00056 Na

23 
(d, a) Ne

2l 
Na

23
=22.99697 A. Zucker 

W. W. Watson 
Phys. Rev. 78, 
14 (1950) 

~, 

21. 00067 Ne
20 

(d, p) Ne
21 

Ne
20

=19. 99890 A. Zucker and 
W. W. Watson 
Phys. Rev. 7B', 
14 (1950) 

Mass 
D H016 Ne

21 
Spectra 21. 000393±22 H = 1.008141± 2 ·H. Ewald I 

2 w 
Z. Naturforsch 6a, ..-

D = 2.014732± 4 293 (1951) 
I 

22 
lONe 

Fermi 
Formula 21.99000 

Q-Value 21. 998358±25 
21 

Ne (d, p) Ne
22 

H =1.008142±3 C. W. Li 
22 

Ne
23 

C =12.003804±17 
Phys. Rev. 88, 

Ne (d, p) 1038 (1952) 
Na 22 ([3+) Ne

22 
Ne

2l
=21.000504±22 .C:: 

() 

Ne
23

=23.001768±26 ~ 
I:""' 

Na
22

=22.001409±25 
I 
N 
~ 
0"-
00 

21.99852 
22 

Ne (d, p) Ne
23 23 3 ' Ne =2 .00203 ±17 A. Zucker and 

W. W. Watson 
Phys. Rev. 78, 
14 (1950) 

• • • 



22 
lONe 

23 
lONe 

Method 

1v~ass 

Spectra 

Fermi 
Formula 

Q-Value 

Mass Reaction or Doublet Reference Masses 

21. 998329±19 D3016- Ne
22 

21.998382±24 Bl1_ 1/2 Ne
22 

22.99476 , 

23.00160±40 Ne
23 

(13-) Na
23 

22 23 
23.001768±26 Ne (d.p) Ne 

D ~ 2. 014732± 4 

11 
B' =11. 012811± 9 

Na
23 

=22.99697 

H = 1. 008142± 3 
C 22=l2. 903804±l 7 

Ne =21. 998358±25 

References 

...................... ~ ... ~.~----------~~-

H. Ewald 
Z. Naturforsch6ci, 
293 (1951) 

. 

K. Ogata and 
H. Matsuda 
Phys. Rev. 8"9, 
27 (1953) -;-' 

A. Zucker and 
W. W. Watson 
Phys. Rev. 78, 
14 (1950) 

C. W. Li 
Phys. Rev. 88, 
1038 (1952)-

W 
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::u 
~ 
I 

N 
~ 

'" 00 



· Method 

21 
llNa . 

Fermi 
Formula 

Q-Value 

Na
22 

11 Fermi 
Formula 

Q-Value 

11 Na 
23 

Fermi 
Formula 

Q-Value 

Mass Reaction or Doublet Reference Mass 

20.99783 

21. 004286±39 Na2I 
{(3+) Ne 2l H ~ 11. 008142± 3 

C21=120 003804±17 
Ne =21,000504±22 

21. 99720 

21.001409±25 Na22 (13+) Ne
22 

H = 1. 008142:1:: 3 
.- .-

Czz =12. 003804±17 
Ne =210 998358±25 

22.99136 

22.99697 
23 20 

Na (p. a)Ne Ne
2D

=l9.99890±47 

References 

C, W. Li 
Phys. Rev, 88, 
1038 {1952} 

C. W, Li 
Physo Rev. 88, 
1038 (1952) -

A. Zucker and 
W. W. Watson 
Phys .. Rev. 1'8, 
14 (1950) 
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t-t 
I 
N 
~ 
0"-
00 



• • 
Method Mass . Reaction or Doublet Reference Masses References 

---" 
. 23 23 Mg23 llNa Q~Value 22.997055%25 Na (p, n) H ~ 1. 008142 % 3 C; W, Li 

23 Ne 20 C ~ 12,003804 :1:17 
Phys, Rev. 88, 

Na (p, a) 1038 {1952} 
23 

Na
24 Ne 20 

Na (d, p) ~ 19,998777 %21 

Na23 (~, a) 
. 21 

Ne Ne
21 ;; 21. 000504 %22 

25 Mg (d, a) Na
23 

Na
24 .:: 23.998568 %26 

M 23 g. = 23.001453 %26 
M 25. g -:: 24.993745 ±27 

. *22. 99705% 3 
23 . Mg23 . 23 

;= 23.001453 %26 . A. B, WiHarc:l et al Na (p, n) Mg 

L).m = 0.00440 
Phys. Rev. 84, 
259 (i 952) 

I .' 

IoN 
Mass 

Ne
20 ~ 

Spectra 22.99665% 8 ODH H ~ 1.0081441 % 2" A. Henglein 

Ne
20 Ne

21 
D -:: 2.014732 ± 4 

Z. Naturforsch 6a, 
745 (1951) 

Ne
2l Ne

22 Ne
20 

~ i 9. 998771 %12 

Na
23 Ne

22 Ne
2l = 21. 000393 %22 

Ne
22 :: 21. 998329 %19 

N 2.4 
11 a 

Fermi 
Formula 23.99401 

23.998568%26 
23 24 H 1. 008142 % 3 C. W. Li c:: 

Q-Value Na (d, p) Na :: () 

Na24 (~-) Mg24 C = 12.003804 %17 
Phys. Rev. 88, ::0 
1038 (952) - t-t 

Na
23 :: 22. 997055 %25 N 

H:>-
24 = 23. 992628 %26 '" Mg 

... ,. (Xl 



23 
lZ

Mg 

- 24 
12Mg 

Method Mass Reaction or Doublet Reference Masses 

Fermi 
Formula 22. 99562 

Q-Value 

* 

Fermi 
Form.ula 

Q-Value 

i 

23 23 
23.001453±26 Na . (p, n) Mg 

23..00t45± 3. 

23.98810 

23.992628±26 Na
24 

(13-) Mg24 

Mg24 (d, p)Mg25 

Al 2 7 (p, a.) Mg24 

H :: 1. 008142± 3 
C = 12~003804±i 7 

Na
23 

:: 22. '97055±25 
I . 

Na
23 = 22·. 997Q55±25 

.6.m :: O. 00440 

H :::: 1. 008142 ::1:3 

C :::: 12. 003804±1 7 
24 Na :: 23. 998568±26 
25 Mg :: 24. 993745±27 

Al27 :::: 26. 990071±30 

References 

C.W. Li 
Phys. Rev. Sa. 
1038 (1952) -

A. B. Willard et al 
Phy~. Rev .. '84 p 

259 (1952) .-

C. W. Li 
Phys. Rev. 88, 

'-1038 (1952) -
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Method Mass . Reaction or Doublet Reference Masses References 

25 
l2Mg 

Fermi 
Formula 24.98893 

Q- Y·alue . 24 25 
H 1.. 008142± 3 C. W. Li 24.993745±27 Mg (d. p)Mg -

Mg
25 

(d. p) Ml6 C = 12.003804±17 
Phys. Rev. 88, 

Mg
25 

(d, a.) Na
23 23 . 5 5 

1038 (1952) --
Na = 22.99705 ±2 

Al 27 (d. a) Mg25 Mg25 = 23. 992628±26 

Mg26 = 25. 990802±29 
27 

Al = 26. 990071 ±30 

26 
12Mg v.l 

'" Fermi 
Formula 25.98483 

Q-Yalue 
25 26 

25.990802±29 Mg (d, p) Mg H = . 1. 008l42± 3 C. W. Li 

Mg26 (d. p) Mg27 C = 12. 003804±1 7 
Phys. Rev. 88, 

Mg
25 = 24. 993745±27 

1038 (1952) -

Mg27 = 26. 992876±30 

27 
12Mg c:: 

() 
Fermi :::0 
Formula 26.98832 ~ 

I 

26 27 
N 

H 1. 008142± 3 C. W. Li 
,.j:>.. 

Q-Value 26.992876±30 Mg (d. p) Mg = '" C ~ l2.003804±17 Phys. Rev. 88, 00 

Mg26 = 25. 990802±29 
1038 (1952) -



Al27 
13 

Method Mass Rea.ction or Doublet Reference Masses 

Ferrrli 
Formula 26~ 98659 

Q- Value 

Mass 
Spectra 

26.990071±30 All? (n. ·V) Al
l8 

A12? (P. u) Mg24 

A12? (d. p} AI2S 

All? {dg u} Mi5 
Si 19 (d. u} A12? 

26.990140±35 A12? (n. y) Ar
8 

A12? (d. p) All8 

5i29 (d. u) All? 

2? 
26.990109±23 C 2 H 3 - Al 

H = L 008142± 3 

C = 12. 003804±17 

Mg24 == 23. 992628±26 

Mg
25 = 24. 9937 45±2 7 

AI
28 = 27. 990760±32 

5i 29 = 28. 985650±34 

Si
28 = 2? 985837±30 

P 31 = 30. 983622±30 

S 32 ::: 31. 982265±30 

C
l2 = 1.2. 003844± 6 

H = 1.0081.45± 2 

·,·Re£erences 

C. W. Li 
Phys. Rev. 88', 
I038 (l952) 

H. T. M()tz 
Phys. Rev. 85, 
501 (1952) --

K. Ogata and 
H. Matsuda 
Phys. Rev. 89, 
27 (1953) 

I 

l.>J 
-J 

c 
() 

::0 
t-t 
~ 
~ 
0' 
00 



A128 
13 

- 1- Si
27 

4-

• 
Method Mass Reaction or Doublet Reference Masses 

Fermi 
Formula 

Q-Value 

Fermi 
FOToInula 

27.98829 

27.990760±32 Al27 (n; 1') A128 -

A127 (d, p) A128 

A128 (13-) Si 28 

Si 30 (d, a.) A128 

2_6. 99142 

Q_ Yalue* 26. 99530± 2 Al27 (P. n) Si
27 

H :: 1. 008142± 3 

C = 12. 003804±1 7 

Al27 :: 26. 990071 ±30 

Si 28 :: 27. 985767±32 

Si 30 = 29. 983237±36 

.6.m = O. 0051 9 

A127 :: 26.9901 09±23 

References 

C. W. Li 
Phys. Rev. 88, 
1038 (1952) 

J~ D. Kingston et al 
Phys. Rev. 89, 
530 (1953) 

w 
00 

q 
() 

lX' 
t:""'-
! 
N-
~ 
C1' 
00 



S ·28 
14 1 

Method Mass Reaction or Doublet Reference Masses 

Fermi, 
Formula 27 ~ 98418 

Q-Value . 

Mass 
Sp~ctra 

27,,985767:*:32 AI28 (13-} Si28 

S,28 (.. '~S>29 . .1 n. "'{p 1 

Si28 (d. p}Si 29 

pH (p, a;~Si28 

27.985792:1:32 e 12 0 16 _Si28 

H 

e 
AI

28 

Si 29 

p31 

:: C 008142:1: 3 

.~ l2~ 003804±17 

= 27~. 990760±32 

::: .. 28, 985650±34 

'=. 30" 983550±39 

'. C 12:: 12. 003807:1:11 

27,98581:1:8 Fe56-Si28_cI2d6_d~ H4 H::: 1.0081283:1:28 

22= 12.,003856 :1:19 

Fe56::: 55,95285 :1:16 

27,985825:1:16 e 120
16 

_ Si28 'C 12 ::: 12.003844 ±6 

References 

C. W, Li 
Phys. Rev. 88, 
1038 (1952) -

H. Ewald 
Z. Naturforsch 6a', 
293 (1951) 

H, E. Duckworth and 
R. S; Preston 
Phys. Rev. 79. 
402 (1950) -
NYO~677, 4-25-50 
NYO.{,78 , 11-20- 50 

K. Ogata and 
H. Matsuda 
Phys. Rev. 89. 
27 (1953) ~ 

I' 

IoN 
~ 

c::: 
() 

~ 
~ 
~ 
~ 
0' 
00 



Method Mass Reaction or Doublet Reference Masses References 

5. 29 
14 1 

Fermi 
Formula 28.98433 

Q=Value 28.985650:34 Si
28 

{n, y> 13i
29 

H ::: 1,008142:1: 3 C. W, Li, 

Si28 (d, p) Si29 C = 12.003804:1:17 
Phys, . Rev. 8'S·,. 

Si29 (d, p) Si
30 Al27 = 26, 990071:1:30 

1038 (1952) 

Si29 (d. 0.) Al27 5i 28 ':; '27,985767:1:32 

p31 (d, «) Si29 P 31 - 30,983550:1:39 

28.985719±30 "5i
29 

(d, a.)AI
27 

Si
28 = 27.985837:1:30 H, T.Motz 

Si
28 

(d. p) Si29 P 31 :: 30.983622:1:30 
Phys. Rev. 85, 
501 (i 952) - , 

p31 (d. a) Si 29 ~ 
0 

S·29 (d ) S' 30 I. p 1 
S32 :: 31, 982265:1:30 

28.98568 .30· 31 ~O S.30 29. 98290± \,5 A. S, Penfold SI (d, n) P (y. n) 1 ~ 

A127 (a, p) Si 30 Phys'~ Rev, 80, 

Al27 (a, n) p30 
116 (1950) -

.29· 30 51 (~n) P 

Mass 
~ 

,51
2 9 Ni

58 5i28 () 

Spectra 28. '9-85b7~:14 .- 27. 98581::t: 8 H, E. Duckworth ~ 
., and R. S, Preston t"" 

Si28 (d, p) 5i 29 Ni58 :: 57.95354:1: 23 Phys, Rev. 79, N 
j.j:>. 

402 (1950) '" NYO-677 4-25-50 00 

NYO-678 1.1-20-50 
NYO-981 4-18-52 



. 8. 29 
14 .1 

30 
1451 

Method 

Mass 
SpeCtra 

.Fermi 
Formula 

Q;..Value 

Mass Reaction or Doublet 

28.985705*2.1 C
13 

0 16 _ 5i29 

29.98003 . 

29. 983237:36 8i29 (d, p) 8i 30 
, 

8i
30 

(d, p) 5i
31 

8i
30 

(d, (1) A1
28 

29.98327 ±5 5i
29 

(d, p) 5i
3O 

29.983313±35 5i
29 

(d, p) 5i
3O 

Si
30 

(d, p) 5i
31 

Si 30 (d. a) A128 

Reference MasseS 

C 13 
::: 13.007505:12. 

H ~1. 008142± 3 

C =: 12. 003804±17 

A1
28 = 27. 990760±32 

5i
29 = 28. 985650±34 

5i
31 

:: 30. 985140±39 

5i
29 :: 28.98567 ±14 

5i29 :: 28. 985719±30 

5i
31 

~ 30. 98521 0±30 

A1
28 

~ 27. 990830±35 

Referenc;es 

K. Ogata and 
H. Matsuda 
Phys. Rev'. S9 i 

27 (1953) -

C. W. Li 
P~ys. Rev.SS, 
1038 (1952) -

H. E. Duckworth 
NYO-981 
4-18-52 

H. T. Motz 
Phys. Rev. 85; 
501 (1952) 

~ .-

C 
() 
:;d 
t""' 
t 
N 
~ 

'" 00 



S·30 
14 1 

S ·31 
14 1 

Method 

Mass 
Spectra 

Fermi 
Formula 

Q-Va1ue 

• 
Mass Reaction or Doublet Reference Masses 

29. 98290*15 CH3 - Si
30 

29.983307*31 BI1 F
I 9_ $i30 

30.98255 

30. 985210:1:30 Si30 (d. p) Si 31 

30.985140*39 Si
30

(d.pl Si
3i 

Si31(f3"'")· P 3i 

H 

C 

:: 1. 0081283*28 

~ 12.003856 *19 

11 .. 9 B· ;:.11.012811 * 

F19 ~ 19.004444 *22 

S·28 1 . ~21. 985837 *30 
p31 :;: 30.983622 *30 
S 32 :: 31. 982265 *30 

H = 1.008142 * 3 

C = 12.003804 *17 

Si
30 

;'!. 29. 983237 *36 
p31 = 30. 983550 *39 

References 

H. E. Duckworth et a1 
Phys. Rev. 78, 479 (1950) 
Phys. Rev. 79; 188 (1950) 

NY0-676, 4-25-50 
NYO-678; 11 ... 20-50 

K, Ogata and H. Ma~suda 
Phys. Rev. 89, 27 (1953) 

H. T. Motz 
Phys. Rev. 85, 
501 (1952) -

C. W. Li 
Phys. Rev. 88, 
1038 (1952) 
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p31 
15 

Method 

Fermi 
Formula 

Q~Value 

Mass 
Spectra 

Mass Reaction or Doublet . 

30.98217 

30.983550±39 Si 31 (fl-) p3l 

p 31(n. y) p32 

p3l(d. p} p32 

p31(p, a) 8i28 

p31{d~ a.) 8i29 

30. 983619:1:7 Ol~ _ p31H 

S 
32 _ p31H 

30. 983622.:1:23 01~ - p3iH 

5
32 ~\.i - p-

p31 H _ 
3 

S32 H 

p31H~ _ 
j 

8
34 

2 

Reference Masses 

H :; L 008142 ± 3 

C :; 12.00.3804 ±17 

Si
28 

::: 27.985767 %32 

Si
29 = 28.985650 :1:34 

S·31 
.1 ~ 30.985140 ±39 

p32 ::: 31.984016 ±41 

H :; 1.008145 ± 2 

S32 ::: 31. 982274 ± 8 

H =: 1.008141 ±2 

S32 :; 31. 982272 ±19 

34 
S :: 33.978770 ±31 

References 

C. W. Li 
Phys. Rev. 88, 
1038 (1952)-

K. Ogata and 
H. Matsuda 
Phys. Rev. 89, 
333 (1953) 

Ho Ewald 
Z. Naturforsch 6a, 
293 (1951) 

H:>. 
If.} 

c: 
() 
:;0 
r 

H. Ewald ~ 
z. Naturforsch 6a, ~ 
293 (1951) - 00 



. p32 
15 

. p33 
15 

Method 

.Fermi 
Formula 

Q-Value 

Fermi 
. Formula. 

q~Value 

• 

Mass Reaction or Doublet Reference Masses 

31.98314 

31· 32 31. 984016::1::41 p . (n. y) P 

p31 (d. p) p32 

p32 (/3 -) 5 32 

31. 984091:1:30 p31 (d, p) p32 

p32 (/3 -) 5 32 

32.97989 

32.982166::1::44 p33 (/3-) 5 33 

H = 1.008142 ::I:: 3 

C = 12.003804 ±17 
p31 :: 30. 983550 :1:39 

5
32 = 31. 982183 ::1::42 

p31 ~ 30. 983622 ::1::30 

5
32 

:: 31. 982265 :1:30 

H :::. 1. 008142 ::I:: 3 
C :: 12.003804 :1:17 

533 = 32.981881 :1:44 

References 

C.' W. Li 
Phys. Rev. 88, 
1038 (1952) _. 

H. T. Mob 
Phys. Rev. 85 •. 
501 (1952) _. 

C. W. Li 
Phys .. Rev, 88.;. 
1038 (1952) 
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Hlo-
0" 
00 



S32 
16 

Method Mass 

Fermi 
Formula 31.98051 

Q - Value 31.QS2183±42 

31. 98199 

Reaction or Doublet 

p32 {j3 -} S32 

S 32 (no 

S 32 ~d. 
y} ~3 
p) S33 

Reference Masses 

H = 1. 008142 :I:: 3 

C = 12.003804 :1::17 
p32 .~ 31. 984016 :1::41 
S 33 = 320 981881 ±44 

Si
30 

(d. Ii) p31 (y. n) p3~ Si
30 :: 29, 98290 :1::15 

s030 ~ p30 l 30 
1 rP weighted mean 

Si30 (p, ap A127(a. n} p30 

p 30 .... Si29(a.n) S32 
wm 

P 30 3 wm (d, y) S 2 
S 32 weighted mean 

Si30 ~ p31 -+ . S31{n, y} S32 
.. 

References. 

Co Wo Li 
Physo Rev., 88, 
1 038 (1952) -

A, S, Penfold 
Phys, Re'!'. 80~ 
116 (1950). _ ... 

I 

.+:-
111 

c::: 
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~ 
t-­
~ 
.+:-
0' 
@§' 



Method Mass Reaction or Doublet 

32 
532 (y, d) p30 16S Q-Vaiue 

S32 (Y. n) S31 

S32 (n. a) Si29 

p31 (y. n) p30 

Si29 (d; n) p30 

Al2 7 (a, n) p30 

M27 (a, p)Si30 

31. 98228::l: 5 p~2 (~-) S 32 

p31 (d, p) p32 

p31 (d
l 

a) Si 29 

Mass _ S32 
Spectra. 31. 982236::l:7 °z 

C 4 
_ S320 

CO2 
_ C l2 S32 

31. 98237::l: 9 °2 
_ S32 

.. 
Reference: Masses 

Si29 
"! 28.98571::1:5 

C li ~ 12. 003842::l: 4 

° ~ 16.00000 

References 

A. S. Penfold 
Phys. Rev. 80, 
116 (1950) -

H. T. Motz 
Phys. Rev. 81; 
1061 (1951) -

T. L. Collins, et al 
Phys'. Rev. 84, 
717 (195i) -

H. E. Duckworth, 
et a.l 

Phys. Rev. 81, 
286 (1951) -

~ 
0' 
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t'" 
I 

N 
~ 
0' 
00 



Method Mass Reaction or Doublet Reference Masses References 

S32 

16 Mass 
_ S32 Spectra 31. 982272±19 02 H :::: 1. 008141± 2 H. Ewald 

p31 H = S32 p31 
Z. Naturforsch 6a, 

= 30. 983622± 23 293 (1951) 
p31H _S32H 

3 2 

31. 982274± 8 °2 
_ S32 C :;: 12.003844± 6 K. Ogata and 

_ S32b 
H. Matsuda 

C 4 
Phys. Rev. 89, 
27 (1953) 

31. 9823 ±30 02 = S32 
° = 16.00000 F. W. Aston 

Proc. Roy. Soc. D 

(London) ~ 

A163, 391 P 937) 
-.J 

""--
31.9823 ±10 °2 

_ S32 
° 

:: 1'6.00000 L. G. Smith 
Phys. Rev. 81, 
295 P 951) 

Time 9)f-
Time 9)f .flight of CS + Flight 31. 983 ± 1 H - 1.0081386 E. E. Hays, et al 
with C 6H12, C3H6 ° "C = 12.003895 

Phys. Rev. 84, 

standards 
824 (1951) 

c:: 
() 

!Xl 
t"" 
N 
~ 
0' 
00 

• • 



• 

Method Mass Reaction or Doublet Reference Masses References 

. 33 
165- Fermi 

Formula 32.98011 

Q-Value 32. 98052±20 S32 (d, p) S33 S32 - 31. 98089± 7 P. W. Davison 
Phys. Rev. 7"5', 
757 (1949) 

, 33 
1. 008142±3 32.981881±44 S32 (n, '() S H -:: C. W. Li 

S32 (d, p) S33 12.003804±17 
Phys. Rev. 88, 

C -:: 1038 (1952) -
32 

31. 982 i83±42 S .-

I 

Mass· ~ 

C H -533 
0

16 00 

Spectra 32.98213± 5 H ,. 1. 008146± 3 . T. L. Collins, et al I , 4 
Phys. Rev. 84, 

C '!: Il.003842± 4 717 (1951) 

32.981941±37 S33H2 - ~4H H ::: 1. 008145± 2 K. Ogata and 
S34 33. 978709±19 

H. Matsuda .. 
Phys. Re v. 89; 
27 (1953) 

Microwave c::: 
16 '12 S S32 () 

Spectra 32.98187± 25 o C ::: 31. 981.99 S; Geschwind and ~ 
S34 33.97890 

R. Gunther-Mohr t:'" 
~ 

Phys. Rev. 8i. N 
~, 

882 (1951) a-
00 



5
34 

16 

Method 

Fermi 
Formula 

Q·Value 

Mass 
Spectra 

Mass Reaction or Doublet 

33.97566 

33 34 
33. 97780±44 S < (d, p) S .~ 

33. 97876± 5 C 4H2 S34 0 

S34 _ 33. 978709±19 532 
H 2-

C - S34 H 
3 2 

33. 978770:1:31 p3~ 
H $3~ 

2 

_ S34 

_ H C135 

Reference Masses 

S33 :: 32. 98052±20 

H 

C 

H 

C
12 

S 32 

-:l 1 .• 008146±. 3 

-:: 12. 003842± 4 

= 1. 008145± 2 

:: 12.003844± 6 

::: 31. 982274:1: 8 

H ~ 1. 008141± 2 
31 

P :: 30. 983622±23 

No value given for C1
35 

References 

, 1 

"'; .•.. : j\.: 

P. W, .. pavison 
Phys. Rev. 15, 
<757(1949) 

T ~ L.· Collins, et al 
Phys. Rev. 84, 
717 (195i) -

K. Ogata and 
H. Matsuda 
Phys. Rev. 89, 
27 (1953) 

H. Ewald 
Z. Naturforsch 6a, 
293 (1951) 

,-", 

.... I 

I 
H:>. 
...0 

c:: 
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?:l 
t"' 
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H:>. 
0' 
00 



• 

Method Mass Reaction or Doublet Reference Masses References 

S35 
16 

Fermi 
Formula: 34. «I)7739 

Microwave 
S32 Spectra 34. 98006±38 OCS .- 31. 98199±21 T. Wentink, Jr., et al 
S33 .., 32.98168 

AECU-l.186 

5
34 11-7-50 

-= 33.97890 Phys. Rev. 81, 
948 (1951) 

34. 98046±35 OCS S32 .. ' 31.98199 S. Geschwind and 
S34 33.97890 R. Gunther -Mohr .-

Phys. Rev. 81, 
882 (1951) U1 

0 

Using results 
from Wentink et al 
(see above) along 
with their own data. 

S36 
16 Fermi 

Formula 35.S7510 

1 Mcrowave 
S32 _ S34 = 1. 9969±2 

~ 

Spectra 3S.97834±40 OCS W. Low and () 
:::0 C. H. Townes t:"'I 

No other mas s or Phys. Rev. 75, N 
~~ reference given 529 (1949) ~ 

'" 00 



Method Mass Reaction or Doublet 

16 
S36 

Microwave 
Spectra 35. 97954±60 OCS 

C135 
17 Fermi 

Formula 34.97816 

Mass 
C -H C1

35 
Spectra 34. 98004± 5 3 

34. 980064±22 C - H C1
35 

3 

Time -of- 34.9805 
Flight 

4-
± 5 C C1 3 - C 6 H12-C8H10 

Reference Masses References 

S32 ." 31. 98199 S. Geschwind and 

5
34 

= 33.97890 
R. Gunther -Mohr 
Phys. Rev. 81, 
882 (195 q 
Using results from 
Low and Townes (see 
above) along with 
own data. 

H -: 1.008146± 3 T. L. Collins et al 

C -: 12.003842± 4 PhY(i 9~~)· 84, 717 

H = 1.00Sl45± 2 K. Ogata and 

12.003844± 6 H. Matsuda .. C -
Phys. Rev. 89, 
27 (1953) 

Ii = 1. 0081386 E. E. Hayes, et al 
Phys. Rev. 84, 

C .. 12.003895 824 (1951) 

l 
U1 
...-

c:: 
o 
~ 
L' 
N 
~ 
0' 
00 



Cl
37 

17 

Cl39 
17 

Method 

Fermi 
Formula 

Mass 
Spectra 

Fermi 
Formula 

Q-Value 

• 
Mass Reaction or Doublet Reference Masses 

36.97503 

36. 97766± 5 C 3H 2 - H C1
37 

38.97567 

38.97871:1:10 A 40 (y. p) C139 

38. 98022±13 C139 (~-) A 39 

38.9826 A 40 (y. p) C139 

H 

C 

'" 1. 008146± 3 

~ 12. 003842± ·4 

A 40 = 39. 97524 :I: 3 

A 39 = 38.97667:1: 4 

A 40 ~ 39.97549:1:12, 
(Rosenfeld) 

Refer'ences 

T. L. Collins; et al 
Phys'. Rev. 84. 
717 (1951) -

D. H. Wilkinson 
and J. H. Carver. 
Phys. Rev. 83, 
466 (1951). -

They sayHasla.m et al 
neglect potential barrier 
effect. 

I 
\J1 
tv 

C. E. Anderson! et a.l 
Phys. Rev. 87, 
897 (1952) -

They say their new data 
contradicts that of 
Wilkinson and Carver 
and Has lam et al. 

R. N. H. Haslam 
et al 
Phys. Rev. 80, 
318(1950) 

c:: 
() 

~ 
~ 
I 
tv 
~ 
0"-
00 



Method Mass Reaction or Doublet Reference Masses , References 

18 
A

36 
Fermi 
Formula 35.97717 

Mass 
A

36 
Spectra 35. 97900±3 C3 

H -:: 1.008146± 3 T. L. Collins et al 

H 2O -1/2 A
36 

C '" 12. 003842± 4 
Phys. Rev. 84, 
717(1951) 

35. 97926± 8 H 2O -1/2 A
36 H .- 1. 008165± 4 A. 0. Nier 

Phys. Rev. 81, 
624 (19Sq -

38 
18

A 
Fermi ! 

