L. Spanier and S.A.E. Johansson Masses

T Nuclide is unstable to one-particle emission
¥ Nuclide is unstable to two-particle, but not one particle emission
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lOZSb
103Sb
lOASb
105Sb
lOSSb
107Sb
lOSSb
lDQSb
nosb
llle
112Sb
ll3sb
114Sb
115Sb
llGSb
117Sb
118Sb
1195b
lZOSb
lZle
12ZSb
lZSSb
1243b
lZSSb
lZGSb
127Sb
lZBSb
1295b
l3OSb
131Sb
lSZSb
lSBSb
13ASb
l358b
1363b
137Sb
l38$b
1398b
l4OSb
14lsb
l425b
143Sb
lAASb
l45$b
14GSb
147Sb
1483b
l49$b
lSOSb
15lsb
lSZSb
153Sb
lSASb
1555b
lSSSb
157Sb
15BSb
lSQSb
1603b
l6lsb
lSZSb
1638b
lSASb
165Sb
lBSSb
167Sb
lGSSb
lSQSb
17OSb
l7lsb

-50.740
-55.450
-57.710
-62.200
-64.220
-68.400
-70.090
-73.900
-75.340
-78.970
-80.070
-83.170
-83.750
-86.330
-86.420
-88.500
-88.130
-89.740
-88.930
-90.260
-89.310
-90.370
-89.100
-89.830
-88.260
-88.660
-86.790
-86.880
-84.700
-84.470
-81.990
-81.440
-74.340
-71.030
-65.560
-62.070
-56.430
-52.740
-46.910
-43.010
-36.980
-32.870
-26.640
-22.340
-16.070
-11.640
-5.110
-0.410
6.390
11.370
18.420
23.660
30.970
36.470
44.020
49.770
57.560
63.560
71.520
77.590
85.650
91.930
100.180 f
106.670
115.120 *
121.810
130.460 T
137.370
146.220 *
153.340

1037
10474
10574
1067
10714
1087
1097
11074
1117e
1274
1137
11474
11574
11674
U77q
1187
11974
120
12174
12274
1237
12474
1257
12674
12770
12874
1294
13074
18174
1327
18374
13474
135
13674
1377¢
13874
13974
14074
14174
14274
14374
14T
1457
14674
14774
14874
1497
150
151
15274
15374
15474
15574
1567
15710
15874
15974
16074
16174
162
1637
16474
16574
166T¢
16714
1687
1697
17074
1717¢
17274

107|

-40.850 t
-48.420
-51.080
-55.970
-58.380
-62.960
-65.330
-69.900
-71.920
-75.940
-77.420
-80.890
-81.830
-84.750
-85.190
-87.590
-87.540
-89.450
-88.950
-90.410
-89.490
-90.540
-89.450
-90.490
-89.240
-89.970
-88.440
-88.870
-87.060
-87.200
-85.110
-84.950
-78.210
-75.160
-69.970
-66.740
-61.380
-57.960
-52.420
-48.790
-43.120
-39.560
-33.850
-29.990
-24.010
-19.870
-13.610
-9.180
-2.660
2.040
8.830
13.810
20.840
26.090
33.370
38.870
46.400
52.140
59.900
65.890
73.880
80.100
88.260 t
94.470
102.640 T
109.050
117.410 T
124.030
132.580 T
139.400

-47.030 t

108|
109|
110|
111I
112|
113|
114|
115|
116|
117|
118|
119|
120|
121I
122|
123|
124|
125|
126|
127|
128|
129|
130|
131I
132|
133|
134|
135|
136|
137|
138|
139|
140|
14l|
142|
143|
144|
145|
146|
147|
148|
149|
150|
151I
152|
153|
154|
155|
156|
157|
158|
159|
180|
161|
162|
163|
164|
lGSI
166|
1G7|
168|
169|
170|
171|
172|
173|
174|
175|

107)(e
108xe
109)(e

-49.870
-55.400
-58.380
-63.370
-65.810
-70.240
-72.120
-75.960
-77.290
-80.560
-81.350
-84.080
-84.350
-86.580
-86.390
-88.140
-87.530
-88.860
-87.850
-88.800
-87.720
-88.780
-87.580
-88.350
-86.900
-87.400
-85.690
-85.920
-79.530
-76.760
-71.860
-68.920
-63.850
-60.710
-55.500
-52.530
-47.400
-44.140
-38.740
-35.180
-29.490
-25.640
-19.680
-15.530
-9.290
-4.860
1.640
6.350
13.120
18.090
25.110
30.350
37.610
43.100
50.600
56.330
64.050
70.020
77.960
84.160
92.320
98.590
106.660
112.990
121.250
127.780
136.230
142.960

-31.900
-40.030
-43.890

T
+

+H —+

110xe
111Xe
llee
113Xe
114Xe
115Xe
116Xe
117Xe
118Xe
llgxe
120Xe
121Xe
122)(9
123)(e
124xe
125Xe
126Xe
127Xe
128Xe
129Xe
130Xe
131xe
132Xe
133Xe
134)(9
135Xe
136xe
137Xe
138Xe
139Xe
140)(e
141Xe
142Xe
143)(e
144Xe
145Xe
146xe
147)(e
148xe
149Xe
150Xe
151Xe
152)(e
153Xe
154Xe
155)(e
156Xe
157Xe
158xe
159Xe
lGDxe
161Xe
162Xe
163Xe
164)(e
165Xe
166Xe
167xe
168Xe
169Xe
170)(9
171)(e
172Xe
173Xe
174Xe
175Xe
176)(e
177Xe

lllcS
112CS
1ISCS

-49.860
-53.280
-58.690
-61.550
-66.380
-68.650
-72.860
-74.550
-78.170
-79.300
-82.350
-82.940
-85.460
-85.570
-87.610
-87.280
-88.890
-88.170
-89.390
-88.310
-89.290
-88.420
-89.510
-88.390
-89.230
-87.880
-88.480
-82.420
-79.930
-75.320
-72.660
-67.880
-65.210
-60.670
-58.000
-53.180
-50.220
-45.120
-41.850
-36.460
-32.890
-27.220
-23.350
-17.390
-13.230
-7.000
-2.560
3.940
8.660
15.420
20.400
27.410
32.650
39.890
45.370
52.840
58.560
66.250
72.200
80.100
86.270
94.380 T
100.580
108.560
114.800
122.960 T
129.400
137.740 T

-41.570 t
-45.450 t
-51.300 t

114CS
115CS
llﬁcs
117Cs
llSCS
119CS
120CS
121CS
1ZZCS
12303
124Cs
125CS
1ZSCS
127CS
IZSCS
129CS
13OCS
131CS
132(:3
133CS
134(:5
13SCS
136Cs
137CS
13BCS
139CS
IAOCS
141Cs
14ZCS
143CS
144(:S
145CS
1AGCS
147(:S
148Cs
149(:S
1SDCS
151CS
ISZCS
153CS
154(:S
155CS
156(:3
157CS
158CS
ISQCS
160Cs
161CS
1GZCS
163CS
164CS
165CS
166CS
167CS
168(:3
169CS
170CS
17103
172Cs
173CS
174CS
175CS
17SCS
177Cs
178(:S
179CS
180(:3
181CS

lllBa
1IZBa
1ISBa

-54.590
-59.820
-62.500
-67.100
-69.170
-73.140
-74.610
-77.990
-78.910
-81.740
-82.150
-84.480
-84.450
-86.330
-85.890
-87.390
-86.600
-87.750
-86.730
-88.140
-87.360
-88.540
-87.550
-88.500
-82.780
-80.580
-76.270
-73.910
-69.600
-67.530
-63.320
-60.970
-56.470
-53.810
-49.020
-46.060
-40.980
-37.700
-32.320
-28.740
-23.070
-19.190
-13.230
-9.060
-2.830
1.620
8.110
12.840
19.580
24.570
31.550
36.780
43.990
49.460
56.900
62.590
70.240
76.150
84.010
90.140
98.160
104.120
111.990
118.140
126.190
132.530
140.760
147.290

-25.890
-35.100
-39.420

+H —+

114Ba
11583
116Ba
117Ba
118Ba
119Ba
1ZOBa
12lBa
1228a
123Ba
124Ba
1258a
12GBa
127Ba
1288a
129Ba
13OBa
13lBa
1328a
133Ba
13ABa
1358a
13GBa
137Ba
13SBa
139Ba
1ADBa
1AIBa
14ZBa
14SBa
1448a
14SBa
1468a
1478a
14SBa
14QBa
15OBa
151Ba
1SZBa
153Ba
154Ba
1SSBa
156Ba
157Ba
15SBa
1598a
160Ba
1ﬁlBa
1ezBa
1GSBa
164Ba
1658a
166Ba
167Ba
1GSBa
169Ba
17OBa
1718a
17ZBa
173Ba
174Ba
17SBa
17GBa
177Ba
17SBa
17QBa
1BOBa
18lBa
18ZBa
1838a
184Ba

