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INTRODUCTION

Tbe following table'of energy and intensity‘standafds includes
‘isotopes with a ﬁrovenAtrack_record at this laboratory ahdveisewheré,
és well as isotopes which_offer‘the possibilit& of future applica-
tion. Data is also included for some of thbée trespassing isotopes
which‘appéar in the background or as common impurities in éxperimen;s,
and which might be psefui for calibration. It ié likely that ofhe;
isotopes not reported,hgre cén be useful, and some of those mentioned
may have only special appiication due to half;life or other considera-

tions.:

Energy and intensity values presented in this table are'cboéen'ﬁy
" various critereon. Energies méésured by bent crystal spectrometer were
u;ually given stfonger consideration, although certain Ge(Li) work
(e.g. Idaﬁo Falls) was given great weight.. Np effort is made'to‘aVerage
different values, and given error estimafes Wefe’weightéd étfongly in
choosing energies. Efficiency.déta is much mofe difficult to judge,
and it was usﬁally considered most,feasible‘to choose all values from
one author. Given errors were not used és a sfrong critereon, in
general, because it is questidnable whether these errors contain mor;
than statistical fluctuations. In addition many authérs clearly mis-
calculated their errors. Thg track fgcord of certain groups was given
added weight (e.g. Livermore) as was the date the work'was completed
(more recent work 1is favoféd). Additional references are provided for

those who wish to follow up the available measurements on a given

isotope, but no attempt at completeness is made, and older work is™EJTT
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génerally referenced in Lederer{s Table of the Isotopes, 6th Ed., (Led68).

An index of y-ray standards is suppliéd to provide quick reference to
the isotopes in this table. Half-lives and sﬁggested means of préduction'
are presented, as well as'tﬁe energy‘range covered by the isotspe. The -

'sténdaf& is delineated ipto generallcatééories as to whefher it contains
primary or secondéry quality measurements, and the'nuﬁbefs of each.

Primafy energy standards haQe high‘accuracy aqd are usually better than
.0.01 keV at low energiés and 0.05'ke6 at higher energies. 'Secondary

energy standards are Slightly léss accurate, but are usually better than
O.lQ keV. Primary intensity standards wére meésufed by painstaking methods
_or involved simple decay systematics which lead to very gccﬁrate values.
Secondary intensity standards were usually measured with fhe'primar?i
standards. The primary and ée;ondary classifications are a«bit arbitréry

and are used only as a genera1~guideline.

- Some of the values in this table wi}l be subject tb change as new,
bétter techniques are‘applied to the measuremenﬁs. No warrantee is
implied to any of the numbers in this table, and the user is advised to
be careful in accepting -any nuﬁbers or efrors'with less than a jaundided
eyé. Standard calibpation is a difficult gémé, and even veteran experi-
menters may miss a measurement. Thé author will'appreciate'ubdated infbrma—

tion for inclusion in this téble.as‘well as any corrections or suggestions.



Index of y-ray Standards Compiled

ZA_Energy Range (keV) Standard® éﬁéliéy. 
Isotope | ' ‘t;: Prodgqtionb . §A Energy ’Effiéien;y
sl 1]z18
1 S| !3(%A
7B | 53.284 (psn),C x | P(1)
16y 7.11s | (a,p) o x P(2)
22N, 2.601y. c R X | P
24Na 15.02h (,7),C S x x| e |- P(Q)
28Ag . 2.240m (n,y)- I vX Skl) |
40k 1.28x10% | N,C o | X | 3 S(1)
0 46g¢ 83.84 (ﬁ,y),c | R ¢ P(2) R0
- Slcy 27.71d . | (p,n) (n,y), x | e
Sam | 31254 | o x| || P
56C 7.3 | Gm,e | x Ix S(13) S(13)
57¢Co 2714 (p,v),C . x| x - . P(3) P(3)
" s, L34 | G | | | x| | e
%e | 44.6d | Lo | 1 x| | »2 | o
6OCQ _ 5.272y; - (n,y),C : '_ E " ,X : P(Z) - P(2)
65zn 243.7d | (a,y),C : A:‘ : : ). Gl I P(1) |
76664 9.5h (p,n) (,30) | | x |x s(19) | s(19)
7§Se 1204 : (n,Y)(p;Zn), X X o P(9) vS(9)
. c . _
82Br | 35.4n (,y),¢ .| | x || P(8). S(8)
85sr | 65.2d | (p,m),C x| P(1)
88y 106.6d 4(p,n),C } X |x | P P(2)
i- : H

(Continued)...