Formula 37.97173 
11l 
V.l 

Mass 
A

38 
Spectra 37. 97491± 4 C 3H 2 - H .- 1. 008146± 3 T. L. Conins et al 

C = 12. 003842± 4 
Phys. Rev. 84, 
717 (1951) 

A 39 
18 Fermi 

Formula 38.97282 

Q-Value 38. 97667± 4 A 39 (13-) K39 K39 ~ 38. 97606± 3 C. E. Anderson et al c::: 
() 

Phys. Rev. 87, ~ 
897 (1952) t-' 

N 
Hl-

C139 (13-) A
39 Cl39 

0"-

38.9790 ~ 38. 9826 R. N. H. Haslam et al <Xl 

Phys. Rev. 80, 
318 (1950) 



A
40 

18 

Method 

Fermi 
Formula 

Mass 
Spectra 

Mass 

39.97020 

39. 97513± 3 

. Reaction or Doublet 

C
3
H4 - A 40 

D
2

0 -1/2 A 40 

Ne 20 _ 1/2 A 40 

D 20 - Ne
20 

39.975022±29 D 20 -
40++ 

A 

39.975148±24 D
2

0 -1/2 A 40 

C H _ A 40 
3 4 

39.974940±15 C 20 - A
40 

.. 
Reference Masses 

H .- 1. 008146± 3 

C = 12. 003842± 4 

D ~ 2.014740± 6 

D -.: 2.014732± 4 

H - 1.008145± 2 

D - 2.014741± 3 

C -= 12. 0038 44± 6 

C - 12.003842± 4 

• 
References 

T. L. Collins et a1 
Phys. Rev. 84, 
717 (1951) 

H. E. Ewald 
Z. Naturforsch 6a, 
293 (1951) 

K. Ogata and 
H. Matsuda 
Phys. Rev. 89, 
27 (1953) -

Walter H. 
Johns on, Jr. 
Phys. Rev. 88, 
1213 (1952)-

~ 
,j::o. 
I 

C! 
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~ 
t.-' 
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N 
,j::o. 
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00 



Method Mass Reaction or Doublet Reference Masses References 

A41 
18 

Fermi 
Formula 40.97293 

-'-
A 40 (d~ p) A41 Q- Value ""40. 97764± 5 .6.m = 1,00249± 5 Vo L, Sailor 

n ,- 1.00897 Phys, Rev, 75, 
H .. 1.008128 1836 {l949} -' 
D ,- 2,014718 
A '" 39, 975148±24 

K39 
19 Fermi 

Formula 38,97460 

Q-Value 38,97613±30 K40 (d~ p} K39 S32 = 31. 98089 W, Low and n 

K39 (n, p) Ca 42 A
40 C. H. Townes \J1 

-:: 39, 97516±26 Ul 

Phys, Rev. 80, 
HI :: 1.008128 608 (1950) 

D2 = 2,014718 

ill = 4.003880 

Mass 
K39 Spectra 37. 97606± 6 C 3H 3 - H .- 1:008146::1: 3 T. L. CoUins et al 

C = 12,003842::1:: 4 
Phys, Rev. 84, 
717 (1951» - c: 

() 

~ 
~ 
~ 
~ 
0' 
00 

• 



• 
Method Mass Reaction or Doublet Reference Masses References 

40 
19

K 
Fenni. 
Fonnula 39.97447 

..... 
A 40 (P. n) K40 

O-Value ""39. 9768Z:l:10 n :e 1.00897 V.· L. Sailor 

K40 (Ee) 
40 1. 0081Z8 

Phys. Rev. 75, 
A H ::: 

1836 (1949) -
D = Z.014718 

A40:: 39.975148 
+ 

- Z4 

&n= 0.0017 (P. n) 

~m= 0.00167±10 (EC) 

Mass 40 
Spectra 39.97654:1:8 CZO - K C = lZ. 00384Z± 4 W. H. Johnson, Jr. 0, 

Phys.' Rev. S'S', a-

1213 (1952) -

19 
K41 

Fenni 
For:mula 40.97075 

O-Value *40.97490:1:20 A41 (P-) X41 ~tni: 0.00274±20 V. L. Sailor 
n ,::: 1.-00897 Phys. Rev. 75" 

H = 1. 008128 1836 (1949) - ' c:: 
D ::: 2.014,718 () 

A4~ 39.975148%24 
~ 
~ 

A 41= 40.97764 ± 5 
N 
H:I-
a-
00 

*40.97487:1:10 K41 (P. n) Ca 4l 41 Ca"'! 40.97534 ±10 

~tn: 0.00047 ± 7 
Mass 

K41 Spectra 40.97490:1: 4 t:3H 5 - H :; 1.008146±3 T. L. C oHins et al 
C = 12.003842:1:.4 Ph1s( ~e1' 84, 71 19 1 



19
K 

41 

20Ca 

TOR - ~n 

Id 
I·r.

ifO 

40 

::. ,.... 
},,: " 

Method 

Time-of-
Flight 

a 

:":"Fermi 
1:.Formu1a 

2, 
}\ 

o 

Q-Value 

Mass 
Spectra 

I!. ' 
E,t 

, 1t.; 

t' 

\. 
Gf 3'1 

Mass Reaction or Doublet Reference Masses References 

c:-.," 
• '1 t' 

40. 975± 2 
. +' . 
K ionusing 

K39 standard 

39.97421 

*39. 97537±10 K40 (13-) Ca
40 

39.975127±11 C 20 - Ca
40 

39. 97545 ± 9 A
40 Ca40 

39 K ~ not given 

.6.m ,- 0.00145 ± 5 
n :: 1.00897 

H = 1.008128 
D40 = 2.0014718 
A :: 39. 975148 ±24 

K40 :: 39. 97682 ±10 

C :: 12.003842 ± 4 

A 40 :: 39. 97513. ± 3 

'17 
t;'1 
r .... , 

E. E. Hayes et al ;~ 
Phys. Rev. 84, i~: 
824(i 951) -

V. L. Sailor 
Phys. Rev., 15', 
1836 (1949)' 

W. H. Johnson, Jr. 
Phys. Rev. 88, 
1213 (1952)-

T. L. Collins eta1 
Phys. Rev. 84, 
717 (1951) 

~ .-~---. 

;f(:'pn.GU::;6P 

I 

U1 
-J 

c:: 
() 

::0 
l' 
~ 
~ 

'" 00 



.. 
Method Mas$ Reaction or Doublet Reference Masses Refer'ences 

41 
20

Ca Fermi 
Formula 40.97299 

Q-Value *40.97534:1:10 Ca40 (d. p) Ca 41 _~m_ '- 0.99997 :1:5 V. L. Sailor 
n :: 1.00897 phys. Rev.' 75, 

H ::: 1. 008128 1836 (19~9) 
D :;: 2.0014718 

A40 
,"'i! 39.97,5148:1:24 

Ca40 ::: 39.97537 :1:10 

42 
20Ca 

,Fermi 
Formula 41.96828 ~ 

co 
Mass 

t 

Spectra 41. 97216: 4 C H - Ca42 
H "'! 12.008146: 3 T. L. Collins et al 3 6 " 
C 12.003842: 4 Phys. Rev; 84 t ::: 

717 (1951) -

C 43 
20 a 

Fermi 
Formula 42.96883 

Mass 
Ca43 c:: 

Spectra 42.9'7251,it:6 C 3H 7 - H :;: L 008146: 3 T. L. C aUine et al () 

C = 12.003842: 4 Phys; Rev. 84, := 
717 (1951) t-' 

/.w 
~ a-
t» 



C 44 
20 a 

-. 

'·48 
20

Ca 

.. 45 
2,lSc 

Method 

Fermi 
Formula 

Mass. 
: Spectra 

Fermi 
. Formula 

Mass 
Spectra 

Fermi 
Formula 

Q-Value 

Mass 
Spectra 

Mass Reaction or Doublet 

.43-.96592 

.. 43.'96924*6 CO2 - Ca
44 

47.97013 

; 47. 96778:10 C 4 Ca
48 

44.96704 

44.97046:53 Ti46 (y. n) Ti 45 

Sc 45 (f3 +) Ti 45 

44.97010: 5 
. . 45 

C 2 0 2H5 - Sc ° 

Reference Mas ses 

C - f2. 003842 ± 4 

C :: 12.003842: 4 

46 6 Ti :: 45.9 733 :48 

H 
C 

:: 1. 008146: 3 
:: 12.003842± 4 

:"', . 

References 

T. L. Collins et al 
Phys. Rev. 84, 
717 (1951) 

T. L. Collins et al. 1 

Phys·. Rev. 84, ~ 
717 (i951) --

H. E. Duckworth 
NYO-981 
4-18-52 

T. L. Collins et al 
Phys. Rev. 84, 
717 (1951) 

.1 

c::: 
() 

::0 
t"' 
N 
,j:o. 
0' 
00 



.. ' 

T ··46 
22 1 

T .47 
22 1 

Method 

Fermi 
Formula 

Q-Value 

Mass 
Spectra 

Fermi 

Mass Reaction or Doublet 

45.96531 

45. 96733±48 Ti47 (d, p) Ti46 

45.96(,12:1::95 

45>96697± 5 

C 12S32 H _Tl4& 2 . 

C 12s32l:t _ Ti46 
2 

Formula 46.96540 

Q-Value 46 .. 96694±47 Ti48 (d, p) Ti47 

• 
Reference Masses 

Ti47 :: 46.96694 ±47 

H 
C 
S 

H 
C 
S 

:: 

= 

1. 008131± . .3. 3 
12~003a71±33 
31. 98089 ± 7 

1~D08146± 3 
12.003842± 4 
31. 982236± 7 

Ti48 = 47.96405 ±19 

References 

H. E. Duckworth 
NYO-981 
4-18-52 

T. Okuda.. and 
K. Ogata 
Phys. Rev. 60. 
690 (1941) 

T. L. C oUins et al 
Phys. Rev. 86, 
408 (1952) 

H. E. DuckwoTt h 
and R. S. Preston 
NYO-678 
ll-UJ-50; 
H. E. Duckworth 
NYO-981 
4-18-52 

I 
0'. 
o 

c::= 
() 
~ 
t-t 
~ 
~. 
0-. 
00 



T ·47 
22 1 

T A8 
22 1 

Method 

Mass 
Spectra 

Fermi 
Formula 

Mass 
Spectra 

.. Mass Reaction or Doublet 

46. 96668±10 CH3S-

47.96225 

47. 96317±6 C4 

47, 96332±48 C 4 

47,96405±19 0
16 

Ti47 

Ti48 

T
A8 
1 

Ti48 

Reference Masses 

H 
C 
S 

c 

C 

o = 

~ 

= 

L 008146± 3 
12.003842± 4 
31,982236±7 

12,003842± 4 

::: 12,003871±33 

16.00000 

References 

T. L, Collins et al 
Phys. Rev, ,8'6, 
408 (1952) 

T. L. Collins et ill 
Phys. Rev. 86, 
408 (1952) -

T. Okuda and 
K. Ogata 
Phys. Rev. 60. 
690 (1941) -

H. E. Duckworth 
and R, S. Preston 
Phys. Rev: 82~ 
468 (1951); -
NYO .. 678 
11-20-50 
H. E. Duckworth 
NYO ... 981 
4-18-52 

\. 

C1' .... 
\ 

c:: 
() 

::u 
~ 
I 
N 
~ 
0' 
00 



e, 

Method Mass Reaction or Doublet Reference Masses References 

_~:_~~_-_. __ ~. __ . ___ ~ __ .. .J...._~. ___ . __ 

T.49 
22 1 

Fermi 
Formula 48.96377 

Q.-Va1ue 48.96428:1::20 Ti48 (d, p) Ti49 Ti48 
::: 47.96405:1:19 H. E. Duckworth 

and R. S. Preston 
NYO-678 
il-20~50; 
H. E. Duckworth 
NYO-981 
4-18~52 

Mass 
Ti49 Spectra 48.96479:1: 53C4 H .. H = 1. 008131:1::~ 3.3 T, Okuda and 

C 12.003871:1::33 K,- Ogata . b-:: tv 
Phys. Rev. 6'0, I-

690 (1941) 

48.96358:1:5 C 4H - Ti49 H .. L 008146:1: 3 T. L. Collins et a1 
C ~ 12.003842:1: 4 Phys. Rev. 86, 

T· 5O . 408 (1952). 
22 1 

Fermi 
Formula 49.96208 

c:: 
Mass 

(") 

Spectra 4?9622 9:1:38 C HZ - Ti
50 H :: 1. 008i31:1:. 3,3 T. Okuda and JxI 

tot 4 . C - 12~003871±33' K. Ogata 1 

Phys. Rev. 60 j 
tv 
~ 

690(1941) - 0' 
<» 

49.96077:1: 4 C 4HZ " Ti
50 H .- L 008i46± .3 T. L. Collins et al 

Phys. Rev. 86, 
C .~ 12.003842:1: 4 408 (1952) 



Method Mass Reaction or Doublet Reference Masses _ . References 

V
48 

23 
Fermi 
Formula 47.96796 

Q- Value 47.96840 V48 (j3 +) Ti
48 Ti48 

-= 47. 9640S±19 H. E. Duckworth 
NYO-98l 
4-18-52 

V
50 

23 , Fermi 
Formula 49.96446 

Q-Value 49. 96255±29 VS1 {y, n)V
SO vS~ -= SO.9S9SS±22 .:H. E. Duckworth 

NYO-981 
! 

4-18-52 0"-
w 
0 

Mass 
V

SO 
Spectra 49. 96330±12 C 4H 2 - H -= 1.008146± 3 W. H. Johnson, Jr. 

'C -= 12.003842± 4 
Phys. Rev. 87, 
166 (1952) 

V
51 

23 Fermi 
Formula SO.96190 

Q-Value SO.9S'955±22 C
52 h. n} er

51 52 S1. 95696±21 H. E. Duckworth c: Cr -:-: () 

V
51 

(p, n) Cr
51 NYO-981 ~ 

4-18-52 tot 
V52 (y, n) V

51 I 
N 

V52 (f3-) Cr52 
~ 
0' 
00 

Mass 
V

5l 
Spectra 50. 96052± 5 C 4H 3 - H -= 21.008146± 3 T. L. Collins et al 

C -= 12.003842± 4 
Phys. Rev. 86, 
408 (1952) 

• 



24Cr 4: 

5 
24Cr 0 

51 
24Cr 

• 
Method Mass Reaction or Doublet Reference Masses 

Ferroi 
Forxnula -48. 96775 

Q-Value 

Fermi 
lformula 

Mass 
Spectra 

Fermi 
Formula 

Q .. Yalue 

48.9,6546%28 
50 - 49 

Cr (y,. n) Cr 

49.96284 

49. 96005:20 C 2H -
. 50 
Cr 

49;96443:1::39 C
4

H 2 ... Cr
50 

49.96210: 7 C 4H2 ,'" Cl-~O 

50.96253-

50.96038:23 
52 51 

Cr (y~ n) Cr 

y
51 

(P. n) er51 

- 50 
Cr = 49. 96005 :20 

H =. 1.008142: 3 
e = 12.003804±17 

H = 1. 008131: 3.3 
C = 12.003871±33 

H = 1.008146± 3 
C = 12.003842± 4 

er52= 51.95696 ±21 

References 

H. E. Duckworth 
NYO-981 
4-18-52 

H. E. Duckworth 
NYO-98i 
4-18-52 ~ 

K. Ogata 
Phys. Rev. 75, 
200 (1949) 

,j:I.. 

T. L. C oUins et al 
Phys. Rev. 86. 
408 (1952) 

H. E. Duckworth 
NYO-981 
4-18-52 

c: 
() 
:;d 
t-t 
N 
,j:I.. 
0"-
00 



Method Mass Reaction or Doublet Reference Masses References 



Method 

Cr
53 

24 Mass 

54 
24Cr 

Spectra 

Fermi 
. Formula 

Q-Value 

Mass 
Spectra 

Mass Reaction or Doublf!t 

. 53 
52. 95527:J:44 C 4HS - Cr 

52. 95772:J: 8 C 4H5 - Cr 
53 

53.95820 

54 54 
53. 95573:J:26 Cr (P. n) Mn 

55 . 54 
Mn (y. n) Mn 

53.95427:J:48 C 4H6 - Cr
54 

53,9563 3: .2C 4H6 - Cr
54 

• 
Reference Masses 

H - 1. 008131:J: 3.3 
C -. 12.003871:J:33 

H ::: L 008146± 3 
C :: 12.003842:J:4 

55 . 
Mn :: 54. 95536 :J:15 

H 
C 

H 
C 

:: 1.008i31:J:.3.3 

~ 

12.003871:J:33 

1. 008146± 3 
12.003842:J: .4 

References 

K. Ogata 
Phys. Rev. 1S, 
200 (1949) 

T. L. Collins et al 
Phys. Rev.· R6, 
408 (1952) 

H. E, Duckworth 
NYO-981 
4..,18 .. 52 

K. Ogata 
Phys. Rev. 75, 
200 (1 (49) 

T, L. Collins et al 
Phys. Rev. 86, 
408 (1952) 

b-
0' 
I 

c::: 
() 
~ 
t"" 
N 
~ 
0' 
00 



Method Mass Reaction or Doublet Reference Masses References 

• 



25
Mn56 

53 
26Fe 

F 
54 

26 e 

Method 

Fermi 
Formula 

Q-Value 

Fermi 
Formula 

Q-Value 

Fermi 

• 
Mass Reaction or Doublet 

55.96003 

55.95655:1:16 Mri56 
((3-) Fe56 

52.96587 

52.96230*22 Fe
53 (~+) Mn

53 

Formula 53.,96088 

Mass 
Spectra 

.' . 54 
53.95653:1:22 C

Z
H

3 
.. Jjz Fe 

53.95774:1:48 C 4H6 .. 

53. 95704::t: 5 C 4H6 -

54 
Fe 

F 
54 . e 

• 
Reference Masses 

56 . 
Fe = 55.95274 ::t:17 

Mn53 :: 

H 
C 

H 
C 

H 
C 

.~ 

= 
~ 

= 

52. 95844 ::t:20 

1. 00814Z:1: 3 
12 .. 003804:1:17 

1. 008131:. 3. 3 
12.003871:1:33 

1.008146:1: 3 
12.003842:1: 4 

Refel"ences 

H. E. Duckworth 
NYO-981 
4-18 .. 52 

H. E. Duckworth 
NYO-98t 
4-18.;.52 

H. E. Duckworth 
NYO-98t 
4-i8-52 

K. Ogata 
Phys. Rev. 75, 
2,00 (1949) 

T. L. Collins 
et a1 
Phys. Rev. 86, 
408 (1952)' 

b-
oo ., 

~ 
() 

::0 
t"' 
I 
N 
,jlo. 
0' 
00 



Method Mass Reaction or Doublet Reference Masses References 

• 



• • " 

Method Mass Reaction and Doublet Reference Masses References 

57 
26

Fe 
Fermi 
Formula 56.95725 

Q-Value 56. 95352117 
56 57 

Fe (n. y) Fe Fe56 -,: 55:95274±17 H. E. Duckworth 
NYO-981 
4-18-52 

Mass 
Fe

57 
Spectra 56. 95485±52 C 4H 9 - H - L 00813i:l: 3.3 K. Ogata 

C ~ 12.003871±33 Phys. Rev. 75'~ 
200 (1949) 

56. 95359±10 C 4 H
9 

- Fe
57 

H ~ L 008146± 3 T. L, Collins et al 
C .- 12.003842:1: 4 Phys. Rev. 86, 

408 (1952) I. -.... 
0 
I 

26Fe 
58 

Fermi 
Formula 57.95499 

Q-Value 5:7. 95116±25 
59 58 C 59 - 58.95160± 12 H. E. Duckworth Co (Y. n) Co o -

Co
58 (~~ EC)Fe

58 NYO-981 
4-18-53 

Mass 
Fe

58 
Spectra 57.9!5091±49 C 4H iO - H ~ 1. 008131± 3.3 K. Ogata c::: 

C "! -12.003871±33 Phys. Rev. 75 () 

200 (1949) lXI 
t"i 
1 

Fe
58 

N 

57.9520 ± 4 C 4H 10- H ~ L 008146± 3 T. L. Collins et al H:o.-
0"-

C - 12.003842± 4 Phys, Rev. 86, ~ 

408 (1952) 



Method Mass Reaction or Doub~et Reference Masses References 
• 

59 
26Fe 

Fermi 
Formula 58.95673 

Q-Value 58. 95328±14 Fe59 {j3 -} Co59 Co59 -: 58. 95160±12 H. E. Duckworth 
NYO-981 
4-18-52 

27Co 
55 

Fermi 
Formula 54.96512 

Q-Value 54. 95929±24 C()55 (i3+K) Fe55 55 54. 95559±16 H. E. Duckworth Fe ~ 

NYO-981 
4-18-52 

I 
-J ..... 
I 

56 
27Co 

Fermi 
Formula 55.96360 

Q-Value 55. 95769±19 Co56 (i3+) Fe56 56 55. 95274±17 H. E. Duckworth Fe ~ 

NYO-981 
4-18-52 

57 
27Co c: 

Fermi 
() 

Formula 56.95925 
::0 
~ 

Co57 (13+) Fe
57 57 H. E. Duckworth 

~ 
Q-Value 56. 95503±19 Fe ~ - 56. 95352±17 ,.j:>. 

NYO-981 
0' 
00 

4-18-52 

• 



• 
Method Mass Reaction or Doublet Reference Masses References 

58 
2.7

Co 
Fermi 
Formula 57,95904 

.Q~ Value 57. 95363±24 Co 58 (f3 +) Fe
58 

Fe
58= 57,95116±25 H, Eo Duckworth 

NYO-981 
4-18.,52 

59 
27Co 

Fermi 
Formula 58.95601 

Q~Value 
. 

58. 95157±10 59 Co (d, p) Co
6O Ni 60~ 59,94925±13 B, G, Hogg and 

Co60 (13-) Ni
60 H, E, Duckworth 

Can, J, Phys. 31, 
Co59 (p, n) Ni 59 Ni 58= 57, 95349± 9 942 (l953) i 

Ni 58 (d, p) Ni 59 -J. 
N 

It 58,95157 59 Co (p, n) Ni59 Ni59 -:: 58,95273±13 J. J,G, McCue and 

~m = 0,OOl155±3 W 0 M, Pre ston 
Phys, Rev, 84, 
384 (1951) 

60 
27Co 

Fermi 
Formula 59.95697 

Q-Value 59. 95230±J. 3 Co 60 (13-) Ni
60 

Ni
6O

= 59,94923±15 H, E. Duckworth c: 
. NYO-981 () 

4-18-52 ::0 
t:-' 
I 

N 
,j::.. 
0' 
00 



Method Mass Reaction or Doublet Reference Masses References 

27Co 
61 

Fermi 
Formula 60 095514 

Q-Value 600 95137±16 
65 ' 61 

Ni
61 

600 94983±60 Cu ,(Yo a.) Co = H. Eo Duckworth 

.62 61 
Ni

62 NYO-981 
Nl h. p) Co = 61. 94715±20 4-18-52 

Co61 ~j3-) Ni
61 

Cu
65 = 640 94750±18 

N· 58 
28 1 

Fermi 
. Formula 57095942 

Mass. 
COH - C 2H 5 - Ni

58 -J 

Spectra 57. 95354±23 H = 1. 008142± 3 H. E. Duckworth w 

and R. So Pre ston. 
C = 120003804±17 Phys. Rev. !J. 

402 (1950); 
Nyp..678. 11-20-50 
NYO-677. 4-25 -50 

H. Eo Duckworth 
NYO-981. 4-18-52 

57. 95345±10 C
4

H 10 - Ni
58 H = 1. 008146± 3 T.. L. Collins et a1 

Phys. Rev. 86, c: C = 12.003842± 4 408(1952) () 

~ 
Weighted Mean 57. 95349± 9 B. G. Hogg and t'"1 

Duckworth and H. E. Duckworth N 
Collins et al Can. J. Phys. ~, 

01:>-
0' 

942 (l953) ex> 



• • 
Method Mass Reaction or Doublet Reference Masses References 

N· 59 
28 1 

Fermi 
Formula 58,95844 

Q-Value 58,95273:1::13 N' 58 ( ) N· 59 
1 n~ y 1 Ni58 

;: 57,95354:1:23 H. E, Duckworth 
NYO-981 
4-18-53 

*58095273:1::10 C 59 ( ) N· 59 o p, n 1 Co59 ~ 58,95157:1:10 J, J, G. McCue and 
~m - 0,001155:1::3 W,-M, Pre ston 

Phys, Rev. 84; 
384 (1951) 

N· 6O 
28 1 

Fermi !..J 
Formula 59,95471 ,j:I.. 

I 

Mass 
5i

3O 
Ni

60 Si
30 

Spectra 59,9492-3:1::15 - :: 29, 98327:t: .5 H. E, Duckworth 
NYO-981 
4-18-52 

59,94977±35 . C 5 Ni
60 

C :: 12,O03871±33 T. Okuda et al 
Phys~ Rev, 59; 
i 04 (1941) 

c: 
() 

Ni60 
59,94901±29 C 5 C .;:: 12,003842± 4 T, . L, Collins et al ::0 

r' 
Phys; Rev~ 86; ~. 

408 (1952) ,j:I.. 
.0"-
00 



N
o 60 

28 1 

N
o61 

28 1 ' 

• 

Method Mass Reaction or Doublet 

" Weighted 
Mean 59. 9492,5±13 

Duckworth and ' 
, C oUins et al 

Fermi 
Formula 

'Q-Value 

Mass 
Spectra 

60.95493 

60.94983:1::60 Ni
60 

(n; ~d Ni
61 

60.94901:1::23 C 5H - Ni
61 

60. 95084:1::45 Ni
61 

- W
183 

Re ference Masses 

C 12.003842± 4 

60 ' . 
Ni ~ 59,94923:1::15 

H 
C ~ 

L 008146± 3 
12.003842:1:: 4 

183 
W ~ 183.0073 ±12 

, References 

,B. G. Hogg' and 
H. :E." Duckworth 
Can. J. Phys.31. 
942 (1953) ~ 

H. E. Duckworth 
NYO.;.981, 
4-18-52 

T. L. Collins et al 
Phys. Rev, 86, 
408 (1952) 

Duckworth ,says value, 
"not too goodt1 

H. E. Duckworth 
NYO-981 
4-,18-:-52 

I 

~ 

c:: 
() 

~ 
~ 
I 
tv 

~ 
00 



• • • 
Method Mass Reaction or Doublet Reference Masses References 

N· 62 
28 1 

Fermi 
Formula· ,61.95242' 

Q- Value 61. 94707:t:26 
63 

Cu ('Y~ n) Cu62 63 
Cu ~ 62.94854:1:18 H. E. Duckworth 

Cu62 (13+) Ni 62 NYO .. 981 
4-18-52 

Mass 
N,62 Sn124 SnI24~123.94262:1:55 Spectra 61. 94738:1:26 1 ,- H. E. Duckworth 

NYO-981 
4-18-52 

61. 94681:1: 9 C 5 H2 - Ni62 H !:: L 008146:1:3 T. L. Collins et al .!.J 
C -:: 12.003842:1:4 Phys. Rev .86. 0"-

408 (1952) -

Weighted 
Mean of 

Duckworth 
values 61. 94715:1:20 

N,63 
28 1 c:: 

Fermi () 

Formula 62.95372 ~ 

Ni63 (13 -) Cu63 63 "6 
t"' 

62.94861:1:17 H. E. Duckworth ~ Q-Value Cu ~,62. 94854:1:1 ~ 
NYO-981 0"-

4-:-18-52 
(Xl 



Method Mass Reaction or Doublet Reference Masses References 

N
064 

28 1 
Fermi 
Formula 63.95233 

Mass 
0

16 Ni64 
Spectra 630 94726±16 - 1/4 o ~ 16.00000 Ho E. Duckworth 

NYO .. 981 
4-18-52 

63. 94740±S6 C S
H4- Ni

64 
H = L008131± "3~'3 T. Okuda et al 
C 12.003871±33 Phys., Rev. 59;, 

104 (1941) -. 

63. 9475S± 7 S02 Ni
64 

S = 31. 982236± 7 To L. C oUins et al 
Phys. Rev. 86~ ~ 
408 (1952) -J 

! 

N 065 . 
28 1 

Fermi 
Formula 64.95461 

64. 94976±19 Ni6S H~-) Gu
65 ' 65 6' .... . H, E. Duckworth Q-Value ,Cli = 4. 94750 ±18 

NYO-981 
4~18-52 

c: 
60 () 

29
Cu ~ 

Fermi ~ 

Formula 59.96222 
I 
N 

N 060 
H:=-

Cu6a «(3+) Ni
60 0' 

Q-Value 59. 95387±25 1 = 59. 94923 ±15 H. E. Duckworth 00 

NYO-981 
4-i8-52 

• 



Method Mass Reaction or Doublet 

29
Cu61 

Fermi 
-Formula- 60. 95775 

Q-Value-

62· Fetmi 
Z,9Cu Formula 
,. :;f 

C 
63 

29 u 

Q-Value 

Fermi 
Formula 

Q-Value 

60.9SaZ3±18 Cu61 
(13+) Ni

61 

61. 95721 

61. 95130±20 Cu62 
(13+) Ni62 

62.95399 

62.94854:1:16 
64 

Zn (y, n) 

Zn
63 (13+) 
63 - -

Nt (13 ) 
63 eu (n, y) 

Zn
63 

eu63 

eu63 

eu
64 

.. 
Referente MassE!$ 

Ni61 :': 60.94983:1;60 

Ni62 .= 61. 94115::t:20 

64 6 . 6 6 Ni:: 3.9472:1:1 

References 

H. E. Duckworth 
NYO-981 .. 
4-18-52 

H. E. Duckworth 
NYO-981 
4.-18-52 

H. E, Duckworth 
NYO.;,Q81 
4~18-52 

t 
-.J 
00 

d 
n 
~ 
~ 
~ 
~ c» 



Method Mass ' ReaCtion or Doublet: "Refe'£en'c'e M~a sse s " , , References 

63 
29

Cu Q- Value 62, 94854±16 Cu63 (d, p) Cu
64 

Cu:64 
([3+) Ni 64 

Cu64 (/3-) Zn64 

Mass 
Cu

63 .spectra 62. 94926±6 C 5H 3 H :: L 008146± 3 To L. C oUins et al 
C ~ 12.003842± 4 Phys 0 Rev. 86', 

408 (1952) 

64 
29

Cu 
Fermi 
Formula 63.95455 

Q-Value 63. 94904±1 7 Cu64 
{(3-) Zn

64 64 
63.94844 ±16 H. Eo Duckworth I Zn ,= -..j 

h<" t 
Ni 64 Ni 64= 63,94726 ±16 NYO":981 '" Cu'- 0, (13 ) I 

4., 18-52 

65 
29

Cu 
Fermi 
Formula 64.95247 

Q-Value 64. 94750±18 
64 Zn ' (d. p) Zn65 Ni 64= 63.94726 ±16 H. E. Duckworth 

Zn 65 (/3 t) Cu
65 NYO-'-981 

4-18-52 
65 

Cu
64 

Cu (y. n) 

Cu64 (13+) Ni 64 c:: 
() 

Cu64 (/3-) 64 l=d Zn ~ 
I 
tv 
~ 
C1' 
00 

• • 



• 
Method Mass Reaction or Doublet Reference Masses References-

65 
29

Cu 
Mass 

Cu
65 pt 195 Pt19~ Spectra 64. 94851±32 195.02588 ±78 H. E. Duckworth 

NYO-981 
4-18-52 

Cu65 :.. pt195 M 
Believed to be in error 
by Due kworth. 