-45.690
-49.410
-55.040
-58.120
-63.090
-65.530
-69.850
-71.660
-75.360
-76.590
-79.720
-80.430
-83.040
-83.280
-85.430
-85.270
-87.030
-86.510
-87.920
-87.100
-88.420
-87.950
-89.450
-88.800
-90.090
-84.700
-82.780
-78.770
-76.730
-73.100
-71.350
-67.460
-65.410
-61.230
-58.880
-54.400
-51.730
-46.950
-43.960
-38.880
-35.570
-30.190
-26.580
-20.900
-16.990
-11.030
-6.830
-0.600
3.870
10.360
15.100
21.830
26.820
33.780
39.010
46.190
51.650
59.050
64.710
72.320
78.200
86.000
92.090
99.690
105.570
113.330
119.390
127.320
133.570
145.390 T
154.130 t
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15 5 -37.360 T 19Ce -45.670 127pr  .66.380 2Nd  -72.570 14pm -80.810 145sm -79.840
116 5 41510 t 120ce  -51.400 128pr  _67.990 133Nd  -73.500 142pm  _81.760 1465m  -79.750
Wa -47.560 t 121ce -54.580 129pr  .71.450 1B4Nd  -76.320 143pm  -84.680 7sm -78.260
118 3 -51.040 12ce  -59.600 180pr 72,550 135Nd  -76.890 144pm  -80.870 1485m -78.710
119 5 -56.390 123Ce -62.100 Blpr 75520 136Nd  -79.360 145pm  -80.480 149gm -77.060
120 5 -59.210 124Ce  -66.450 32pr - .76.180 BINd -79.640 14%pm .78.570 1505m .77.240
121 5 -63.880 125Ce -68.320 133pr _78.730 138Nd  -81.840 ¥7pm -78.710 11gm  -75.300
1221 5 -66.050 126Ce -72.050 B4pr - .79.030 139Nd  -81.890 148pm  .76.740 1525 .75.160
123 3 -70.070 127ce -73.360 135pr  _81.250 140N -84.300 49pm  -76.590 1535m  -72.910
1243 -71.630 128Ce  -76.530 136pr  _81.250 1INd  -84.930 150pm  -74.340 1545m  -72.430
125 5 -75.060 129ce .77.340 B7pr  .83.190 142Ng -87.540 151pm  .73.880 155sm  -69.840
126 5 -76.070 130ce -80.030 138pr 82,960 143Nd  -83.410 152pm  -71.320 1%6sm  -69.000
127 5 -78.970 18lce -80.410 % 85,280 144Nd  -82.700 153pm  -70.530 157Sm  -66.060
128 3 -79.500 182Ce  -82.700 140pr 85,600 145Nd  -80.350 15pm  -67.630 1585m  -64.850
129 5 -81.930 133ce -82.730 lpr  .87.890 146Nd  -80.160 1%5pm  -66.490 1%95m  -61.550
130 53 -82.040 134ce -84.670 142pr  _83.450 147Nd  -77.850 156pm  -63.240 1605m  -59.980
Bl a5 -84.070 135Ce  -84.400 43pr  .82.450 148Nd  -77.390 57pm  -61.740 161gm -56.330
132 5 -83.820 136Ce -86.060 4pr 79.600 149Nd  -74.800 1%8pm  .58.150 1625m  -54.390
1382 -85.510 187ce -85.700 145pr - 79.090 150Nd  -74.030 1%9pm  _56.280 1635m  -50.390
B4 a -84.970 138ce .87.820 14%pr  .76.460 15INg -71.130 16%pm 52,340 1645m  .48.100
135 3 -86.360 139ce -87.820 7pr  _75.680 152Nd  -70.030 16lpm  _50.130 1655m  -43.770
136 5 -86.030 140ce -89.790 8pr 72,770 153Nd  -66.810 162pm  _45.850 1665m  -41.140
B a -87.840 14lce -85.030 4%pr  .71.680 159Nd - -65.360 163pm  .43.290 187sm  -36.490
138 5 -87.530 42ce -83.710 150pr 68,460 1%5Nd  -61.800 164pm  -38.690 1685m  -33.550
139 5 -89.160 43ce -80.330 lpr _67.050 156Nd  -60.000 165pm  -35.810 1695m  -28.600
140 5 -84.090 44ce -79.490 152pr 63,520 157Nd  -56.110 166pm  -30.900 105m  -25.360
14 5 -82.480 145Ce -76.530 153pr 61.770 158Nd  -53.950 167pm  -27.700 1sm -20.140
121 5 -78.780 146ce -75.420 154pr 57.910 159Nd  -49.720 168pm 22,500 125m -16.620
43 5 -77.370 47ce -72.180 1%5pr 55,810 160N -47.220 169pm  -19.010 18sm -11.140
4 2 -74.080 148ce .70.770 156pr  .51.620 16ING  -42.660 1%pm -13.540 74sm  -7.370
145 4 -72.650 49ce -67.230 157pr  .49.180 162Nd  -39.830 pm  -9.770 175Sm  -1.650
146 5 -69.090 1%0ce -65.500 158pr  _44.660 163Nd  -34.950 172pm  -4.050 176sm  2.360
¥ a -67.360 Blce -61.650 159pr  _41.890 164Nd  -31.800 3pm  -0.040 7sm  8.290
148 5 -63.500 152Ce  -59.590 160pr 37,050 185N -26.620 74pm  5.920 178sm  12.520
%9 2 -61.460 153ce .55.410 16lpr  .33.950 166Ng  -23.170 1%pm  10.170 1%sm  18.650
150 5 -57.300 1%4Ce -53.020 162pr 28,800 17Nd -17.710 7%pm  16.340 1805m 23,090
151 5 -54.940 1%5Ce -48.530 163pr 25390 168\ -13.960 "pm  20.810 18lsm  29.410
1521 3 -50.460 1%6ce -45.800 164pr  _19.950 169d  -8.240 178pm  27.180 1825m  34.040
153 5 -47.780 157Ce  -40.990 165pr  _16.250 10Nd  -4.230 %pm  31.850 1835m 40540
154 2 -42.990 1%8ce -37.930 166pr  _10.530 INd 1.740 180pm  38.410 1845m  45.350
155 5 -39.980 19ce -32.810 167pr 6,540 12Nd - 6.000 18lpm  43.280 1855m  51.980
156 5 -34.880 160ce -29.440 168pr 0,570 18Nd 12.200 182pm 50.020 185S5m  56.440
17 2 -31.550 16lce -24.020 169pr 3,680 174Nd  16.690 183pm 55,070 87sm  62.740
158 5 -26.150 162Ce  -20.340 0pr 9,900 5Nd 23.110 184pm  61.850 1885m  67.350
159 3 22520 163ce -14.640 7pr 14.390 176Nd 27.820 185pm  66.560 1895m  77.680 T
160 5 -16.830 164Ce  -10.670 172pr - 20.840 INd  34.440 186pm  73.110 1%05m  85.060 *
161 -12.890 185ce  -4.700 18pr 25570 18Nd - 39.350 8pm 77.980 ¥lsm  94.120 t
162 3 -6.930 166Ce  -0.460 74pr  32.220 19Nd  46.160 188pm  88.550 T 1925m  101.140
163 4 -2.710 %7ce 5770 %pr  37.170 180NG  51.260 89pm  96.170 1935m  109.980 t
642 3520 18ce  10.270 176pr 44020 1BINd  58.250 1%0pm  105.550 t 1%45m  117.190
165 3 8.000 189ce  16.730 7pr 49.170 182Nd - 63.550 ¥1pm 112.810 1%sm  126.220 t
166 2 14.480 10ce 21.470 178pr  56.220 18Nd - 70.450 192pm  121.900 t 129,
17 2  19.220 "lce 28.170 pr 61570 184Nd - 75.420 122 mE“ -33.760 1
168 5 25.930 72ce  33.130 180p; 58800 185y 82.240 Lo 4sot Y Sr2so T
%92 30.910 3Ce  40.040 18lpr 74340 18Nd  87.370 1243'" 12240 1 mE“ 42510 1
05 37.850 e 45220 82pr 81310 7Ng  98.190 t Lo 21650 % Y 45340 1
la  43.050 5Ce  52.330 183pr  86.550 18Nd  106.040 t msm 26320 1 134E“ 49.950
72 5 50,200 ce  57.720 84pr 93630 89\g 115,710 + o 32.780 el 32210
1735 55.620 7ce  65.020 185pr 99,030 190Ng  123.200 % e 36:620 el 26290
Y44 62,970 8Ce 70610 18py 110100 125 oo T42:270 Y 758.080
755 68,610 19e  78.100 87pr 118170 t M -39.210 1 o 745:430 et 81710
6 5 76.150 180ce 83,690 188%py  128.070 t M -42.760 o 90:370 et 83120
1, 81990 BCe  90.900 e 128Pm -48.080 t 132Sm -52.890 140Eu -66.410
78, 89680 192Ce 96,400 120Nd -16.970 um -50.930 133Sm -57.210 141Eu -67.530
9, o5 280 193Ce 103770 121Nd -26.460 * 130Pm -55.570 134Sm -59.170 142Eu -70.560
190, 102760 184Ce 109.440 122Nd -31.140 131pm -57.780 135sm -62.960 143Eu -71.470
181, 108.530 185G 120760 + 123Nd -37.620 132Pm -61.810 136Sm -64.450 144Eu -74.420
92, 116180 1%6Ce 129,060 T 124Nd -41.550 133Pm -63.480 137Sm -67.810 145Eu -75.990
193 5 122130 o 125Nd -47.270 134Pm -67.000 138Sm -68.930 146Eu -79.530
1845 133700 1 121Pr -37.580 t 126Nd -50.470 135Pm -68.210 139Sm -71.940 147Eu -76.330
WS g 142220 122Pr -43.690 t 127Nd -55.460 138Pm -71.300 140Sm -72.770 148Eu -76.560
Pr -47.250 t Nd -57.980 Pm -72.150 Sm -75.520 Eu -75.440
15Ce -21.340 t 123pr 52,620 128Nd  -62.310 37pm  -74.890 lgm -76.140 ey .76.210
H6ce -30.770 t 124pr  _55.480 129\Nd  -64.220 138pm  -75.450 425m  -78.860 150gy,  .74.890
"ce -35.340 125pr  .60.150 130Nd  -67.960 139pm  -77.930 43sm -80.120 151y .75.390

18ce .41.790 126pr  .62.350 BINd -69.340 14%pm .78.260 144sm  -83.350 152gy  -73.780



Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess

158y -73.960 157Gd  -70.710 165Th  -60.100 169py 54,830 "Ho  -37.240 181Er  .30.350
1%4gy -72.030 1%8Gd  -70.470 166Th -56.950 10py  .53.260 17840 -33.030 182gr  .27.800
15gy  -71.860 19Gd -68.140 167Th  -55.480 py  .49.690 4o  -30.490 183gr  .23.350
156Ey  -69.590 160Gq -67.530 168Th -51.970 12Dy .47.780 18045 -26.020 184gr  .20.570
7By -69.050 16lGd -64.820 169Th  -50.140 1%py  .43.880 18l4o -23.220 185gr  .15.910
158Ey  -66.420 16264 -63.820 70Ty -46.300 17Dy -41.650 1821y .18.530 186y .12.910
19gy  -65.510 163Gd -60.750 1Th  -44.130 175py  -37.460 18340 -15.500 187gr  -8.060
160y -62.520 16464 -59.370 72T -39.970 178py  -34.930 18440 -10.600 188y .4.860
BlEy  .61.230 165Gd  -55.940 13Th  -37.490 7Dy -30.460 18540 -7.360 189%gr  0.170
182g,  .57.870 166Gd  -54.190 174Th  -33.040 178py  .27.660 186 -2.260 190gr 3,550
163, -56.210 187Gd  -50.410 175Th  -30.260 1y -22.940 BHo  1.170 191 8520
184Ey  -52.500 168Gd  -48.310 176Th -25.540 180py.19.900 18840 6.450 1926r 11,540
165y -50.490 169Gd  -44.190 7Tp  -22.500 18lpy  -14.950 8o  10.070 198y 16.350
166Ey  -46.430 0Gd -41.770 178Th -17.530 182Dy -11.680 19040 15.390 1%gr 19510
167Ey  -44.070 1Gd -37.340 9Tp  -14.240 183py  -6.520 1Ho  18.640 19gr 28380 t
168Ey  -39.690 12Gd  -34.600 180Th  .9.050 184Dy -3.040 19240 23.690 196gr  34.280
189gy,  .37.010 13Gd  -29.890 18lTh  .5.540 85y 2.310 19840 27.080 97Er  41.960
70y -32.330 174Gd  -26.860 1821 .0.140 18py 5980 190 36.190 t 198y 47,550
gy -29.340 15Gd  -21.890 183Th  3.580 87Dy 11,510 %540 42.340 19 54.880
2Ey  -24.370 176Gd  -18.600 184Th  9.170 188py  15.370 1%Ho  50.230 200gr  60.600
gy -21.100 7Gd  -13.380 185Th  13.080 189py  21.020 4o  56.010 201 68.120
174Ey  -15.880 178Gd  -9.850 186Th  18.850 190py 24,510 %840 63.590 2021 74,050
gy -12.350 %Gd  -4.400 87T 22.940 11py  29.800 %o  69.560 203gr  81.760
8gy  -6.880 180Gd  -0.650 188Th  28.880 192Dy 33.430 20045 77.330 204gr - 87.900
ey -3.110 BlGd  5.000 189Th  32.610 198py 42780 t 2014 83.500 205gr  95.820
78y 2570 182Gd  8.960 190TH  38.150 1%4py  49.180 20249 91.460 206gr  102.160
gy 6.570 183Gd  14.790 917 42.010 1%py 57.260 t 3Ho  97.840 27gr 110.290 t
180gy,  12.450 184Gd  18.950 192Th  51.610 t 19Dy 63.290 20440 106.010 t 28gr  116.850
1BlEy  16.650 185Gd  24.960 1937 58.260 9Dy 71.120 0540 112.590 29y 125.190 t
B2Ey 22730 186Gd  29.290 1947 66.530 T 198py  77.340 206Ho  120.960 T 20gr  131.970
18Ey  27.110 187Gd  35.470 195Th  72.810 199py  85.360 W74 127.770 gy 140510 t
184y 33.370 188Gd  39.470 19%Th  80.890 t 20py 91,790 20845 136.340 t 145
185gy  37.940 189Gd  45.260 197Th  87.360 21py  100.000 t 138 me -28.110 1
186 190, 198 202 Er -11.290 t Tm -31.050 t
Eu 44.360 Gd  49.370 Tb  95.630 T Dy 106.630 199, 15110 t Wiy 35.860
187Ey  48.580 ¥1Gd  59.210 t 1997h  102.300 203py 115.040 t 140 ’ 148 :
82y 54,620 19264 66.110 + 2007y 110.760 + 204py 121880 L 20700 T o -38.600
189, 58,980 9354 74.620 + 2017 117,630 205py 130,500 t o 24010 % o 43770
99y 69.060 t 9G4 81.140 2027 126,300 + 130 29140 % o ~47.170
WIC, 76.200 § 195Gy 89480 - 140H0 -28.130 t 144Er -32.060 152Tm -52.500
1920, 84970 + 1904 96200 133Dy -8.920 t 141Ho -31.130 t 145Er -36.820 me -51.140
95, o1 740 9G4 104730 + 134Dy -13.400 t 142Ho -35.940 t 146Er -39.440 154Tm -53.200
19Ey 100,330 1 19864 111,640 135Dy -19.600 t 143Ho -38.550 T WEr -43.930 155Tm -53.560
1955, 107290 19954 120.360 + 136D -23.370 £ 144Ho -43.000 t 148Er -46.340 156Tm -56.180
19, 116,060 T 200Gy 127480 137D -28.900 * 145Ho -45.310 t 149Er -51.050 157Tm -56.730
e, 193990 2G4 136390 138D -32.080 £ 146Ho -49.510 150Er -54.140 me -59.060
1980, 132190 " 139Dy -37.040 147Ho -51.610 151Er -59.180 1Sng -59.320
Tb -35.810 t Dy -39.720 Ho -55.890 Er -57.510 Tm -61.310
18G9 -15.900 t 1%67h .38.680 t 140Dy -44.230 1480 -58.680 152gr  -59.260 180T -61.230
129Gd -20.470 t B7Th -43.340 t 141py  -46.520 1%Ho -63.420 153y -50.460 BlTm  -62.860
180Gq -26.770 t 138Th -45.720 t 142py  -50.670 10Ho -61.450 1S4er 61.770 62T -62.400
18lGq -30.590 * 139Th  -49.930 43py -52.670 BlHo -62.910 15gr  62.020 163Tm  -63.640
182Gd  -36.150 1407 -51.920 144py  -56.560 15240 .62.910 156Er  .64.050 164Tm  -62.790
133Gd  -39.290 141Th  .55.780 145py  .58.350 5340 -64.920 157Er  -64.010 165Tm  -63.620
134Gd  -44.210 12Tp  .57.480 16py  .62.240 40 -64.870 158gr  65.710 166Tm  .62.380
135Gd  -46.760 143Th  -61.080 ¥py  -64.720 540 -66.600 159 _65.320 67Tm  -62.800
1%6Gd -51.130 1%4Th -62.580 148py  .69.150 1640 -66.260 160gr  _66.650 168Tm  -61.160
137Gd  -53.200 5Th  -66.120 9py  .66.880 4o -67.660 161 65.900 169Tm  -61.180
138Gd -57.120 146Th -68.290 10py  .68.020 %840 -66.980 162 _66.850 70Tm  -59.150
139Gd -58.810 WTh -72.430 lpy -67.790 15940 -68.020 163g;  .65.710 Tm -58.770
40Gq -62.380 148Th  -69.860 152Dy -69.500 1605 -66.970 164Er  _66.250 12Tm  -56.360
4Gd -63.780 19T .70.700 153py  .69.130 6l4o -67.630 165gr 64,720 13Tm -55.610
42Gd  -67.090 1501y .70.210 1%4py  -70.560 16240 -66.200 166er  _64.860 74Tm  -52.850
43Gd  -68.290 1%1Th  -71.610 1%5py  .69.900 1630 -66.460 167gr  62.930 5Tm -51.730
144Gd  -71.510 1521 -70.930 156py  -71.000 16440 -64.640 168gr  .62.670 76Tm -48.640
145Gd -73.380 158Th  -72.050 7py  -70.010 150 -64.500 16961 -60.360 7 Tm -47.190
146Gd  -77.210 154Th  -71.080 1%8py  .70.750 16640 -62.290 170gr 59,700 178Tm  -43.790
47Gd  -74.330 155Tp  -71.880 19py  -69.400 6740 -61.750 Er 57.020 19Tm -42.030
148Gd  -74.860 1561 .70.580 160py .69.760 16845 -59.160 172gr 55990 180T .38.340
149Gd -74.070 57Tp  -71.030 18lpy .68.030 18940 -58.240 18gr 52,950 18lTm  -36.300
1%0Gq -75.150 1%8Th -69.370 162Dy .68.000 1040 -55.280 74gr 51,570 82T -32.350
1Gd  -74.150 159Th  -69.440 163py  .65.880 'Ho  -53.990 1%gr  .48.210 183Tm  -30.050
1%2Gd  -74.960 160Th  -67.410 164Dy -65.450 1240 -50.680 178gr  _46.500 184Tm  -25.870
158Gd  -73.670 161Th  .67.090 185py  .62.960 4o -49.040 TEr  -42.820 185Tm  -23.330
1%4Gd  -74.160 62T .64.690 166py  -62.140 7440 -45.410 178gr  .40.810 86T -18.930
15Gd  -72.540 163Th  -63.980 17Dy .59.260 Ho  -43.440 1%gr  -36.850 187Tm -16.180

1%6Gd  -72.680 164Th  -61.200 168py  .58.060 178Ho  -39.510 180gr  .34.560 188Tm -11.570



Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess

B9Tm  -8.620 lyp  -9.060 ¥y 3.250 ¥4t 4570 20373 17.740 203y 7.660
190Tm  -3.830 192yp 6210 198y 11.400 t 1984t .2.310 20473 24.260 24y 12.160
¥Tm  -0.700 19yp  -2.000 99y 16.530 1994f 5,600 20573 28.760 205y 18.410
192Tm  3.880 1%4yp  0.550 200 23.430 2004t 10.470 20613 35.030 206y 22.930
19%Tm  6.660 1%yp  4.900 201 4 28.700 24t 17.110 207Ta 39.720 27w 28.950
194Tm  11.240 %yvp  7.600 202y 35.300 2024t 22.130 20873 46.190 208y 33.410
195Tm  14.160 ¥7yp  15.990 t 203y 40.280 2034f  28.690 20973 51.110 209y 39.630
196Tm 22790 t 19%8yh  21.380 204y 47.050 2044t 33.430 2073 57.790 210 44.310
97Tm  28.430 19yvp  28.540 205 52.230 2054f  39.940 2UTa  62.920 Ay 50.750
19%8Tm  35.850 200yh  33.920 206, 59,200 2064t 44,880 21273 69.820 22y 55,640
199Tm  41.330 201y 40.750 27y 64.590 274t 51.600 23Ta  75.180 213w 62.300
200Tm  48.400 202yh  45.970 208y 71.770 2084f  56.760 2473 82.300 A4y 67.420
2ltm  53.870 203yp  52.990 209y 77.380 294¢  63.690 215Ta  87.880 28w 74.300
02Ty 61.140 204yh  58.420 210y 84.770 204f  69.070 26T 95.220 26y 79.660
23Tm  66.810 205yh  65.640 2y 90.610 24t 76.210 21Ta 101.040 2w 86.760
204Tm 74280 206yh  71.280 2121, 98.210 224f  81.810 21873 108.590 28y 92.340
205Tm  80.170 207yh  78.700 23y 104.270 234f  89.170 219Ta  114.640 2%y 99.660
206Tm  87.830 208yl 84.560 2% 4 112.090 24 95.000 220Ta  122.410 220\ 105.470
27Tm  93.930 209vh  92.200 215y 118.370 2154f  102.570 22T 128.680 2y 113.010
208Tm  101.810 20vp  98.280 218y 126.410 2184t 108.630 222T3 136.680 222y 119.050
209Tm  108.130 2lyh  106.120 27y 132.920 27Hf  116.420 23T 143.170 23y 126.820
20Tm  116.220 1 212yh  112.430 218y 141160 t 2184f 122,700 224Ta 151370 t 224y 133.080
2UTm  122.760 213yp  120.480 29y 147.900 2%4f  130.710 225Ta  158.090 225\  141.060
22Ty 131.060 1 24yh  127.010 220, 156.360 T 2204f  137.220 226Ta  166.510 1 226\ 147.540
23Tm  137.810 25%vh 135.280 t 221y 163.310 214t 145450 t 221Ta  173.430 221w 155.730 t
24Tm  146.330 1 218yh  142.030 2221, 171.980 t 2224f  152.170 22T 182.060 t 28y 162.440