90my
I4Nb
35zr
95Nh

9 SmTc :

64.0h
2.0x10%y
65.5d
- 35.1d
61d
66.02h
l.3xlOéy
453d
252d

115d

. 60.20d

© 9.65d

6.§7d
-}O.4y
2.06y
30.1
137.5d
32.534

12y

241.5d

. 8.6y

4.8y
72.3d
1.2x103y
31d
129d

161.0d

'(n,Y),C

c

“(p,n),C

(n,y),C
(n,v),C
(n,v),C
8.c
(p,n)
(n,v),C
(n,y)
(p,n),C
(n,y),C
(g,3n)(n,¥),
(n,v),C
(n,y)
(p,n)

e

C
(p,n),C
(n,v),C

(n,y),C

(n,Y),C
C
(n,y),C

(n,v),C

(n,y),C

(n,y)

P(2)
PQ2)
P(2)

P(1)

P(5)
P(5)
5(3)
P(1)
P(9)
P(1)

P(9)

P(3)

P(1)

P(5)

P(1)

P(1)

P

P(12)

P(6)

P(11)

P(5)

P(12)

» S(22)

P(2)

P(1)

5(30)

CP(2)

P(2)

$(7)

'5(6)

P(3)

S(15)

S(11)

$(19)

S(8) .’

- S(5)

$(9)

5(12)
S(9)
S (13)
S (4)
S(14)

S (24)

- s(11)

S(32)

(Continued)...



A : : i ,
1821 | 1154 (n,v),C ] ox X X 1_ .| P(30) s(245
18%1a | 5.0 | c | ox X 'g} P(12) $(12)
18505 8id | (p,m) | x| | 2(5) s(5)
1910s  |'15.3d - | (a,y),C x| x 1] e
19?1£ 74.3d | (m,y),C X | X | P9 - s(1D)
-‘198Aﬁ 2.695d | (n,y),C 4 ox 'x' S YE)) S(3)
203y, 46.60g (h,{),c - : X . A P(1) |
207g3 38y | c | x | xlx | »» | so
226p, 1.6x102§ c X | X | x|x S(23) S(23)
A228Th 1.913y c x | x |x P(3) " s(3)
anly | 435y c SRR B B P(2) S(2) -
243¢y 28y c | x| x N ‘ S (4).

a) Chart of Nuclides, Knolls Atomic Power Laboratory, 11th Ed., 1972.
b) Mode(s) of production, C = commercially available, N = naturélly abundaht.
c¢) P = primary standard (extreme accuracy) ; S = secondary standard.

Number of useful transitions are given in parenthesis.



y-Ray Energy and Intensity Standards

Isotope Energy ;A. Intensity References
7Be 477.59 + 0.01 - | 1. Hera
16y 6129.96 "+ 0.46 5 | 1. cne?
7117.02° + 0.49
\
22Na | 1274.52 + 0.03! - 1. He7l
2. Whé7
3. Leg68
4. Ramb7
5. Ja7l
24Ng 1368.60 * 0.032 |- 100.0! | 1. Ja71
2754.10 -+ 0.18! | 100.0! | 2. 673
28p9 1778.70 + 0.17 1. Whé7




4og »

HGSC

51Gr

SlMn

| 1460.85

M+

0.10

889.25 +-0.021

1+

0.03!

I+

1120.52

320.078 + 0.008!

834.82. + 0.02!

100.02

100. 02

. ND13

He71
ND13

Ga72

. Gr70

Whé7

Leg68.

He71

Rém67

.- Leg68

. Ja7l'




56C0

Ené;gy

'263.40

411.37
486;53
733.70
787.86
846.74
‘896.55

977.46

997.30

1037.84
1089.00
1140.25
1160.05

1175.13

1198.75

1238.28
1272.15
1335.53

1360.26

'1442,71

1462.30
1640.50

1771.49

© 1810.40

S T xS o o T T

o+

0.10% 2

0.241,2

0.601,2

-0.081,2

0308l,2
0.111,2

0.15%, 2}

0.071, 2| -

0.032
0.201, 2
0.061 2

0.161,2

0.052-

O.IOis2

0.161,2

0.081,2}

0.201,2

0.041,2

0.081,2

0.042

0.121,2
0.131,2
0.061,2

0.501,2

< Intensity
22 £ 41
25 £ 51
55 + 51
200 +.100
310 + 101
© 1000001
70 + sl
1440 1'15¥
112 + 6!
14000 + 100}
50 + 10!
150 + 10!
100 + 10"
2280 + 20!
50_ + 10!
67600 * 400!
20 + 2!
125 + 5!
- 4330 + 40!
200 ¢ 10!
77 + 5!
60 + 10!
15700 + 150!
640 + 161