64. 94835± 6 C 5H5 Cu65 
H = 1.008146± 3 _ T. L. Collins et al 
C -- 12.003842± 4 Phys. Rev. 86; 

408 (1952) 

cf 62 3 n 
Fermi 
Formula 61. 95847 6:> 

0 

Q-Value 61. 95312±22 Zn62 (~+), Cu
62 

Cu
62= 61. 95130- ± 2 H. E. Duckworth 

I 

NYO-981 
4-18-52 

• 
63 

30 Zn 
Fermi 
Formula 62.95721 

Q-Value 62. 95205±23 Zn 63 (~+) Cu63 63 Cu ~ 62.94854 ±16 H. E. 'Duek*orth 
NYO-981 

~ 4-18-52 Cl 
?:' 
~ 
lv 
H:>. 
C1' 
00 



Method Mass Reaction or Doublet 

64 
30Zn 

Fermi 
Formula. 63.95333 

Q- Value 63. 94844:t;16 Cu64 ((3+) Ni64 

Cu64 ((3-) Zn 
64 

Mass , 64 
Spectra 63.94955: 2 S02 Z-n 

,64 
°2 -1/2 Zn 

• 

63. 95365±66 C 5H4 - Zri
64 

, '65 
30Zn 

Fermi 
Formula 64. 95320 

Q-Value 64. 94892±17 Zn65 ((3+) Cu65 

" 

Reference Masses 

Ni64 :: 63.94726 ±16 

S ~ . 31.982236± 7 

H = L 0081 3 1 ± 3. 3 
C = 12.003871±33 

Cu65::: 64.94750 ±18 

• • 

References 

H. E. Duckworth 
NYO-981 
4-18-52 

T. L. Collins et al 
Phys.· Rev. 86, 
406 (1952) -

K. Ogata 
Phys. Rev. 75:, 
200 (1949) 

H. E. Duckworth 
NYO";98i 
4·:-18-52 

00 ...... 
I 

c 
() 
::0 
t"" 
N 
~ 
0-
00 



• • 
Method Mass .. Reaction or Doublet Reference Masses References 

66 
30Zn 

Fermi 
Formula 65. 95048 

Q-Value 65. 94S91±27 
64 

Zn (d. p) Zn
65 Zn64::: 63. 94844±16 H. E. Duckworth 

66 . 
Zn

65 NYO-981 
Zn (n. ,,) 4-18-52 

Mass 
Zn66 

Spectra 65. 94676±42 C 5H 6 H ::: 1. 008131±.: 3,3 K. Ogata 
C = 12,003871±33 Phys. Rev. 75, 

200 (1949) 

/ 65. 94722± 6 C 5H6 Zn66 
H L 008146± 3 T. L. Collins et al = 
C = 12.003842± 4 Phys. Rev, 86, I 

408 (1952) (Xl 
1'1 
I 

30 Zn 
67 

Fermi 
Formula 66.95138 

66. 94737±34 
64 Zn65 Zn

64= 63.94844 ±16 H. E. Duckworth Q-Value Zn (d. p) 
67 

Zn
66 NYO-981 

Zn ('I. n) 4-18-52 

~ 
Mass 67 () 

Spectra 66. 94826±38 C 5
H 7 .Zn H = 1. 008131:!.. 3.3 K. Ogata ~ 

C = 12.003871±33 Phys. Rev, 75, ~ 
I 

200 (1949) 1'1 
~ 

Zn
67 

0' 

66. 94815± 6 C 5
H 7 H = 1.008146± 3 T. L. Collins et al 00 

C = 12.003842± 4 Phys. Rev. 86, 
408 (1952) 



Method Mass Reaction or Doublet Reference Masses References 

68 
30 Zn 

Fermi 
Formula 67.94972 

Q-Value 67. 94545±40 
64 

Zn (d. p) Zn
65 

Zn
64= 63. 94844±16 H. E. Duckworth 

68 
Zn

67 NYO-981 
Zn (Y. n) 4.-18-52 

Mass 
Zn68 

Spectra 67. 94885±65 CsH 8 H ~ 1. 00813l±. 303 K. Oga.ta 
C = 12.003871±33 Phys. Rev. 75.' 

200 (1949) 

67. 94686± 7' C 5H8 Zn68 
H = 1.008146± 3 T. L. Collins et al 
C = 120003842± 4 Phys. Rev. 86. 

408 (1952) 0:, 
VJ 

69 
30 Zn 

I 

Fermi 
Formula 68.95156 

Q-Value 68. 94761±45 Zn69 (f3-) Ga69 69 . 
Ga = 68. 94669 ±45 H. E. Duckworth 

NYO-981 
70 4-18-52 

30Zn 
Fermi 
Formula 69.95086 

70 69 Ga69-:: 
c: 

Q- Value 69. 94671±50 Zn (-y, n) Zn 68.94669 ±45 H. Eo Duckwbrth 0 

Zn69 ([3-) Ga69 NYO-981 ::0 
t"" 

4-18-52 N 
~ 

Mass 
0"-

70 00 

Spectra 69. 94779± 6 C 5H 10 - Zn H = 10008l46± 3 T. L. Collins 
C -:: 12.003842± 4 et al 

Phys. Rev. 86. 
408 (1952) 



68 
31Ga 

3lGa 69 

72 
31Ga 

Method Mass 

Fermi 
Formula 67.95277 

Q-Value 67. 94856±4l 

Fermi 
Formula 68. 95046 

Q-Value 68. 94810±22 

68. 94777±22 

Mass 
Spectra 68.9480±4 

Weighted 
Mean 68. 94794±l6 

Reaction or Doublet 

G~ 68 {(3 +) Zn 68 

69 
Ga ('Y. n) 

Ga68 (13+) 
10 

Zn ('Y. n) 

Zn 69 (f3~) 
69 

Ga -1/3 

Ga68 

Zn
68 

Zn69 

Ga69 

P0
207 

Mass Spectra and Q-Values 

Fermi . 
Formula 71; 95238 

Q-Value 71. 9474 ± 6 Ga 72 (13 -) Ge 72 

Reference Masses 

Zn
68= 67. 94545±40 

68 66 7 Zn = 67. 94 8 ±. 

Zn
70= 69. 94779± 6 

'R:J2ff7 =2.07.0405 ±10 

72 
Ge = 71. 9431 ± 6 

References 

H. E. Duckworth 
NYO-981 
4-18-52 

B.' G. Hogg 
and 
H. E. Duckworth 

Can. J. Phys. 

31, 

942, 

(1953) 

H. E. Duckworth 
NYO-981 
4-18-52 

00 
~ 
I 

c:: 
() 

::0 
t'" 
N 
~ 
0', 
00 



G 
70 

32 e 

Method Mass 

Fermi 
Formula 69.94914 

Q-Value' 69. 9460 ± 5 
and 
Mass 
Spectra 

Microwave 
Spectra 69.9464 ± 7 

Weighted 
Mean 69.9461 ± 4 

From Hogg and 
Duckworth value s 

Reaction or Doublet 

2 Ge 70 _ Ce 140 

Ti4 7 _ Pr 141 

P 141t ~p' 140 
r ''I,np r 

Pr 140([3 +, Ce 140 

GeH C1
35 

3 '. 

Reference Masses 

Lm ::: 56. 8± 6 mmU· 

Ti47 ::: 46. 9668 . 

Ge 72::: 71. 94493±20 

Ge 74::: 73.9447 ± 4 

References 

B. G. Hogg 
and 
H .. E. Duckworth 
Can. J. Phys. 31, 
942, --
(l953) 

Value computed by 
B. G. Hogg and 
H. E. Duckworth 
Can .. J. Phys. 31, 
942 (1953) 

From data by S. Geschwind 
and R. Gunther -Mohr 
Phys. Rev. 81,882 (1951) 

B. G. Hogg and 
H. E. Duckworth 
Can. J. Phys. 31, 942 (1953) 

I 
00 
U1 

c::: 
() 
!;;J 
t:'"" 
I 
N 
~r::.. 
0"­
co 



G 
72 

32 e 

G 
74 

32 e 

Method Mass 

Fermi 
Formula 11. 94777 

Mass 
Spectra 7l.94493±20 

Microwave 
Spectra 7l.94848±40 

Fermi 
Formula 73. 94824 

Q-Value 73.9447 ± 4 

Microwave 
Spectra 73.9426 ± 9 

• 
Reaction or Doublet Reference Masses 

Ti
48 _ Nd144_Ge 72 Ti

48
= 47. 96317±6 

'Ge H3 Cl Ge 70= 69. 94952 
74 ' 

Ge = 73.94862 
(Bohr - Wheeler formula) 

75 74 
As (1'. n) As As 75= 74.9454 ±30 

As74 (13+) Ge 74 

Ge H3 C1
35 70 6 ". 6 Ge ,= ,9. 9447 ± 

Ge 72= 71.9430 ± 6 

References 

B. G. Hogg and 
H. E. Duckworth 
Can. J. Phys. 31, 
942 (1953) -

S. Geschwind and 
R. Gunther -Mohr 
Phys'. Rev. 81, 
882 (1951) -

~ • 

B,. G. Hogg and 
H. E. Duckworth 
Can. J., Phys. 3i'. 
942. (1953) 

t 
00 
Cl' .. 

C! 
() 

H. E. DudcNcrth et al ~ 
Phys. Rev. 83, I 

1114 (1951);- ~ 
, Cl' 

NY0.;68Q, 5 .. 30-51 00 

NYO-981, 4-18';'52, using 
data by S. Geschwind and 
R. Gunther -Mohr 
Phys,. Rev. ~, 882 (1951) 



Ge
76 

.32 -

Method-, Mass 

Fermi 
Formula 75.'95040 

Mass 
Spectra 

Microwave 

75.9462 ± 4 

Spectra 75. 9456 ± 7 

75. 94994±40 

Weighted 
Mean 75.9460 ± 4 

Hogg and 
Duckworth values 

Reaction or Doublet Reference ,Masses 

Ge 76 - S'e 76 

Ge H C1
35 

3 

Ge H3 Cl
35 

Se 76= 75. 94324±l8 

. 72 
Ge '" 71. 94493±20 

74 . 
Ge = 73. 9447 ± 4 

Ge 70= 69. 94952 

Ge 74= 73. 94862 
(Bohr -Wheeler formula) 

References 
"~~ ,~;" 

B. G. Hogg and 
. H. E. Duckworth 
Can.' J. Phys. 3 t, 
942(1953) -

B. G. Hogg and 
H. E. Duckworth 
Can. J. Phys. 31, 
942 (1953) -

From data by 
S. Geschwind and 
R. Gunther -Mohr 
Phys. Rev. 81, 
882 (1951) -

S. Geschwind and 
R. Gunther-Mohr 
Phys. Rev. 81, 
882 (1951) 

B. G. Hogg and 
H. E. Duckworth 

Can. J. Phys. 31, 
942 (1953) -

I 
00 
--:J 

c:: 
() 

~ 
t"' 
N 
~ 
0' 
00 



• 
Method Mass Reaction or Doublet Reference Masses ReferenGe.s 

77 
32Ge _ 

Fermi 
Formula 76.95345 

Q-Value 76.9459 ±12 .Ge 77 (13-) As 77 As 77=: 76. 9429 ±12 H. E. Duckworth 
NYO-981 

74 4;-18-52 
33

As 
Fermi 
Formula 73.94990 

Q-Value 73.9452 ±10 As 74 (13-) Se
74 Se 74 =: 73.9437 ±10 H. E. Duckworth 

As 74 (131 Ge 74 Ge
74

= 73.9424 ±10 
NYO-981 
4-18-53 

, 75 
33

As 

Fermi &:> 
Formula 74.94832 

00 
I 

Mass 
3 Ti50 -2 As 75 Ti 50=: Spectra 74. 94522±30 49.96077 ± 4 B. G. Hogg and 

H. E. Duckworth· 
Can. J. Phys. 31, 
942 (1953) 

. Adjusted 
As 75 (n, y)As 76 Value 74.9454 ± 3 Se 76= 75. 94324 ±18 To agree with best 

value by Hogg and76 c:: 
Duckworth for Se () 

76 
Can. J. Phys. ~ :;d 

33
As 942 (1953) t'" 

N 
Fermi ,jlo. 

Formula 75.94999 
0' 
00 

Q-Va1ue 75.9443 ±12 As 76 (13 -) Se 76 Se 76= 75.9410 ±12 H. E. Duckworth 
NYO-98l 
4-1.8-52 



77 
').~As 
..... 15 

.... .,. 

34Se 
74 

76 
34Se 

Method Mass 

> Fermi 
~Fo:rmula 76. ~r4929 

Q~Value 76.9429 ±12 

- . 
~ .. ~" r • 

Fermi 
Formula 73.94839 

~: Q.;.Value 73. S460 ± 4 

Microwave 
Spectra 73.9481 ± b 

Fermi 
Formula 75. 94648 

Q-Value 75. 94301±30 

75. 94337±22 

Weighted 
Mean 75. 94324±18 

Hogg and 
Duckworth values 

Reaction or Doublet 

A 77,1'{ -~ S 77 s h ... p e 

75 
As (y, n) 

As 74 (~-) 

OCSe 

As 74 

Se 74 

Reference Masses 

77 
Se = 76,.9421 ±12 

75 
.As = 74.9454 

Se 76 = 75. 9465 
80 

Se ::: 79, 9478 

± 3 

(Bohr - Wheeler formula) 

75 
As (n,-y) 

76 -
As (~ ) 
. 77 ) 
Se (y. n 

As 76 

Se 76 

Se 76 

As 75-:: 74. 9454 

Se 77 = 76. 9442 

± 3 

± 2 

References 

H. E. Duckworth 
. NYO-981· ... 
4-18-52. " 

.. 
" .... ; : 

B. G; -Hpgg and 
H .. E .. Duckworth 
Can. J. Phys. 31, 
942,(1953) -

I 
00 
-.0 

S. Geschwind et al I 

Phys. Rev. 78, 
174 (l950} -

B. G. Hogg and 
H. ·E; Duckworth 
Can. J.' Phys,.31, 
942, (1953) -

q 
() 

:=tJ 
t-< 
I 
N 
~ 
0' 
00 



77 
34Se 

78 
34Se 

Method Mass 

Fermi 
Formula 76. 94757 

Q-Value 76.9442 ± 2 

Microwave 
SPectra 76.9482 ± 4 

Fermi 
Formula 77.94632 

Mass 
Spectra 77. 94210±22 

Adjusted 77.9420 ± 2 
Value 

Microwave 
Spectra 77.9465 ± 4 

• 

Reaction or Doublet Reference Masses 

78 
Se (Y. n) 

77 
Se (y. n) 

OCSe 

Se
77 

Se 76 
Se

78
=: 

S 
76 e :: 

77.9420 ± 2 

75. 94324±18 

76 Se :: 75.9465 

Se
80

: 79.9478 
(Bohl"-Wheeler formula) 

Cr52~Se78 _Gd 156 . 52 ·1 Cr :: 5.95707 ±9 
78 77 

Se (y. n) Se 
77.· . 76 

Se (y, n) Se 

OC Se 

76· . 
Se :: 75. 94324 :1:18 

Se 76=. 75. 9465 

Se
80= 79.9478 

(Bohr- Wheeler formula) 

References 

B. G. Hogg and 
H. E. Duckworth 
Can. J. Phys. 31, 
942 (1953) 

S. Geschwind et a1 
Phys. Rev. 78-, 
174 (1950) 

B. G. Hogg and 
H. E. Duckworth 
Can. J. Phys. 31. 

·942 (1953) -
To agree with best value 
by Hogg and Duckworth for 

-b 
o 
I 

S 
76 ~ 

e n 

S. Geschwind 
et a1 
,Phys. Rev. 78, 
174 (1950) 

~ 
t"­
N 
~ 
0' 
00 



1. 

80 
34Se 

Se
8l 

34 

Method Mass 

Fermi 
Formula 79.94780 

Microwave 
Spectra 79.9421 ± 6 

Fermi 
Formula 81. 95079 

Microwave 
Spectra 81. 9431 ±6 

81. 9500 ±6 

Reaction or Doublet . Reference Masses References 

OC Se 

OC Se 

OC Se 

74 
Se : 73.9460 

Se 78: 77. 9420 

" 74 
Se c= 73. 9460 

Se 78 : 77. 94iO 

Se 76: 75. 9465 

Se 80: 79. 9478 
(Bohr -Wheeler formula) 

± 4 

± 2 

B. G. Hogg and 
H. E. Duckworth 

"Can. J. Phys. 31, 
942 (1953) ---

Using data from S. Geschwind 
et aI, Phys. Rev. 7"S-, 
l74 (1950) 

±A 

± 2 

B. G. Hogg and 
H. E. Duckworth 
Can. J. Phys. 31, 

--b ..... 

942 (1953) -
Using data from S. Geschwind 
et aI, Phys. Rev. 78, 
174 (1950) 

S. Geschwind et al 
Phys. Rev. 78, 
t 74 (1950) 

~ 
() 

?J 
t"' 
I 
N 
~ 

'" 00 



35Br 79 

8 
35Br 0 

• 

Method Mass 

Fermi 
Formula 78.94699 

Q-Value 78.9435 ± 4 

Mass 
Spectra 78. 94438±50 

Time-of-
Flight 78. 944 ± .1 

Fer'mi 
Formula 79. 94831 

Q-Value 79. 94Z6 ±IZ 

Reaction or Doublet 

78 
Se '(P. n) 

79 
Br <'Y, n) 

Br 78 

Br 78 

C
3H 3 - I/Z Br 79 

C ZHIlBr + with 

C
6

H
6

, C
8
H IO standards 

Br80 (J3+) Se 80 

Reference Masses 

78 
Se = 77.9420 ± 2 

H = 1. 008131± 3.3 
C = 12.003871±33 

H 
C 

1. 0081386 
= lZ.003895 
(Bainbridge) 

Se 80::: 79. 9400 ±lZ 

References 

B. G. Hogg and 
H. E. Duckworth 
Can. J. Phys. 31, 
942 (1953) -

K. Ogata 
Phys. Rev. 75, 
200 (1949) -

E. E. Hays et al 
Phys. Rev. 84, 
824 (1951) -

H. E. Duckworth 
NYO-981 
4-18-52 

-.b 
N 
I 

q 
() 

::0 
~ 
~ 
~ 
0' 
(X) 



Method Mass Reaction or Doublet Reference Masses References 

81 
35

Br 
Fermi 
Formula. 80.94734 

Q- Value . 80. 9425 :5 
SO . 

Se (p, n) Br
SO Se 8O :; 79.9421 ± 6 B. G. Hogg and 

S1 Br80 Se S2 : S1. 9431 ± 6 H. E. Duckworth 
Br {y, n} Can. J~ Phys. 31, 

S2 Se 81 Se h', n) 942 (1953) 
y> • Se 81 (13-) Br

S1 
" 

Mass 
1/2 Br

81 
Spectra 80. 94228±38 C 3 H4 - H : 1. 008131 ± 3~. 3 K. Ogata 

C :: 12.003871 ±33- Phys. Rev. 75-, 
200 {l949} 

-b 
I..N 
I· 

Time-of- 80.943 ± 1 C
2

H
4 

Br + with C
6

H
6

, H :: 1.0081386 E. E. Hays et al 
Flight C : 12.003895 Phys. Rev. 84, 

C 8H8 as. standards (Bainbridge) 824 (1951) 

82 
35Br 

Fermi 
Formula 81. 94942 

Q-Value 81. 94181±35 Br82 ((3-) Kr
82 Kr82: 81.93843 ±29 H. E. Duckworth 

NYO-9S1 c:: 
0 

4-18-52 ::0 
84 t:""4 

35
Br N 

Fe rmi H::-
0' 

Formula 83.95202 00 

Q-Value 83. 94353±30 Br84 (13 -) Kr
84 Kr 84:: 83.93850 ±29 H. E. Duckworth 

NYO-981 
4-18-52 



36Kr 78 

Kr
80 

36 

• 

Method Mass 

Fermi 
Formula 77. 94822 

Mass 
Spectra 

Fermi 

77.94519±18 

Formula 79.94580 

Mass 
Spectra 79. 94246±11 

Reaction or Doublet 

C 3
H 3 Kr

78 

C 3H4 Kr
80 

Reference Masses References 

H 

C 

= 
= 

1. 008146± 3 

12.003842± 4 

T. L. C oHins 
NBS eirc 522 
1-23-53 

Calculated from 6.f by 
B. G. Hogg and 
H. E. Duckworth 
Can. J. Phys. 31, 942 
(1953) 

H = 1.008146± 3 

C = 12.003842± 4 

T. L. C oHins 
NBS eirc 522 
1-23-53 

Calculated from Af by 
B. G. Hogg and 
H. E. Duckworth 
Can. J. Phys. 31, 942 
(1953) -

'-D 
~ 
I 

c::: 
() 
:;d 
t"" 
~ 
~ 
0"-
00 



Method Mass Reaction or Doublet Reference Masses References 

Kr
82 

36 Fermi 
Formula 81.94508 

Mass' 
Kr

82 
Spectra 81. 93961 ±11 C 3HS H ::;: 1.008146±'3 T.' L. Collins 

C :: 12.003842::1: 4 
NBS eire 522 
1-23-53 

Calculated from Mby 
B. G. Hogg and 
H. E. Duckworth 
Can. J. Phys .31', 942 
(1953) 

81. 9392 ± 4 2~3H5 - Kr
82 

H ._- 1. 008146± 3 Remeasurement 

'C .• lZ.003842± 4 
of old plates - -b 

>-, . 
B. G. Hogg and 

Ul 

H. E. Duckworth 
Can. J. Phys. 2!. 942 
(1953) ">z;':' 

83 
36

Kr 
Fermi 
Formula 82.94663 

Mass 
Kr83 Spectra 82.94,1'9 ± 5 C 3H 5 H ::;: 1. 008l46± 3 T. L. Collins c:: 

NBS eire 522 () 

C .- 12.b03842± 4 1-23-53 ::0 
t:"'" 

Calculated from .6£ by ~ 
B. G. Hogg and ~ 

C1' 
by H. E. Duckworth ex> 

Can.' J. Phys. ~. 
942 (1953) 



8 Li 

36 Kr " 

Metl'lod Mass 

3Termi 
Yo:;:mula (j5.94594 

Mass 
Spectra 

Time-of-

83.93836± 9 

83. 93~2 ± 4 

Flight 83. 938 ± 1 

Reaction or Doublet 

C .... H,.-: 
.J 0 

2C 3 Hf) -

84 
Kr 

TT SLt 
.L~r ~ 

T/' + 'th C -. 
K,,-r Wl 6 :"~6' 

C H9 standards 8 . 

.. 
Reference Masses References 

H 

C 

H 

C 

H 

C 

= L 008146± 3 

= 12.003842± 4 

T. L. Collins 
NBS circ 522 
1-23-53 

Calculated from M by 
B. G. Hogg and 

H. E. Duckworth 
Can. J. Phys. 31, 942 
(1953 ) 

= 1..008146± 3 Remeasurement 

= 12.003842± 4 of old plates -

= 1.0081386 

= 12.003895 

B. G. Hoggand 
H. E. Duckworth 
Can. J. Phys. 31, 942 
(1953) 

E. E. Hays et al 
Phys. Rev. 84, 
824 (1951) 

-b 
'" 

c: 
() 

~ 
l' 
~ 
~ 

'" 00 



36
Kr86 

Method 

Fermi 
Formula 

Mass 
Spectra 

Mass 

85.94825 

8S.93820±8 

85.9384 ±4 

Reaction or Doublet 

C 3H 7 - Kr86 

Kr86 _ 2/3 Xe l29 

H 

C 

Reference Masses References 

~ 

l~ 008146± 3 

12.003842± 4 

T. L. Collins 
NBS circ 522 
1-23-53 

Calc.ulated from M by 
a. G. Hogg and 
H. E. Duckworth· 
Can. J. Phys. 31, 942 
(l953) -

Xe12~ 128.94594± 15 Rerneasurernent 
of old plate s -

B.G. Hogg and 
H. E. Duckworth 
Can. J. Phys. 31, 942 
(1953 ) 

-b 
-.J 
I 

c:: 
() 

::0 
t:-' 
N 
~ 
0' 
00 



Rb
85 

37 

Rb
87 

37 

• 

Method 

Fermi 
Formula 

Time-of-

• 

Mass 

84.94609 

Flight 840 93l±l. 5 

Fermi 
Formula 

Time-of-
• Flight 

mmu 

.86.94736 

86. 9295±20 

Reaction or Doublet 

Rb + with 
C 6H12 standard 

Rb+ with Rb
85 

standard 

H 

C 

Reference Masses References 

c! L 0081386 

c:: 12.003895 

E. E. Hays et al 
Phys. Rev. 84, 
824 (1951) -

Hogg and Duckworth, 
Can. J. Phys. 31., 942 
(1953) say this value 
is inconsistent with 
other masses determined 
in this region. 

85 Rb ~ 84. 931 ±1. 5 E. E. Hays et al 
Phys. Rev. 84, 
824 (1951) -

. Hogg and Duckworth, 
Can. J. Phys. 31, 942 
(1953) say this value 
is inconsistent with 
other masses determined 
in this region. 

I 
-D 
-J 
III 

c: 
() 

~ 
t-< 
N 
*"" 0' 
00 



• 

38Sr 85 

86 
38

Sr 

',," 

87 
38Sr 

Method Mass 

Fermi 
Formula 84. 94621 

Q- Value 84. 93655±56 

Fermi 
Formula 85. 94449 

Mass 
Spectra 

Adjusted 
Value 

Fermi 

85. 93552±S2 

85. 9366 ± 6 

Formula 86. 94571 

Q-Value 86. 9365 ± 4 

Reaction or Doublet 

86 
Sr (y, n) 

C 3H 7 

C 2 0H3 -

Sr86 (d, p) 
87 

Sr(y, n) 

Sr
85 

Sr
86 

Sr
86 

Sr
87 

Sr
88 

Reference Masses 

Sr
86 

= 85.93533 ±52 

H 

C 

= 

= 

1. 008146::1: 3 

12.003842± 4 

REferences 

H. E. Duckworth 
NYO-981 
4-18-52 

B. G. Hogg and 
H. E. Duckworth 
Can. J. Phys. 31, 
942 (1953) -

To agree with transmutation 
data in this region. ~J 

Sr 86 =8509366 ± 6 

Sr88 = 87.9335 ± 4 

B. G. Hogg and 
H. E. Duckworth 
Can. J. Phys. 31, 
942 (1953) -

J:, 
00 

c::: 
() 

~ 
t-< 
N 
~ 
0' 
00 



• 
Method Mass Reaction or Doublet Reference Masse$. References 

88 
38Sr 

Fermi 
Formula 87.94477 

. Mass 
. Sr 88 B. G. Hogg and 

Spectra 87. 93364±35 CO2 C = 12.003842± 4 H. E. Duckworth 
Can.J. Phys. 3"1. 

Adjusted 942 (1953) 
Value 87.9335 ± 4 To agree with tranSmutation 

data in this region. 

89 
38Sr 

Fermi 
Formula 88.94669 

Q-Value 88. 93554±43 
88 

Sr (d, p) Sr 89 Sr
88 = 87.93356± 35 H. E. Duckworth 

NYO~981 I 
-.0 

4-.1 8-52 -.0 
I 

90 
38Sr 

Fermi 
Formula 89.94647 

Q-Value 89. 93595±32 Sr 90 (13-) y90 y90 = 89.93537± 32 H. E. Duckworth 
NYO-981 
4-18-52 

91 c::: 
38Sr () 

Fermi :;d 
Formula 90.94904 ~ , 

Sr91 (13-) y91 y91 = 90. 93597± 33 
N 

Q-Vaiue 90. 93941±33 H. E. Duckworth ~ 
0"-

NYO-981 00 

4;-18-52 , 



Method Mass Reaction or Doublet Reference Masses References 

y88 
39 Fermi 

Formula 87.94694 

Q-Value 87.93851::1:36 y88 U~+} Sr
88 

Sr
88

= 87. 93356± 35 H. E. Duckworth 
NYO-981 
4-18-52 

89 
39Y 

Fermi 
Formula 88.94550 

Q-Value 88.9336 ::I: 4 Sr89 (13-) y89 Sr
88

= 87.9335 ± 4 B. G. Hogg and 

Zr89 (13+) ",9 Zr 90= 89.9330 ± 4 
H. E. Duckwo:rth 

Sr
88 

(d, p)Sr 89 
Can. J. Phys. 31, 
942 (1953) ! 

Zr 90 (y, n)Zr 89 
...-
0 
0 
I 

90 
39 Y 

Fermi 
Formula 89.94690 

Q~,Value 89. 93537±32 y90 (13-) Zr 90 Zr 90= 89. 93303 ± 30 H. E. Duckworth 
NYO-981 
4-18-52 

y9 1 c: 
39 Fermi 

() 

::0 
Formula 90.94619 l' 

y91 (~-» Zr 91 Zr 91 = 
~ 

Q= Value 90.93597::1:33 90.93432± 31 H. E. Duckworth ~ 
a-

NYO-981 00 

4-18-52 



40Zr 
89 

40Zr 
90 

Zr9l 
40 

• 

Method Mass 

Fermi 
Formula. 88.94646 . 

Q- Value 88. 93693±45 

Fermi 
Formula 89.94454 

Mass 
Spectra 89. 93286±36 

Adjusted 
Value 89.9330 ± 4 

Fermi 
Formula 90. 94545 

Q-Value 90.9343.± 4 

• 
Reaction or Doublet 

Zr89 <13 +) y89 

Si
30 Zr 90 

Zr 90 (d, p) Zr 91 

• 

Reference Masses References 

y89 -:: 88. 93390±44 H. E. Duckworth 
NYO-981 

Si
30 = 29.98327± 5 

4-18-52 

H. E. Duckworth 
NYO..;.981 
4._18-52 

To agree with transmutation 
data in this region. 
B. G. Hogg and 
H. E. Duckworth 
Can. J. Phys. 31, 942 
(1953) -

I ....-
o 
.,;,.. 

c:: 
() 

::0 

Zr 90 = 89. 9330 ±4 
. . .. . t'" 
B. G. Hogg and N 
H. E. Duckworth tt 
Can. J. Phys. 31, 00 

942 (1953) -



Method Mass Reaction or Doublet Reference Masses References 

• 

92 
40

Zr 
Fermi 
Formula 91. 94428 

Q-Value 91. 9339 ± 4 
91 Zr {d. p} Zr 92 Zr 91-.! 90'09343 ± 4 B. G. Hogg and 

H. E. Duckworth 
T ~} Can. J. Phys. 31, 

942 (1953) 

93 
40

Zr 
Fermi 
Formula 92094587 

Q-Value 920 93586±36 
92 Zr {d. p} Zr 93 92 Zr :: 910 93393±34 Ho E. Duckworth 

NYO-981 I 

4-18-52; ...... 
0 

B. G. Hogg and N 
! 

Ho Eo Duckworth 
Cano Jo Phys. 31, 942 
(l953~; 
Jo So Geiger et al 
Physo Revo 89, 621 (l953) 

94 
40

Zr 
Fermi 
Formula 93.94540 

c::: 
(") 

Mass 
1/2 Os188_ Zr 94 Mo9t :;d 

Spectra 93. 9365 ± 5 9309353 ± 4 B. Go Hogg and t-t 

1/2 Os188_ Mo
94 H. Eo Duckworth N 

Cano' Jo Physo 2.!,. ~ 
942 (1953) <Xl 



• 
Method Mass Reaction or Doublet Reference Masses References 

95 
40

Zr 
Fermi 
Formula 94.94763 

Q-Value 94.9374 ±ll Zr 95 (13 -) Nb 95 Nb 95= 94. 9362 ±11 H. E. Duckworth 
NYO-98l 
4-18-52 

96 
40 Zr 

Fermi 
Formula 95.-94781 

Mass 
1/2 Os 192 -Zr 96 Mo96= Spectra 95.9394 ±.5 95. 9358 ± 4 B. G. Hogg and 

1/2 Os 192 -Mo 96 H. E. Duckworth I 

Can. J. Phys. 31, 
..... 
0 

942 (1953) _. w 
97 

40Zr 
Fermi 
Formula 96.95064 

Q-Value 96. 94l87±45 Zr 97 (13 -) Nb 97 Mo9l 96. 93716 ±45 H. E. Duckworth 

Nb 97 (j3l Mo 97 NYO-98l 
4-18-52 

92 
41 Nb 

Fermi c:: 
Formula 91. 94722 () 

~ 

Q-Value 91.9354 ±10 Nb 93 ('I. n) Nb 92 Nb 93= 92.9350 ±10 H. E. Duckworth 
I:"" 
I 

NYO-98l 
N 
~ 

4-16-52 0"-
00 

91. 9360 ± 4 Nb 93 ('I. n) Nb 92 Nb
93= 92.9356 ±4 J. S. Geiger et al 

Phys. Rev. 89, 
621 (1953); 

B. G. Hogg and 
H. E. Duckworth· 
Can. J. Phys. 31, 942 (1953) 



Method Mass Reaction or Doublet Reference Masses References 

Nb 93-
41 Fermi 

Formuia 92,~94556 

Q-Value 92.9356 ± 4 93 
Nb (y, n~ Nb 92 Zr 92~ 91. 9339 ± 4 B, G. Hogg and 

92 Zr 93 H, E. Duckworth 
Zr (d, p) Can. J. Phys. 31, 
Zr 93 (~-) Nb

93 942 (1953) 

Nb 94 
41 Fermi 

Formula 93. 94666 

Nb 94 ~P-) Mo
94 Mo9t 

-' 
Q-Value 93. 9362 ± 10 93 09348 ± 10 H. Eo Duckworth 

NYO-981 ! 