2% 170.840 t
20 177.760

22%4f  160.610 T
2244f  167.550

27yh  150.520 t

154,
218yh  157.480 W -6.380 t

5w -11.280 t

1484t .2.880 t
M94f  _6.830 t

M2yp 2130 t
yp  -6.120 T

My 11890 1 2%b 166.180 t 15045 12610 + 254f  176.200 t 1550 18040 % By 186.360 T
¥Syp -15.470 t By -29.790 t Blht -16.780 £ 157Ta -28.160 t B7yw  -18.150 t 161Re -18.490 t
148yp -20.870 % 1521y -33.800 t 1524f  .23.080 t 15813 -29.450 1 %8y .21.710 162Re -20.280 t
¥47yp  -24.140 153y -39.710 t 1534t -27.390 15972 -32.660 t 5%y -23.300 163Re -24.290 1
148yp .29.270 t %4y -38.940 t 1544f  -33.590 160Ta  -34.380 160y .26.710 164Re  -26.250 t
49yvp -32.320 18y -41.610 1554t -33.120 16115 -37.850 16lyy  -28.510 165Re -29.910 1
1%0yp  -37.990 156y -42.290 1564f  -36.080 16213 -39.260 62y .32.250 166Re  -31.520
15lyp  -41.690 Y7y -45.410 1574f  -37.060 163Ta  -42.380 163 .33.940 167Re  -34.810
12yp  .47.310 %8y -46.550 1584f  .40.230 164Ta  -43.440 B4y -37.330 168Re  -36.040
153yp  -46.250 159y -49.460 1594 .41.660 165Ta  -46.190 185y .38.660 1692 -38.930
154yp -48.610 160y -50.300 1604t _44.850 166Ta  -46.870 186y .41.680 10Re -39.760
1%5yp  -49.100 16l y  -52.870 1614f 45970 167Ta  -49.220 87\ -42.630 11Re -42.230
1%6yh  -52.000 1821y -53.370 16214f  _48.820 16873 -49.510 168y .45.250 12Re -42.670
157yp  -52.850 183y -55.560 1634f  _49.600 169Ta  -51.450 8%y  .45.810 1%Re -44.730
1%8yp  .55.470 164y -55.680 16444f 52,070 17073 -51.330 70w .48.010 174Re -44.760
1%vp  -56.020 165, .57.480 165Ht  -52.470 7T -52.850 7 -48.170 1®Re -46.410
160y .58.300 186y -57.210 1664f 54,540 172Ta  -52.330 172y .49.960 176Re -46.040
16lyp  .58.500 17y -58.600 1674f 54,550 173Ta  -53.440 8w -49.710 1""Re -47.290
162yp  .60.410 168y -57.930 1684f  _56.210 174Ta -52.530 74w -51.090 178Re -46.550
163yh  -60.250 189y -58.900 1694f  _55.820 175Ta -53.230 75w .50.450 1%Re -47.420
164yp  -61.760 70y -57.820 704t _57.060 176Ta  -51.940 76y .51.420 180Re -46.310
185yh  .61.200 7y -58.390 4f  56.260 7Ta -52.260 W -50.400 18lRe -46.810
166yh  .62.310 721y -56.920 724f  57.100 178Ta  -50.600 178y .50.990 182Re  -45.360
167yp  -61.350 8y -57.080 1%4f  55.900 179Ta  -50.560 %W -49.610 183Re  -45.520
168yh  .62.050 4y -55.230 1744f  -56.330 180T -48.550 180w .49.830 18%Re  -43.740
16%vp  -60.690 Sy -55.010 1754f  54.760 18lTa  -48.170 18l .48.100 185Re  -43.580
170vh  .60.980 176y -52.800 1764f  .54.810 182Ta  -45.850 182 .47.990 186Re  -41.500
7lyp -59.220 YTy -52.220 Ht  -52.870 1837 -45.150 183y .45.930 18’Re  -41.040
172yp  .59.110 178y -49.670 1784f 52,560 184Ta  -42.520 184y -45.500 1882e  -38.680
1%yp -56.980 9y -48.750 4f  .50.270 85T -41.530 185y  .43.150 189Re  -37.940
174yp  -56.490 180y -45.880 1804f  _49.620 186Ta  -38.630 186\ .42.420 190Re -35.330
175yp  -54.000 181y -44.650 B4t .47.020 187Ta -37.360 187\ -39.790 191Re  -34.320
176yp  .53.150 1821y -41.490 18244f  _46.050 188Ta  -34.220 188y -38.780 192Re -31.470
77yp  -50.330 183y -39.970 1834f  _43.150 18913 -32.700 8%y .35.890 199e  -30.220
178yh  -49.140 184y -36.540 1844t .41.890 19073 -29.320 190w -34.630 199Re -27.190
179vp  -46.000 185y -34.750 1854f  _38.730 ¥1Ta -27.570 ¥y 31,510 1%5Re -26.130
180yh 44500 186y -31.080 1864t _37.200 19213 -23.970 192w .30.010 1%Re -23.250
18lyp .41.070 87y -29.050 1874f  -33.780 19813 -22.000 98w -26.660 197Re  -21.990
182yph  .39.290 188y -25.160 1884f 32,010 1%Ta -18.480 194y .25.070 1982e  -18.940
183yp -35.600 189y -22.900 1894t -28.360 19573 -16.770 195y -21.960 19Re -17.490
184yp  -33.550 190y -18.800 1904f 26,360 19T -13.260 196w -20.480 200Re  -14.260
185yvh  -29.620 191 4 -16.340 Byt 22,510 197Ta  -11.390 ¥7w  -17.190 20lRe -12.630
186yp  -27.330 1921y -12.040 1924f  _20.290 %19 .7.720 198y -15.530 202Re  -5.440
187yp -23.180 98y -9.640 1934f  .16.240 1913 .5.670 19w -12.080 203Re  -1.340
188yp  -20.670 ¥4 -5.670 1944f  -14.310 00T 1.990 200y -10.250 204Re 4500
189yph  .16.320 95y -3.340 1954f  .10.570 20iTa  6.610 20y 2,810 205Re  8.740

190yp  -13.610 19 4 0.770 19t .8.470 20213 12.980 202y 1.540 20°Re  14.740



Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess

20’Re  19.130 2070s  9.870 212 26.300 20pt  6.870 2%Au 22510 2249 1.610
208Re  25.050 20805 14.010 23 30.260 2Upt  12.240 216ay  27.980 2Hg  6.450
2Re  29.260 2%0s  19.900 2% 35.970 22pt  16.050 27au 31.750 2449 9.750
2102e  35.240 2995 23.960 215 40.150 23pt 21590 28y 37.210 25Hg  14.780
2llRe  39.670 2119s  29.700 218 46.080 2%pt  25.470 29U 41.150 2164 18.270
212Re  45.870 2205 33.890 2y 50.500 25pt  30.940 2200y 46.840 2Hg  23.480
2%Re  50.520 2305 39.840 28 56.660 21%pt  34.890 2ay 51020 284g  27.170
21%Re  56.940 2140s  44.270 29 61.300 2pt  40.590 2227y 56.930 2%Hg  32.580
2%Re  61.820 2%0s  50.440 20 67.690 218pt 44770 230y 61.350 22044 36.400
215Re  68.460 21605 55.090 24 72570 2%t 50.690 240y 67.490 2l4g  41.850
21"Re  73.580 270s  61.490 22 79.180 22%pt 55110 25Au  72.150 222Hg  45.800
21%Re  80.440 280s  66.380 2% 84.300 22pt  61.260 226py  78.520 2349 51.480
2%Re 85.780 2%0s  73.000 24r  91.130 222pt 65.910 2Tau 83.410 2284y 55.670
220Re  92.870 22005 78.110 25 96.480 223pt  72.290 228Au  90.000 254g  61.580
221Re  98.440 2210s  84.960 226 103.540 224pt  77.180 290y 95.120 226Hg  66.000
222Re  105.750 22205 90.310 27y 109.120 225pt  83.780 20ay  101.940 2T4g  72.140
22%Re  111.560 22805 97.380 228 116.400 225pt  88.900 BIay  107.300 284g  76.810
22%Re  119.080 22405 102.960 29 122.200 227pt 95,730 B2Ay 114.340 294 83.170
22°Re  125.120 2250s  110.260 0 129,700 228pt  101.080 Z3au 119.910 04 88.070
225Re 132.860 2260s  116.070 2y 135.730 22%pt  108.130 Z4Au 127.170 BlHg  94.660
22'Re  139.120 22105 123.580 32|t 143.440 2%pt  113.710 Z5Au 132.970 B24g  99.790
228Re  147.080 22805 129.610 B3 149.690 Z1pt  120.980 Z6Au 140.450 3349 106.600
22Re 153.550 22%0s  137.340 24 157.620 22pt 126.790 ZTAu 146.470 Z4Hg  111.960
2Re 161.720 t 200s  143.600 5 164.080 B3pt 134.270 B8y 154.150 549 118.990
2lRe 168.420 210s  151.540 B6r 172210 t 24pt  140.300 90 160.390 By 124.570
22Re 176.790 t %205 158.010 By 178.890 5pt 148.000 240ay  168.290 BTHg 131.820
23Re 183.700 230s  166.160 t 28y 187.220 t Z6pt 154.240 24y 174.740 289 137.620
2%Re 192.280 t B40s  172.850 29 194.110 237pt  162.160 2427y 182.850 t %9 145.090