Ca7l

. Ge7l

Ché67

. Gub8

Phe70:




Energy . c -iﬁténSity'
S6co | 1963.94 +70.061°2 720 + 15'
i - 2015.36 % 0.05!2 ;’5080 + 30!
é 12034.92 + 0.061>2 = 7890 + 70!
g 2113.80 + 0.15%2] 385 « 51 .
v | 2213.10 ¢ 0.151°2] 350 101"
: 2276.30 + 0.16%°2 1io'i‘sl'
2373.65 + 0.40'*2 80 + 101
2523.80 +.0.201°2 60 ¢ 511
2598.53 + 0.062 116900 * 1501
3010.20 +0.23122]" 1000 + 10!
3202.30 + 0.16%+2| 3040 & 30!
3253.60 £ 0.161:2[ 7410 « 651
3273.25 = 0.161:2| 1750 + 20!
3369.60 + 0.30132| 11+ 21
3451.55 + 0.201,2 875 + 10!
3540.05 + 0.201»2 180 51
3600.60 + 0.401{2’ 1611
3611.60 + |

0.401»2 7+ 1!




-

J7C6

58¢co

59Fe

60co

GSZn

£ 122.06 -

1+

14.408

I+

1+

136.47

1+

810.75 0.02

1099.23

I+

1291.57 0.031

-+

1173.21 0.03!

I+

1332.47

I+

0.032

1115.53 + 0,03!

0.0051
0.012 .

0.012 .-

0.03!

11410
1000001

13000

100

o+

I+

4001

0.5652

0.4322

99.88 + 0.02

-500!

Ko7l

Gr70

. Ja7l-

He71

He71l’
ND13

Leg70A

He71
Gr73
NDAS8

Whé7

He71
Ram67

Leg68




6604

290.1

410.30

448.90

- 459.60 -

578.70
686.34

833.65

~ 853.08

©856.70

981.02
1009.35
1039.35
1060.50

1148.05

1190.44

1232.551

- 1232.651
©1333.37

.1356.45!

1356.551
1357.07°

1418.97

1458.95

1508.37
1741.8

1899.20

1+ i+

I+

I+

1+

H+ I+ 1+ I+ I+

I+

+

t

i+

+

1+

I+

+

'0.10!

"0.0811

.0.09?

0.1}

0.10!
0.20!
0.10!

0.081

0.08!
0.10!
0.10!
0.14!
0.08!
0.40!
0.141

0.101

0.09!

0.10!

0.09!

140

© 250
| 290
1230
160
680
16200
200
1320
140

150

S+ + I+ 1+ I+ I+ + o+ 1+ H+

I+

100000

33
215
350

~125

1385 .

3260
980
| 335
" 465
1680
260
1520
100

1130

0.151

1+

I+

I+

I+

I+

O+ o+ o+ 4+

+

100!

451

201

10!

25!
10!

25

1.

. 2.

Ca7l

“Phe70




66Ga

1918.66

2066.4

2174.00

©2190.20

2213.75
2292.60

2393.10

© 2422.50

2492,50

2589.00

2752.27 .

2780.65
2934.38

2977.50

2993.20

3047.25
3229.35
3256.60
3381.30
3422.50
3432.95
3724.80

3736.80

3767.25

3791.56

3806.30

+ o+ 4

T+

1+ 1+ + i+ i+ I+ I+ I+

1+

o

4

+ o+

1+

0.09!

0.4!

0.15!

0.15! |

0.15!

0.15!

0.15!
0.15!
0.15!
0.15%

0.10!

0.151

0.15
0.40*

0.40

0.20!

0.20!
0.20

0.20!

0.201
0.20!

1.00!

0.60
0.25
0.10!

1.00!

. 5650
. 90

| 260
15050
370
110

655

5140

65
75

61100

335 -

570

60

85
160
3920
250
3730

2170

. 740 .