4-18-52 -0 
>P-
i 

Nb
95 

41 Fermi 
Formula 94.94572 

Q- Value 940 9362 ± 11 Nb 95 (13-) Mo
95 

Mo
95= 94. 9352 ±11 H. E. Duckworth 

NYO-981 
4-18-52 

Nb 97 
41 

Fermi c: 
Formula 96.94720 () 

Zr 97 (13-» Nb
97 . 97 ::0 

Q-Value 96. 93902±44 Z1' = 96. 941 87± 45 HoE. Duc kworth t:-< 
~ 

Nb 97 (~-) Mo
97 

Mo
97= 96.93716±45 

NYO-981 >P-
4-18-52 0' 

00 

• • r-



" 

42
Mo 

92 

42
Mo 93 

4 
Mo94 

2 . 

• 
Method :Mass 

Fermi 
Formula 91. 94739 

Mass 
Spectra 91. 9352 ± 4 

Fermi 
Formula 92.94731 

Q-Value 92.9353 ± 4 

Fern-Ii 
Formula 93. 94520 

Q- Value 

Mass 
Spectra 

93.9353 ± 4 

93.9348 ± 10 

Reaction or Doublet 

Mo 92 _1/2 

Zr 
92 

- 1/2 
( 

92 
Mo (d, p) 

Nb 93 (d, p) 

Nb 94 (13-) 

Pr
141 

iJV184 

W
184 

Mo93 

Nb 94 

Mo94 

Mo94 

Reference Masses 

Zr 92: 91. 9339 ± 4 

References 

B. G. Hogg.and 
H. E. Duckworth 
Can. J. Phys. 31, 
942 (1953) 

Mo 92: 91. 9352 ± 4 J. S. Geiger et al 
Phys. Rev. 89, 
621 (1953) -

. Nb 93: 92.9356 ± 4 

p)4l: 140.9521 ± 14 

B. G. Hogg and 
H. E. Duckworth 
Can. J. Phys. 31, 942 
(1953 ) 

B. G. Hoga.; and 
H. E. Duckworth' 
Can. J. Phys. 31, 
942 (1953) 

H. E. Duckworth 
NYO-981 
4-1.8-52 

I 
~ 

o 
U1 

c: 
() 
!:d 
t"" 
N 
..t:>­
O' 
00 



Method Mass Reaction or Doublet Reference Masses References 

42Mo 95 

Fermi 
Formula 94.94583 

Q-Value 94. 9352 ±11 
95 

Mo (y. n) M0 94 M0 9i 93.9348 ±10 H. E. Duckworth 
NYO-981 
4-18-52 

. M 96 
'42 . 0, _ 

Fermi 
Formula 95.94444 

Mass 
M096 .. Spectra 95.9358 ± 4 C 2 

C :: 12.003842± 4 B. G. Hogg and 
H. E. Duckworth I 

Can. J. Phys. ~. -0 

942 (1953) 0' 
I 

97 
42Mo 

Fermi 
Formula 96.94573 

Q-Value 96. 93716±45 
97 

Mo ('V. n) M096 96 Mo := 95.93559 ±38 H. E. Duckworth 
NYO-981 
4-18-52 

98 c::: 
42Mo () 

Fermi ::0 
Formula 97.94502 t-< 

I 
N 

Mass 
~ 

M098 pt l96 Pt19~ 196.02691 ± 62 
Ct' 

Spectra 97.93584:1:44 H. E. Duckworth 00 

NYO-981 
4-18-52 



• 

Method Mass Reaction and Doublet Reference Masses References 

99 . 
42Mo 

Fermi • Formula 98.94694 
• 

No Method 
Given 98. 93838±45 H. E. Duckworth 

NYO-981 
4-18-52 

.'<~ t.' \-

M 100 
42 0 

Fermi • 
Formula 99.94686 • 

Mass 
Mo

lOO 
Spectra 99. 93830±40 1/4 C 2H H = 1. 008l42± 3 H. E. Duckworth' I 

C l2.003804± 17 . NYO-981 
..... 

• = a 
4-18-52 --.J 

I 

94 
43

Tc 
Fermi 
~ormula. 93.95055 

Q-Value 93.9394 ±10 Tc 94 (13+) Mo94 Mo91: 93.9348 ± 10 H. E. Duckworth 

• NYO-981 

95 
4-18-52 

43
Tc 

Fermi c::: 
Formula 94.94796 

() 
::0 

Tc 95 '(KJ3 +) Mo 95 
Mo

95= 
l' 

Q-Value 94.9367 ±10 94.9352 ± 11 H. E. Duckworth I 
N 

NYO-981 H:>. 
0' 

4-18-52 00 



Method Mass Reaction or Doublet Reference Masses References 

• 



Method Mass ReactioIT.or Doublet Reference Masses References 

R 106 
44 u 

Fermi 
Formula 105.94909 

Q~Value 105. 94073±53 Ru
l06 

(13-) Rh l06 Rh106-" 105. 94031±52 H. E. Duckworth 
NYO-981 
4-18-52 

Rh
102 

45 Fermi 
Formula 101. 94811 

Q-Value 101. 93885±72 Rh
103 

('V. n) Rh
102 

Rh
103= 102. 93779±69 H. E. Duckworth 

NYO-981 
4-18-52 I ..... 

0 

'" 
Rh

l03 I 

45 Fermi 
Formula 102.94675 

102. 93779±69 
103 104 

Q- Value Rh (d, p) Rh Pd10t 103. 93667±64 H. E. Duckworth 

Rh
104 

(13-) Pd
104 NYO-981 

4-18-52 

Rh
l04 

45 Fermi ~ 
Formula 103.94792 () 

"- ~ 

Q-Value 103. 93946±65 Rhl04 (13-) Pd
104 

Pd
104= 103. 93667±64 H. E. Duckworth ~ 

I 

NYO-981 N 
,.j:>.. 

4-18-52 0"-
00 



Method Mass Reaction or Doublet Reference Masses References 

Rh
l06 

.. ' 
."++ 

45 . 
Fermi 

;Formula 105 .. 94894 

Q- Value 105. 94031±52 Rhl06 (13-) Pdl06 Pdl06~ 105.93650±51 H. E. Duckworth 
NYO-981 
4-18-52 

46 
Pd

102 

Fermi 
Formula 101. 94832 

Mass 
_ 1/2 Pd l02 

Spectra UH.93750± 9 C
4

H 3 
H :: 1. 008146 R. E. Halsted I 

C = 12.003842 Phys. Rev. 88, 
...... 
...... 

666 (195·2) 0 

. Pd104 
46 Fermi 

Formula 103.94666 

Mass 
_1/2Pd104 

Spectra 103. 93655±11 C 4H4 H = 1. 008146 R. E. Halsted 
C :: 12.003842 Phys. Rev. 88, 

666 (1952) -
c:: 

103. 93667±64 C 2H 2 
_ 1/4 Pdl04 

H L 008142± 3 H. E. Duckworth 
() 

= !:tJ 
NYO-981 l' 

Cr
52 _ 1/2 Pd104 

C :: 12. 003804±17 
4-18-52 N 

,.j:>. 

Cr
52

:: 51. 95696 ±21 
0' 
00 



Method Mass Reaction or Doublet Reference Masses References 

46 
Pd

l05 

Fermi 
Formula 104.94740 

Q-Value 104. 93792±67 Pd
l05 

(,{, n) Pd
l06 

Pd
l06

:105.93650±51 H. E. Duckworth 
NYO-981 
4-18-52 

Mass 
Pd

l05 
Spectra 104. 93830±15 C 8H 9 H -; 1. 008146 R. E. Halsted 

C -. 12.003842 Phys. Rev ~ 88, 
666 (1952) 

Pd
l06 

46 - . _ Fermi .' --Formula 105.94626 -1 -Mass 
Cr

53 
Pd

106 Cr53 ~ Spectra 105. 93650±51 52. 95770±20 H. E. Duckworth 
NYO-981 
4-18-52 

105. 93680±19 C 4
H5 Pd106 H ... 1. 008146 R. E. Halsted 

PdlO~ 
Phys. Rev. 88, 

C 8H 10 - C .. 1.003842 666 (1952) 

c:: 
() 

l:d 
t"' 
I 
N 
~ 
0"-
00 



46Pdl08 

Pd
l09 

46 " 

46 Pd
llO 

Method Mass Reaction or Doublet 

Fermi 
Formula 107.94706 

Mass 
Spectra 

Ferm-i 
Formula 

Q-Value 

. Fermi 
Formula 

Mass 
Spectra 

107.93685:1:40 C ZH 3 - 1/4 Pd
108 

54 . 1 
Fe - l/Z Pd 08 

107.93801±11 . C 4H 6 - 1/2 Pd
108 

108.94896 

108. 94058±64 Pdl09 (~-) Ag
109 

109.94900 

109. 93965±13 C4H7 - 1/2 Pd 
110 

109. 94042±60 Mn
55 

_ 1/2 Pd
110 

Reference Masses 

H :: 1.00814Z± 3 

C :: 12. 003804±1 7 
54 . "l"' - .; 

Fe = 53.95653 ±22 

H = L 008146 
C = lZ.003842 

Al°'t108. 93956 ±60 

H :: 1.008146 
C :: 12.003842 

55 
Mn :: 54. 95536±15 

References 

H. E. Duckworth 
NYO-981 
4.;. 18-5Z. 

.' , ~ ..... 

. R. E. Halsted 
Phys. Rev. 88, 

-666 (i952) _. 

• 

.. H. E. Duckworth 
NYO-98I 
4-18-52 

R. E. Halsted 
Phys. Rev. 88. 
666 (1952) 

H. E. Duckworth­
NYO-981 
4-18.;.52" 

, 
...... .... 
N 
I 

~ 
() 
::0 
l' 
N 

.,j::.. 
0"-
00 



• 
Method Mass, Reaction or Doublet Reference Masses Reference's 

A 106 
47 g 

Fermi' 
Formula 105.94977 

Q-Value 105.93979:1:52 Ag 106 (f3+) Pd
106 

Pd
106

:: 105. 93650±51 H. ~. Duckworth 
NYO-981 
4-18-52 -, 

A 107 
47 g 

Fermi 
Formula 106. 948Z1 

Q-Value 
and Mass 

A 107 ( ') A 106 Ag1 09::: 108. 93956±60 Spectra 106. 93851±75 H. E. Duckworth I g y. n g .... 
A 106 (Ee) Pd

106
, 

106 NYO-981 
.... 

Ag :: 105. 93979±52 V.l 

g ~ 4-18-52 I 

Pd 106:: 105. 93650±51 

Adjusted 
Ag

107 
(d. p) Ag

108 , 

Value 106. 93884±60 To correspond with 
109 Ag

108 best value for 
Ag (y. n) 

AgI09~ NYO-981 

A 108 c:: 
47 g 

Fermi 
() 

:::0 
Formula 107.94912 t:-< 

I 

Ag
107 

:: Q:"Value 107.94030:1:64 Ag
107 

(d. p) Ag
108 106. 93884±60 H. E. Duckworth N 

,.jl. 

NYO-981 0' 
00 

4-18-52 



Method Mass Reaction or Doublet Reference Masses References 

A 109 
47 g 

Fermi 
Formula 108.94817 

Q-Value 108.93956::1:60 Ag
107 

(d. p) Ag
108 107 

Ag ~106.93884±60 H. E. Duckworth-
and A 109 ( ) A 108 108 NYO..:981 
Mass g y. n g Ag ~107."94030±64 4-18-52 109 " 110 110 
Spectra Ag (n, y) Ag Ag ~109.94162±60 

Ag 11 0 "(/3-) Cd 11 0 Cdl10~109.93855±44" 

A 110 
47 g 

Fermi 
Formula" 109.94965 .. 
Q-Va1ue 109.94162::1:60 Ag 110 

(13-) Cd
110 Cdl10~10~.93855±44 H. E. Duckworth 

I ...... 

NYO-981 
...... 
~ 

4-18-52 I 

A 113 
47 g 

Fermi 
Formula lIZ. 95150 

Q-Value 112.94300::1:45 Ag1l3 (13-) Cd
l13 Cd l13 :112.94174::1:43 H. E. Duckworth 

NYO-981 
4-18-52 

c: 
Cdl06 () 

48 
Fermi 

::0 
~ 

Formula 105~95076 
I 
N 
~ 

'" Mass 
_ 1/2Cd

106 
ex> 

Spectra 105. 93984±14 '" C4H5 H -:= 1. 008146 " -" It. E. Hals-ted " ., 

C -:= 12.003842 
Phys. Rev. 88. 
666 (1952) 



48Cd108 

Cd
llO 

48 

Method Mass Reaction or Doublet 

Fermi 
Formula 107.94868 

108 - 108 
Q-Va1ue 107.9379 ±11 Ag «(3 ) Cd 

109 108 
Ag ("{, n) Ag 

Mass 
Spectra 107.93860±11 ,C4H6 - 1/2 Cd

i08 

Fermi 
Formula 109.94784 

Mass 55 110 
Spectra 109. 93855±44 Mn -1/2 Cd 

109. 93857±13 C 4
H 7 - 1/2 Cd

110 

• 
Reference Masses 

109 
Ag -: 108. 9399:'-±10 

H 

C 

= 1. 008146 

= 12.003842 

Mn
55 = 54. 95536±15 

H 

C 

= 1.008146 

= 12.003842 

References 

H. E. Duckworth 
and R. E. Preston 
NYO-678 
11-20-50 

R. E. Halsted 
Phys. Rev. 88, 
666 (i 952) -

H. E. Duckworth 
, NYO-981 

4-18-52 

H. E. Halsted 
Phys. Rev. 88" 
666 (1952) -

I 
>-' 
I-' 

U'1 

c::: 
o 
::u 
t"' 
~ 
~ 
0' 
00 



Cd
1Il 

48 

48 
Cd

112 

48 Cd
l13 

Method Mass Reaction or Doublet Reference Masses References 

======~===~~ lbQ>~--'" .-_ n= ... ~_. __ ._=--. -=-_ ..... ...--. __ ~*_ ~~,_~_ 

Fermi 
Formula 110.94891 

Mass 
Spectra 

Fermi 
Formula 

Mass 
.Spectra 

Fermi 
Formula 

Q-Value 

Mass 
Spectra 

110. 93978±10 

Ill. 94816 

111.9388S±17 

111. 93974±40 

112.94979 

112. 94174±43 

112.94061±11 

C 8H 15 - Cd
111 

C H - 1/2 Cd 112 
4 8 

C H _ Cd 112 
8 16 

Fe56_ 1/2 Cd
1l2 

Cd 113 (", n) Cd114 

• 11 3 
C 8Hl7 - Cd 

H 

C 

= I,008146 
.' 

= 12,003842 

H = 1.008146 

C = 12.003842 

_~ 56 
J:te = 55. 95274±17 

CJ14=113.93989±48 

H. = 1. 008146 

C = 12.003842 

• • 

R. E. Halsted 
Phys. Rev. 88', 
666 (1952) 

R. E. Halsted 
Phys. Rev. 8'8, 
666 (1952) 

H. E. Duckworth 
NYO-981 
4-18-52 

H. E. Duckworth 
NYO-981 
4-18-52 

R. E. Halsted 
Phys. Rev. 88,' 
666 (1952) 

I ...... 
...... 
0"-

c:: 
() 

!:O 
t"' 
I 

N 
k~ 
0"-
00 .•.. 



Cd
l14 

48 

48Cdl16 

Method Mass Reaction or Doublet 

Fermi 
Formula 113.94960 

Mass 57 114 
Spectra 113. 93989±48 Fe -1/2 Cd 

Fermi 

113. 93997± 9 C 4H
9 

-1/2 Cd
114 

C H 0-.1 /2 Cd
114 

3 5 'I 

Formula 115.95209 

Mass 116 
Spectra .115. 94202±12 C3H6o-1/2 Cd 

115. 94208±52 Ni
58 

-1/2 Cd
116 

Reference Masses 

57 . 
Fe = 56~95352±17 

H = 1.008146 

C = 12.003842 

H = 1.008146 

C
12 = 12.003842 

.) 

References 

H. E. Duckworth 
NYO-98l 
4-18-52 

R. E. Halsted 
Phys. Rev. 88, 
666 (1952) 

R. E. Halsted 
Phys. Rev. 88, 
666 (1952) 

Ni58= 57. 95354±23 H. E. Duckworth 
NYO-98l 
4-18-52 

Digit underlined is 
illegible in NYO-981. 

I ...... 
...... 
-J 

c::: 
() 

~ 
t-t 
N 
,.j:>.. 
0' 
00 



,Method Mas s Reaction or Doublet Reference Masses References 

In112 
49 ' 

Fermi 
Formula 111. 95095 

Q-Va1ue 111. 94266%41 In 11 2 (f3"") Sn 11 2 Cd 112 :;: 111. 93974:1:40 H. :E:: • Duckworth 
In 112, (j3+) Cd 112 Sn 112 :;: 111. 94159:1:42 

NYO..,,981 
,4-18-52 

In113 
49 Fermi 

Formula 112.94980 

Mass 
In 113 Spectra 112. 94045%12 C 8Hl7 - H :;: 1.008146 R. E. Halsted 

C :;: 12.003842 
Phys. Rev. 88', 
666 (1952) I ..... ..-

00 

In 11 4 ! 

49 Fermi 
Formula 113. 95102 

Q-Value 113.93980%60 Inl14 {(3:t) Cdl14 Cd114 = 113.93989:1:48 H. E. Duckworth 
NYO-981 
4;~18-52 

In 11 5 
49 c:: 

Fermi () 

Formula 114. 95045 ::tl 
t"' 

In115 (d, p)In116 116 ' 
I 

Q-Value 114. 93906±56 H. E. Duckworth N 
Sn' :;: 115.93779:1:52 *'" 

and Mass I 116 (- 116 NYO-981 0' 

n f3 ) Sn 
.. , ", ex:> 

Spectra 4-18-52 

114.94140:1:56 1115( )I i14 Cd
1l4

,: 113.93989:1:48 H. 'E. Duckworth n 'Y. n n 

Cd~14(p, n) Inll4 
NYO-981 
4-18-52 



In ll5· 
49 

- 116 
49

In 

I 
117 

49 n 

In
l19 

49 

S 
lIZ 

50 n 

Method Mass 

Mass 
Spectra 114. 94040±11 

Fermi 
Formuk 115.95219 

Q- Value 115. 94096±53 

Fermi 
FOJ;"TPula 116.95216 

. :~.~~:~;)~~:,.-

Q::N<i1ue 116. 94l43±46 

Fermi 
Formula 118. 95488 

Q-Va1ue 118.94338±44 

Fermi 
Formuh.. Ill. 95129 

Q-Va1ue Ill. 94159±42 

Reaction or Doublet 

C9
H 7 

In 115 

In 116 «(3 -) Sn 116 

In 11 7 «(3 -) Sn 1 1 7 

In 11 9 ({3 -) Sn 119 

In 11 Z ({3 -) Sn 11 2 

In 11 2 ((3+) Cd 11 2 

H 

C 

• 
Reference Masses 

-:: 

1. 008146 

12.003842 

116 . 
Sn c: 115. 93779±52 

Sn
117

: 116. 93957±45 

Sn119~ 118. 94048±43 

112 
Cd c: 111. 93974±40 

In 112: 111.94266±41 

References 

R. E. Halsted 
Phys. Rev. 8'8, 
666 (1952) 

H. E. Duckworth 
NYO-981 
4-18-52 

H. E. Duckworth 
NYO-981 
4-18-52 

H. E. Duckworth 
NYO-981 
4-18-52 

H. E. Duckworth 
NYO-981 . 
4-18-52 

I ..... ..... 
-.J:) 

I 

c:: 
() 

::0 
t"' 
~ 
~ 
C' 
()O 



Method Mass Reaction Or' Doublet Reference Masses References 

. 114 
50Sn 

Fermi 
Formula 113.95003 

Q-Value 113.9389 ± 9 In 115 (y. n) In114 In 115= 114. 93984±73 H. E. Duckworth 

In 114 (f3-) Sn
l14 and R. S. Preston 

NYO-678 
11-20-50 

S 115 
50 n 

Fermi 
Formula 114.95085 

Q- Value 114. 93853±56 In115_ H~-) Sn
115 In 115= 114. 93906±56 H. E. Duckworth 

NYO-981 i -4-18-52 N 
0 
! 

Mass 
SnItS Spectra 114.94014 C 9

H 7 H = 1.008146 R. E. Halsted 

C = 12.003842 
Phys. Rev.---88, 
666 (1952) 

S 116 
50 n 

Fermi 
Formula 115.94991 

Mass 
Ni

58 Sn
1l6 

Ni
58 = 

c:: 
Spectra 115. 93779±52 - 1/2 57. 95354±23 H. E. Duckworth () 

NYO-981 ~ 
t"' 

4-18-52 I 
N 

*" 0"-

-1/2 Sn 116 
00 

115. 93927±1l C 3H6 0 H = 1. 008146 R. E. Halsted 

Sn
ll6 

Phys. Rev. 88, 

C 9
H8 C = 12.003842 666 (1952) 

• • .. 



Method Mass Reaction or Doublet Reference Masses References 

S 117 
50 n ':"ermi 

Formula 116.95127 

Q-Value 116. 93957±45 Sn
117

(d,p) Sn
118 Sn 118= 11 7. 93849±40 H. E.Duckworth 

NYO-981 
4-18-52 

Mass 
Sn

117 
Spectra 116. 94l45±47 C 3

H 3 - 1/3 H = 1. 008142± 3 H. E. Duckworth 

C = 12.003804±17 
NYO-981 
4-18-52 

Duckworth assumes his 

C
3H 3 - S~117 packing 

I 
fraction is in error. I-' 

N 
I-' 

I 

116. 94052±10 C 9
H 9 - Sn

l17 H = 1. 008146 R. E. Halsted 

C = 12.003842 
Phys. Rev. 88, 
666 (1952) 

S 118 
50 n 

Fermi 
Formula 11 7. 95087 

Mass 
Sn118 _ Co59 Co

59
= Spectra 117. 93849±40 58.95160±12 H. E. Duckworth c:: 

() 
NYO-981 ::0 
4-18-52 t' 

Sn
i18 

N 
11 7. 93 978±16 C 3

H 70 -1/2 H = 1. 008146 R. E. Halsted ~ 

'" Phys.- Rev. 88, - 00 

C
9

H10 - Sn
l18 r- = 12.003842 666 (1952) -v 



Method Mass Reaction or Da:hlet Reference Masses References 

S 119 
50 n 

Fermi 
Formula 118.95274 

Q-Value 118. 94048±43 S 119 ( ) S 118 n 'Y, n n Sn 118= 117. 93849±40 H. E. Duckworth 
NYO-981 
4-18-52 

Mass 
Sn

l19 Spectra 118. 94122±12 C 9H11 H = 1. 008146 R. E. Halsted 

C = 12.003842 Phys. Rev. 88, 
666 (1952) 

S' 120 
50 n 

Fermi 
Formula 119.95287 I ...... 

N 

Mass H. E. Duckworth N 

Ni
60 '120 

Ni
60 

= 
I 

Spectra 119. 93860±42 Sn 59. 94923±15 NYO-981 
4-18-52 

119. 94059±14 C 5 - ]/2 Sn
120 

C = 12. 003842 R. E. Halsted 
Phys. Rev. 88, 
666 (1952) -

S 121 
50 n 

Fermi 
Formula 120.95522 

Sn 121 (13-) Sb
121 

Sb
121

= 120.9~040±44 
C! 

Q- Value 120. 94092± 51 H, E. Duckworth () 

~ NYO-981 t< 
4-18-52 ~ 

~ 

'" 00 

• 



/ 

• '-

Method Mass Reaction or Doublet 

50
Sn 122 

Fermi 
Formula 121.95584 

Mass 
Sn

122 
Spectra 121. 94249±15 C

5
H - 1/2 

121. 94407±85 Ni
61 

- 1/2 Sn
122 

S 123 
50 n 

Fermi 
Formula 122.95865 

Q-Value 122. 94277±54 Sn123 (~-) Sb
123 

• 
Reference Masses 

H = 1. 008146 

C = 12.003842 

Ni
61 

= 60. 94983±60 

Sb
l23 = 122. 94124±53 

References 

R. E. Halsted 
Phys. Rev. 88, 
666 (1952) -

H. E. Duckworth 
NYO-981 
4-18-52 

H. E. Duckworth 
NYO-981 
4-18-52 

" 

I ...... 
N 
lJ.) 

I 

c::: 
() 
~ 
l' 
I 
N 
.!:>O­
cr­
()O 



Me~hod Mass Reaction or Doublet Reference Masses References 

S 124 
50 n 

Fermi 
Formula 123.95975 

Q-Value 123. 94262±55 S 124 ( ) S 123 n -y, n n Sb
123 = 122. 94124±53 H. E. Duckworth 

Sn 123 (~-) Sb
123 NYO-981 

4-18-52 

Mass 
Ni

62 
Sn

124 . Ni62 
Spectra 123.9489 ::1:12 = 61. 94822±45 H. E. Duckworth 

and R. S. Preston 
NYO-678 
11-20-50 

I ..... 

Sn
124 

N 

123. 94490±11 C SH2 - 1/2 H = 1.008146 R. E. Halsted H::>-
i 

C = 12.003842 
Phys. Rev. 88, 
666 (l952} 

Sb
120 

51 Fermi 
Formula 119.95374 

Q- Value 119. 94138±44 Sb 120 (13+) Sn
120 

Sn
l20 = 119. 93860±42 H. E. Duckworth 

NYO-981 
4-18-52 c:: 

() 

::0 
t-' 
I 

N 
H::>-
0"-
00 

• • • 



• • 



Method Mass Reaction or Doublet Reference Masses :References 

T ;.122 
52 e 

Fermi 
Formula. 121. 952,S0 

Q-Value 121. 94017±49 Sb 122 {~-} Te
122 

Sb
122 

::: 121. 94225±48 H. E. Duckworth 
NYO-981 
4-18-52 

Mass 
1/2 Te

122 _ Ni
61 

Ni
61 

Spectra 121.9400 ± 6 ::: 60. 94910±10 B. G .. Hogg and 

C ::: 12.003842±4 H. E. Duckworth 

Can. J. Phys. ~, 
i ..... 

Adjusted 
Te124 _ Tel ?2 

. N 

to 121. 9395 ± 4 to agree with ratio ::: 0.49956±12 628 0' 
H 

T 128 T 124 e - e {l952) 

Mass 
Te

122 
Spectra 121. 94193± .8 C 5 H H ::: 1. 008146± 3 R. E. Halsted 

C ::: . 1 2 . 00384 2±4 
Phys. Rev. 88, 
666 (1952) 

T 123 
52 e 

Fermi ~ 
() 

Formula 122.95441 ::u 
T 123 ( ) T 122 . 122 ~ 

Q-Value 122.9426 ±10 ±4 B. G. Hogg and 
I 

e y, n e Te::: 121. 9395 N 

H, E. Duckworth ;.I::>. 
C1' 

Mass 
Can. J. Phys.~, (Xl 

Spectra 122. 94368±39 1/2 Te
123 

- C 5H H ::: 1. 008146 
628 (1952) . 

R. E. Halsted 
C ::: 12.003842 Phys; Rev. 88, 

666 (1952) 

• 



( 

v 



Method Mass Reaction or Doublet Reference Masses References 

T 126 
52 e 

Fermi 
Formula 125.95681 

Mass 
C~63 Te

126 
Cu63 

Spectra 125.9426 ±10 = 62. 94854±16 H. E. Duckworth 
NYO-981 
4-18-52 

-1/2 Te 126 
, 

125.94420 ± 7 C 5 H3 H = 1.008146 R. E. Halsted' 

C = 12.003842 
Phys. Rev. 88, 
666 (1952) 

Method 125.9424 ± 4 r' B. G. Hogg and 
. not given H. E. Duckworth I ..... 