250s  181.210 t 240 202.650 T Z8pt 168.610 243Au 189.510 2404g  151.110

1800s  -5.540 t

2605 188.110 164 2%pt  176.730 1 244pa0 197.820 t 2 158.790
12:05 7730 4 B70s  196.670 1 165Pt 5.010 1 240pt  183.400 25Au 204.700 24219 165.030
Os -11.730 Pt 2420 t 241y 191,730 t 246y 213.210 t 243Hg  172.910
180s -13.730 ¢ 168y .17.690 t 16pt -1.930 t 242p; 198'610 ' 248y 179‘360
16405 -17.730 89y 21500 t 17pt 4270 t 203p : 1%Hg  12.420 t 245 9 ’
1850s  -19.970 0y 23270 t 188pt 8,590 t t 207.130 T 0Hg  7.800 t mHg 187.310
1660s  -23.890 7 -26.680 189pt  -11.000 # 74Au -14.490 t g 5170 £ 247:9 ;gi'ggg
16705 -25.770 172y .28.050 70pt 15,070 AU -18.020 t 2Hg  0.860 t 248 ’ T
18805 -29.320 ¥y .31.050 7pt .17.100 A0 -19.530 t Hg  -1.600 t 249Hg 208‘228
1890s  -30.810 1) -32.030 72pt  .20.770 Tau -22.650 g  -5.790 250:9 2;;'930 T
00s  -33.960 8y -34.620 8pt -22.410 8y -23.770 Hg  -7.960 251 :
171 176 174 179 176 Hg 232450 t
Os -35.060 Ir -35.200 Pt -25.670 Au  -26.490 Hg -11.740
17205 -37.800 77 -37.380 175pt  .26.910 180Ay  -27.220 Hg -13.520 79T .8.930 t
1%30s  -38.500 178 37570 176pt  .29.760 Blay  -29.550 1784 -16.900 180T .10.590 *t
1740s  -40.820 19 -39.360 77pt  -30.610 182py -29.910 14g -18.280 1817 -13.850 1
1750s  -41.130 180 _39.170 178pt  .33.060 183y -31.860 180 21.270 1821) 15,120
1760s  -43.040 18l _40.580 179pt  .33.520 184y -31.860 Blyg 22,270 1831 .17.990
770s  -42.950 182)r_40.030 180pt 35,580 185Au -33.460 1824 -24.870 184T]-18.900
1780s  -44.470 183 _41.070 18lpt  _35.660 186y -33.120 183 -25.500 1857 _21.400
1%0s  -44.000 B4 -40.180 182pt  .37.340 87Au -34.370 B4y -27.730 186T] _21.950
18005 -45.140 185 _40.880 183pt  .37.060 188y -33.700 18544 -28.000 187T] -24.090
18l0s  -44.300 186y _39.660 184pt  .38.380 189Au  -34.620 186y -29.860 1887 _24.330
1820s  -45.070 187)r  -40.040 185pt  .37.750 190ay  -33.640 87Hg  -29.800 1897 _26.260
1830s  -43.900 188, _38.510 186pt  .38.730 1Ay -34.260 1884 -31.320 1901 _26.300
1840s  -44.330 189y .38.590 187pt  -37.780 192Au -32.990 18%Hg  -30.920 917 -27.930
1850s  -42.820 190 _36.770 188pt  .38.430 193y -33.500 19044 -32.110 19211 27.690
1860s  -42.930 194 .36.560 189pt  .37.180 1%4au -32.220 ¥l -31.470 19371 -20.040
1870s  -41.120 192y _34.480 190pt 37520 19Au -32.550 1924 -32.560 19471 .28.520
1880s  -40.930 199 _34.000 1¥1pt 35,970 1%6Au  -31.030 1984 -31.790 1957 29,590
1890s  -38.840 194 -31.780 192pt  .36.030 ¥7au -31.110 19449 -32.610 197 .28.810
19005 -38.360 195 31.390 198pt  .34.210 198y -29.360 1%5Hg  -31.580 197T] -29.600
1¥10s  -36.010 19 .29.180 194pt  .34.240 1Ay -29.200 196 -32.140 1987 _28.560
19205 -35.270 197y 28570 195pt  .32.480 200ay  -27.230 1974g  -30.860 19971 _29.090
1980s  -32.670 198 .26.150 196pt  .32.330 21y -26.830 1984 -31.170 2001 _27.800
1940s  -31.730 199 25340 197pt  -30.350 22py  -24.630 194 -20.640 20111 28.070
1%50s  -29.270 200 22720 1%8pt  -29.960 23y -24.010 20044 29,700 20211 26,520
1%0s  -28.440 Ly 21,690 199pt  27.770 W4pu - -21.580 Mg -27.940 2037 26.530
1970s  -25.790 202 .18.870 200pt  _27.160 25Ay -20.720 024 -27.750 20411 24,720
1980s  -24.750 203 .17.640 201pt 24,750 206Ay  -14.460 W34 25,750 2057 _24.470
190s  -21.910 24 -10.910 202pt 23,930 27ay -11.430 244g  -25.310 20671 .22.410
20005 -20.680 205 .7.350 203pt  _21.310 208Ay  -6.660 054 -23.070 2071 -21.890
20105 -17.650 208 .2.040 204pt  -20.260 WAy -3.470 W6 -22.380 2087 .16.090
20205 -16.220 27 1.680 205pt  _13.760 20y 1.460 274 -16.350 2097 .13.620
20305 -9.260 208 7.150 206pt  .10.470 Ay 4.830 084 -13.590 20T .9.390
20405 -5.430 209 11.030 207pt 5420 22Ay 9.940 20944 -9.090 2T 16,740
2050s  0.150 210 16.660 208pt  _1.960 2BAu 13.490 204y .6.170 21211 .2.340

20605 4.140 2 20.720 209pt 3,240 Ay 18.770 g -1.500 2371 0.500



Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess

21471 5,080 208pp 22,590 212gj 7,500 W5pg  .17.260 208t -12.080 2032n  -5.590
2157 8.110 209ph  -17.030 213gj  .5.340 206pg  .17.960 2094t -12.780 204Rn -7.130
2167 12.880 2 -14.830 24gj  .1.450 27pg  .16.860 20at  -11.700 2052pn  -7.000
27T 16.110 2lpp  -10.880 215gj  0.900 208pg  .17.300 2UAt -12.160 206 -8.420
2187 21.070 212pp 8,500 216gj 4,980 209pg  .15.950 22pt - 7.770 207Rn  -8.060
21971 24.500 23ppy .4.370 217gj  7.530 2pg  -16.130 28pt -6.210 20%Rn  -9.240
22071 29.660 2l%pp  -1.800 218gj  11.810 2lpg  .11.470 214at -2.930 2092pn  -8.650
22171 33.300 2%pp 2520 219gj  14.570 22pg  .9.700 215At  -1.200 2%”Rn  -9.600
222T| 38.660 2%ph 5290 220Bj  19.050 23pg  -6.210 28at  2.260 21Rn  -8.780
22T 42,510 27ph 9,800 221gj  22.020 2o -4.260 27t 4.180 22Rn -9.500
2247 48.060 28pp 12780 222gj  26.700 2%pgp  -0.580 218pt 7.830 2%Rn  -5.360
25T 52.060 2%p  17.480 223gj  20.880 26py  1.560 2%t 9.950 21%Rn  -4.020
225T]  57.740 220pp  20.670 224Bj  34.770 A7pg  5.430 220at  13.790 2152n  -0.960
2217 61.930 22ph 25570 225gj  38.090 2A8pg 7,770 2Ipt  15.870 21_n 0550
228T|  67.840 222pp  28.970 225Bj  43.080 290 11.840 222pt 19.680 27Rn  3.790
29T 72.270 223ph  34.080 227Bj  46.590 220py 14,380 223at 22.010 2182n  5.490
20T 78.400 224ph  37.680 2288j  51.810 21pg  18.650 224at  26.060 21%n  8.920
271 83.070 225pp 42.990 229Bj 55570 222pg  21.290 2257t 28.630 22°Rn  10.630
27| 89.430 225ph  46.810 20Bj  61.020 223pgy 25,580 226at  32.920 21Rn 13.960
237 94.330 227ph  52.330 2B 65.020 224pg  28.380 22Tat 35750 222Rn 15.800
Z4T| 100.910 228ph  56.360 232gj  70.710 225pg  32.910 228at  40.290 22%Rn 19.370
57| 106.040 22%ph  62.090 233gj 74,940 226pg 35,950 229t 43.360 224Rn  21.470
2571 112.850 2%pp  66.330 24Bj  80.860 2Tpg  40.720 20at  48.140 22°Rn  25.280
217 118.210 Zlph  72.260 235gj  85.320 228pg 44,010 ZIat 51460 226Rpn  27.630
23871 125.230 22ppy 76.710 23Bj  91.470 22%pg  49.020 220t 56.490 227Rn  31.690
29T 130.810 233pp  82.840 237Bj  96.170 B0py 52,560 23at  60.060 22820 34.290
24071 138.040 24pp  87.510 238Bj  102.540 Blpg  57.800 24t 65.320 22%2n  38.600
2417 143.750 25ph  93.840 29Bj  107.470 2pgy  61.590 25at 69.130 20Rn  41.460
242T| 151.100 2%pp  98.720 2498 114.070 B3pg  67.060 26at 74630 BIRn  46.020
24371 157.010 2’pp 105.260 24Bj  119.220 Z4pg  71.090 2at 78.690 Z2Rn 49.120
24T 164.560 238ph  110.340 242Bj  126.040 5pg - 76.800 238at  84.420 33Rn  53.930
24571 170.670 2%%pp  117.080 243Bj  131.420 Z%po  81.060 2Pt 88.710 Z%Rn  57.290
2467 178.420 24%pph 122370 244Bj  138.450 %7pg  87.000 240t 94.670 Z5Rn  62.340
247T| 184.730 24pp  129.310 245Bj  143.960 8pg 91,500 24t 99.200 Z6Rn  65.940
24871 192.670 242pp 134.810 24%Bj  151.090 2%pg  97.670 242pt 105.390 Z'Rn 71.230
2497 199.190 243ph  141.950 247Bj  156.800 240pg  102.400 243t 110.140 282n  75.080
25071 207.330 T 24ph  147.660 24%Bj  164.130 241pg  108.790 244At 116.550 3%n  80.610
17| 214.050 24%ph  155.000 2498 170.030 242pg  113.750 245At  121.540 240Rn  84.700
227) 222390 t 24%ph  160.910 250Bj  177.560 243pg  120.360 248at  128.160 241Rn 90.460
2537 229.310 247ph  168.450 251Bj  183.680 244pg 125540 247t 133.370 242Rn 94.790
2547]  237.850 t 248ph  174.570 252gj  191.410 245pg  132.370 248At  140.210 2432n 100.780
Yipy  17.470 1 i‘s‘zpb 182.320 izjsu 197.730 ZjPo 137.780 zzzAt 145.640 Z‘S‘Rn 105.340
Spp 14580 1 251Pb 188.640 2553! 205.660 248Po 144.820 251At 152.700 246Rn 111.550
Yepp 10,060 £ 252Pb 196.590 zseB! 212.190 249Po 150.450 252At 158.340 247Fen 116.340
Wipp 7510 4 253Pb 203.120 2575! 220.320 t 25Dpo 157.710 253At 165.600 248Rn 122.770
Yooy 3300 + 254Pb 211.270 t 2588! 227.060 251Po 163.550 254At 171.460 249Rn 127.780
Y9pp 1110 % Zsspb 218.020 ZSQB! 235.390 t 252Po 170.970 255At 178.940 250Rn 134.430
180pp 2730 Zsspb 226.380 t zsoB! 242.340 253Po 176.870 256At 185.010 251Rn 139.660
Woy 4600 257Pb 233.340 Bi 250.890 t 254Po 184.380 257At 192.540 Zsan 146.520
%2p 8100 Pb 241.900 t 90 28110 1 255Po 190.480 258At 198.630 253Rn 151.970
Wpp 9640 g 7560 1 W0po 23260 T 256Po 198.190 259At 206.310 254Rn 159.040
184 1880 181 Po 204.490 At 212.600 Rn 164.700
Pb -12.800 Bi -8.630 t Po 20.400 t 257 260 255
185 1890 182 Po 212.400 At 220.470 Rn 171.980
Pb -14.020 Bi -11.280 t Po 15.960 t 258 261 256
186 1900 183 Po 218.910 At 226.960 Rn 177.850
Pb -16.850 Bi -12.000 t Po 13.500 t 250 262 257
187 1910 184 Po 227.020 t At 235.030 t Rn 185.330
Pb -17.750 Bi -14.300 t Po 9.470 t 260 263 258
198pp 20260 9250 14770 1 Wpo 7410 Zelpo 233.730 264At 241.720 259Rn 191.420
189, 1930 186 Po 242.040 t At 250.000 t Rn 199.060
Pb -20.860 Bi -16.890 t Po 3.790 t 262 265 260
190, 1940 187 Po 248.970 At 256.890 Rn 205.130
Pb -23.050 Bi -17.140 t Po 2110 t 263 266 261
Wipy 93350 1955 18,960 1 o 1130 Po 257.480 1 At 265.370 t 262Rn 212.780
192pp  -25.240 1%gj -18.930 t 89P0 -2.430 192at 1490 t 17Rn  24.240 t 263Rn 219,950
198pp  .25.250 97gj  -20.470 t ¥0po  -5.300 t 193at -1.240 t 18Rn  20.120 t 264Rn ;gg‘ggg
19pp  -26.850 19%8gj  -20.160 ¥po  -6.250 t 194at 2,060 t 1%Rn  17.960 t zesRn i
19pp  -26.580 199gj  -21.420 192po  -8.760 1At -4.450 10Rn  14.250 £ 266R” 241.400
1%pp  -27.890 2008j .20.840 198po  -9.370 196At 4,940 1Rn  12.490 t 267R" 248.070
97pp  -27.340 2016 .21.820 199po  -11.540 97At -6.990 92Rn 9.170 ZGSRn 256.310 1
198pp  -28.370 2028 .20.980 1%5pg  -11.830 198t -7.180 1%Rn  7.780 ZGQR" 263.180
199pp 27560 203gj  .21.690 1%pg  .13.670 1At -8.920 1920 4.840 Rn 271610 T
200pp  -28.310 204gj  .20.590 197pp  -13.710 200at  -8.810 1%Rn  3.810 1%pFr 11,700 1
20lph  27.220 205gj .21.030 1%8pg  .15.470 201t -10.400 1%Rn 1220 ¥7Fr  8.920 t
202pyy  .27.700 205Bj  -19.660 1%9pg  -15.390 202pt -10.290 %”Rn 0520 198 8010 T
203ph  _26.350 207gj  .19.840 200py  .16.880 203at -11.740 1%8Rn  -1.730 19 5560
204ph  -26.540 208gj .18.210 21pg  .16.530 204at  -11.380 1992n 2,120 200 4,970
205pph  _24.930 2098 .18.100 202pg  .17.750 205at  -12.580 200Rn  -4.050 20lpr 2840
206pph 24,850 210gj  .13.170 203pg  .17.160 206at  -11.970 201Rn -4.140 202e 2540