32
365

2670

L s & - & o & e O T T T T S o Sy P U PO P

I+

208

20!

150}

151

10!

20!

50l

10!

500!




66Ga

75se

82Br

3811.70

- 3827.50

4086 .45

4295.50

4462.10

4806.60

66.05.

96.732

121.11

136.00
198.60

264.65

279.53

303.90

400.64

554.33

619.05

698.32

776.50

827.81

I+ 1+ I+ I+

14+

A L T - S E S PR

I+

I+

+

1+

0.20

0.80%

0.80!

0.15%

0.20!

0.14!

0.03! .

0.007!

0.01
0.01!
0.02!
0.02}
0.01!
0.02%

0.02!

0.021

0.022 |

0.022
0.031

0.032

21

14+

17
- 3020

9180

I+

1870 +

3860

I+

1.77

5.60

I+

28.19

+

98.25
2.43

100!

[

43,22

+ .

S 2.31

19.56

I+

846

I+

520

I+

335

1+

10002

1292 %

I+

I+

I+

+

S+

20t
.50!

400

12!

121

W21

1. Ge7l

2. €r70

3. Pril

4. McN73

1. Ga72

2. Ra70




SZBr

855y

88Y

90@ |

1043.98

1317.47

1474.82,

©514.00

898.02

©1836.01

202.53

479.51

I+

1+

-

I+, I+

I+

I+

0.032
0.05%2

0.082 '

0.021

0.021

0.042

0.03

0.05

334 + 52
330 + 52

200 + 42

91.4 0.7}

I+

99.999 '+ 0,001!

1.072 + 0.004

1.000

He71

Legb8

Ja71
Gr73
Wh67
Leg68
Gu68
He7l

Ar74

Han73
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4Np

957,

95Nb '

9 SmTC

702.62"

871.09

724.18

756.71

765.78

203.94
252.89
582.06

786.18

820.60

- 835.13

1039.24

I+

+

I+

I+

I+

o+ O+ i+

+

0.02!

0.021

0.02!

0.021

0.02

0.08! .
0.151

0,012

0.022
0.022

0.022

0.022

©100.02

100.02

0.432

0.5462

100

1.1 + 0.1

1+
%]

55
15.0 + 1.1
_aé,o + 0.8
45.0 £ 4.5

5.0 £ 0.5

He71

. Led68

He71

.~ ND13

He7l

Chi69

He71




-11-

99Mo

109cd

110mAg

40.585
140.508
18;.063
366.43
739.58

778.2

434.00

614.37

722.95

88.035

446.60°
620.18
657.75
677.59
687.01

706.69

1+ + o+ I+ 1+

L

1+ I+

i+

I+

+ 4 I+ I+ +

I+

0.006!

0.002!
0.0041.
0.008!
0.03!
0.06!

0.12

0.101
0.10!

0.081

0.201
0.10!
0.022
0.042
0.042

0.032

2.2

1002

7.5

1.63
15.4

5.4

100!

99.3

100. 4

3,57
2.79
100
11.93
7.25

17.15

I+

i+

1+

12

0.22

0.102

I+

0.32

1+

2.0!

2.0!

I+

0.71

I+

0.06

1+

0.41

I+

+

0.85

I+

0.33

Ga72

Ei68

Ham71

Das73

Rae70.

Gr70

La73a

. Ga72

He71

Phi72
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llqué

113Sn

'lqub

744.25
763.91

818.03

-88;.67
937.48
1383.85
1475.42

1504.65

1561.92

391.69

602.71

645.85°

70944
7i3.84
722.78
968.20

1045.10

1325.59

1368.21

1+ I+ I+ 1+ I+ I+ + .+

I+

I+

.+ I+ I+ I+ + I+

+

I+

1+

0.062

10.032

0.042

0.032
0.642
0.20
0.16
0.29 -

0.20

0.011

0.022
0.032

0.101

0.13!

0.041
0.04!

0.04!

0.06

0.05

4.43

23.73

7.81

80.28

37.31

1 28.26

4,44

15.19

1.40

100.0!