./ Can. J. Phys. ~, N 

628 (1952) 
<Xl 

T 12.8 
52 e 

Fermi 
Formula 127.96021 

Mass 
Te

128 
Spectra 127. 94649±13 C 10H8 - H = 1. 008146 R. E. Halsted 

C = 12.003842 
Phys. Rev. 88, 
666 (1952) c: 

() 

127.9469 ±10 Zn
64 Te

128 Zn
64 = 63.9844 ±16 H. E. Duckworth ::0 - t"1 

NYO-981 N 
4-18-52 ~ 

0' 
<Xl 



5'2 Te 128 

52Te130 

Method Mass 

Mass 
Spectra 127. 9438± .6 
Adjusted 
.to 127. 9443± 4 

Fermi 
Formula 129.96449 

Mass 
Spectra 

./ 

. Adjusted 
to 

129.9468 ± 9 

129. 9482± 4 

129. 9479± 4 

129. 94853±10 

Reaction or Doublet 

Ni64 . -1/2 Te
128 

to agree 'With ratios 

Cu65 

Te
130 

1/2 Te
130 

Pt 195 

Cu65 _ 1/2 Te130 

to agree with ratio 

C 5 H5 - 1/2 Te
130 

• 
Reference Masses References 

Ni64 = 63.94751 ± 7 B. G. Hogg and 

T 130 T 128 
H. E. Duckworth 

e - e = O. 50019±12 
T e 128 _ Tel 24 

Can. J. Phys.30','.628 

T 124 T 122 e - e ;= O. 49956±12 

T 128 T 124 e - e 

Cu65= 64. 94750 ±18 

pt195= 195.02663 ±60 

Cu
65

= 64.94835 ± 6 

130·. 128 
.Te ~Te =0.50019±12 

Te 128 _ Te 124 

H = 1.008146 

C = 12.003842 

(1952) 

H. E. Duckworth 
NYO-981 
4-18-52 

B. G. Hogg and 
H. E. Duckworth 

..... 
tv 
-.0 

Can. J. CI 
Phys. 30, () 

628 (1952)- ~ 
R. E. Halsted I 

Phys. Rev. 8"8', ~ 
666 (1952) ~ 



, 126 
531 

1127 
53 

54xe124 

Method Mass Reaction or Doublet 

Fermi 
Formula 125.95721 

* 127 126 Q-Value 125. 94625±21 I ~.1 .6.m 

112 7 (y; n) 1126 

Fermi 
Formula 126. 95726 

Mass 
Spectra 

Time-of-

126. 94528±13 C
10 

H7 - 1127 

'-

Flight 126.946 ± 1 CF 3 and C 3F 5 

Fermi 
Formula 

Mass 
Spectra 

standards 

123:95526 

, / 124 123. 94578± 7C 5H2 .-1 2 Xe 

Reference Masses 

.6.m = 0.99903:1::21 

1127 =126. 94528±13 

H 

C 

1. 008146 . 

= 12.003842 

C = 12.003895 

F19 = ~9.00445 

H = 1. 008146 

C = 120003842 

References 
;: \ 

H. E. Duckworth 
NYO-981 
4-18-52 

R. E. Halsted 
Phys 0 Rev. 88, 
666 (1952) 

E. Eo, Haye et al 
Phys. Rev. 85, 
1065 (1952) -

R. E. Halsted 
Phys. Rev. 88, 
666 (1952) 

..... 
~ 
o 

~ 
() 

:::0 
~ 
N 
~ 
C1' 
00 



• • 

Method Mass Reaction or Doublet Reference Masses References 

X 126 
54 e 

Fermi 
Formula 125.95536 

Mass 
Xe

126 
Spectra 125. 94476±14 C 5H 3 - 1/2 H = 1. 008146 R. E. Halsted 

C = 12.003842 Phys. Rev. 88, 
666 (1952) 

54Xe 
128 

Fermi 
Formula 127~95644 

Mass 
Xe

128 
Spectra 127: 94446± 9 C 10H 8 - H = 1.008146 R. E. Halsted I ...... 

Phys. -Rev. 88, w 
C = 12.003842 ..... 

. 666 {1952} - I 

X 129 
54 -e 

Fermi 
Formula 128.95828 

Mass 
C OH + - C H + - 1/3 X 129+++ Spectra 128. 94536±26 H = 1. 008144± 8 C. L. Kegley and 2 3 3 7 e H. E. Duckworth 

C = 12. 003798±25 Nature 16'1', c: 
1025 (1951l: () 

H. E. Duckworth ::0 
NYO-981' 4-18-53 t""' 

N 
"'" 0' 

1/3 xi29 
00 

128. 94601±15 C 3H 7 - H ~ 1. 008146 R. E. Halsted' 

C = 12.003842 
Phys. Rev. 88, 
666 (1952» 



Method Mass' 

x 129 
54 e 

Time ~6f~ 
Flight 128.9455 xIS 

Weighted 
Mean - 128.94594 ±15 
Mass 
Spectra 
Values 

X 130 
54 e 

Fermi 
Formula 129.95846' 

Mass 
Spectra 129094501±10 

Time ~of~ 
Flight 129.945 ± .2 

ReaCtion or Doublet Reference Masses 

C 8
H 9 and C 9H12 H ~ 1.0081386 

standards C ~ 120003895 

H ~ L 008146 

C ~ 120003842 

C 5
H5 _ 1/2 Xe 130 

H ~ 10008146 

C ~ 12.003842 

C
9

H2 and Xe
129 

H ~ 1. 0081386 

, stand,ards C ~ 12.003895 

Xe ~ 1280 9455 ±15 

References 

E. Eo Hays et al 
Phys. Rev 0 84, 
824{l95l) -

Bo Go Hogg and 
H. Eo Duckworth' 
Ca.n. Jo Physo 31, 
942 (l953) -

Ro Eo Halsted 
Phys 0 Rev 0 88, 
666 (1952) -' 

E. Eo Hays: et al 
Phys, Re Vo 84, 
824 -' 
(1951) 
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00 
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Method Mass Reaction or Doublet Reference Masses References 

X 131 
54 e 

Fe~rrni 
Formula 130. 96075 

Mass 
Xe

131 
Spectra 130. 94673±42 CO2 - 1/2 C = 12.003842 R. E. Halsted 

Phys. Rev. 88, 
666 (1952) -

Time -of-
Xe 129 

Flight 130.944 ± 2 ,C
9

H 12 and H = L 0081386 E. E. Hays et al 

standards C = 12.003895 
Phys. Rev. 84, 

Xe = 128.9455 ±15 
824 (1951) 

X 132 .... 
54 e w 

w 
Fermi 
Formula 131. 96139 

Mass 
Xe

132 
Spectra 131. 94615±10 C 5 H6 H - 1.008146 R. E. Halsted 

.;. 1/3 Xe
132 C = 12.003842 

Phys. Rev. 88, 
CO2 

666(1952) 

131. 94727±60 CO + - C
2
0H

4 
+ - _Xe 132+++ H= 1.008144± 8 C. L'. Kegley and 

2 C= 12.003798±25 
and c:: 
H. E. Duckworth () 

Nature 167, :;d 
~ 

1025 (19"51"); I 
N 

H. E. Duckworth ~ 

NYO-981 4-18-52 0' 
00 



54xel32 

X 
134 

54 e 

X 
136 

54 e 

Method Mass 

Tim~ ~of~ 

Flight 13 L 945 ± 2 

Fermi 
Formula 133.96517 

Reaction and Doublet 

lZ9 
C 9HIZ .and Xe 

standards 

Mass 134 
Spectra 133.94803±IZ CSH7- l/Z Xe 

Time~f~ 

Flight' 133. 947 ±Z 

Fermi 
Formula 135.96978 

lZ9 
C

9
H

1Z 
and Xe 

standards 

Mass 136 
Spectra 135. 95046 ±11 C 5H 8 ,- 1/2 Xe 

Reference Masses: 

H = 1,0081386 

C = 12,003895 

Xe1Z ~ 128, 9455 ±15 

H 

C 

= L 008146 

= 12,003842 

H ::: 1. 0081386 

C ::: 12.003895 

XiZ9 = 128.9455 ±lS 

H 

.C 

= 1 .. 008146 

-:: lZ.003842 

References 

E, E. Hays et al 
Phys. Rev. 84, 
8Z4 (1951) -

R. E, Halsted' 
Phys. Rev. 88', 
666 (1952) 

E. E. Hays et al 
Phys. Rev. 84, 
824 (1951) 

R. E. Halsted 
Phys. Rev. 88, 
666 (1952) 
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• 
Method Mass Reaction and Doublet Reference Masses References 

C .132 
55 s 

Fermi 
Formula 131.96139 

Q-Value 
133 132 

Llln =.0. 99926±21 Cs (y. n) Cs H. E. Duckworth 
NYO-981 
4-18-52 

C 133 
55 s 

Fermi 
Formula 132.96170 

Q~Value 
. 133 132 

Llln -=- O. 99926±21 Cs (y. n) Cs H. E. Duckworth 
NYO-981 
4-18-52 

I 
>--'! 

Vi 
U1 
I 

. B 136 
56 ,a 

Fermi 
Formula 135.96325 

135.9488 ±10 B 138 ( ) B 137 137 ±10 H. E. Duckworth Q~Value a· y. n a Ba:: 136.9502 

B 137 ( ) B .136 Ba138:: 137.9498 ± 9 
etal Phys. Rev. 83", 

a y, n a 1114 (1951); 
NYO-680 
5 --30 -51 

c:: 
B 137 

() 

56 a ~ 

Fermi t"1 
I 

Formu,la 136.96570 N 
~ 

B 138 ( )B 137 Ba13 f!: 137.9498 ± 9 
0"-

Q-Value 136.9502 ±10 a y. n a H. E. Duckworth 00 

et al 
Phys. Rev. 83, 
1114 (1951);'-
NYO-680 
5:J0-51 



~:',:" :~< .. 

Method Mass Reaction,or Doublet Reference Masses References 

B 138 
56 a 

Fermi 
Formula 137.96657 

Mass 
Zr 92 Ba

138 Zr,92 = '91. 93393±34 
~, 

Spectra 137. 95099±83 - H. E. Duckworth 
NYO-981 
4-18-54 

B .139 
56 a 

Fermi 
Formula 138. 96942 

Q-Value 138. 95436±87 Ba139 (13"7) La 1~9 La139= 138. 95182±83- H. E. Duckworth 
NYO-981 

I ..... 
4":'18-52 \.N 

0"-
I 

B .140 
56 a 

Fermi 
Formula 139.97069 

Q- Value 139. 9548 ±14 Ba.140(J3-) La 140 La14~ 139.9537 ±14 H. E. Duckw9rth 
NYO-:-981 
4.-1,8-52 

La
l38 

57· Fermi 
c: 
() 

Formula 137.96622 ::0 
t"' 

L 139( ) L 138 La139= 138.95182 ±83 
I 

Q- Value 13,7. 95239 ±86 a y,n a H. E. Duckworth N 

NYO-981 
~ 
0"-

4-t'8-52 00 



• 

Method Mass 

57Lal39 
Fermi 
Formula 138.96676 

Q-Value 138.95182 ±83 

57La 140 
Fermi 
Formula 139.96929 

Q-Value 139.9537 ±14 

57La 141 
Fermi 
Formula 140.97025 

Q-Value 140.9557 ::1:14 

58Ce139 
Fermi 
Formula 138~ 96554 

Q-Value 138.9503 ±15 

Reaction or Doublet 

BaI38(q, p)B'a139 

BaJ39 (~-) La 139 

La 140((3-) Ce l40 

Ba 140((3 -) La 140 

LaI41(~-) Ce l41 

C 140( )C 139 e y, n e 

• 

Reference Masses 
I 

Ba 13~ 137. 95099±83 

Ce
I40= 139.9496 ::1:14 

Ba14~ 139.9548 ±14 

Ce 14 \: 140.9527 ::1:14 

140 
• Ce = 139. 9496 ±14 

References 

H. E. Duckworth 
NYO-981 
4.-18-52 

H. E. Duckworth 
NYO-981 
4-18-52 

H. E. Duckworth 
NYO-981 
4-18-52 

H. E. Duckworth 
NYO-981 
4-18-52 

-. 
~ 
-J 

q 
() 

::u 
~ 
I 

N 
~ 

'" 00 



J 

Method Mass 

G 140 
58 e 

Fermi 
Formula 139.96578 

Q~Value 139.9496 ±14 

141 
58Ge 

Fermi 
ForrrlUla i40.96799 

Q-Value 140.9527 ±14 

C 142 
58 e 

Fermi 
Formula 141.96865 

Q~ Value 141. 9540 ±14 

C 144 
58 e 

Fermi 
Formula. 143.97232 

Q- Value 143. 9602 ± 8 

Reaction or Doublet 

P 141 ,. ) '"p 140 r y. n " "'-- r 

Pi' 140{EC, P -t} Ce 140 

142 
Ce (Y. n) Ce

141 

142 
Ce (". n) Ce

141 

C"e 141(~-) Pr 141 

Ge144(~ -) Pr 144 

Pr 144(13-) Nd
144 

" 

Reference Masses 

Pr14~ 140.9521 ±14 

Ce
142= 141.9540 ±14 

141 
Pr = 140.9521 ±14 

Nd141: 143.9560 ±8 

References 

H. E. Duckworth 
NYO-981 
4-18-53 

H. E. Duckworth 
NYO-981 
4-18-52 

H. E," Duckworth 
NYO-981 
4-18-52 

H. E. Duckworth 
NYO-981 
4-18-52 

..... 
v-> 
00 

c: 
(') 
:::0 
t-' 
! 
tv 
oj::. 
0' 
00 



• 

··Method Mass 

59Pr 140 

Fermi 
Formula 139.96723 

Q-Value 139.9533 ±14 

J>r 141 
5) . . 

FermI 
Formula 140.96715 

Mass 
Spectra 

59Pr144 

Fermi 

140.9521 ±14 

Formula 143.97167 

Q~ Value 143.9594 ± 8 

Reaction or Doublet 

Pr 140 (Ee, (3+) C e 140 

P 141 T.47 r - 1 

Pr 144(f3 -} Nd 144 

.. 
Reference Masses 

Ce
l40 = 139.9496 ±14 

Ti47 = 46. 96694 ±47 

Nd144:: 143.9560 ± 8 

References 

H. E. Duckworth 
NYO-981 
4-18-52 

H. E. Duckworth 
NYO-981 
4-18-52 

H. E. Duckworth 
NYO-981 
4-18-52 

..... 
w 

'" 

C! 
() 

::0 
to< 
I 

N 
~ 
0' 
ex> 



I 

Method 

60Nd143 

Fermi 
Formula 

Q- Value 

Nd
144 

60 F' erml 
Formula 

Mass 
Spectra 

Nd
149 

60 F' erml 
Formula 

Q- Value 

Mass 

142~ 96891 

.6m =4,00628 

L43,96895 

143.9560 ± 8 

J 

148,97737 

148,9678 ± 8 

Reaction or Doublet 

Sm
147 

(a) Nd
143 

-Ge 72 

Mo96 
Nd

144 

Nd
144 

Nd
I50 {y. n) Nd

149 

Reference Masses 

72 . 
Ge = 71.-9430 ± 6 

Mo96 = 95, 93559~ 38 

Nd
150

=149,9687 ± 8 

References 

H, E. D,uckworth 
NYO-981 
4-18-52 

H, E. Duckworth 
et al 
Phys, Rev. 83-~ 
1-1-1'4 (1951); --: 
NY0-680; 5 -30 -51 
B. E. Duckworth. 
NYO-981~ 
4-t8-52 . 

H. E. Duckworth 
NYO-981 
4-18-52 

...... 
H:>o. 
o 

C! 
() 
~ 
t'"" 
I 

N 
~ 
0"­
(Xl 



Method 

60 Nd
150 

Fermi 
Formula 

Mass 
Spectra 

61
Pm 

147 

S 
147 

62 m 

Fermi 
Formula 

Q-Value 

Fermi 
Formula 

Q~ Value 

• 
Mass 

149.97861 

149.9687 ± 8 

146.97265 

~m; 0.00242 

146.97290 

~m = 0.00242 

~m = 4.00628 

Reaction or Doublet 

Nd
150 - Mo

lOO 

pm147(f3-) Sm 147 

Pm147 (f3 -) Sm 147 

Sm 147 (a) Nd 143 

Reference Masses 

Mo100~ 99. 93830±40 

References 

H .. E. Duckworth et al 
Phys.· Rev.· 83, 
1114 (1951);-
NYO-680 5-30-51 
H. E. Duckworth 
NYO-981 4-18-52 

H. E. Duckworth 
NYO-981 
4-18-52 

H. E. Duckworth 
NYO-981, 
4-18-52 
H. E. Duckworth 
NYO~.~81 
4_18_152 

I ..... 
~ ..... 
I 

c:: 
() 

~ 
t"' 
I 
N 
~. 
0'­
ex> 



62Sm 
152 

62Sm 
154 

71Lu176 

Method 

Fermi 
Formula 

Mass 
Spectra 

Fermi 
Formula 

Mass 
Spectra 

Fermi 
Formula 

Q- Value 

Mass Reaction or Doublet 

151.97761 

Se
76 152 151. 9623 ±24 - Sm 

153.98116 

Se
77 154 

153.9660 ±24 Sm -

176.00784 

175.9925 ±lO Lu176 (13 -) Hf176 

Reference Masses References 

Se 76 -:"! 7S.94l0 ±12 H. E. Duckworth 
NYO-981 
4-18-52 

Se
77 

== 76.9421 ±12 H. E. Duckworth 
NYO-981 
4-18-52 

176 Hf -:"! 175. 9922 ±10 H. E. Duckworth 
NYO-981 
4-18-52 

I ...... 
,.j:>. 
N 
I 

c:: 
() 
~ 
t"' 
I 
N 
,.j:>. 
0" . 
00 



• 

Method Mass Reaction or Doublet Reference Masses References 

: 176 
72Hf 0 

Fernl1 
Formula 176.00598 

Mass 
Sr

88 Hf
176 

Sr
88 

Spectra 175.9922 ±10 
. 

~ 87.93356±35 - H. E. Duckworth et al 
Phys. Rev. 83" 
1114 (1951) -
(NYO-680); 5 -30 -51 
H. E. Duckworth 
NYO-981 
4-18-52 

Hf
178 

72 F 0 ernn I 

Formula 178.00894 
...... 
~ 
W 
I 

Mass 
y89 Hf

178 y89 Spectra 177.9936 ±13 - =: 88. 93390±44 H. E. Duckworth etal 
Fhys.· Rev. 83, 
1114 (1951);-

(NYO-68Q; 5-30-51 
H. E. Duckworth 
NYO-981 
4-18-52 

Hf
180 c:: 

72 F 0 

() 
erm1 ~ 

Formula 180.01253 ~ 
I 
N 

Mass 
Ni

60 
Hf

180 
Ni

60 
,j:>. 
0' 

Spectra 180.00306 ±90 ~ 59.94923±15 H. E. Duckworth 00 

Zr 90 Hf
180 Zr90 ~ 89. 93303±30 - NYO-981. 4-18-52 

Adjust~d 
Value 180.0026 ± 9 To correspond with best Ta

180 
valq.e. 



73Ta180 

Method 

Fermi 
Formula 

, Q-Value 

T 181 
73 a . 

Adjusted 
Value 

Fermi 
Formula 

Q- Value 

Adjusted 
Value 

T 
182 

73 a . 
Ferrrll 
Formula 

Q- Value 

Mass 

180.01315 

180.0032 ±12 

180.0039 ±12 

181.01404 

181. 0040 ±12 

181. 0047 ±12 

182.01654 

182.0072 ±12 

Reaction or Doublet 

T 181 u ~ T 180 a (y, np a 

181· ~ 
Ta ~d, Pv 
Ta 182( j3-) 

Ta
182 

(f3':} 

Ta
182 

W 182 

W
182 

Reference Mas~es References 

Ta181 -: 181. 0047 ±12 To agree with known 

Hf180 _ Ta180 ~m. 

W 182: 182.0043 ±12 

H. E. Duckworth 
NYO-981 
4-18-52 

H. E. Duckworth 
NYO-981 
4-18-52 
To correspond with 

Hf 1 80. _ T a 18 0 ~m. 

W 182: 182.0043 ±12 Adjusted to agree 
with the 

Ta180 _ W 180 ~rn. 
H. E. Duckworth 
NYO-981 
4-18-52 

...... 
~ 
~ 

c: 
() 

::0 
t"' 
N 
~ 
0' 
00 



• .. 
Method' Mass Reaction or Doublet Reference Masses References 

W
IBO 

74 F. erml 
Formula IBO.0119B 

Q-Value IBO.0051 ±12 Ta
lBO (f3 -) W

IBO 1BO 
Ta :: 1BO.0039 ±12 . H. E. Duckworth 

NYO-9Bl 
4-1B-52 

W
lB2 

74 
Fermi 
Formula 1B2.0145B 

Mass 
Zr 91 W

1B2 Zr91,~ Spectra IB2.0043 :H2 90. 93432±31 H. E. Duckworth 
NYO-9Bl 

Adjusted 4-1B-52 I .... 
.Value 1B2.0050 ±12 To cot-respond ~ 

with 
U1 
I 

Ta
lBO - W 1BO ~m 

W
lB3 

74 
Fermi 
Formula IB3.01684 

Mass 
Ni

61 
W

lB3 Ni 61 ~ Spectra IB3. 00000 ±1l 60. 94B20±30 H. E. Duckworth 
and R. S. Preston ~ 
NYO-67B; () 

11-'20-50 ::0 

W
183 

{yo n} W
1B2 W 1B2 

':= IB2. 0050· ±12 
~ 

Q-Value 1B3.0073 ±12 H. E. Duckworth N 
~ 

NYO-9Bl, 0' 
00 

4-1B-52 
States 

Ni61 _ W 1B3 M 
"not too good~' 



Method Mass 

W
184 

74 F . _ erml 
. Formula 184.01781 

Mass 
Spectra 184.0064 ±12 

184.0074 ± 4 

W
186 

74 Fermi 
Formula 186.02164 

Mass 
Spectra 186.00941 ±78 

Reaction or Doublet Reference Masses 

Zr 92 W
184 Zr 92 = 91. 93393±34 

Zr 92 ~ 1/2 W
184 Zr92 = 91. 9339 ± 4 

M092 _ 1/2~84 M092 = 91. 9352 ± 4 

Ni
62 

W
186 

Ni
62 = 61. 94715±20 

References 

H, E. Duckworth 
NYO-981 
4-18-52 

J. S. Geiger et a1 
Phys. Rev. 89, 
621 {l953); 
B. G. Hogg and 
H. E. Duckworth 
Can. J. Phys. 31, 
942 U 953) 

H., E. Duckworth 
NYO-981 
4-18 -52 

-fo!:>.. 
C1' 

c: 
C1 
lXl 
t-t 
N 
fo!:>.. 
C1' 
00 



• 
Method Mass Reaction or Doublet 

o 188 
76 s Fermi 

Formula 188.02372 

Mass 
Zr 94 _ 1/2 Os 188 Spectra 188.0157 ± 5 

Mo 94 _ 1(2 Os 188 

0
192 

76 s 
Fermi 
Formula 192.03123 

Mass 
Zr 96. _ 1/2 Os192 Spectra 192. 0224:1: 5 

Mo96 _ 1/208 192 

Ru96 _ 1>2.05 192 

• 
Reference Masses 

Zr 94 = 93, 9365±5 

Mo 94: 930 9353± ~ 

96 Zr = 95. 9394±5 

Mo 96 = 95.9358:1: 4 

Ru96= 95.9388:1: 4 

References 

J. S. Geiger et al 
Phys. Rev. 89~ 
621 {l953); 
B. G. Hogg and 
H.· E. Duckworth 
Can. J. Phys. 31. 
942 {1953). -

. J. S, Geiger et al 
Phys. Rev. 89. 
621 (1953); 
B. G. Hogg and 
H.· E. Duckworth 
Can. J. Phys. 31. 
942 (1953) 
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Method Mass Reaction or Doublet Reference Masses References 

pt192 
78 ~" .t<erml 

Formula 192.03023 

Mass 
Zn

64 pt192 64 
Spectra 192. 0280 ~15 Zn = 63, 95021 ±41 H, E, Duckworth and 

R, S, Preston 
NY0:-678, 1).:-20-50 

In NYO-981 4-18-52 DuckwQrth states 
h 'h"Z 64 P 192 " k~' f t" t . at t IS n - t pac Ing rac Ion 

data is unreliable. 

pt193 
78 :"'.:" 

I. 

Fermi ...... 

Formula 193.03242 
oj:o. 
00 
I 

Q-Value 193.02544 ±82 Pt194 {y, n} pt193 pt194 ~ 194.0242~±80 H. E. Duckworth 
NYO-981 
4-18-52 

78 
pt 194 

Fermi. 
Formula 194.03336 

Mass ~ 

Spectra 194.02526 ±105 Mo97 pt 194 Mo97 ::: 96. 93716±'~5 H, E, Duckworth 
0 
:;d 

NYO-981, 4;-18-52 ~ 

Adjusted 
! 

Pt194 {d,p) pt 195 N 

Value 194.02422± 80 oj:o. 
0' 

pt 195 
('Y, n) pt194 " 194 195 (Xl 

To agree wIth Pt - Pt Am, 



78Pt195 

78Pt196 

78Pt198 

Method 

Fermi 
Formula 

Mass 
Spectra 

Adjusted 
Value 

Fermi 
Formula 

Q-Va1ue 

Fermi 
Formula 

Mass 
Spectra 

• 

Mass 

195.03582 

195.02588::1:78 

195.02663::1:60 

196.03705 

196.02691::1:62 

198.04130 

198.0287 ::1:13 

Reaction or Doublet 

G 3
H 3 - pt195 

PtI94(d, p}Pt195 

Pt
195 

('V. n}Pt
194 

195 Pt (d, p}Pt196 

Pt195('V,n}PtI94 

Pt
198 Zn

66 

H 

C 

• 
Reference Masses 

1. 008142,::1: 3 .. 
= 12.003804::1: 17 

Pt195= 195. 02663 ::I: 60 

Z 66 6 . n :;: 5.94591 ::1:27 
65 

~~ = 64. 94750 ::1:18 

Pt19~ 195. 02663 ::1:60 

References 

H. E. Duckworth 
NYO-981, 4-18-52 

To agree with 

Pt194 _ Pt 195 ~m. 

H. E. Duckworth 
NYO-981. 4-18-52 

H. E. Duckworth 
NYO-981 
4-18-52 

This packing fraction difference found to be 
O. 20 ::I: 0.03 greater than that for 

195 65 Pt _ - Cu .-

...... 

.,j:>.. 
...0 

c:: 
() 
~ 
t"' 
N 
~ 
00 



79AU196 

Method 

Fermi 
Formula 

Q-Value 

197 
Au . 

79 Ferml 

. 79Au198 

Formula 

Q- Value 

Fermi 
Formula 

Q-Value 

A 199 
79 u Fermi 

F~m~a 

Q-Value 

Mass Reaction or Doublet 

196.03805 

197 196 
.6.m = 1.00038 Au (Y. n) Au 

.6.m =' 0.00051 Au196 (f3-» Hg196 

197.03905 

197 196 
.6.m=l. 00.038 Au (Y. n) Au 

. 198 197 
.6.rn=l. 00.216±16 Au (d, p} Au 

198.04156 

198 197 
.6.m=l. 00216±16 Au, (d. p~ Au 

.6.m=0.00147 Au198 (f3-) Hg198 

199.04284 

.6.m=O. 00059 . Au 199 (f3-) Hg199 

Reference Masses 

\...; " ;'; 

,. 

References 

H. E. Duckworth 
NYO-981. 4-18-52 

H .. E~ Duckworth 
NYO--98i-. 4;;.18-52 

.H: 'E. Du'ckworth 
'NYO-981, 4-18-52 

H. E. Duckworth 
NYO-981. 4-18-52 

I ...... 
U1 
o 

c::: 
() 

~ 
t"i. 
N 
~ 
0' 
00 



Method 

196 
80Hg 

. Fermi 
, Formula 

80Hg198 

Q-Value 

Fermi 
,Formula 

Q-Value 

H 199 
80" g ," 

"Fermi 
Formula 

Q;..Value 

H 2.00 
80' g " 

Fer,mi 
Formula 

Q-Value 

80Hg201 
Fermi 

, Formula 

Q-Value 

Mass Reaction or Doublet 

196003736 

.6.:ro = 0.00051 Au196 ((3-) Hg196 

198.04014 

.6.m = 0.00147 Au198 ((3.) Hg198 

199.04242 

.6.m = 0.00059 Au199 {(3-) Hg199 

2.00.04349 
20t 

.6.m = 1.00227*21 Hg' ('I. n) 

201. 04605 

.6.m = 1.00227 H 201 8 ) g ~y, n 

200 
Hg 

Hg200 

Reference Masses References 

H:: Eo: DuckWo'rtn1 
NYO-981, 4-18-52 

H. E. Duckworth 
NYO-981, 4-18-52 

, . Ho' E. Duckworth 
NYO-98i, 4-18-52 

Ho. E. Duckworth 
NY 0 -9 81, 4":1 8 -52. 