207pp 22,960 21gj .11.210 204pg  -18.110 207at -12.920 202Rp 5,780 203gr 0,710



Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess

204 0.700 1%%Ra  14.120 203a¢ 15.960 T 20lTh  20.150 t 2pgy  23.810 t 21y 29.400
205 _0.860 20023 11.480 204ac 15280 T 202Th 26.120 20p5 23280 t 212y 27.130
206pr 0,650 20lRa  10.700 205A¢  13.060 203Th 24,940 2lpa  21.200 213y 26.620
207 2.300 202Ra  8.370 206ac 12,660 2047 22.240 22p3  20.890 214y 24580
208 2,170 203Ra  7.890 207ac  10.710 205Th  21.370 23pa  19.040 215y 24.000
209¢ 3,500 20%Ra 5.860 208ac  10.570 206Th  18.960 2%pa  18.500 218y 21.680
210 .3.230 2°Ra  5.660 209ac  8.880 207Th  18.370 215p5  16.390 217y 21.060
2YEr 4.430 2%Ra  3.910 20ac  8.910 208Th  16.240 21%pa  16.000 218y 18.900
22rr - .3.870 20’Ra 3.960 2lac  7.050 209 15.890 27pa  14.070 219y 21580
28er 4,840 208Ra  2.470 22ac 6.940 210Th 14,010 2184 16.980 220y 21.560
2% .0.960 2%Ra  2.380 28pc 5.280 211Th  13.900 2pa  17.190 21y 23.230
25 0.160 2%2a  0.740 2lac  5.350 212Th  12.050 220pa  19.100 222 22.980
218 2,990 2YlRa  0.860 25Ac  3.890 213Th  11.720 22lpa  19.230 223y 24.370
27pr 4,280 22Ra  -0.570 28ac  7.280 2¥Th  9.830 222p5  20.870 24y 24.260
28 7,290 2%Ra  -0.250 2lac 7.950 25Th  9.680 228p3  21.010 225y 25.880
2% 8.760 21%Ra  -1.480 28ac  10.320 216Th - 7.980 24pg  22.870 226y 26.020
220rr 11,660 2%Ra  2.160 2%¢  11.160 2Th  11.130 225pg  23.250 21y 27.870
21Fr 13.020 2%Ra  3.060 220p¢  13.480 28Th  11.570 226pg  25.350 228y 28.260
222rr 16.110 2l'Ra  5.670 2Iac 14,110 219Th  13.720 227pg  25.980 229y 30.370
22%rr 17.710 2%Ra  6.730 222pc 16.470 220Th  14.280 228pa  28.330 20y 31.030
224 21.040 2%Ra 9510 22pc 17.340 21Th 16.170 229pg  29.230 By 33.400
225 22.890 22%Ra 10.460 224pc 19,940 222Th  16.550 B0py  31.840 22y 34.330
225Fr 26.470 22lRa  13.070 2257¢  21.060 222Th  18.670 Zlpa  33.010 23y 36.970
2Tpr 28580 222Ra  14.180 226pc 23.900 224Th  19.290 32pg  35.890 24y 38.180
228Fr 32410 22%Ra  17.030 2Tpc 25.280 225Th  21.640 23pgy  37.330 25y 41.100
229 34.780 22%Ra  18.390 228pc 28.370 226Th 22,520 Z4pa  40.480 20y 42.600
Z0rr  38.860 22Ra 21.480 22%¢  30.010 221Th  25.120 Z5pa  42.200 BTy 45.790
BEr 41490 22°Ra 23.100 20ac  33.370 228Th  26.260 26pg  45.620 28y 47570
B2 45.820 22’Ra  26.440 BIac 35,280 229Th  20.120 BTpa  47.620 2%y 51.040
2B 48.710 22%Ra  28.310 22pc 38.900 20Th  30.520 B8pa  51.310 20y 53.100
B4 53.290 22Ra  31.910 Z3ac 41.070 ZITh  33.640 %5 53.590 21y 56.840
Z5Fr 56.430 2Ra  34.050 B4Ac 44,950 22Th 35320 240py 57,550 242y 59.180
20 61.260 2lRa  37.900 Z5Ac 47.390 23T 38.700 %1pa  60.100 23y 63.190
BT 64.660 22Ra 40.300 B6ac 51,530 Z4Th  40.650 %42pa  64.330 244y 65.800
28 69.740 2®Ra  44.410 B'ac 54.240 25Th  44.300 23pg  67.140 2%y 70.080
2% 73.380 2%Ra 47.080 Z8ac  58.640 Z6Th  46.530 244pa  71.630 248y 72.960
20rr  78.700 2®Ra  51.440 2ac  61.610 2'Th  50.450 2%pa  74.710 247y 77500
21 82,590 2°Ra  54.370 240ac  66.260 Z8Th 52,940 %46pg  79.450 248y 80.640
242 88.140 2’Ra 58.990 2ac 69.500 2°Th  57.120 %4Tpa  82.780 28y 85.420
23 92270 2%Ra  62.170 292pc 74.400 20T 59.880 %48py  87.770 20y 88.820
244Fr 98.050 2°Ra  67.040 23pc  77.880 2Th  64.320 249pa  91.350 %y 93.850
2%5Fr 102.420 2Ra  70.480 244pc 83.030 2%2Th 67.350 %0ps  96.580 %2y 97.480
248kr 108.430 24Ra  75.590 2%5pc 86.760 23Th  72.050 1pa  100.400 253y 102.750
24TFr 113.020 22Ra  79.280 2485p¢ 92.150 24Th  75.330 %2pa  105.860 4y 106.620
248er 119.250 2°Ra  84.630 27ac 96.120 245Th  80.270 253pa  109.920 25y 112.110
29Fr 124070 24Ra  88.560 %8¢ 101.740 245Th  83.810 24pa  115.600 26y 116.210
20Fr  130.520 2Ra  94.150 2A¢ 105.950 24Th  89.000 25pa  119.880 27y 121.920
1 135,560 24°Ra 98.320 20ac 111.790 248Th  92.780 26py  125.780 258y 126.240
252Fr 142.220 2’"Ra 104.130 SIac 116.230 24Th  98.200 %7pa  130.290 29y 132.160
253er 147.480 24%Ra  108.540 22pc 122.290 20T 102.220 258pa  136.390 260y 136.690
24Fr 154,350 2®Ra 114.570 3¢ 126.950 %ITh  107.870 %3 141.110 %1y 142.810
255er 159,820 2Ra  119.200 24ac 133.230 22T 112.120 260py  147.420 262 147550
256Er 166.890 lRa  125.460 255aA¢ 138.100 253Th  117.990 %lpg  152.340 263y 153.870
STFr 172,570 22Ra  130.310 26Ac  144.590 254Th  122.470 %2pa  158.850 264y 158.810
258er179.850 2%Ra  136.780 XTac 149.680 255Th  128.550 263ps  163.980 265y 165.330
2%Fr  185.740 2%%Ra 141.850 28p¢ 156.370 256Th  133.250 4pa  170.680 266y 170.460
260gr  193.220 2°Ra  148.530 292¢  161.670 257Th  139.540 265pa  176.000 27y 177.170
%1 199.310 26Ra 153.810 260ac  168.560 258Th  144.450 266pa  182.900 268 182.500
26201 206.920 2"Ra  160.690 2Iac  174.060 29Th  150.950 %7pa  188.410 269y 189.380
263 212.970 2%Ra  166.180 262pc 181.150 260Th  156.060 %68pa  195.490 270y 194.900
264 220.600 2Ra 173.260 263pc  186.850 261Th  162.760 2%pa  201.200 21y 201.970
265Er  226.840 260Ra  178.960 264ac 194.130 2621 168.070 20p5  208.430 2712y 207.470
2660 234,650 261Ra  186.240 265A¢  200.030 263Th  174.970 2pa  214.010 218y 214.390
267Er 241.090 262Ra  192.140 266ac  207.510 264Th  180.480 22pg  221.130 274y 219.940
26801 249.090 26%Ra 199.620 %7ac  213.410 265Th  187.570 2Tpg  226.890 2715y 227.030
269 255,730 26%Ra 205.720 268p¢  220.790 265Th  193.280 21%pa  234.190 215y 232.750
20rr  263.930 t 25Ra  213.180 97 226.790 27Th  200.560 215pa 240.130 14
ey 270.770 %6Ra  219.210 20Ac  234.340 28Th  206.460 203 215Np 34.420 1
%67 - 260 U 45760 t Np 32.170 t
1920: 30.840 + 268Ra 226.800 272Ac 240.530 270Th 213.690 24 42340 1 26Np 31510 1
19900 28610 1 269Ra 233.020 273Ac 248.270 271Th 219.480 205 40770 % 27N 28.960
19930 24.860 1 270Ra 240.790 Ac  254.650 272Th 226.820 26 37680 1+ 20Ny 28120
1%Ra  23.030 * mRa 247.210 197Th  39.700 t mTh 232.790 27y 36.420 t Z9\p 25.730
1%Ra 19.680 Ra 255.170 19%Th  35.920 t Th  240.300 28y 33.640 t 20Np  28.180