7.42
21.46
2.35
11.27

'1.92

1.94

1.57

2.78

T S F Y P Y

+ -

N S C S FU S

I+

T+

I+

0.09

0.111]

0.15!
0.171

0.18%

0.06! |

0.09

0.14

La73a
Ga72
He71 -

Phi72

Gr70

Gu68 -

Aub9
ND13
Gu68

Wh67
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r2ugy 1691.06 + 0.04! 53,2+ 2.71
2091.00 0.05%: 6.57 £ 0.440 -
i
1255, ©332.0 £ 0.5! 0.0122! - | 1. w13
350.9  + 0.51 0.00231 1 2. 6173
469.7 + 0.51 0.0138!
800.5 + 0.5! 0.0097!
822.6 + 0.51 0.0387!
| 893.7. 1 0.51 0.0025!
. 915.5  +'0.5! 0.0376}
934.7 0.5} 10.0012!
1017.1% "~ 0.0028!

© 1066.61 1 o088
1087.41 - 0.0093!

‘ 1088;91,4f. o 1 0.04291
151,30 .| .5_ -0.0011!
1173.21 ) | 10.00291.
1221.0! . . o 0.00231.
1419.51 . 0.0047!
1806.65 + 0.042 0.0015!
2002.02 + 0.042 | 0.0211
2275.71 + 0.052 | 0.0019




132¢4 464.51. 0.0197! 1. w13
505.71 - ',50.00831. 2. ¢r73
567.0! ' 0.0026! |
629.8! 0.010!
667.71 1.00?
1031.41 0.00121
1135.21 0.00501
1317.89 + 0.032 0.60611
13384 80.998 + 0.008! 0.362 1. Gr70
276.40 + 0.011 0.0752 | 2. ND13‘
302.85 + 0.02! 0.1962 .
356.01 + 0.021 0.672"
383.85 + 0.021 0.0942
- 134cg 475.3 : | o.oi5 I. ND13
563.1 | 0.68
569.2 0.144
606.6 | 0.8
795.8 0.88
801.8 0.09
1038.4 0.011
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137¢g

139¢¢

141¢ma

152Eu

1167.7 | 0.019

1365.0 - 0.034
661.65 + 0.02

+

165.853 £ 0.007 | o :

0.03!

I+

145.41

121.780 * 0.004) | 105.0 * 2.12.
244.69 + 0.01] | 27.8 + 0.62
295.93 + 0.041 1.8 +-0.153
344.27 + 0.01! 100 ‘\
411.07 + 0.03! | = 7.96 + 0.162
443.98- + 0.05%2 |  10.9 % 0.22
778.87 £ 0.052 | 47.4 + 0.92
964.01 + 0.052 | 56.3 £ 1.12

He7l

. Gr70

Whé7

Leg68

Rae70

. .-Mo70

No70
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1525,

153Gd

154p,

1085.83 + 0.072
1089.73 + 6.072
1112.04 * 0.052
1408.02 + 0.052
14.07!
19.821
41.5 (Ka)?
68.231
69.672 + 0.002"
75.421 * 0.002%
83.367 + 0.0024
89.485 + 0.003"
97.429 + 0.003%
103.179 + 0.004%
172.83
123.070 * 0.004!
‘188.25' + 0.01!
247.939 + 0.008!
444,44 =+ 0.071
581.91 =+ 0.11!

6.42.. + 0.132
50.9  +.1.02:

80.7 + 1.62

1.002 .
0.00013 .
0.0243
£0.000913
0.00213
0.000683
0.3173
1 0.243

. 0.0000483

1+

116 62 -

0.61 0.122

I+

1.02

I+

20.1

1.69 0.152

I+

2.53

I+

39.6 +0.82°

0.232

1. Rae7Q
2. Mo70

3. No70

1. Led68
2. Se72
3.° NDL3

4. Rae70

1. Rae70

2. Ri70

3. Me68
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s ISQEd

155Eu

591.81

692.43

723.30

756.92
873.24
996.32
1004 .76

1274.45

45.297

57.98
60.010
86.545

105.308

86.788

197.035

. 215.646

298.58
309.56.
337.30
392.51
765.19

879.36

L . T T TUR

I+

1+ 1+ I+ +

I+

H+ 1+ =+

S

0.041

0.112

10.043
0.061

0.081

0.043

0.043

.0.093 |

0.001!
0.002!
0.002!
0.003!

0.003!

0.002!

0.008!

0.008!
0.01!
0.021

0.031

0.031 .

0.111

- 0.022

. 14.8

4.97
60.1
12.9
34.8
29.4
50.6

1002

3.6

4'3
100

68.3

13.7

5.22

'3.93

27.1

0.90

0.33

1.36

2.03.