Ho Eo Duckworth 
NYO-981. 4-18-52 

I ..... 
U"l ..... 
I 

c: 
~ 
t-< 
N 
>I::-
0' 
00 



Method Mass Rea.etion or Doublet Reference Masses References 

• 



• tt • 
Method .Mass Reaction or Doublet Reference Masses References 

) 

··2.03 
81 Tl Neutron Binding Energies: 

Pb206-207 = 6073 Mev 

Pb207 -208 = 7 038 Mev 

,208-209 
Pb = 3.87 Mev 

81 
T1

204 

Fermi 
,. Formula 204.05201 

Q.;,Value 204.0372:1:10 T1204(~ -) Pb2,04 Pb2.04 = 20400363:1:10 HoE. Duckworth 
NYO-981, 4-18-52 I 

...... 
\.1l 

Pb208 = 208. 04100 ,Accumu- 204.:()3658 G~ T. Se ab 01' g, 
IoN 
q 

lative 
He

4 R. A. qlass, 
; Decay = 4.00387 S. G. Thomps on, 

Eheillgy n = 1.00898 
J. A.'C. SOl to be 

, published 

Neutron BiIiding Energies: 

Pb206-207= 6.73 Mev 

Pb207 -208 = 7.38 Mev c::: 
" n 

- Pb208-209 == 3.87 Mev 
.. lXI 

~ 
~ 
~ 
0"-
00 



Method Mass Reaction or Doublet .Rererence Masses References 

• 



81 T1
206 

81 Tl
l07 

81 T1
l08 

Method 

Fermi 
Formula 

Accumu­
lative 
Decay 
Energy 

Fermi 
. Formula 

AccUlDu­
lative 
Decay 
Energy 

Mass 

l07.05793 

l07.04l49 

l08.06104 

208.04636 

Reaction or Doublet Reference Masses 

Neutron Binding Energies: 

Pb206-207 :: 6. 73 Mev 

Pb207-208 :: 7.38 Mev 

Pb208-209 ::: 3.87 Mev 

Pb
l08 = 208.04100 
4 He . 

n 

= 4.00387 

1.00898 

Neutron Binding Energies: 

Pbl06-207 :: 6. 73 Mev 

Pb207 ... l08 :: 7.38 Mev 

Pb208-209 = 3.87 Mev 

Pb208 = 208; 04100 
4 

He = 4.00387 

1. 00898 n = 
Neutrm Binding Energies: 

Pb206-207 ::: 6. 73 Mev 

Pb207-208 = 7.38 Mev 

Pb208-Z09 = 3.87 Mev 

References 

G. T. Seaborg, 
R. A. Glass. 
S. G. Thompson, 
J. A. C. S .• to be 
published 

G. T. Seaborg. 
R. A. Glass. 
S. G. Thompson. 
J. A. C. S •• to.be 
published 

I .-
\J1 
,.j:>. 
I 

c: o 
p:I 
t"' 
~ 
,.j:>. 
0' 
00 



, Tl209 
81 

T1,210 
81 

Method 

Fermi 
Formula 

AccUmu­
lative 

.Decay 
Energy 

Fermi 
Formula 

Accumu­
lative 
Decay 

, Energy 

Mass 

209.06296 

209.05003 

210.06631 

210.05497 

"Reaction or Doublet 

• 

Reference Masses 

Pb lOB. = 208. 04100 
4 

He = 4.00387 

n ::: 1.00898 

Neutron Binding Energies:, 

Pb206-207 = 6. 73 Mev 

Pb207-208 ::: 7.38 Mev 

Pb208-209 ::: 3.87 Mev 

Pb208 = 208. 04100 
4 ' 

He = 4.00387 

n 1:008'9B 

Neutron Binding Energies: 

Pb206-207 = 6. 73 Mev 

Pb207 -208 = 7.38 Mev 

Pb208-209 :: 3.87 Mev 

References 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S.. to be 
published 

G. T. Seaborg. 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S .• to be 
published 

.!.,., 
\,J1 
\,J1 

c::: 
() 
):0' 
t"I 
~ 
~ 
(Xl 



Method 

Pb204 
82 F" . errol 

Formula 

Q,.,Yalue 

Accumu~ 

lative 
Decay 

. Energy 

Pb
206 

82 
Fermi 
Formula 

Q·Yalue 

Accumu­
lative 

. Decay 
. Energy 

Mas is 

204 .. '05054 

2.04. "i()36 3:1:1 0 

204.03576 

206.05411 

206.0388±10 

206.03820 

• • 
Reaction or Doublet Reference Masses 

T1205 (y, n) T1204 Tl
205 = 205.0380±10 

TI2.04 {f3 =} Pb204 

Pb
208 = 208.04100 
4 

He = 4.00387 

n = 1. 00898 

Neutron Binding Energies: 

Pb206 (n, y) Pb
207 

Pb206{d. p} Pb
Z07 

Pb207(y, n) Pb
206 

Pb206-207 

Pb207-208 -

Pb208-209 = 

6.73 Mev 

7.38 Mev 

3.87 Mev 

Pb
207 = 207. 0405±10 

Pb208 :: 208.04100 
4 He· = 4.00387 

n = 1. 00898 

Neutron Binding Energies: 

Pb206-207 

Pb207-208 = 
Pb208-209 : 

6.73 Mev 

7 .. 38 Mev 

3.87Mev 

References 

H. E. Duckworth 
NYO-981. 4 ... 18-52 

G. T. Seaborg, 
R.A. Glass. 
S. G. Thompson. 
J. A. C. S., to be 
published 

H. E. -Duckworth 
NYO-981, 4-18-52 

G: T. Seaborg, 
R. A; Glass", 
S. G. Thomps.on • 
J. A. C. S .• tobe 
published 

! ...... 
U1 
0' 

c:: 
o 
::0 
~ 
~. 
~ 
0' 
C» 



Pb
207 

S2 . 

Method 

Fermi 
Formula 

Mass 
Spectra 

Adjusted 
Value 

. Accumu= 
·lative 
Decay 
Energy 

Mass 

207.05675 

207.0429:16 

207.0405:10 

. 207.03995 

Pb20S 
S2 F 0 erml 

Formula 20S.05Sl0 

Q-Value l08.0440±16 

Mass 
Spectra 20S.0409±13 

Adjusted 
Valuefrorn 
Duckworth .lOS.04l1*1l 

Reaction or Doublet Reference Masses 

Ba
13S 

= Pb
l07 

Ba
13S

::: 137. 95099±S3 

from Pb207 _ Pb20S .6.m 

Pb
207 ~n. y» Pb

20S 

Pb
207 

{d. p) Pb
lOS 

Pb20S (y. n) Pb
207 

Pb 208::: 20S .. 04100 
4 He ::: 4.00387 

n ::: 1. 0089S 

Neutron Binding Energies: 

Pb206-207 = 6. 73 Mev 

Pbl07-20S::: 7. 3S Mev 

Pb20S-209 = 3.S7 Mev 

Pb207 (no y) Pb
208 

Pb
207 = 207. 0~29±16 

Pb20S ('I, n) Pb
207 

Pb 207 (d, p) Pb
20S 

Pd104 _ Pb20S Pd
104= 103.93667*64 

• 

References 

H. E. Duckworth 
NY 0 -9 Sl, 4 - 1 8 -5 2 

G. T. Seaborg • 
R. A. Glass. 
S. Go Thompson. 
J.AoC.S .• tobe 
published 

H. E. Duckworth 
NYO-9S1, 4-18-52 
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\}1 
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0' 
00 



Method 

Pb208 

82 Time-of-
Flight 

Pb209 
82 F. erml 

Formula 

Accumu­
lative 
Decay 

. Energy 

Pb210 
82 .. 

Ferml 
Formula 

Accumu~ 

iative 
Decay 
Energy 

Mass Reaction or. Doublet 

2.08.0416±15 C
3

F 5 f, C 4F 7 f and 
f 

C 5F 9 standards 

209.06110 

209.04582 

210.06281 

210.04919 

"' 

• 
Reference Masses 

c = 12.003895 

F = 19.00445 

Pb
208 = 208.04100 

He
4 = 4.00387 

n -. 1.00898 

Neutron Binding Energies: 

Pb206-207 = 6.73 Mev 

Pb207-208 = 7.38 Mev 

Pb208-209 ~ 3.87 Mev 

Pb
208 = 208.04100 
4 4.00387 He = 

n = 1.00898 

Neutron Binding Energies: 

Pb206-207 = 6.73 Mev 

Pb207 -Z08 = 7. 38 Mev 

Pb208-209 = 3.87 Mev 

\ References 

P. 1. Richards et al 
Phys. Rev. 85, 
630 (1952); .~ 
BNL-1025. 11-8-51 

G. T .Seaborg. 
R.A.Glass. 
S. G. ThompSon. 
J. A. C.· S., to be 
published 

G. T~. Seaborg. 
R.'A.' Glass. 
S. G. ·ThompSon; 
J. A. C. S .• to be 
published 

....... 
01 
00 

c::: 
() 

~ 
~ 
~ 

"" 00 



Method 

8Z
PbZll 

Fermi 
. FormUla 

8ZPb2,12 

Accumu­
lative 
Decay 
'Energy 

Fermi 
Formula 

Accumu­
lative 
Decay 

.. Energy 

Mass 

211 .• 06596 

211.05410 

212.06793 

212.05750 

Reaction or Doublet 

\.jl 

Reference Masses 

Pb
208 

He
4 

= 208.04100 

... 4.00387 

= 1. 00898 n 

Neutron Binding Energies: 

Pb206-207 = 6. 73 Mev 

207 -208 - 7 38 Mev Pb -. 
208-209 - 3 87 Mev Pb .' - • 

Pb
208 

He
4 

= Z08. 04100 

4.00387 

1. 00898 n 

Neutron Binding Energies: 

Pb206-207 

Pb207-208 -

Pb208-209 : 

• 

6.73 Mev 

7.38 Mev 

3.87 Mev 

References 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A. C. 5., to be 
published 

G. T. Seaborg; 
R. A. Glass, 
S. G. Thompson, 
J. A. C. 5., to be 
published 

I ..... 
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Method 

Pb 214 
82 F' . erml 

83Bi206 

Formula 

Accumu­
lative 
Decay 
Energy 

Fermi 
. Formula 

Accumu­
lative 
Decay 
Energy 

• 
Mass 

214.07352 

214.06596 

206.05562 

2.06 . .04337 

. Reacticn .or Doublet 

(Value uncertain) 

• 
Reference Masses 

Pb
208 

He
4 

n 

= 208 • .04100 

4.00387 

1.00898 

Neutron Binding Energies: 

Pb 206 -207 == 6. 73 Mev 

Pb207 -208 = 7.38 Mev· 

Pb208-209 == 3.87 Mev 

Pb
208

== 208.041.00 

He 4 = 4.00387 

n = 1.00898 

Neutron Binding Energies: 

Pb206-207 == 6.73 Mev 

Pb207-208 = 7.38 Mev 

Pb2.o8-209 = 3.87 Mev 

References 

G. T. Seaborg~ 
R.. A. Glass. 

.. 

S. G. Thompson~ 
J. A. G.· S. $to be 
published 

G. T. Seabol'g~ 
R .. A. Glass$ 
S. G. Thompson~ 
J. A. C. S. ~ to be . 
published 

1-" 
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c: 
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C1' 
00 



Method Mass Reaction or Doublet Reference Masses References 

------------------------------------------------------------------------------------------------------------------_.-----
B

0207 
83 1 

83Bi208 

Fermi 
Formula 

Accumu­
lative 
Decay 
Energy 

Fermi 
Formula 

Accumu­
lative 
Decay 
Energy 

207.05659 

207.04263 

208.05901 

208.04415 

• 

Pb208 

He
4 

= 208. 04100 

= 4.00387 

1. 00898 n 

Neutron Binding Energies: 

Pb206-207 

Pb207 -208 -

Pb208-209 -

6.73 Mev 

7.38 Mev 

3087 Mev 

Pb
208 

He
4 

= 208.04100 

= 4.00387 

= L 00898 n 

Neutr on Binding Ener gie s : 

Pb206-207= 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

• 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson,. 
J. A. C. S., to be 
published 

G. T. Seabor g, 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S.» to be 
published 
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'" ...... 

c:: 
() 

~ 
t"' 
~ 
... ~ 
0" 
00 



B
,209 

83 l' 

BI·2lO 
83 

Method 

Fermi 
Formula 

Q"Value 

Timeo{)f .. 
Flight 

Accumu­
lative 
Decay 
Energy 

Fermi 
Formula 

Accumu­
lative 

. Decay 
.. Energy 

• 
Mass Reaction or Do,ublet 

209.06025 

209.0457:10 Pb208 (d. p) 

Pb209 (13-) 

Pb209 

Bi209 

. . + + 
209. 0466:1:15 . C 3F 5 ' C 4F 7 and 

C + . 5 F 9 as standards 

209.0~514 

Reference Masses 

Pb
208 = 208. 0421:1:i 2 

.0
12 = 12~003895 
19 . . 5 F = 19.0044. 

Pb
Z08 

He
4 

= 208.04100 

4.00387 

1.00898 n 

Neutron Binding Energies: 

210.06293 

.210.04912 

Pb206-207 = 6,73 Mev 

Pb207 -208 = 7. 38 Mev 

Pb208-209 -= 3.87 Mev 

Pb208 

He
4 

= 208.04100 

= 4.00387 

n -= 1.00898 

Neutron Binding Energies: 

Pb206-207 = 6. 73 Mev 

Pb207 -208 = 7.38 Mev 

PbZ08-209 = 3.87 Mev 

References 

H. E. Duckworth 
NYO-9fU. 4.-18 ... 52 

P. I. Richards. et al 
Phys. Rev. 85, 
630 (1952) -

G. T. Seabo1"g~ 
R. A. Glass. 
S. G. Thompson, 
J. A. C. g •• to be 
published 

G. T. Seaborg. 
R.· A. Glass. 
S. G. Thompson • 
J. A. C. S .• tobe 
published 

.­
a­
N 

c: n 
~ 
tot 
~ 
.~ 

a-
00 



B
0211 

83 1 

B
0212 

83 1 

Method 

Fermi 
Formula 

Accumu­
lative 
Decay 
Energy 

Fermi 
Formula 

Accumu­
lative 
Decay 
Energy 

Mass 

211. 06443 

21L05261 

212.06736 

212.05689 

• 

Reaction or Doublet Reference Masses 

Pb
208 

~ 208.04100 

He 
4 

= 4000387· 

n ... 1.00898 

Neutron Binding Energies: 

Pb206-207 =6. 73 Mev 

Pb207 -208 = 7.38 Mev 

Pb208-209::: 3.87 Mev 

Pb 208 _ 208.04100 

4.00387 

1.00898 

He
4 

n :: 

Neutron Binding Energies: 

Pb206-~07 = 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S., to be 
published 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S., to be 
published 
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Bi
2l3 

83 

B
- .214 

83 1 

• 
Method 

Fermi 
Formula 

Accumu­
lative 
Decay 

_ Energy 

_ Fermi 
Formula 

Accumu­
lative 
Decay 
Energy 

Mass 

213.06912 

2)3.06031 

214.07229 

214.06487 

Reaction or Doublet Reference Masses 

~---' 

Pb208 :: 208.04100 
4 

He = 4.00387 

n :: 1. 00898 

Neutron Binding Energies : 

Pb206-207 = 6. 73 Mev 

Pb207-208 = 7.38 Mev 

Pb208-209 = 3.87 Mev 

Pb208 = 208.04100 
4 

He = 4.00387 

n = 1. 00898 

Neutron BirrlingEnergies: 

Pb206-207 =6.73 Mev 

Pb 207 -208 = 7. 38 Mev 

Pb208-209 = 3.87 Mev 

References 

G. T. Seaborg, 
R. A. Glass. 
S. G. Thompsong 

J. A. C. S •• to be 
published 

G. T. Seaborg. 
R. A. Glass. 
S. G. Thompson. 
J. A. C. S.. to be 
published 
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B
o 2lS 

83 1 

84P0208 

Method. 

Fermi 
Formula 

Accumu~ 

lative 
Decay 
Energy 

Fermi 
Formula 

Accumu­
lative 
Decay 
Energy 

Mass 

215.07430 

215.06820 

208.05820 

208.04522 

Reaction or Doublet Reference Masses 

Pb 208 =208 .. 04100 
4 

He . 4.00387 

n = 1.00898 

Neutron Binding Energies: 

Pb206-207' =6. 73 Mev 

.. Pb207-Z08 =7.38 Mev 

Pb208-209 =3.87 Mev 

Pb 208 = 208.04100 

. He 
4 

= 4. 00387 

n 1.00898 

Neutron Binding Energies: 

Pb206-207 = 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209 = 3.87 Mev 

References 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson. 
J. A. C. S .• to be 
published 

G. T. Seaborg. 
R. A. Glass, 
S. G. Thompson. 
J. A. C. S., to be 
published 
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P 209 
84 0 

Method Mass 

Fermi 
Formula 209.06040 

Accurnu- 209.04721 
lative 
Decay 
Energy 

P 
210 

84 0 0 

FermI 
Formula 

Accumu­
lative 
Decay 

.. Energy 

210.06143 

210.04786 

Reaction or Doublet Reference Masses 

Pb208 _ 
4 He -

n = 

208.04100 

4.00387 

1.00898 

Neutron Binding Ener gie s : 

Pb206-207= 6.73 Mev 

Pb207-208:: 7.38 Mev 

Pb208-209 = 3.87 Mev 

Pb208 
:: 208.04100 

4 
4.00387 He = 

n = 1. 00898 

Neutron Binding Ehergies: 

Pb206-207:: 6. 73 Mev 

Pb207-208= 7. ;38 Mev 

PbZ08-209:: 3.87 Mev 

References 

G. T. Seabo\rg, 
R. A~ Glass, 
S. G. Thomps on, 
J. A. C. S .• to be 
published 

Go T. Seaborg. 
Ro A. Glass, 
S. G. Thornps onp 
J. A. C. S .• to be 
published 
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84
PoZll 

Method 

Fermi 
Formula 

Accumu­
lative 
Decay 

.. Energy 

84P0212 

Fermi 
Formula 

Accumu­
lative 
Decay 
Energy 

Mass 

2110 06390 

211.05196 

·212.06520 

212;05447 

Reaction or Doublet Reference Masses 

Pb2.08 _ 208.04100 

4.00387 

1.00898 

He
4 .-

n = 
Neutron Binding Energies : 

Pb206-207 = 6.73 Mev 

Pb207 -208 = 7.38 Mev 

Pb208-209 = 3.87 Mev 

Pb
208 = 208.04100 

He
4 = 4.00387 

n = 1.00898 

Neutron Binding Energies: 

Pb206-207 = 6. 73 Mev 

Pb207-208 = 7. 38 Mev 

Pb208-209 = 3. 87 Mev 

References 

G. T. Seaborg. 
R. A. Glass. 
S. G. Thompson. 
J. A. C. S .• to be 
published 

G~ T. Seaborg. 
R. A. Glass. 
S: G. Thompson. 
J. A •. C .. S •• to be 
published 
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"'" 0"-
00 



84
P0213 

Method 

Fermi 
Formula 

Accumu­
lative 

_Decay 
Energy 

P 
214 

84 0 . 
Fermi 
Formula 

ACCU1llU­

lative 
_ Decay 
Energy 

Mass 

213.06792 

213.05882 

214.06947 

214.06146 

Reaction or Doublet 

• 
Reference Masses 

Pb208 _ 

He 4 -

n -

208.04100 

4.00387 

1. 00898 

Neutron Binding Energies: 

Pb206-207 = 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb208 _ 

He
4 

n -

208.04100 

4.00387 

1.00898 

Neutron Binding Energies: 

Pb206~207 = 6. 73 M~v 
Pb207-208= 7_.38 Mev 

Pb208-209= 3 .. 87 Mev 

References 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thomps on, 
J. A. C. S., to be 
published 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thomps on, 
J. A. C. S., to be 
published 
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Method Mass Reaction or Doublet Reference Masses References 

-----------------------------------------------------------------

P0
215 

84 

P0216 
84 

Fermi 
Formula 

_Accumu­
lative 
Decay 
Energy' 

Fermi 
Formula 

Accumu­
lative 
Decay 
Energy 

215.07244 

.215.06604 

-216.07424 

216.06878 

Pb 208 :::208,04100 
4 . 

He = 4,00-387 

n = L 00898 

Neutron Binding Energies: 

Pb206 -207= 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb208 = 208. 04100 
4 

He = 4.00387 

n = 1. 00898 

Neutron Binding Energies: 

Pb206-207 = 6,73 Mev 

Pb207 -208 = 7. 38 Mev 

Pb208-209= 3.87 Mev 

G. T. Seaborg, 
R. A. Glass, 

. -S .. G.- Thoinpson, 
J. A. C. S., to be 
published 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thornps on, 
J. A. C. S., t,o be 
published 
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0' 

'" 

c:: 
() 

::tl 
t" 
N 
~ 
0' 
00 



84P0217 

84P0218 

Method 

Fermi 
Formula 

Accumu­
lative 
Decay 
Energy 

Fermi 
Formula 

Accumu~ 

1ative 
.. Decay 
Energy 

Mass 

217.07745 

217.07327 

218.07950 

218.07639 

• 
Reaction-oT Doublet Reference Masses 

Pb
208 = 208.04100 

He
4 = 4.00387 

n = 1.00898 

Neutron Binding Energies: 

Pb206-207 = 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb
208 = 208.04100 

He
4 = 4.00387 

n = 1. 00898 

Neutron Binding Energies; 

Pb206~207 = 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3. 8~ Mev 

References 

G. To Seaborg, 
R. Ao Glass, 
S. G. Thomps on, 
.1. Ao c. S., to be 
published 

Go T. Seaborg, 
R. Ao Glass, 
S. Go. Thompson, 
J. A. Co So. to be 
published 
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~ 
C1' 
00 



85At2JO 

At211 
85 

Method 

Fermi 
Formula 

Accumu­
lative 
~Decay 

. Ene!gy 

Fermi 
Formula 

Accumu­
lative 

. Decay 
Energy 

Mass 

~lO.06355 

210.05329 

211. 06437 

211. 05292 

Reaction or Doublet Reference Masses 

... 

{Value uncertain} Pb208 . = 208.04100 

He
4 

= 4.00387 

n = 1. 00898 

Neutron Binding Energies: 

Pb206-207: 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 1.87 Mev 

Pb208 = 208.04100 
4 4.00387 He = 

n = 1. 00898 

Neutron Binding Energies: 

Pb206-207= 6~ 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209 = 3.87 Mev 

References 

G. T; Seaborg, 
R. A. Glass, 
S. G.' Thompson, 
J •. Ao C. S., to be 
published 

Go T. Seaborg, 
R. A. Glass, 
S. G. Tb,omps on, 
J. A. C. S., to be 
published 
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At212 
85 

At 213 
85 

Method 

Fermi 
Formula 

Accumu­
lative 
Decay 

. Energy 

Fermi 
Formula 

Accumu­
lative 
Decay 
Energy 

Mass 

~12.06662 

212.05618 

2.13.06770 

213.Q5889 

• 
Rea-ctionor Doublet Reference Masses 

(Value uncertain) Pb
208 

= 208.04100 

He
4 

= 4.00387 

n = 1.00898 

Neutron Binding Energies: 

Pb206-201= 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb208 _ 

4 He -

n -

,. 
208.04100 

4.00387 

1000898 

Neutron Binding Energies: 

Pb206-207 = 6073 Mev 

Pb207 -208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seaborg. 
R. A. ,Glass. 
So G. Thompsonp 

J.A. C. S .• to be 
published 

Go T. Seaborg. 
R. A. Glass. 
So Go Thompson, 
Jo A. C. S .• to be 
published 
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0' 
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8sAt214 

At
215 

85 . 

Method Mass 

.Fermi 
. Formula 214.0702'1 

Accumu-214.06260 
lative 
Decay 
Energy 

Fermi 
Formula 215.07156 

Accurnu- 2,15.06523 
1atiye 

. Decay 
~ Energy 

ReactJ1.on or DoubAet Reference Masses 

Pb208 

He
4 

n 

= 
= 

= 

208.04100 

4.00387 

1.00898 

Neutron Binding Energies : 

Pb206-207 = 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb2,08-209= 3.87 Mev 

Pb 2,0 8 208.04100 

4.00387 

1.00898 

He
4 

= 

n = 

Neutron Binding EneI' gie s: 

Pb206-207= 6. 73 Mev 

Pb207-~m8= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

GoT. Seaborg. 
R. A. Glass. 
So G. Thomps on. 
J 0 A. c. S., to be 
published 

G. T. Seaborg, 
R. A. Glass. 
S. G. Thompson • 
J. A. C. S., to be 
published 
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00 



Metho'd 

At
216 

85 . F . erml 

At
217 

85 

Formula 

Accumu­
lative 
Decay 

.. ·.Energy 

Fermi 
Formula 

Accumu­
lative 

.Decay 
,Energy 

Mass 

216.07431 

216.06928 

217.07591 

217.07186 

.' 
Reaction or Doublet Reference Masses 

Pb208 ::: 208. 04100 
4 

He 

n 

= 4.00387 

1.00898 

Neutron Binding Energies: 

Pb206-207= 6,73 Mev 

Pb207-208::: 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb
208 

=208.04100 

He
4 

= 4.00387 

n = 1.00898 

Neutron Binding Energies: 

Pb206-207= 6.73 Mev 

Pb207-21l8= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seaborg, 
R.A. Glass, 
S. G. Thompson, 
J. A. C. S., to be 
published 

G. T. Seaborg, 
R. A. Glass, 
So G. Thomps on, 
J~ A. C. S., to be 
published 
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0' 
00 



8sAt2l8 

':A" 219 
85 t ' .. 

Method Mass 

Fermi 
Formula 218.07890 

Accumu- .. 218.07599 
lative 
Decay 

.' Energy 

Fermi 
Formula 

Accumu­
lative 
Decay 

. Energy 

219.08075 

219.07893 

Reaction. or Doublet Reference Masses 

Pb
208 

:: 208. 04100 
4 

He = 4.00387 

; n :: 1. 00898 

.f", 

Neutron Binding Energies: 

Pb206-207:: 6. 73 Mev 

Pb207-~08~ 7.38 Mev 

Pb208-209:: 3.87 Mev 

Pb
208 

He
4 

= 208. 04100 

:: 4 .. 00387 

:: 1.00898 n 

Neutron Bindi~g Energies: 

Pb206-207:: 6. 73 Mev 

Pb207-208:: 7.38 Mev. 

Pb208-l09:: 3.87 Mev 
\ 

References 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S .• to be 
published 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S., tobe 
published 
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B6Em212 

86Em215 

• 
Method Mass 

Fermi 
Formula 212.06644 

Accurnu- 212.05594 
lative 
Decay 
Energy 

Fermi 
Formula 215.07166 

Accumu- .215.06523 
lative 
Decay 
Energy 

• 

Reaction or Doublet Reference Masses 

Pb208 := 208.04100 . 

He
4 

= 4.00387 

n ,~ 1. 00898 

Neutron Binding Energies: 

Pb206-207:= 6,73 Mev 

Pb207-208= 7.38 Mev 

Pb 208 -209:= 3. 87 Mev 

Pb208 = 208.04100 

He
4 .- 4.00387 

n = 1. 00898 

Neutron .Binding Energies: 

Pb206-207 = 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seaborg. 
R. A. Glass. 
S. G. Thompson. 
J. A •. C. S .• to be 
published 

G. T. Seaborg. 
R. A. Glass. 
S. G. Thomps on, 
J. A. C. S.. to be 
published 
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86Em216 

86Em217 

Method Mass 

Fermi 
Formula 216. 07280 

Accumu:'" 216.06710 
1ative 
Decay 
Energy 

Fermi 
Formula 217,.07535 

Accumu- 217.07116 
lative 
Decay 

.. Energy 

Reaction or Doublet Reference Masses 

Pb208 . ::: 208.04100 

He
4 

::: 4.00387 

n ::: 1. 00898 , 

Neutron Binding En,ergies: 

Pb206-207: 6 73 Mev . . 

Pb207-208::: 7.38 Mev 

Pb208-209::: 3.87 Mev 

Pb208 ::: 208.04100 

He
4 = 4.00387 

n = 1.00898 

Neutron Binding Erergies: 

Pb206-207 = 6.73 Mev 

. Pb207-208= 7.38 Mev 

Pb208-209::: 3.87 Mev 

References 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S., to be 
published 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S .• to be 
published 
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86Em21B 

86Em219 

• 
Method Mass 

Fermi 
Formula 2.18.07675 

Accumu-l18. 07312 
lative 
Decay 

. Energy 

. Fermi 
Formula 219.07954 

Accumu'" 219.07737 
lative 

. Decay 
.. Energy 

• 
Reaction or Doublet Reference Masses References 

, -- --- --------~- .. ---.-.-~.-

Pb
208 

::: 208.04100 ,': 

.He 
4 

= 4.00387 

1.00898 

'.:;, 

n 

Neutron Binding Energies: 

Pb206-207~. 6. 73 Mev 

Pb207-208~ 7.38 Mev 

.Pb208-209:: 3.87 Mev 

Pb
208 

= 208.04100 

He 4= 4.00387 

n 1. 00898 

Neutron Binding Energies: 

Pb206-207 =: 6~73 Mev 

Pb207-208:: 7.38 Mev 

•. Pb208-209= 3.87 Mev 

G. T. Seaborg. 
R. A. Glass, 
S. G. Thompson. 
J. A. C. S., to be 
published 

G. T. Seaborg, 
R. A.G1ass, 
S. O. Thompson • 
J. A. C. S.» to be 
published 
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86Em220 

86Em221 

Method Mass 

Fermi· 
Formula 220.08119 

Accumu- 220.07951 
lative 

.Decay 
Energy 

Fermi 
Formula 221. 08422 

Accumu- 221.08358 
lative 
Dec.ay 
Energy 

• 

Reaction or Doublet Reference Masses 

Pb20S :: 2..08.04100 

He
4 

:: 4.00367 

n = 1. 00898 

Neutron Binding Energies: 

Pb206-207= 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb208 = 208.04100 

He
4 

= 4.00387 

n = 1. 00898 

Neutron Binding Energies : 

. 206-207_ 6 73 Mev Pb -. 
207-208_ 7 38 Mev Pb -. 
208-209_ 3 87 Mev Pb - . 