272, 274
19Ra  18.220 Ra 261.780 199Th  34.050 # Th 246.460 9y 32.650 2lNp  27.930

19%Ra  15.230 202p¢ 18480 t 200Th  30.660 t 208pg  26.140 t 210y 30.140 222Np 29.320



Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess

22Np 28.750 20py  35.670 245Am  62.080 255Cm  90.250 21%BKk  169.620 2Es  63.800
224Np  29.890 lpy  37.300 245Am  65.460 2%Cm  93.110 275K 174.190 2°Es  62.550
225Np  29.540 22py 37470 24TAm  67.440 2’Cm  97.590 276K 180.290 Z0Es 62.990
226Np  30.900 23py  39.360 248Am  71.090 28Cm  100.700 27’Bk  185.030 Z7Es  62.010
22TNp - 30.790 Z4py  39.820 24%Am  73.360 2°Cm  105.420 278K 190.980 Z8Es 62.730
228Np  32.400 5Py 41.990 20Am  77.280 280Cm  108.770 298K 195.530 s 62.050
22%\p  32.550 2%py  42.740 2tam  79.810 261cm  113.710 280BK  201.600 25 63.060
Z0Np  34.410 Z7py  45.190 252Am  84.000 262Cm  117.280 281K 206.310 2Es 62,670
BINp  34.830 Z8py  46.230 %3Am  86.800 263Cm  122.450 210t 69.800 1 225 63.990
Z2Np  36.960 2%py  48.970 24Am  91.240 264Cm  126.230 2224 66'170 " 2Es  63.910
23Np  37.650 29%py  50.300 25Am  94.290 265Cm  131.600 25 6 4'210 + 2MEs  65.530
Z4Np - 40.050 241py  53.320 26Am  98.970 266Cm  135.600 24 60710 " 2%5Es  65.760
Z5Np  41.030 242py  54.950 %TAm  102.270 %7Cm  141.160 255 62,020 + 2%8Es  67.680
BONp  43.710 243py  58.250 28Am  107.180 268Cm  145.360 250 60610 %7Es  68.220
ZNp  44.980 24py  60.160 2°Am 110.720 28Cm  151.110 2214 60'760 28Es  70.440
B8Np  47.940 245py  63.750 260Am  115.850 21%cm  155.500 285 £0.010 29gs  71.290
29Np  49.490 28py  65.950 Blam 119.610 21%Cm  161.440 29t 58950 %0gs  73.810
20Np  52.740 24py  69.810 262Am  124.960 2"2Cm  166.010 23054 57' 420 BlEs 74960
24INp  54.580 248py  72.280 23Am  128.940 21%cm  172.130 21 57580 ®2Es 77770
242Np  58.100 2%py  76.410 24Am  134.490 27%Cm  176.890 23254 56'290 B3Es  79.210
23Np  60.220 %0py  79.140 265Am  138.670 25cm 183.180 2% 56,700 B4Es  82.310
2%Np  64.020 lpy  83.530 266Am  144.430 2°Cm  188.120 2 55'670 2%Es  84.030
2%°Np  66.420 %2p,  86.530 267Am 148.810 21"Cm  194.290 2354 56'3 0 26Eg  87.400
246Np  70.490 %3py 91.170 28Am  154.750 278Cm  199.030 260 55590 XTEs  89.410
24TNp  73.170 24Py 94.420 269Am  159.330 2%Cm  205.300 2 56'5 0 28Eg 93.040
248\Np  77.500 %5py 99.290 20Am  165.460 20cm 210.210 2% 56,080 %5 95.300
2Np  80.440 256py  102.790 2"tAm 170.220 255 53.950 + 2394 57'320 2605 99.190
20Np  85.020 %7py  107.890 22Am  176.530 265 54,280 " 200 57160 %lEs  101.710
INp  88.210 258py 111.620 27%Am 181.470 2215, 52'760 " 20 58'700 262E5 105.840
%2Np  93.050 2py  116.950 2%Am 187.960 228, 52‘930 202 58'8 0 263Eg 108.600
23Np  96.490 260py  120.900 25Am  193.090 295, 51630 2355 60,680 4Es  112.950
4Np  101.560 %lpy  126.440 28Am  199.430 2305, 52'030 2 61'130 5Es  115.950
25Np  105.240 262py; 130.600 27TAm  204.380 2ig, 50,960 250 63270 266Es  120.520
256Np  110.540 263py  136.350 28Am  210.840 202, 51'600 20 6 4'030 267Es  123.740
%TNp  114.450 264py  140.710 2%\m 215.950 233 50‘800 21 66' 470 2685 128.520
28Np  119.970 25py  146.660 25cm 61410 1 2g 51710 285 67530 9Es  131.940
259 266 . . . 270

Np 124.100 Pu 151.230 26Cm 58340 26, 51180 209G 70,260 Es 136.930
260, 267, . . . 271,

Np 129.830 Pu 157.360 27¢m 57010 1 265 52360 200 71620 Es 140.550
261, 268, . . . 272

Np 134.180 Pu  162.130 218 237 251 Es 145.730
262 269 Cm  54.140 Bk 52.120 Cf 74.640 273

Np 140.110 Pu 168.450 29Cm 53,000 + 285, 53500 %20 76290 Es 149.550
263 270, : . : 274

Np 144.660 Pu 173.400 220 239 253 Es 154.910
264 . Cm  49.820 Bk 53.650 Ccf  79.600 275

Np 150.790 Pu 179.900 2100 18310 208k &5 410 4G 81830 Es 158.910
265 272, : . : 276,

Np 155.550 Pu 185.040 220 45 250 25, sx 780 2650 85100 Es 164.450
266, 273, . . : 277,

Np 161.870 Pu 191.720 23Cm 47010 225 57840 260 7310 Es 168.630
%7Np  166.820 274py  197.030 245 46'070 203, 58'500 2575 91'150 278Es  174.350
268, 275 . . . 279

Np 173.330 Pu 203.540 225 a4 258 Es 178.630
269 276 Cm  46.620 Bk 60.860 Ccf 93.610 280

Np 178.470 Pu 208.680 265G 45,330 258k 61830 290t 97700 Es 184.150
270, 277, . : : 281,

Np 185.160 Pu 215.350 21 45,750 265 64480 2600 100.420 Es 188.310
271, 278, . . . 282,

Np 190.480 Pu 220.660 2800 24,680 275 65,760 1% 104,750 Es 193.990
22Np  197.360 ‘ ‘ : 3Es  198.320
2Ny 202,780 2%\m  43.030 t 2%Cm  45.310 248K 68.700 2%62cf  107.710
mNp 209' 490 220Am 41740 t Z0Cm  44.490 2498k 70.270 23ct  112.260 227Fm  78.560 t
275Np 14,830 2Am  38.900 t Blcm 45370 20K 73.500 4cf 115.450 28Fm  76.700 1
mNp 221'710 222Am  40.890 t 32Cm  44.800 Slgk  75.350 25¢t  120.220 2%Fm  76.500 %
277Np 297930 25Am  40.170 B3Cm  45.940 2Bk 78.860 6Cf  123.630 Z0Fm  74.360 1

P : 24Am  40.970 B4Cm  45.650 38Kk 81.000 %7ct 128.610 BlEm 73.840 £
2%y 49.980 1 225Am  39.920 25Cm  47.070 4Bk 84.770 268Cf  132.230 22rm 71.860
2py 48,600 t 226Am  40.570 B6Cm 47.060 25Kk 87.180 %9ct  137.410 B3%Em 71560
22py 45,690 t 2TAm  39.740 2'Cm  48.760 256K 91.220 20t 141.230 2rm - 69.820
2py 44560 t 228Am  40.610 Z8Cm  49.050 %7Bk  93.880 271cf 146.600 B56m  69.770
2%y 41.900 t 22%Am  40.020 29Cm  51.040 28K 98.170 272Ct 150.610 Z6Em 68.290
215py  40.980 B0am  41.140 20cm  51.630 298K 101.080 23cf 156.170 B7Fm  68.510
216py  38.530 Blam  40.810 2lcm  53.910 260BK  105.600 274ct 160.360 B8Em 67.310
27py  37.750 22Am  42.190 22Cm  54.800 261K 108.750 25t 166.100 2rm  67.810
28py  34.990 B3Am  42.130 23cm  57.380 262gK  113.500 278Cf  170.470 20rm  66.910
2%y 33.930 B4Am  43.780 244Ccm  58.570 238Kk 116.880 27TCf 176.380 2Fm 67.700
20py  31.320 B5Am  44.000 25Cm  61.440 648K 121.850 278cf  180.930 242Em  67.100
2lpy 33,540 Z6Am  45.940 246Ccm  62.930 258Kk 125.450 29Ct  186.640 23Fm  68.190
222p,y  33.050 2TAm  46.450 2"Cm  66.090 266K 130.620 280cf  191.000 2Fm 67.900
22%py  34.130 B8Am  48.670 248cm  67.860 7Bk 134.430 Blct 196.870 2%5Fm  69.300
22%py  33.320 2%Am  49.480 29cm  71.300 268K 139.800 282Ct  201.390 2%8Em 69.320
225py  34.220 20am  51.990 %0cm  73.370 298K 143.800 2055 66,980 + 247Em  71.030
225py  33.630 24Am  53.100 %lcm  77.080 270K 149.370 21 65'220 : 28Em 71.360
2Tpy  34.750 22pm  55.900 %2cm  79.420 271gK  153.570 %2e. g5 150 + 2%em  73.370
228py  34.400 23Am  57.300 %3Cm  83.400 272BKk  159.310 ' 20Em  74.010

233
22%py 35770 24Am  60.390 2%%Cm  86.010 21%Bk  163.700 Bs 63.630 T SlEm  76.310



Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess

B2em 77.260 2%d  164.810 26y 91.960 22Rf  161.400 27239 126.100 2045 126.310
53Em  79.860 20\d  170.130 X7y 92580 23Rf  165.810 21339 129.250 2'4s  128.560
B4m  81.100 2vd  173.800 258 1 94.840 24Rf  168.880 27439 131.050 2245 129.470
25em  83.980 %2\d  178.940 29 95740 25Rf  173.450 27539 134.410 214s  131.960
%6Em 85510 23\d  182.730 260 1 98.280 26Rf  176.680 27659 136.430 244s  133.110
XTEm  88.670 24\d  188.020 261y 99.460 27Rf  181.420 217sg  140.000 2®Hs  135.830
%8em 90.470 25\d  191.970 2621 102.270 288Rf  184.820 27839 142.230 27645 137.210
%m  93.900 233 2631 103.720 249 2939 146.000 24s  140.150
20Fm  95.970 234N° go'ggg T 264+ 106.790 zsoHa 32'248 T 805g  148.430 278Hs  141.760
6lEm  99.650 235N0 7.980 1 25+ 108.500 251Ha 670 1 Blgg  152.400 2%Hs  144.910
%2rm 101970 238N° 87.240 266y 111.810 zszHa 98.650 1 8259 154.950 2045 146.730
263Ey 105,900 S0 85060 % 27 ;113,760 g 18 99.290 2835y 158,820 2145 150.090
264Em  108.470 g0 84570 % 268 117.310 poy 12 98:580 28459 161.340 %8245 151.940
265Ey 112,630 S0 82.660 291 119,500 e (& 99:540 28555 165.380 28345 155,250
6Em  115.420 mNo 82.440 20 123.270 ZSGHa 99.130 86359 168.080 B4ys  157.220
%7Fm  119.800 241N° gg'glg 21+ 125.690 257Ha lgg'ggg B75g  172.280 5Hs  160.700
28Em  122.820 242N° 87 2721t 129.670 258Ha 100. 2859 175.150 286Hs  162.860
29Fm  127.410 a0 79540 273 132.300 po 12 101840 2959 179.520 %74s  166.520
29y 130,640 sao 79.900 274 136.490 o & 102040 2054 182,570 2885 168.860
271Em  135.430 a0 78.870 275 139.330 o 18 103880 255 2945 172.700
072 No 79.530 276 Ha 104.370 Ns 112.310 t 200
Fm 138.860 245 Lr 143.710 262 256 Hs 175.220
073 No 78.810 277 Ha 106.480 Ns 112.850 t 201
Fm  143.840 247 Lr 146.750 263 257 Hs 179.240
e 147470 248No 79.780 218, 151320 264Ha 107.250 258Ns 112.040 t 2210 181940
25Em 152,640 249No 79.380 29 154540 265Ha 109.640 259Ns, 112.870 .
25em 156,450 250No 80.650 280, 159,300 266Ha 110.680 260Ns 112.360 262Mt 126.120 t
Tem 161790 251No 80.560 2, 162710 267Ha 113.320 Zele 113.490 263Mt 126.830 t
28rm 165790 252No 82.150 22, 167340 268Ha 114.610 262Ns 113.280 264Mt 126.200 t
279m 171310 253No 82.370 2, 170500 269Ha 117.500 263Ns 114.690 ZGSMt 127.190
20rm 175 290 254No 84.250 24, 175 350 270Ha 119.050 264Ns 114.770 266Mt 126.840
B 180,630 255No 84.780 25, 178770 271Ha 122.170 265Ns 116.460 267Mt 128.110
220 184.600 256No 86.960 2., 183680 272Ha 123.960 266Ns, 116.810 268Mt 128.040
29Em 190,090 257No 87.780 27, 187260 273Ha 127.310 267Ns 118.770 269Mt 129.570
M4r 194220 258No 90.250 e 274Ha 129.320 268Ns, 119.380 th 129.760
No 91.370 Rf 101.070 t Ha 132.880 Ns 121.600 Mt 131.550
B\Md  76.040 t 2No  94.110 240Rf  98.740 t 25Ha  135.110 9\s  122.480 210\t 132.000
Z8\d  76.040 t %0No  95.510 241Rf  98.100 * 2763 138.890 20Ns  124.940 22\t 134.040
Z9Md 74620 t %INo  98.520 242Rf  96.050 t 2THa 141.320 27INs  126.060 2B3Mt  134.740
20\vd - 74.900 262No  100.180 243Rf  95.690 t 27843 145.290 272Ns  128.770 274\t 137.010
2IMd - 73.770 %3N0 103.460 249Rf  93.940 2%Ha  147.930 23Ns  130.130 25Mt  137.950
242\Md - 74.350 264No  105.370 245Rf  93.880 8043 152,100 274Ns  133.060 278\t 140.450
23Md  73.530 25No  108.890 246Rf  92.430 BlHa  154.930 25Ns  134.650 2ITMt 141.620
244Md - 74.400 266No  111.060 247Rf 92670 8243 159.170 276Ns  137.800 28\t 144.350
5\vd - 73.890 267No  114.810 248Rf  91.540 %343 161.890 277Ns  139.610 29\t 145.740
26Md - 75.070 28No  117.210 249Rf  92.090 4Ha  166.110 278Ns  142.970 20Mt  148.680
2TMd - 74.880 2No  121.180 Z0Rf  91.270 2543 168.990 2%\s  144.990 2\t 150.230
28Md  76.370 20No  123.800 BIRf  92.130 6Ha  173.380 20Ns  148.560 22\t 153.150
29\vd - 76.490 2"INo  127.990 B2Rf  91.620 BTHa  176.430 BINs  150.790 23\t 154,740
X0\d - 78.280 272No  130.830 B3Rf 92.780 28843 180.980 %2Ns  154.450 24\t 157.850
BIMd  78.710 2No  135.220 BIRE 92590 2%Ha  184.190 23Ns  156.600 5\t 159.630
2Md - 80.800 274No  138.250 Z5Rf  94.050 246 2iNs  160.280 oMt 162.930
253 275 256 Sg 110.070 t 285 287
Md  81.540 No 142.840 Rf 94.170 247 Ns 162.610 Mt 164.900
S4\d - 83.930 2°No  146.070 ZTRf  95.930 24889 109.600 26Ns  166.460 28\t 168.380
Z5Md  84.960 2""No  150.850 Z8Rf  96.340 24939 107.750 %7Ns  168.980 Z9Mt  170.540
Z6\d  87.630 28No  154.270 9Rf  98.380 zsosg 107‘520 ¥ 28\ 173.000 20\t 174.200
BMd  88.950 2%\o 159.220 260Rf  99.080 25129 182'288 29Ns  175.690 2t 176.550
Z8\d  91.910 289No  162.830 BIRf  101.410 25259 104'950 290Ns  179.880 292\t 180.400
9Md  93.500 2INo  167.840 262Rf  102.390 25353 105'390 291Ns  182.760 293Mt  182.930
260 282, 263, .
zelMd 96.720 283N° 171.280 264Rf 104.990 2459 104.480 B2Hs  122.240 t 258110 135.250 t
Md  98.590 No 176.230 Rf 106.240 255 253 250
2214 109,060 N0 179,830 25R¢  109.090 256sg 105.220 254Hs 121.970 t 260110 135.170 t
263 285 266 Sg  104.620 Hs 120.340 f 110 133.760 t
Md  104.180 No 184.940 Rf 110.600 257 255 261
26414 107910 N0 188,700 27n¢  113.700 258Sg 105.670 256Hs 120.370 262110 133.970 t
2650 110,270 o 2683 115450 259Sg 105.360 257Hs, 119.060 263110 132.850
2660 114.230 244|_r 87.290 t 29R¢ 118.790 2603g 106.700 258Hs 119.390 264110 133.350
27 116,820 er 87.440 t 2108 120780 261Sg, 106.700 259Hs, 118.380 285110 132.520
2814 121.000 246|_r 86.200 T 2Rt 124340 262Sg 108.330 260Hs 119.010 266110 133.300
2601d 123,820 er 86.640 2120t 196,560 263sg 108.610 261Hs 118.290 267110 132.740
2000 128.210 er 85.720 213R¢ 130,340 26459 110.510 262Hs 119.210 268110 133.800
21g 131040 er 86.470 214 132 770 26559 111.080 263Hs 118.790 289110 133.520
2124 135.830 250Lr 85.860 2153¢ 136,750 26659 113.250 264Hs, 120.000 270110 134.830
2134 139,070 251|_r 86.920 2%63¢  139.390 267Sg 114.080 265Hs 119.860 271110 134.820
2144 143.850 Zser 86.620 2t 143.570 268sg 116.510 266Hs 121.340 272110 136.390
254 147 280 253|_r 87.990 28R¢  146.410 269SQ 117.600 267Hs 121.480 273110 136.630
260 152,950 254Lr 88.000 219%¢ 150,780 27059 120.280 268Hs 123.230 274110 138.450
27 155.860 255Lr 89.680 208 153.810 271Sg 121.610 269Hs, 123.640 275110 138.940
Lr  89.990 Sg 124.530 Hs 125.640 110 141.000

28\d  161.010 IR  158.360



Isotope Mass Excess Isotope Mass Excess

276110 141.730 28112 166.270
277110 144.020 289112 169.020
278110 144.980 290112 170.460
279110 147.500 21112 173.420
280110 148.630 292112 175.070
217110 151.160 293112 178.220
22110 152.360 294112 180.080
23110 155.090 295112 183.450
284110 156.490 29112 185.510

285110 159.410
26110 161.000
%7110 164.110
288110 165.910
289110 169.210
290110 171.190
291110 174.690
292110 176.870
293110 180.550
294110 182.930

271113 155.080 t
272113 155.740 t
273113 154.990 1
274113 155.820
275113 155.320
276113 156.380
277113 156.110
278113 157.390
279113 157.350
280113 158.860

267111 140.490 t 21113 159.040
268111 141.330 1 22113 160.770
269111 140.840 t 283113 161.170
270111 141.940 24113 163.110
211111 141.710 25113 163.740
272111 143.070 286113 165.890
273111 143.090 287113 166.730
274111 144.690 28113 169.090
275111 144.970 289113 170.150
276111 146.810 290113 172.730
277111 147.330 291113 174.000
278111 149.410 292113 176.780
279111 150.030 293113 178.270
2807111 152.150 294113 181.270
281111 152.950 295113 182.970
22111 155.280 29113 186.180
283111 156.280 297113 188.100

284111 158.810
285111 160.020
26111 162.750
27111 164.160
288111 167.090
289111 168.700
290711 171.830
21111 173.640
292111 176.960
293111 178.980
294111 182.500
2%111 184.720

%7114 165.730
%8114 164.040
269114 163.930
270114 162.490
211114 162.630
272114 161.440
273114 161.830
274114 160.880
275114 161.500
276114 160.790
277114 161.650
278114 161.180

H H H =+ —+

262112 150.640 1 279114 162.260
%3112 150.440 1 280114 162.020
264112 148.910 1 21114 163.330
265112 148.990 22114 163.320
266112 147.740 t 283114 164.850
%7112 148.100 284114 165.070
268112 147.130 285114 166.820
269112 147.760 286114 167.260
210112 147.050 27114 169.240
2711112 147.940 28114 169.900
272112 147.500 289114 172.090
273112 148.650 20114 172.970
274112 148.460 21114 175.380
275112 149.850 292114 176.490
276112 149.910 293114 179.110
277112 151.400 294114 180.450
278112 151.560 295114 183.290
279112 153.270 29114 184.850
280112 153.650 27114 187.910
281112 155.580 298114 189.690

22112 156.170
283112 158.310
284112 159.120
285112 161.460
286112 162.490
27112 165.040