30,01

+ 0+ I+ I+ I+ +

[T

H+

I+ I+

i+

I+ i+

I+

+

H

0.82

" 0.302

3.12
0.62
1.72
1.52

2.52

0.7?

0.32 -

32

2.72

2.01

0.291
0.22!

1.61

0.041
0.03!
0.051

0.18!

1.

2.

Rae70

Re71

Lué68

He71

. La74

Ke70
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1607, | 962.29 + 0.022 | 10.2 0.7
966.14 * 0,027 | 24.7 1.5
1177.93 ;:OLozé | 14.8 2 o.5!
1271.84 + 0.032 7.4 £ 0.2}
1311.90 + 0.202 2.79 £ 0.17!
166y, 80.57 "+ 0.02 14.48 + 0.48% | 1. Li74
1 94.65 0,031 0.21" 120:632 | 2. «Lgvf&
119.04 + 0.03! = 0.23 + 0.031 | 3. Bu67
121,16 +0.031 |  0.54 % 0.05)
160.06 +0.050 |  0.16 + 0.03!
161.75 + 0.05! |  0.16 ; 0.031
184.41 + o,oiL , 100? |
190.71 #0.031 | 0.31 * 0.042
| 215.88 £ 0.031 |  3.94 & 0.092
231.28 + 0.041 0.36 + 0.032
259.72 + 0.021 |  1.77 % 0.122.
280.46 + 0,021 38.61 & 0.462
300.74 + 0.021 4.77 + 0.092
339.78'_:'04081 ‘ 0.23 +0.04}
365.74 £ 0.031 | 2,93 + 0,062
410.94 + 0,031 |- 15.50 + 0.192
451.52 + 0,031  3.48 1 0.072
464.83 + 0.041 |  2.00 % 0.072




flg; '

166my,,

lsgib

529,81

_571.00

- 594.48

© 611.52

670.51

' 691.21

71169

736.67
752.27
778.82
810.31
830.56
875.64

950.94

1241.44

1282.12
1401.30

1427.50

50.5 -
57.5
63.125

93.607

L o T L Y ¥ S FU VI

I+

I+ 1+ 1+

4+

0.031 -

0.03!
0.081

0.07!

0,041

0.05%"
0.041
0.08!
0.041 -
o.o4'1
0.04!
0.041
0.051
0.06!
0.061
0.07!

0.15!

0.201

0.21

0.0032

0.0032

10.16
6.77

1.28

1.48

7.01
1.85
71.65

0.46

' 16.06

3,72

-76.38

12.07
1.14

3.5

1.22

0.38

0.86

0.65

409
106
125,37

5.07

A L T T | R T U

I+

+ o+ i+

I+

0.32?
0.142
0.182
0.272
0.252
0.092
0.682
0.042
0.402

0.072

-'0.822

0.282
0.072
0.142
b.os2

0.042

10.052

0.032

241
16.311
6.58!

0.16!

1. La73a

2. Ne70
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169yp, 109.88 + 0.281 - 49,09 * 1.701
 118.28  0.230 371 + 0,111
130.47 £ 0.161 |- 29.73 + 0.871 -
177.14 +0.211 :' 62.08 + 2,021
198.02 + 0.09! |- 100
261.11 =+ 0.21} 3.70 * 0.092!
307.77 =+ 0.28' |- 27.97 = 0.90}
1701y 84.257 + 0.0031 | ' AR I Rae70
2. 670
3. Ne?0
(Error) o (Error)
177mLu 69.2 0,08 LA' - | 1. Haé7
71.66  (6) 68 )
105.31 (5) | 100
112.95 (5). 179 - (13)
115.96 (10) 5.0 (&)
117.17  (13) | ' 1.8 (2)
. 121.63 (5) | 52 (4)
128.50. (5) | 127 8)
136.72 (5) 117 (8)
145.78 (10) 6.6 (9)
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177my

147

153.

159
171

174

1177
181.
195.

204

208

214.
218.
228
233.
249.

268.

281

283.
291.
292,
26,

299 L4

305

313.

318.

321.

327

.15

29

.75
.85
042

.03

98

52

.08

.34

45

06

044 .