References 

C. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
,J. A. C. S., to be 
published 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thomps on, 
J. A. C. S., to be 
published 
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86Em222 

87Fr217 

• 

M(8thod Mass 

Fermi 
Formula 222.086"11 

Accurnu~ 222.08626 
lative 

· Decay 
· Energy 

Fermi 
Formula 217.07576 

ACCUlnu- 217.07184 
lative 

.. Decay 
· Energy 

Reaction or Doublet 

• 

Reference Masses 

Pb208:~208~ 04100' 7,' 

He 

n 

4:: 
4.00387 

1.00898 

Neutron Binding Energies : 

Pb206-'207~' 6.73 Mev 

Pb"207 -2~8~ 7. 38 Mev 

Pb208-209; 3.87 Mev 

Pb208 = 208.04100 
4 He " 4.00387 

n = L 00898 

Neutron Binding Energies: 

Pb206-207 = 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

"-

Go T. Seaborg. 
R. A. Glass, 
So . G. Thomps on, 
J. Ao CoS., to be 
published 

G. To Seab~rg, 
R. A. Glass, 
S." G. Thompson, 
J. A.C. S., to be 
published 
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. 87Fr2l8 

87Fr219 

Method Mass 

Fermi 
Formula 2,18.07809 

Accumu- 218.07506 
lative 

.Decay 
. Energy 

,Fermi 
Formula 219.07929 

Accumu;' 219.07709 
lative 

_Decay 
.. Energy 

Reaction or Doublet 
, 

Reference Masses 

Pb208 :: 208.04100 

He
4 

n 

4.00387 

1. 00898 

Neutron Binding Energies: 

Pb206-207:= 6.73 Mev 

Pb207-208: 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb208 
::= 208.04100 

4 He = 4.00387 

n = 1. 00898 

Neutron Binding Energies: 

Pb206-207:;: 6.73 Mev 

Pb207 ..,208:= 7~ 38 Mev 

Pb208-209:= 3.87 Mev 

References 

G. 'T. Seaborg, 
R. A. Glass, 
S. G. Thomps on, 
J. A. C. S., to be 
published 

C. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S., to be 
published 

-00 -

c:: 
n 
::0 
~ 
oN 
~ 
0' 
00 



87Fr220 

87Fr22l 

• 

Method Mass 

Fermi 
Formula. 220.08187 

Accumu- . 220.08047 
lative 
Decay 

.. Energy 

Fermi 
Formula 221. 08332 

Accumu- ·221. 08263 
1ative 
Decay 
Energy 

Reaction or Doublet Reference Masses 

Pb208 '::: .208.04100· 
- 4 .. 
He =.. 4.00387 

n j.= 1 •. "00898 

Neutron Binding Energies: 

Pb206-207= 6.73 Mev 

Pb207-208=·7. 38 Mev 

Pb208-209::: 3.87 Mev 

Pb208 ::: 208.04100 
4 

He =,' 4.00387 

n ::: 1. 00898 

Neutron Binding Energies: 
r 

Pb206-207 :::"6. 13 Mev 

Pb207-208::: 7.38 Mev 

Pb208-209::: 3. 87 Mev 

References 

G. T. Seaborg. 
R. A. Glass. 
S. G. Thompson. 
J. A. C. S .• to be 
pub~i~}}ed 

G. T. Seaborg. 
R. A. Glass. 
S. G. Thompson, 
J. A. C. S .• to be 
published 
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87Fr222 

" 

87Fr223 

Method Mass 

Fermi 
Formula 222.08614 

.Accumu- 2.22.08630 
lative 
Decay 
Energy 

Fermi 
. Formula 223; 08783 

Accumu- 223.08881 
lative 

_Decay 
. Energy 

Reaction or Doublet Reference Masses 

Pb208
:= 208, 04100 

4 
He := 4.00387 

n = 1. 00898 

Neutron Binding Energies:' 

Pb206-207= 6,73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb
208 

= 208.04100 
4 He :: 4.00387 

n= 1.00898 

Neutron Binding Energies: 

Pb206-207= 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

t' 

References 

G. T, Seaborg, 
R. A. Glass, 
S, G. Thompson, 
J. A. C. S., to be 
published 

G. T. Seaborg, 
R. A. Glass, 
S~ G.' Thompson, 
J. A. G. S .• to be 
published 
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88Ra2l9 

8SRa220 

• 
Method Mass 

Fermi 
Formula 219.08001 

Accurnu~ 219.07786 
lative 
Decay 
Energy 

Fermi 
Formula 22.0.08100 

Accurnu- 220.07910 
lative 
Decay 
Energy 

Reaction or Doublet Reference Masses 

~b208 = 208.04100 

He
4 

= 4.00387 

n = 1. 00898 

Neutron Binding Ener gie s ~ 

Pb206-207 = 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb208 = 208.04100 
4 4.00387 He . = 

n = 1. 00898 

Neutron Binding Energies: 

Pb206-207 = 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seaborg. 
R. A. Glass. 
S. G. Thompson. 
,J. A. C. S .• to be 
published 

G. T. Seaborg. 
R. A. Glass. 
S. G.' Thompson. 
J. A. C. S .• to be 
published 
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88Ra221 

88Ra222 

Method Mass 

Fermi 
.. Formula 221.08338 

Accumu- 221.08237 
lative 
Decay 

. Erergy 

Fermi 
Formula 222. 08463 

Accumu- 222.08417 
lative 
Decay 

. Energy 

• 

Reaction or Doublet Reference Masses 

Pb
208 

He
4 

n 

= 208.04100 

= 4.00387 

= 1.00898 

Neutron Binding Energies: 

Pb206-207= 6.73 Mev 

Pb207-208= 1.38 Mev 

Pb208-209= 3.87 Mev 

Pb
208 

= 208.04100 

He
4 

= 4.00387 

n = 1.00898 

Neutron Binding Energies: 

Pb206-207= 6.73 Mev 

Pb207 -208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seaborg, 
R. A. Glass, 
S. G .. Thompson, 
J.A.C.S.,tobe 
published 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S .• to be 
published 
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88RazZ3 

8 
Ra224 

8 

• 

Method Mass 

Fermi 
Formula 223.08725 

Accumu-223.08754 
lative 
Decay 
Energy 

Fermi 
Formula 2.24.08875 

Accumu- 2.24.08959 
lative 
Decay 
Energy 

Reaction or Doublet Reference Mas ses 

Pb2.08 = 2.08.04100 

He
4 

= 4.00387 

n = 1. 00898 

Neutron Binding Energies: 

Pb206 ~207:: 60 73 Mev 

Pb207 -208 = 7. 38 Mev 

Pb208-209= 3.87 Mev 

Pb 208 :: 208. 04100 
4 4.00387 He . - . 

n = 1.00898 

Neutron Binding Energies: 

206-207_ 6 73 Mev Pb - . 
207-208_ 7 38 Mev Pb - . 
208-2.09_ 3 87 Mev Pb - 0 

References 

Go To Seaborg, 
Ro Ao Glass, 
So Go Thompson, 
J. Ao Go S .• to be 
published 

G. T, Seaborg, 
R. A. Glass, 
So G~ Thompson, 
J. A. G. S., to be 
published 
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88Ra225 

88Ra226 

Met~od Mass 

.Fermi 
Formula 225.09161 

Accumu-225.09317 
lative 
Decay 
Energy 

Fermi 
. Formula 226.09334 

Accumu.;. 226.09535 
1ative 
Decay 
·Energy 

Reaction or Doublet Reference Masses 

Pb
208 = 208.04100 
4 

4.00387 He ::: 

n = 1.00898 

Neutron Binding Energies : 

Pb206 -207 = 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208 -209= 3.87 Mev 

Pb2,08 = 208.04100 

He
4 

= 4.00387 

n = 1.00898 

Neutron Binding Energies: 

Pb206 -207 = 6.73 Mev 

Pb207 -208= 7~ 38 Mev 

Pb208-209= 3,87 Mev 

References 

G. T. Seaborg, 
R. A. Glass, 
S. ·G. Thompson, 
J. A. C. S., tobe 
published 

G. T. Seaborg, 
R. A~ Glass. 
S. G. Thompson. 
J. A. C. S., to be 
published. 
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88RciZ27 

88RaZ28 

• 
Method Mass 

Fermi 
. Formula 227.09643 

Accumu- 227. 09949 
lative 
Decay 

, Energy 

Fermi 
Formula 228.09840 

Accumu- .228. 10177 
lative 

. Decay 
. Energy 

Reaction or Doublet Reference Masses 

Pb
Z08 

= 208.04100 

He
4 

= 4.00387 

n = 1.00898 

Neutron BirDing Energies: 

PbZ06:"20J= 6 73 Mev . . 

Pb207 -20B= 7.38 Mev 

PbZ08-209= 3.87 Mev 

, Pb208 
= 208. -04100 

He
4 

= 4.00387 

n = 10 00898 

Neutron BirrlingEnergies: 

Pb206-207 = 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

t .. 

References 

G. T. Seaborg~ 
R. A. Glass. 
S. G. Thompson. 
J. A. C. S. 9 to be 
published 

G. T. Seaborg. 
R. A. Glass. 
S. G. Thompson • 
J~' A. C. S .• to be 
published 
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88Ra229 

88RaZ30 

Method Mass 

Fermi 
Formula 229. 10171 

Acciunu-229. 10562 
lative 

.Decay 
jEnergy 

Fermi 
Forn1lia 230'.10391 

Accumu- 230'. 10844 
laHve 

.. Decay 
, Energy 

Reaction or Doublet Reference Masses 

Pb
208 = 208.04100 

He4. .. 4.00387 

n .- 1'.00898 

Neutron Binding Energies : 

,(Value uncertain) 

Pb2O'6-207= 6.13 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb
208 = 208.04100 
4 

4.00387 .He = 

n = 1. 00898 

Neutron Binding Energies: 

Pb2,06-,207 ~ 6. 73 Mev 

Pb207-208::: 7.·38 Mev 

. Pb208-z09:: :3.87 Mev 

References 

G. T. Seaborg, 
• R. A. Glass, 
S. G. Thompson, 
J. A. C. S., to be 
published 

G. T. Seaborg. 
R. A~ Glass. 
S. G. Thompson • 
J. A.C. S.; to be 
published 
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89Ac221 

89AC222 

Method Mass 

Fermi 
Formula 2.2L 08440 

Accurr.u~ 22L 08395 
lative 
Decay 
Energy 

Fermi 
Formula 222.08657 

Accumu-222.08655 
1ative 
Decay 

. Energy 

Reaction or Doublet Reference Masses 

Pb208 208.04100 

4.00387 

1.00898 

He
4 = 

n· = 

Neutron Binding Energies: 

Pb206 -207,;; 6. 73 Mev 

Pb207~208= 7.38 Mev 

Pb208-209= 3: 87 Mev 

Pb208 _ 208.04100 

4.00387 

L 00898 

He
4 

= 

n = 

Neutron Binding Energies: 

Pb206-207 = 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208~209= 3.87 Mev 

References 

G. T. Seaborg. 
R.· A. Glass. 
S. G. Thompson. 
J.A,C.S .• tobe 
published 

G. T. Seaborg. 
R. A. Glass. 
S. G. Thompson. 
J. A. C.' S .• to be 
published 
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89Ac223 

89AcZZ4 

Method Mass 

Fermi 
Fo.rmula 223.08762 

Accunl'u- 223.08822 
lative 

. Decay 
·Energy 

Fermi 
. Formula. 224.09004 

.Accumu- 224.09108 
lative 
Decay 

. Energy 

Reaction or Doublet Reference Masses 

.Pb
208 

= 208.04100 

He
4 .- 4.00387 

n = 1.00898 

Neutron Binding Energies : 

Pb206-Z07=6.73 Mev 

Pb207-208= 7.38 Mev 

R> 208-20 9= 3.87 Mev 

Pb208 ::: 208.04100 

He
4 

::: 4.00387 

n :: 1. 00898 

Neutron Binding Energies: 

Pb206-207:::. 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209,: 3.87 Mev 

References 

G. T. Seaborg, 
R. A. Glass, 
S •. G. Thompson, 
J. A. C. S., to be 
published 

G. T. Se aborg, 
R. A; Glass, 
S. G. Th,omps on, 
J. A. C. S., to be 
published 
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A ZZ5 
89' c ' 

, 2"6' 
89Ac c.. 

• 
, Method Mass 

Fermi 
Formula 225.09134 

,AccUmu-225.09283 
lative 
Decay 
Energy 

Fermi 
Formula 2.26.09399 , 
AccUmu- 226. 09602 
lative 
Decay 

, Energy 

Reaction or Doublet Reference Masses 

Pb208 ,= l08.04100 

He4 
= 4.00387 

n = i. 00898 

Neutron Binding Energies: 

Pb206 -2Q7::: 6.73 Mev 

Pb207 -208:;: 7.38 Mev 

Pb208-209 = 3. 87 Mev 

Pb208 = '208.04100 
4 

He" 4.00387 
',' 

n .= 1. 00898 

Neutron Binding Energies: 

Pb206-207:;: 6.73 Mev 

Pb207.Z08::: 7.38 Mev 

Pbl .o8 -209:;: 3.87 Mev 

References 

GoT 0 SeaboJ:'gp 
Ro AoG1ass, " 
So' 0-. Thompson. 
J. A. C. S.» to be 
publi!Jhed 

G. T. Seabor.g. 
R. A. Glass" 
S. G.' Thompson. 
J. Ao' C. S .• to be 
published 
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89Ac227 

Method Mass 

Fermi 
Formula 227.09553 

Accumu- 227.09809 
lative 
Deca-y 

,Energy 

Reaction or Doublet Reference Masses 

Pb
208= 208.04100 

He
4 . = 4~00387 

n = 1. 00898 

. Neutron Binding, Energies: 

Pb206 -207 = 6. 73 Mev 

Pb207 -208 

Pb208-209 

= 
:= 

7.38 Mev 

3.87 Mev 

References 

G. T. Seaborg. 
R. A. Glass. 
S. G. Thompson. 
J. A. C. S .• to be 
published 
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89Ac228 

89Ac229 

• 
Method Mass 

Fermi 
Formula 228.0.9842 

Accumu- 228. 10173 
lative 
Decay 

"Energy 

.Fermi 
Formula 229.100H,) 

Accurnu= 229. 10366 
lative 
Decay 
Energy 

Reaction 01' Doublet Reference Masses 

, Pb
208 

= Z08.04100 

He
4 .- 4.00387 

n = 1. 00898 

Neutron Binding Energies: 

PbZ06-Z07 = 6.73 Mev· 

Pb207-Z08= 7.38 Mev 

PbZ08-Z09= 3.87 Mev 

Pb
208 = 208.04100 

He
4 

= 4.00387 

n = 1. 00898 

Neutron Binding. Ener gies: 

Pb206~07::: 6. 73 Mev­

PbZ07-Z08= 7.38 -Mev! 

PbZ08-Z09= 3. 81 Mev 

References 

G. T. Seaborg. 
R. A. Glass, 
S. G. Thomps on, 
J. A. C. S., to be 
published 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S .• to be 
published 
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': .. ,;l;.; 

89AC230 

Th·.Z23 
90 . 

Method Mass 

Fermi 
For:mula 230. 10331 

Accumu-Z30.1072.2 
lative 

. Decay 
. Energy 

Fermi 
Formulall3.08894 

Accumu- 2l3.08998 
lative 
Decay 

,Energy 

.. Reaction or Doublet Reference Masses 

{Value uncertain» Pb
l08 

= 208.04100 
4 

4.00387 He .-
n = 1.·00898 

Neutron Binding Energies: 

Pb206-Z07 ~ 6.73 Mev 

Pb207-208= 7.·38 Mev 

Pb208-209: 3.87 Mev 

Pb
208 = 208.04100 

He
4 = 4.00387 

n = 1. 00898 

Neutron Binding Energies: 

Pb206.z07 = 6. 73 Mev 

Pb207-2.08: 7.38 Mev 

Pb208-209: 3.87 Mev 

References 

G. 1'., Seaborg, 
R. A~ Glass g 

S. G. Thompson, 
J. A. C. S. p to be 
published 

G. T. Seaborg, 
R. A.Glass, 
S. G. Thompson, 
J. A. C. S., to be 
published 
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Th224 
90 

Th
225 

90 

• 
Method Mass 

Fer:mi 
For:mula 224.08979 

Accu:mu- 224.09077 
lative 
Decay 
Energy 

Fer:mi 
For:mula 2.25.09201 

Accu:mu- 225. 09.342 
lative 
Decay 
Energy 

Reaction or Doublet Reference Masses 

Pb
208

= 208.04100 

He4 4.00387 

n = 1. 00898 

Neutron Binding Energies: 

Pb20S:-207= 6. 73 Mev 

Pb207-208= 7~38 Mev 

Pb208-209= 3.87 Mev 

Pb208 
= 208.04100 

He4 
= 4.00387 

n = 1.,00898 

Neutron Binding Energies: 

Pb206-207= 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208~09= 3.87 Mev 

References 

G. T. Seaborg. 
R. A. Glass. 
S. G. Tho:mpson, 
J.A.C.S.,tobe 
pubUshed 

G.T. Seaborg, 
R. A; Glass. 
S. G. Tho:mpson, 
J. A. C. S •• to be 
pUblished 
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90Th226 

90Th227 

Method Mass 

Fermi 
Formula l26.0931l 

Accumu- l26. 09498 
lative 
Decay 
~Energy 

. Fermi 
Formula l27.09557 

Accumu- 227.09800 
lative 
Decay 

, Energy 

Reaction or Doublet Reference Masses 

Pb
208 

= 208.04100 

He 4 
= 4.00387 

n = 1.00898 

Neutron Binding Energies: 

Pbl06 -207= 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209:i: 3.87 Mev 

Pbl08 ::: l08 .• 04100 

He4 
= 4.00387 

n = 1.00898 

Neutron Binding Energies: 

Pb206-207= 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209:: 3.87 Mev 

Referenees 

G. T. Seaborg, 
R. A. Glass. 
S. G. Thomps on~ 
J6 A. C. S. 9 to be 
published 

G. T. Seal,>org. 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S •• to be 
published 

...... 
~ 
-.J 

c:: 
() 

~ 
t"' 
N 
~ 
0' 
co 



Th228 
90 

Th229 
90 

Method Mass 

Fermi 
Formula' 228.09692 

Accumu- 228.09939 
lative . 
Decay 

. Energy 

Fermi 
Formula 229. 09961 

. Accumu- 229. 10252 
lative 
Decay 
Energy 

Reaction or Doublet Reference Masses 

Pb
208 

= 208.04100 

4.00387 

1. 00898 

He 
4 

n = 

Neutron BlndingEnergies: 

Pb2Q6-207 = 6. 73 Mev 

Pb207 -208= 7.38 Mev 

Pb208-209 = 3.87 Mev 

Pb
208 

= 208.04100 

He
4 .- 4.00387 

n = 1. 00898 

Neutron Binding Energies : 

Pb206 .,.207 = 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seaborg, 
R. A.G1ass, 
S. G. Thompsen. 
J. A. c. S., to be 
published 

G. T. Seaborg, 
R. A •. Glass, 
S. G. Thompson, 
J. A. C. S., to be 
published 
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Th230 
90 

geThZ31 

Method Mass 

Fermi 
Formula 2.30.10119 

Accuml,l- 230. 10433 
lative 
Decay 

. Energy 

.Fermi 
Formula 231.10411 

Accumu- 2.31. 10781 
1ative 

. Decay 
. Energy 

Reaction or Doublet Reference Masses 

Pb
208 = 

He
4 .-

n 

208.041DO 

4.00387 

1.00898 

NeutrQn Binding Energies: 

Pb206 -2.07::: 6.73 Mev· 

Pb207-,208= 7.38 Mev 

Pb2.08-Z.09 = 3.87 Mev 

Pb208 = 208.04100 

4.00387 

1. 00898 

He
4 = 

n = 
Neutron Binding Energies : 

Pb2.06 -2.07 = 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

O. T. Seaborg, 
R. A~ Glass. 
S. Go Thompson. 
J. Ao C. S .• to be 
published 

G. T ~ Seaborg. 
R. A. Glass. 
S. G ~ Thompson • 
J. A. C. S., to be 
published 
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90ThZ32 

90Th233 

Method Mass Reaction or Doublet 

Fermi 
Formula 2.32.10593 

Mass 
Spectra 

ACCUlllU­

lative 
Decay 
Energy 

232.1093.10 Fe58 _ Th232 

Sn1l6 _ Th232 

232.11001 

Reference Masses 

Fe
58 = 57.95106:25 

Sn1\6 :::: 115. 93761±48 

Pb
208 = 208.04100 
4 

He 

n 

= 4.00387 

1.00898 

Neutron Binding Energies: 

F.ermi 
Formula 233~ 10907 

Accumu- . .z.33. 11356 
lative 
Decay 
.Energy 

Pb206-207 = 6.73 Mev 

Pb207 -208= 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb
208

= 208.04:100 

He
4 -. 4 .. 00387 

n ::: 1.00898 

Neutron Binding Energies: 

PbZ06"'207 = 6.13 Mev 

Pb207 -208= 7.38 Mev 

Pb208.-209:: 3.87 Mev 

References 

G; S. Stanfordet al 
Pb.ys. Rev. 85.!039(1<p2} 
H. :E. Duckworth 
:N.yO:-981. 4-18..:52 
G. T. Seaborg, 
RoC A. Glass, 
S. G. Thompson. 
J.A.C.S.,tobe 
published 

G. T. Seaborg1 
R. A. Glass, 
S. G. T.hompson, 
J. A. C. S .• to be 
published 
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23 
90Th 4 

Th2.35 
90 

Method Mass 

Fermi 
Formula 234. 11 112 

Accwnu- 234. 11609 
lative 
Decay 

.. Energy 

Fermi 
Formula 235. 11448 

Accu:mu- 2.35. 12009 
lative . 
Dec·ay 

,Energy 

Reaction or Doublet Reference Masses 

• 

Pb
208 = 
4 He ::: 

2.08.04100 

4000387 

1. 00898 n = 
Neutron Binding Ertergie's: 

Pb2,06~207::: 6.73 Mev 

Pb207-208= 1.38 Mev 

Pb208-209 = 3.81 Mev 

Pb
208 = 208.04100 

He
4 = 4.00381 

n .. 1.00898 

Neutron Binding Energies: 

Pb206 .".207 = 6. 73 Mev 

Pb207=208=1.38 Mev 

Pb208-209: 3.87 Mev 

References 

Go To Seaborg. 
Ro Ao Glass. 
S. G. Thompson. 
Jo A. Co So. to be 
published 

G. To Seaberg. 
Ro A. Glass. 
S. G. Thompson. 
Jo A. C. So. to be 
published 
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91 Pa 225 

91 Pa
226 

Method Mass 

Fermi 
Formula 225.09363 

Accumu- . 225. 09573 
lative 
Decay 

. Energy 

Fermi 
Formula 226.09564 

Accumu- 226.09786 
lative 
Decay 
Energy 

Reaction or Doublet Reference Masses 

Pb
iW8 

= 208 .• 04100 
4 

4.00387 He .-

n = 1.00898 

Neutron Binding Energies: 

Pb206-207 = 6. 73 Mev 

Pb207 -208:: 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb
208 

= 208.04100 

4.00387 

1. 00898 

He
4 

= 

n :: 

Neutron Binding Ener gies: 

Pb206-207 = 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seaborg. 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S .• to be 
published 

G. T. Seaborg, 
R,. A.Glass, 
S. G. Thompson, 
J. A. C. S., to be 
published 
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91PaZ27 

91Pa228 

Method Mass 

Fermi 
Formula 227.09654 

Accumu- 227.09916 
lative 
Decay 

,Energy 

Fermi 
,Formula 228.0988P 

Accumu-228.10161 
lative 
Decay 
Energy 

Reaction or Doublet Reference Masses 

Pb208 = 2.08.04iOQ, 

He 
4 

= 4.00387 

n·= 1.00898 

NeutrmBinding Energies: 

Pb2.06-207 = 6. 73 Mev 

Pb207-208:: 7.38 Mev 

Pb208-209 = 3.81 Mev 

Pb
208 = 208.04100 
4 

4.00387 He = 

n = 1.00898 

Neutron Binding Energies: 

Pb2,06,-207= 6. 73 Mev 

Pb207-208= 7. 38Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seabor g. 
R. A. Glass. 
s. G. Thompson. 
J. A. C. S •• to be 
published 

G. T. Seaborg. 
R. A. Glass. 
S. G. Thompson. 
J. A. C. 5 .• tobe 
published 
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91 Pa 229 

91 Pa
230 

I~ 

(-

.;:; 

;: 

• 
Method Mass 

Fermi 
Formula Z29.09995 

Accumu- . 229. 10292 
1ative 
Decay 
·Energy 

Fermi 
Formula 230. 10244 

Accurnu- 230. 10575 
1ative 
Decay 
Energy 

Reaction or Doublet Reference Masses 

Pb 208 . = 208.04100 

He
4 

= 4.00387 

n = 1. 00898 

Neutron Binding Energies: 

Pb206-207 = 6. 73 M~v 
Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb
208 

= 208.04100 

4.00387 

1.00898 

He
4 

= 

n = 

Neutron Binding Energies: 

Pb206-207 = 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208:...209= 3.87 Mev 

• 
References 

G. T. Seab~rg, 
R. A. Glass, 
S. G. Thompson. 
J. A. C. S., to be 
published 

G. T. Seaborg. 
R. A. Glass, 
S. G •. Thompson. 
J., A. C. S., to be 
published 
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91 Pa
Z31 

91 Pa
23Z 

\ " 

Method MaSlS 

Fermi 
Formula 231. -10383 

Accumu- 231. 10746 
lative 
Decay 
Energy 

Fermi 
For.mula 232. 10656 

"Accumu- 232. 11 049 
lative 
Decay 

. Energy 

Reaction or Doublet Reference Masses 

Pb
208 = 208.04100 
4 

4.00387 .He = 
n = 1.00898 

Neutron Binding Energies: 

Pb206 ...,tW7::. 6. 73 Mev 

Pb207-208=7. 38 Mev 

Pb208 <.209::: 3.87 Mev 

Pb208 = .208.04100 

He4 ::. 4~OO387 

n = 1. 00898 

Neutr.onBinding Energies: 

Pblb6-Z07= 6. 73 Mev 

Pb207~208= 7.38 Mev 

Pb208-'-209 = 3. 81 Mev 

References 

Go T. Seaborg •. 
R. Ao Glass. 
S. Go Thomps ani 
J. A . • C.< S •• to be 
published 

G. T. Seaborg. 
Ro A. Glass, 
S. G. Thomps on. 
J. A. C~ 5 .• to be 
published 
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23 
91 Pa 3 

91 Pa
234

. 

Method Mass 

Fermi 
Formula 233. 10818 

Accurnu- ,233. 1.1223 
1ative 
Decay 
~'Energy 

Fermi 
Formula 234. U113 . '., . '. 

Accurnu- 234. 11559 
1ative 
Decay 

. Energy 

,Reaction or Doublet Reference Masses 

Pb208 :: 208.041.00 

He
4 

= 4.00387 

n ::: 1. 00898 

Neutron Binding Energies: 

Pb206-207::: 6. 73 Mev 

Pb207-208::: 7.38 Mev 

Pb208-209= 3.87 Mev. 

Pb208 :: 208.04100 

He4 = 4,.00387 

n ::: 1. 00898 

Neutron Binding Energies: 

Pb206~207::: 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3. 87 Mev 

References 

G. T. Seaborg. 
R. A. Glass, . 
S~ G. Thompson, 
J. A. C. S., to be ' 
published 

G. T. Seaborgp 
R. A. CHeiss.' 
S~ G. Thompson, 
J. A.' C. S.; to be 
published 
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91PaZ35 

UZ27 
92 ' 

Method Mass 

. Fe:nni 
Formula 235.11299 

Accumu= 235.11819 
lative 

: Decay 
. Energy 

Fermi 
FornlUla 227.0'9845 

Accumu=ZZ7.1015Z 
lative 
Decay 

, Energy 

.. -"-

Reaction. or' D ooblet 

• 

Reference Masses 

Pb2.08 : = 208.04100 
4 

He= 4.00387 

n ::: 1.00898 

Neutron Binding Energies: 

Pb206-Z07 = 6.73 Mev 

Pb207~208= 7.38 Mev 

Pb208 =209 = 3.87 Mev 

Pb
208 

= 208.04100 

He
4 

= 4.00387 

n .- L 00898 

Neutron Bindihg Energies: 

Pb206Q207: 6. 73 Mev 

Pb207 .;,.208= 7~ 38 Mev 

Pb208-209:3.87 Mev 

References 

Go To Seaborg, 
R. A. Glass p 

So G. Thomps onp 
J. A. CoS. p to be 
published 

Go T. Seaborg. 
Ro Ao GlasB p 

S. G. Thomps onp 

j. A. C . S. p to be 
published 
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'Ul 2.8 
92" ' 

'. 229 
92U . 

• 
Method Mass 

Fermi 
,Formula 228.09916 

Accurnu-2Z8. 10193 
lative 
De c:ay 
Energy 

, Fermi 
Formula 

.Accumu­
lative 
Decay 
Energy 

2.2.9.101.2.2. 

. 2.~9.10431 

Reaction or Doublet Referenc.e MasBes 

Pb
208 = 208.04100 

H4 e ,- 4.00381 

n .- 1.00898 

Neutron Binding 'Energies: 

Pb2.06..,Z07 = 6. 73 Mev 

Pb2.07-Z08; 7: 38 Mev 

Pb2.08-Z09= 3.81 Mev 

Pb208 :: 208.04100 

He4 - 4.00381 

n = 1. 00898 

Neutron Binding Energies: 

PbZ06-l0't = 6. 73 Mev 

PbZ01 .;.2.08:: 1.38 Mev 

Pb208-Z09:: 3.87 Mev 

References 

G. T. Seaborg. 
R. A. Glass. 
S. G. Thomps'on. 
J. A .. C. S .• to be 
published 

G. T. Se,aborg • 
R. A. G~ass. ' 
S. G. Thompson. 
J. A. C. S .• to be 
published ' 
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UZ,30 
92 

Method Mass 

F'ermi 
Formula 230. Hl218 

Accumu= 230. 105.Z8 
ladve 
Decay 
Energy 

Reaction 'or Doublet Reference Masses 

Pb208 :: 208.04100 
4 4.00387 He = 

n = 1. 00898 

Neutron Binding Energies: 

.. 

Pb 206-2.07 =6. 13 Me'v 

Pb207 =208= 7.38 Mev 

Pb208 -209= 3.87 Mev 

References 

G. T. Seaborg. 
R. Ao Glass s 

S. G. Tho:mps.on. 
J. A. C. S .• to be 
published 
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U
231 

9i 

92
U232 

• 
Method Mass 

Fermi 
Formula 231. 10448 

Accumu- 231. 10783 
lative 
Decay 

,Energy 

Fermi 
Formula 232. 10568 

Accwnu- ,2.32.10907 
lative 
Decay 

"Energy 

• 
Reaction or Doublet Reference Masses 

Pb
208 = 208.04100 
4 

4.00387 He .-. 

n ~ 1. 00898 

Neutron Binding Energies: 

Pb206 ... 207 = 6.,73 Mev 

Pb207""208= 7 •. 38 Mev 

PhZ08-209= 3~ 87 Mev 

Pb208 = ZOa.04100 

He
4 = 4.00387 

n = 1. 00898 

Ne1.ltron Binding Energies: 

PbZ()6."Z07;, 6.73 Mev 

PbZ07-208=70 38 Mev 

PbZ08 =Z09:i: 3 0 87 Mev 

" 
References: 

Go To. Seaborg. 
R. A. Glass~ 
S. G. Thompson. 
J., A. C. So. to be 
published 

Go T. Seabor g. 
R. A. Glass. 
S. G. Thomps on. 
J. A. C. S.. to be 
published 

I· 

N ...... 
o 

~ 
(") 
J:O 
t"' 
N 
,j:o. 
0' 
00 



U233 
92 

U
234 

92 .. 

Method Mass 

Fermi 
Formula 233. 10821 

Accumu= 233.11167 
lative 
Decay 
Energy 

Fermi 
Formula 234. 10965 

Mass 
Spectra ·234. 1133%11 

234.1129%10 

234.1131%10 

Accumu- 234.11341 
1ative 
Decay 

_ Energy 

Reaction or Doublet Reference Masses 

Pb
Z08 = 208.04100 
4 

4. 00387 He = 

n = 1.00898 

Neutron Binding Energies : 

Ph 206 - 207:::: 6. 73 Mev 

Pb207 .. Z08::::7. 38 Mev 

Pb208 =209= 3.87 Mev 

Sn 11 7 _ U234 Sn 117 = 116.93957::1::45 

Adjusted value in Phys. Rev. 85~ 1039 (1952) 

Adjusted value in NYO-981. 

Pb208 = 208.04100 

He
4 

n 

= 
= 

4.00387 

1.00898 

Neutron Binding Energies : 

Pb206-207 = 6.73 Mev 

Pb207-:-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seaberg. 
R. A .. Giass. 
S~ G. Thomps.on. 
J. A. G. S. ~ to be 
published 

G. S. Stanfordet al 
Phys. Rev. 85~ 
1039 (1952);-
H. E. Duckworth 
NYO-981. 4-18-52 
a:-T-:-Seabor g ~ 
R. A. Glass, 
S. G. Thompson. 
J. A. G. S •• to be 
published 
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U
235 

92 

U2)6 
92 . 