83

65

79

'78

42
42
51

45

03
.52

69

98

32

.66

(8)

(6)

(8)

1(10)'
)
(8

(10)
6)
6) -
©
(6)
6)
®)
6)
(6)
(6)

-

(13)

(10)

(10) . |

(8)
(10)

(8

8) -
(8)
12)

8.

29

133

37

96

26 -

114,

485
48
27

287

45
47
25

108

38

12

14

.75

78

136

@)

- (®
- (5)
%)

(8)
(3)

(13)

6)
(8)

=',(40)

(4)

)

(26) -

(4) -

(4)
(3)

O

(1.2)

9)

(9)

(4)
(2) -

YO U
®
W
®




;22_

:177”_7141

1827,

341,
367,
378,
385.
413

418,

426

465.

64

41

51

02

.64

51

.29

96

31.736

42,715

67.750

84.680

100.105

113.68

152434

156.387

179.393

198.29

-222.109

229,322

1264.072

891.98

928.00

959.73

(8)

(8)

(8)

(8)

H+ T+ T+ H+ -+

1+

i+ + .+ o+ +

I+

(12)

(10)

(12)

0.0011

0.002!

0.0011 -

0.0021

0.0011

0.102
0.0021 -

0.0033"

0.152 .

0.0053
0.0053
o.oo§3
0.02"%
0.02"

0.02"%

0.0043

13

23

222

24
131

161

19

121.00

7.82

37.43

6.15

18.70

7.78

8.57.

3,75
21.26
10.3

9.46
. 0.15
2.10

. l.‘l2

L)
)

a@an -

@
(10)

(12)

®

I+ I+ I+

B

+

) .

5.202

0.162

0.802

0.142-

0.602

0.202

0.252
0.122
0.622

0.33

0.292
0.02%"
0.082

0.062

He71

La74

Ja7l

Wh69
Sa69

Ne70
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1827,

183Ta

1001.69

1044.41

1113.40
1121;30
1157.31
1158.08
1189.05

1221.40

©1231.01

1257.41

1273.73

1289.15

1342.71

1373.80

- 1387.40

. 1410.10

1453.12

46.484
52.596
82.919
84.712

99.080

107.932

- 144,127

L & L N ¥ S ¥ S U PO TR TR

I+

1+ I+ 1+ [ R £ I+

I+

0.024

0.024

0.05% -

0.01%
0.01%
0.02%
0.01"
0.01"
0.01"%
0.01%
0.01"%
0.01%
0.05%
0.01"%
0.01%
0.10"

0.01*

0.0023

0.001!

0.0011

0.002!

0.0021

0.0011

0.002!

6.43

1.11

1002

0.99
46.10
78.4
32.60

4.31

3.96
0.74
0.65

0.21

0.69

1.84

1.83

I+

0.12

0.12

-+

O+

0.08%

1+

I+

0.35%

N TS

T+

0.522

I+

T+

0.082

I+

0.032

I+

0.032

I+

4+

I+

0.01"

222 .
242

0112

.0072

222

.352

.0852

0.11 -
0.072
0.28%
1.522

1.162

0.082 -

0.052 -

0.012

0,014

1. Gr70

2. ND13

3.

Ne70
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1837,

1850

191gg

1921,

192.646

291.724

- 353.999

365.615

406.589

592.06
646.11
717.42
874.81

880.26

82.43

129.431

205.70
295.949
308.445
316.497

374.50

I+

I+

I+

1+

+

o+

4+

I+

1+

i+

1+ I+ I+

+

I+

0.005!

0.0061 |-

0.004!

- 0.0071

0.006!

0.01!

0.02!

0.02!

0.021

0.021

0.01!

0.0051

0.10!

0.0062

0.0072

0.0072

0.15!

0.0092 .
0.202
0. 402
0.0352

0.0902

0.01322
0.813%
0.04252
0.06722

0.05492

0.0012

- 1.002

4.66 0.11!

I+

35.70 + 1.021

+

+

1001

1+

0.73 0.05!

36.70 + 1.05!

He71 -

ND13

‘Rae70

ND13

La74
Gr70
He71

Ge73

Leg70
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1921r

198y,

203Hg

207g4

468.06

484.57

'~ 588.57

1 604.40

612.45

884.52

411.794
675.88

1087.67

279.188

569.68
1063.64

1770.19

0.013

S+

0.013

+ o+

+

0.013

1+

I+

0.023

+

+ 0.008!

0.02!

I+

+ 0.021

4

+ 0.0061

+

+ 0.01!
+ 0.021

+ 0.043

+

0.013

0.013

I+

60.05

+

. 4.88 0.201

4.86

D

H+

10.92 +-0.211

0.32!

I+

7.35

1+

0.48 + 0.021

0.9472
0.01052

0;002272

0.982
0.772

0.092

1.16!

0.18!.

6. In73

1. He7l

2. ND13

1. Gr70

1. He7l

2. Led68

3. Gr73
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226Ré

53.24

 186.180

242.00

- 258.99

274.67
295.2411
351.96
405.7
454.8
461.8

469.0

474.5

480.44
487.13
580.2

609.27
665 .40
702.10
719.85
768.4531
785.80
806.16
839.04
934.06
964.12

1051.96

I+

I+

I+

.+ 0.11,2

+

+ 0.021»2

+0.0042

<+

+ 0.022

I+

0.06152

I+

0.06152
»2

+ 0.022
0.11 ’2

0.11:2"

I+

1+

Oqll,z
0.11,2
+ 0,122

0.1152

I

0.11,2°

I+

0.11»2

I+

0.051,2

1+

0.07152

.._p 0.11’2

22

0.11:2

I+

0.11:2

0.11,2

I+

0.6152

1+

0.1152

I+

0.11.2.

I+

10.0050

| 0.202

'0.0013

'0.00076(13)}

“0.0042

0.0532

(%4Error)

0.123‘ (7;0)?"
0.0321 '
6.079. (3.5)1
0.0058 (4.9)!
(4.4)1

(3.6)1

0.401 (3.6)!
0.0017 (7.451
0.0033 (7.0)!
0.0022 (7.5)1

(10.5)1

o.0033,(7.oj1
0.0045 (6.2)1!
0:0036 (7.0)!
0.484 (3.3)%
0.0165 (4.7)}
0.00545(8.0) 1
(8.0)1
(3.5)1
0.0121 (4.6)!
0.0131 (4.5)%
0.0060 (5.5)!
0.0334 (3.8)!
0.00427(8.1)1

0.00324(9.0)

1. Me72'

2. Mo70.
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.
‘ ' " (%Error)
226y, 1120.28 £ 0.061>2 0.160 (333)1
1155.17 + 0.07152 o;olaz (4.4)1
1207.52 + 0.081>2 | 0.0048 (8.0)1
1238.13 . £ 0.06122 0.062,-(3.6)¥4
1280.98 + 00812 | 0. 0156 4.8)1
1 1377.64 £ 0.051>2 [0.0418 (4.6)1
1385.33 ¢ 0.06122 10,0086 (5;7)1i
1401.44 + 0.06122 |0.0144 (5.2)!
11407.98 '+ 0.061°2 {0.0260 (4.9)!
1509.22 + 0.071°2 [0.0230 (4.4)!
1583.12 + 0.11,2 |0.0076 (6.4)1
1661.24 + 0.0712 6.0121 (6.0)!
1729.55 + 0.0712 |0.0307 (4.0)1
1764.49 + 0.0712 [0.166 (3.3)!
1838.33 * 0.11°2 10.0041 (5.2)!
1847.44 + 0.07%+2 [0.022 (5.7)1
'2118.52 + 0.11°2 |0.0123 (.01
2204.14 + 0.11°2. |0.0530 (4.0)1
2293.21 + 0.11»2 0.0034 (7.0)!
2447.63 + 0.11>2 10.0165 (4.1)!
22871h 238.62 + 0.011 'A 0.4481 1. ND13
583.17 + 0.012 0.2870 | 2. Gr71
2614.61 + 0,10 0.3451
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243cm

+

26.345 + 0.001!

59.537 + 0.0013

57.26
99.536
103.750
1171
120.6
209.76
228.20
254:41
272.87
. 277.62
285.47
311.7
315.91
322.3

334.33

7.02

100

0.14

13.5.

20.8°

7.6

1 2.6

3.30

-10.6

- 0.11

0.08
14.0

0.73
0.017
0.018

0.007

0.024

I+ 1+ i+ I+ I+ 1+ -+ i+ I+ 4+ M+ I+ 1+

I+

0.01
0.5
7.6

0.3

0.1

0.10

0.3

0.01

0.01
0.4
0.02
0.002
0.000

0.001

0.002

Ne70
Led68

Gr70

AH72
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