Method Mass Reaction or Doublet 

· Fer:mi 
· For:mula 235.11240 

Q-Va1ue 235. 1156:1:10 U
235 

(0.) Th
231 

Th
232 (y. n) Th

231 

Accumu... 235. 11668 
1ative 

. Decay 
, Energy 

Fer:mi 
. Formula 236. 11408 

Accurnu- .. 236. 1 I 880. 
lative 

· De<:ay 
, Energy 

• 
Reference Masses 

Th232 ::: 232. 1093:1:10 

Pb
208

= 

H 
4 e :: 

n ::: 

208.04100 

4.00387 

1. 00898 

Neutron Binding Energies: 

Pb206-207 _ 

Pb207-208 -

Pb208-209: 

Pb
208

= 4 . 
He ::: 

n 

6.73 Mev· 

7.38 Mev 

3.87 Mev 

208.04100 

4.00387 

1. 00898 

Neutron Biilding Energies: 

. Pb206-207= 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

G. S~ Stanfordet a1 
Phys. Rev. 85, 
103 9( 1952);-
H.·· E. Duckwor.th 
NYO-981, 4-18.;.52 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thomps on, 
J. A. C .. S., to be 
published 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A •. C. S., to be 
published 
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U
237 

92 

U
238 

92 

Method Mass Reaction or Doublet Reference Masses 

Fermi 
Formula 237. 11705 

Accumu- 237.12199 
lative 
Decay 
Energy 

Fermi 
Formula 238. 11895 

Mass ll9 238 
Spectra 238. 1234±10 Sn - U 

238. 1241±10 Adjusted Value 

Accumu- 238.12454 
lative . 
Decay 

.. Energy 

Pb
208

= 208.04100 

He
4 

n 

= 
= 

4.00387 

.1. 00898 

Neutron Biilding Energies: 

Pb206-207 = 6.73 Mev 

Pb207-208= 7.38 Mev. 

Pb208 -209= 3,87 Mev 

Sn l19 = 118. 94048±43 

Neutron Binding Energies: 

Pb206 -207 = 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb
208 = 
4 

He = 
n = 

208.04100 

4.00387 

1.00898 

References 

G.. T •. Seabor g. 
R. A. Glass. 
S. G. Thompson. 
J. A. C. S .• to be 
published 

G. S~· Stanfo·rd et ·al 
Phys. Rev. 85. 
1039 (1952};-
H .. E. Duckworth 
NYO-981. 4-18 -52 

G. T. Seaborg. 
R. A. Glass. 
S. G. Thompson. 
J. A. C. S •• to be 
published 
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" U239 
92 

U
240 

92 

Method Mass 

Fermi 
Formula 239. 12214 

Accumu-239.12833 
lative 
Decay 

" Energy 

Fermi , 
Formula 240. 12426 

Accumu- 240.13101 
lative 
Decay 

"Energy 

• 
R~action or Doublet Reference Masses 

o 

• 

0"& 
Pb208 _ 

4 He ::: 

208.04100 

4.00387 

1. 00898 n ::: 

Neutron Binding Energies: 
• 
~~b206-207::: 6. 73 Mev 

Pb207-208= 

Pb208-209= 

Pb208 ::: 
4 

He = 
n ::: 

7. 38 Me~ 

3.87 Mev 

20Ir.04100 

4.00387 

1. 00898 

Neutron Binding Energies: 

Pb206-207 =6. 73 Mev 

Pb207"-208= 7.38 Mev 

Pb208-209 = 3.87 Mev 

-<' 

References 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson. 
J. A. C. S., to be 
published 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thomps on, 
J. A. C. S., to be 
published 
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Method Ml.sS Reaction or Doublet Reference Masses 

Neut~,on Binding Energies: 

Pb206-207 = 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

• 

References 
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93NP233 

93Np234 

Method Mass 

Fe.rmi 
Formula 233.10915 

Accumu- 233. 11284 \ 
lative 
Decay 
Energy 

. Fermi 
Formula 234. 11148 

Accumu- 234. 11540 
lative 

. Decay 
Energy 

•• 
Reaction or Doublet 

• 
Reference Masses 

Pb208 :::. 208.04100 
4 

He = 4.00387 

n = 1.00898 

Neutron Binding Energies: 

Pb206-207 = 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb208 :: 
4 

He = 
n :: 

208.04100 

4.00387 

1,00898 

Neutron Binding Energies: 

Pb206-207 = 6.73 Mev 

Pb207-208:: 7.38 Mev 

Pb208-209:: 3.87 Mev 

References 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S., to be 
published 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thomps on, 
J. A •. c. S., to be 
published 
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93NP235 

93NP236 

Method Mass 

Fermi 
. Formula 235. 11273 

Accumu- 2.35. 11687 
lative 
Decay 
Energy 

Fermi 
Formula 236.11529 

Accumu- 236.11978 
lative 
Decay 

.... Energy 

• 

Reaction or Doublet Reference Masses 

Pb
208

= 208.04100 
4 

He = 4.00387 

n 1. 00898 

Neutron Binding Energies : 

Pb206-207::: 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb208= 208.04100 
4 

He = 4.00387 

n= 1.00898 

Neutron Binding Erergies: 

Pb206-207 = 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seaborg~ 
R. A. G1ass~ 
S. G·. Thompson. 
J .. A .. C. S. ~ to be 
published 

G. T. Seaborg~ 
R. A. Glass. 
S. G. Thomps on. 
J. A. C. S.; to be 
pub.lished 
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93NP237 

93NpZ38 

Method Mass 

. Fermi 
.. Formula. 237.11677 

Accumu~ 237.1li43 
lative 

. Decay 
··Energy 

Fermi 
. Formulal38. 11956 

Accumu- ~38.1l464 
lative 
·Decay 

... ·Energy 

. Reaction or Doublet 

• 
Reference Masses 

PblO~= l08.04100 
4 He' = 4.00387 

n 1. 00898 

Neutron Binding Energies: 

Phl06 =107 = 6.73 Mev 

Pbl07-Z08= 7.38 Mev 

Pbl08-l09= 3.87 Mev 

Pbl08: lOa.04100 
4 

He 

n 

= 4.00387 

1.00898 

Neutron Binding Energies: 

Pbl06-l07 = 6. 73 Mev 

Pbl07 =108= 7.38 Mev 

Pbl08-l09= 3.87 Mev 

References 

G .. T. Seaborg, 
R. Ao Glass, 
S. G. Thomps on, 
J. A.· C. S., to be 
published 

Go T.· Seaborg, 
R. A~Glass. 
S~· G.· Thompson, 
J. A. Co So, to be 
published 

N ..... 
00 

c:: 
() 

~ 
t"' 
.~ 

~ 
0' 
00 



Method Mass 

239 
93

Np 
.. Fermi 

Forfilula 239.12127 

. Ac:cumu- 239.12695 
1ative 
Decay 
~Energy 

N 240 
93 p 

Fermi 
Formula 240.12427 

Accumu- 240. i3063 
lative 
Decay 

_ Energy 

Reaction 01' Doublet Reference Masses 

Pb
208= 208.04100 

He
4 .::: 4000387 

n = 1.00898 

Neutron Binding Energies: 

Pb206-207 :: 6.73 Mev 
Pb207-208:: 7.38 Mev 
Pb208-209:: 3.87 Mev 

Pb
208= 208.04100 

He
4 = 4.00387 

n = 1. 00898 

Neutron Binding Energies: 

. Pb206-207:: 6. 73 Mev 

Pb207~208= 7.38 Mev 

Pb208 -209:: 3.87 Mev 

References 

Go To Seaborg. 
Ro A. Glass. 
S. Go Thompson. 
Jo Ao G. S.» to be 
published 

G. T. Seaborg. 
Ro Ao Glass. 
s. Go Thompson. 

. Jo A. Go So. to be 
published 
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93NP241 

Pu
232 

94 . 

Method Mass 

Fermi 
Formula 241. 12620 

Acc'umu- 241. 13281 
lative 

. Decay· 
Energy 

Fermi 
Formula 232.10910 

Accumu- 232. 11300 
lative 

JDecay 
Energy 

• 
Reaction or Doublet Reference Masses 

(Value uncertain) Pb
208

= 208.04100 

He 4 

n 

= 
= 

4.00387 

1.00898 

Neutron Binding Energies: 

. Pb206-207 = 6.73 Mev 

Pb207 -208: 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb
208 = 
4 

He = 
,n 

208.04100 

4.00387 

1. 00898 

Neutron Binding Energies: 

Pb206 ..;207 = 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209: 3.87 Mev 

References 

G. T. Seaborg, 
R. A.Cilass, 
S. G. Thomps on.· 
J. A ... c. S., tobe 
published . 

G. T. Seab~rg, 
R. A. Glas~~ 

. S. G. Thomps on, 
J. A. C. S~, to be 
published 
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234 
94Pu 

'Pu2J5 
94 

Method Mas~ 

.Fermi 
Formula 234. 11183 

Accunn\l.~ ,234. 11592 
lative 
Decay 

, Energy 

_Fermi 
Formula -235. 11397 

Accumu- 235.11809 
lative 
Decay 
Energy 

Reaction or Doublet 

• 

Reference Masses 

pi,208= 208.04100 
4 He = 4.00387 

n= 1.00898 

Neutron Binding Energies: 

Pb206-207= 6. 73. Mev 

Pb207 -208= 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb
208 = 208.04100 
4 

He 

n 

= 

= 
4.00387 

1. 00898 

Neutron Binding Energies: 

Pb206 ... 207:: 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

, 

References 

G. T. Seabcu-g. 
R. A. Glass. 
S. G. Thompson. 
J. A •. C. S •• to be 
published 

G. T. Seaborg, 
R. A. Glass; 
S. G. Thomps on. 
J. A. C. S .• to be 
published 
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p236 
94 u 

. p .. 237 
94 u 

Meth.od Mass 

Fermi . 
. Formula 236.11503 

Ac:cumu- ~l6. 11922 
lative 
Decay 
Energy 

' .. 

. Fermi 
Formula 237. 11740 

Accumu ... 2.37.12168 
lative 

. Decay 
.' Energy 

Reaction or Doublet 

• 
Reference Mass.es 

'Pb208: 208.04100 
. 4 

He = 4. OO~87 

n 1.00898 

Neutron Binding Energies ~ 

Pb206-20 7 = 6. 73 Mev 

Pb207~208:: 7.38 Mev 

Pb208-209::: 3.87 Mev 

. Pb208 :: 208. 04100 
4 . 

. He. = 4. 0~387 

n =1.00898 

Neutron Binding Energies: 

Pb206 -207:: 6. 73 Mev 

Pb207-208:: 7.38 Mev 

Pb208 -2.09:. 3.87 Mev 

References 

G. T. Seaborg. 
R. A. Glass. 
S. G. Thompson. 
J. A. C. S •• to be 
pub!ished 

G. T. Seaborg. 
R. A. Glass. 
S. G. Thompson • 
J. A .. C. S •• t.o be 
published 
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. Pti238 
94 

Pu239 

94 

Method Mass 

Fermi 
Formula 238. 11870 

Accumu- 238. 12328 
lative 
Decay 

. Energy 

. Fermi 
.Formula 239.12.129 

Accumu- .239. 12.618 
lative 
Decay 

,Energy 

Reaction or Doublet Reference Masses 

Pb208~ 208.04100 

He
4 

:: 4.00387 

n :: 1. 00898 

Neutron Binding Energies : 

Pb206 :,,207= 6.73 Mev 

Pb207-208::: 7.38 Mev 

Pb208-209= 3.87 Mev 

. Pb208 = 208.04100 
4 

He= 4.00387 

n = 1. 00898 

Neutron Binding E.nergies: 

Pb206-207 = 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A .. C. S. J to be 
published 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A.C. S. J to be 
published 
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94Pu240 

9}?U
241 

Method Mass 

Fermi 
. Formula 240. 12282 

Accumu<e 240. 12831 
lative 
Decay 

· Energy 

Fermi 
Formula 2.41. 12563 

Accurnu- 241.1~137 
lative 

· Decay 
· Energy 

Reaction or Doublet Reference Masses 

-Pb208 ::: 
4 He ::: 

n :: 

Z08~04100 

4~00387 

1.00898 

Neutron Binding Energies: 

Pb206 -207:: 6. 73 Mev 

Pb207~208= 7.38 Mev 

Pb208.,.209~ 3.87 Mev 

Pb208 ::: 208 •. 04100 
4 . 

He :: ·4.00387 

n :: 1 .• 00898 

Neutron Binding Energies : 

Pb206 -207 = 6073 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seaborg. 
R. A.· Glass. 
S. G. Thomps on. 
J. A. C. S .• to be 
published 

G. T. Seaborg, 
R. A; Glass. . 
So G. Thompson, 
Jo A. CoSo. to be 
published 
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94Pu242 

P 243 
94 u -

Method Mass 

,Fermi 
Formula 242.12739 

Accwnu- 242. 13375 
~ative 
Decay 

_,Energy 

Fermi 
-Formula 243. 13042 

AccUInu-243.13726 
lative 

_Decay 
Energy 

'­'---

Reaction or Doublet Reference Masses 

Pb
208

= 208.04100 
4 -

He = 4.00387 

n = 1. 00898-

Neutron Binding Energies: 

Pb206-207_ 

Pb207-208= 

Pb208-209: 

6.73 Mev 

7.38 Mev 

3.87 Mev 

Pb208 = 208.04100 
4 He = 4.00387 

n= 1. 00898 

Neutron Binding Energies: 

Pb206 -207 = 6. 73 Mev 

Pb207-208: 7.38 Mev 

Pb208 -209= 3.87 Mev 

References 

G. T. Seabor.g. 
R. A. Glass. 
S. G. Thompson, 
.T. A .. C. S .• to be 
published 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thomps on, 
J. A. C. S., to be 
published 
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9S
Aml37 

! 't 

9S
Arnl38 

Method 

Fermi 
··Formula 

Mass 

l37.11·893 

Accumu- l37.1l3l7 
lative 
Decay' 
Energy 

:-, • ~- ,"A 

, "'1, 

:-. ~.' 

",.'J. 

Fermi 
.. Formula 238. 12111 

Accumu- .238. il571 
lative 
Decay 
Energy 

Reaction or Doublet 

• 

Reference Masses 

. Pbl08 =108. 04100 
"4 

He 

n 

::: 4. 00387 

1.00898 

Neutron Binding Energies: 

Pbl06-:-l07:: 6. 73 Mev 

Pbl07-208= 7.38 Mev 

Pbl08-l09::: 3.81 Mev 

Pbl08 = l08. 04100' 

He 4 = 4.00387 

n ~ 1.00898 

Neutron Binding Energies: 

Pbl06-l07:: 6.73 Mev 

Pbl07-l08= 7.38 Mev 

Pb208-l09= 3.87 Mev 

References 

G. T. Seaborg, 
R. A.· Glass. 
S. G. Thomps on, 
J. A. C. S., to be 
published 

.. l 

-.. ~ 

G. T. Seaborg. 
R •. A. Glass. 
S. G. Thomps on, 
J. A. C. S .• to be 
published 
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00 



Method Mass 

A 239 
95 m 

Fermi 
Formula 239. 12222 

Accurnu- 239. 12702 
lative 

_ Decay 
. Energy 

95
Am 240 

Fermi 
Formula 240.12462-

Accumu- 240.12988 
lative 
Decay 

.. Energy 

Reaction or Doublet Reference Masses 

Pb20~:i 208.04100 
4 

4.00387 He . = 

n .- 1.00898 

Neutron Binding Energies : 

Pb206-207 = 6.73 Mev 
Pb207-208= 7.38 Mev 
Pb208-209= 3.87 Mev 

Pb
208 = Z08.04100 

He
4 

= 4.00387 

n = 1. 00898 

Neutron Binding Energies: 

Pb206-207 = 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208 -209= 3.87 Mev 

References 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thomps on, 
J. A. C. 5., to be 
published 

G. T. Seab~rg, 
R. A. Glass, 
S. G. Thompson, 
J. A. C. 5., to be 
published 
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94Am24l 

95AmZ42 

Method Mass 

Fermi 
Formula 241. 12596 

Accumu~ 241. 13135 
lative 

. Decay 
Energy 

Fermi 
Formula 2.42. i2859 

Accurnu- 242. 13445 
lative 
Decay 

. Energy 

Reaction or Doublet Reference Masses 

Pb
208 

= 208.04100 
4 . 

He= 4.00387 

n 1. 00898 

Neutron Binding Energies: 

Pb 206 -20 7 = 6. 73 MEw 

Pb207-208= 7.38 Mev 

Pb208~209= 3.87 Mev 

Pb
208 = 208.04100 

He
4 

= 4.00387 

n = 1. 00898 

Neutron Binding Energies: 

Pb206-207= 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seab~rg. 
R. A. Glass, . 
S. G. Thomps on, . 
J. A. ~. S., t.o be 
published 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson. 
J. A .. C. S., to be 
published 
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Method Mass 

95
Arn 

243 

Fermi 
Formula 243. 13015 

Accumu- 243. 13665 
lative 
Decay 

.. Energy 

95
Arn 244 

Fermi 
Formula 244. 13299 

Accumu- 244. 14011 
lative 
Decay 

_ Energy 

Reaction or Doublet Reference Masses 

Pb
208 

= 208.04100 
4 

4.00387 He .. . -
n = 1. 00898 

Neutron Binding Energies: 

Pb206-207 = 6.73 Mev 
Pb207 -208= 7.38 Mev 
Pb208-209= 3.87 Mev 

Pb
208

= 208.04100 

He
4 .- 4 .• 00387 

n = 1. 00898 

Neutron Binding Energies: 

Pb206-207 = 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seaborg. 
R. A. Glass. 
S. G. Thompson. 
J. A. C. S .• to be 
published 

G. T. Seaborg, 
R. A. Glass. 
S. G. Thomps on, 
J. A. C. S., tobe 
published 
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95AmZ45 

23 
96Cm 8 

.Method Mass 

Fermi 
For:nnlla 245. 13478 

Acc':(mu- 245. 14207 
lative 
Decay 
Energy 

Fermi 
Formula 238. 12204 

. Accumu- 238.12691 
lative 

_Decay 
Energy 

Reaction or Doublet Reference Masses 

Pb208 :: 208.04100 

He
4 

n ::: 

4.00387 

1.00898 

Neutron Binding Energies: 

Pb206-207::o: 6.73 Mev 

Pb207 -208::: 7. 38 Mev 

Pb208-209= 3.87 Mev 

Pb
208= 208.04100 

. 4 
He ::: 4.00387 

n 1. 00898 

Neutron Binding Energies: 

Pb206-207 = 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209: 3.87 Mev 

References 

G. T. Seaborg. 
R. A. Glass, 
S. G.. Thomps on. 
J. A. C. S., to be 
published 

G. T. Seaborg • 
R.· A.· Glass, 
S. G. Thomps on. 
J. A. C. S.» to be 
published 
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96Cm239 

96Cm240 

Method Mass 

Fermi 
Formula 239. 12403 . 

Accumu- 239. 12894 
lative 
Decay 
Energy 

Fermi 
Formula 240. 12496 

Accumu- 240. 12994 
lative 
Decay 

. Energy 

Reaction or Doublet Reference Masses 

Pb 208: 208.04100 
4 He = 4.00387 

n= 1. 00898 

Neutron Binding Energies: 

Pb206-207 = 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209: 3.87 Mev 

PbZ08 : 208.04100 
4 He: 4.00387 

n = 1. 00898 

Neutron Binding Energies: 

. Pb206-207: 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson. 
J. A .. C. S., to be 
published 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S .• to be 
published 
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'-. 

96Cm241 

96Ctn2.42 

• 
Method Mass 

Fermi 
Formula 241. 12717 

AccumU.-241. 13230 
lative . 
Decay 
Energy 

Formi 
.. Formula 242. J2833 

Accumu- 242 • .13382 
1ative 

.Pecay 
Energy 

Reaction or Doublet Reference Masses 

Pb
208= 208.04100 
4 .' 

H.e: 4.00387 

n 1.00898 

Neutron Binding Energies: 

Pb206-207 == 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208 -209::; 3.87Mev 

Pb
208

= 208 .. 04100 

He 4:: 4 .. 00387 

n .= 1.·00898 

Neutron Binding Energies : 

Pb206-207 =: 6 •. 73 Mev 

Pb207-208= 7.-38 Mev 

Pb208-209= 3.87 Mev 

References 

G.. T. Seaborg, 
R. A. Glass. 
S. G. Thomps on, 
J.A.C.S .• tobe 
published 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A .. C.- S., to be 
published 
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96Cm243 

_96Cm244 

Method Mass 

Fermi 
Formula 243. 13077 

Accumu- 2.43. 13665 
lative 
Decay 
Energy 

Fermi 
Formula 244. 132.15 

Accumu- 244. 13850 
lative 
Decay 
Energy 

• 

Reaction or Doublet Reference Masses 

Pb
208

= 208.04100 
4 . 

He . - = 4.00387 

n= 1.00898 

Neutron Binding Energies: 

Pb206 -207 = 6. 73 Mev 

Pb207 -208: 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb208 = 2.08.04100 

He
4 

n .= 

4~00387 

1. 00898 

Neutron Binding Energies: 

Pb206-207 = 6~ 73 Mev 

Pb207-208= 7. 38 Mev 

Pb208-209= 3.87 Mev 

References 

O. T. Seaborg. 
R. A. Glass. 
S. G. Thompson. 
J. A. C. S .• to be 
published 

G. T. Seaborg. 
R. A. Glass. 
S. G. Thornps on. 
J. A. C. S •• to be 
published 
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96Cml45 

Bkl43 
97 

Method_ Mass 

_Fermi 
F ormulal.45-.13482 

Accumu- 245.14138 
lative 
Decay 
Energy 

Fermi 
Formula 243.13227 

Accumu- 243. 13822 
lative 
Decay 
Energy 

Reaction or Doublet Reference Masses 

Pb208
=, 208.04100 

He 
4

:: 4.00387 

n .: L 00898 

Neutron Binding Energies: 

Pbl06-l07 = 6.73 Mev 

Pbl07-:,~W8~ 7.38 Mev 

Pb208-l09:: 3.87 Mev 

Pb208 : 208.04100 

He4 = 4.00387 

n ~ 1.00898 

Neutron Binding Energies: 

Pb206-l07:: 6.73 Mev 

Pbl07-l08; 7.38 Mev 

Pbl08-l09= 3.87 Mev 

References 

G. T. Seaborg. 
R. A. Glass. 
S. G. Thompson, 
J. A. C. S •• to be 
published 

G. T. Seaborg. 
R. A. Glass, . 
S. G. Thompson, 
J. A. C. S •• to be 
published -
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w 

97Bk244 

B':'k245 
97' , 

Method Mas~ 

Fermi 
Formula 244. 13453 

Accuxnu= 2440i4087 
lative 
Decay 

. Energy 

Fermi 
Formula 245.13573 

Accumu~245. 14213 
lative 
Decay 
Energy 

Rea,ction or Doublet Reference Masses 

. ':~1/08= 208.04100 
. , 4 

, . He.:. '4.00387 

, n, . : . 1. 00898 

Neutron Binding Energ~es: 

Pb206 -20l. 60 73 Mev 

Pb207 =208= 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb~08= 
4 He, . = 

n 

208~ 0410'0 

, 4.00387 

1.008-98 

Neutron Binding EnergieS: 

Pb206-207:: 6.73 Mev 

Pb207-208=.70 38 Mev 

Pb208-209: 3.87 Mev 

References 

O. T. Seaborg~ 
Ro Ao Glass. 
So G. Thompson. 
Jo Ao Co So. tobe 
published, 

G, T. Seaborg, 
Ito A. Glass. 
So G, Thompson. 
J. Ao Co So~ tobe 
published 
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97Bk246 

. 97Bk249 

Method M.ass 

Fermi 
Formula 246. 13820 

Accumu-, .246. 14499 
1ative 
Decay 
Energy 

. Fermi 
Formula 249. 14396 

Accumu- ,249.15186 
1ative 
Decay 

. Energy 

Reacti on or Doublet Reference Masses 

P1?208= 
4 

He = 
n = 

208.04100 

4.00387 

1. 00898 

Neutron Binding Energies: 

Pb206 -207 = 6 •. 73 Mev 

Pb207 -208= 7.38 Mev 

Pb208-209= 3,87 Mev 

Pb208 = 208.04100 

He
4 

n 

= 4.00387 

1,00898 

Neutron Binding Energies: 

Pb206-207 = 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

.'. 

References 

G. T. Seaborg, 
R.A. Glass, 
S. G. Thompson, 
J. A. C. S •• to be 
published 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S., tobe 
published 
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97Bk250 

98Cf244 

~ 

Method M'3.SS 

Fenni 
Formula 250. 14685 

Accurnu- 250. 15599 
lative 
Decay 

_ Energy 

Fermi 
For:mula 244. 13545 

Accumu- 244. 14162 
lative 
Decay 
Energy 

Reaction Or Doublet Referenre Masses 

Pb
208

= 208.04100 

He 
4 

== 4.00387 

n ::: 1. 00898 

Neutron Binding Energies: 

Pb206-207 ~ 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209:: 3.87 Mev 

Pb208 = 208.04100 
4 

He = 4.00387 

n = 1. 00898 

Neutron Binding Energies : 

Pb206-207:: 6.73 Mev 

Pb207 -208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seaborg, 
R. A. Glass. 
S. G. Thomps on. 
J. A 0 CoS.. to be 
published 

Go T. Seaborg. 
R. A. Glass, 
S. Go Thompson. 
J. Ao C. S., to be 
published 
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~ 

98Cf246 

C 247 
98' f ' 

Method Mass 

Fermi 
Formula 246. 13854 

,Accumu- 246. 14506 
lative 

, Decay 
, Energy 

Fermi 
Formula 247.14083 

Accumu- 247.14762 
lative 
Decay 
Energy 

Reaction or Doublet 

• 
Reference Masses 

Pb 208:: 208.04100 

He
4 

n 

= 
:: 

4.00387 

1. 00898 

Neutron Binding Energies: 

Pb206-207 = 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb208 :: 208.04100 
4 He .:: 4.00387 

n :: 1.00898 

Neutron Binding Energies: 

Pb206 ""207 _ 

Pb207 =208= 

Pb208-209: 

6.73 Mev 

7.38 Mev 

3.87 Mev 

References 

G. T. Seaborg, 
R. A. Glass,' 
S. G. Thomps on, 
J. A. C. S., to be 
published 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S., to be 
published 
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98C{249 

.. 

Method Mass 

Fermi 
Formula; 2.48. 14207 

Accwnu- 248. 14920 
lative 
Decay 

, Energy 

Fermi 
,Formula 249. 14458 

Accumu-249.15180 
lative 

, Decay 
,Energy 

Reaction or Doublet Reference Masses 

Pb
208

= 208~ 04100 

'He 4,_= 4,00387 

n= L 00898 

Neutron Binding Energies: 

Pb206 ';'207 = 6. 73 Mev 

Pb207~208= 7.38 Mev' 

Pb208-209 = 3.87 Mev 

Pb208 = 208.04100 
'4 

He 

n = 

4~00387 

1. 00898 

Neutron Binding Energies: 

Pb206 -207 = 6. 73 Mev 

Pb207 -208= 7.38 Mev 

Pb208-209= 3.87 Mev 

• 

References 

G, T. Seaborg. 
R, A. Glass, 
S. G, Thompson, 
J. A, C. S,' to be 
published 

G. T. Seaborg. 
R. A. Glass, 
S. G. Thomps on, 
J. A. C. S., to be 
published 
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98 

98Cf251 

Method Mass 

Fermi 
Formula 250. 14605 

Accumu- ,250. 15395 
lative 
Decay 
Energy 

Fermi 
Formula 251. 14877 

Accumu- 251.15725 
lative 

_ Decay 
"Energy 

Reaction or Doublet Reference Masses 

Pb
208

= 208.04100 

He 4. 

n = 
4.00387 

1..008 98 

Neutron Binding Energies: 

(Value uncertain) 

Pb206-207 = 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb
208= 208.04100 
4 

He = 4.00387 

n = 1. 00898 

Neutron Binding Ener gies : 

Pb206-207 = 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
,J. A. C. S.', tobe 
published 

G. T. Seaborg, 
R. A. Glass. 
5. G. Thompson. 
J.A.C.5 .• tobe 
published 
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98 

253 

99 

Method Mass 

Fermi 
Formula:. 25.2. 15045 

Accumu-252. 15988 
lative 

· Decay 
· Energy 

Fermi 
· Formula 253.~ 15372 

Accumu- ,253.16296 
lative 

· Decay 
Energy 

Reaction or Doublet 

(Value uncertain) 

. Reference Mas ses 

Pb
208 = 208.04100 

He
4 

n 

= 4.00387 

1.00898 

Neutron Binding Energies: 

Pb206~207 = 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb
208

= 208.04100 
4 

He 

n 

= 
= 

4.00387 

1. 00898 

Neutron Binding Energies: 

Pb206-207= 6.73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seaborg, 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S., to be 
published 

G. T. Seaborg, 
R. A. Glass, 
S. G. ThompSon, 
J. A. C. S., tobe 
published 
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254 

99 

255 

99 

Method Mass 

Fermi 
Formula 254.15647 

Accurnu- 254.16688 
1ative 
Decay 

· Energy 

· Fermi 
· Formula 255. 15818 

Accumu- 255. 16918 
lative 

. Decay 
Energy 

Reaction or Doublet Reference Masses 

Pb
208 = 208.04100 

He
4 

n 

= 4.00387 

1.00898 

Neutron Binding Energies: 

(Value uncertain) 

Pb206-207 _ 

Pb207-208= 

Pb208-209: 

6.73 Mev 

7.38 Mev 

3.87 Mev 

Pb
208= 208.04100 
4' 

He = 4.00387 

n = 1. 00898 

Neutron Binding Energies: 

Pb206-207 = 6. 73 Mev 

Pb2.07-208= 7.38 .Mev 

Pb208-209= 3.87 Mev 

References 

G. T. Seaborg, 
R. A .. Glass, 

S. G. Thompson, 
J. A; C. S. ,.to be 
published 

G. T. Seaborg, 
R .. A. Glass, 
S. G. Thompson, 
J. A. C. S., to be 
published 
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254 

100 

255 

100, 

r 

Method Mass 

Fermi 

Formula 254. 15625 

Accumu= 254.16570 
lative 
Decay 

,Energy 

" 

Fermi 
Formula 255. 15882 

,Accumu- 255. 16886 
lative 
Decay 

. Energy 

Reaction or Doublet Reference Masses 

Pb
208 =. 208~ 04100 

H 
4' e ' = 

n = 
4.00387 

1. 00898 

Neutron Binding Energies: _ " 

Pb206 ,-207 = 6. 73 Mev 

Pb207-208= 7.38 Mev 

Pb208-209= 3.87 Mev 

Pb208= . 208.04100 
'4 

,He = 4.00387 

n = 1. 00898 

Neutron Binding Energies: 

Pb206-207 

Pb207-208= 

Pb208-209: 

6.,73 Mev 

7.38 Mev 

3.87 Mev 

References 

G. T. Seab~rg, 
R. A. Glass, 
S. G. Thompson, 
J. A. C. S., to be 
published 
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