66

ON ALPHA-DISINTEGRATION: PART |
SOME USEFUL THEORETICAL TABULA-
TIONS AND GRAPHICAL PLOTS
Bv RANJIT KUMAR DAS
(Recerved foy publicalion, October 3, 1950)

ABSTRACT. Starting fiom the well-known mass defeet formula

_ (N=ZW a5 28
abl=al =g =N =3

an eapression has been deduced for the total cnergy teleased m an  a-hsintegration.
The calculation has heen confined to groups of nudlides with, I=44, 45, 16, 47, 15, 49, 50,
51,52, and 51 Uscful Lheoretical dala are grven in ten lables 8,7, 8 and Q curves are
plotted on ten scparate grapits and heir outstanding chatactetistics briefly diseussed

INTRODUGCTION

1t is well-known that when a nuchde M(A4, Z) dismtegrates into the
daughter “puclide M(A -4, Z—2), enutling an a-particle Ml4, 2), we can
write the 1eaction scheme as follows

M(A,2)=M01=4, Z—2)+Ml4,2)4-Q (.
whete (@ is the energy released in the o-dismtegration process,
including the recorl encrgy ol the daughter nuclide. Itis, ol course, tacitly
assumed that the 1esulting nuclide is m the ground state, so that there js no
subsequent gamia 1ay ewmission. Whenever there is emission of a gamma
photon followng an o-disintegration the gamma cneigy has to be deducted
from the theorctically possible value of Q to get the nearest apptoach to the
cxperimentally observed value.

If by any means we can accurately measure the nuclear masses involved
in the above reaclion scheme, we can straightforward caleulate the energy of
disintegration.. Unfortunately, the only practical means at om disposal of
measuring nuclear masses accurately, namely, mass-spectrographic investiga-
tion, has not yel been much successful with heavy nuclei, However, using
the Bethe-Weizsacker (ro36) mass defect formula, we can theoretically
calculate the possible energy release involved in an a-disintegration process.

Glueckauf (1038) has uulised the accurately known mass values of the
lightest elements upto a mass number A=40, and with somewhat reduced
accuracy upto .1=06v, to calculate directly the binding encrgy of the last
alpha particle 1o the nucleus (which is the alpha disiniegration energy with
opposite sign). Although these nuclei are not radioactive in mature, the
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resulting plots are very imleresting in that, the lines of constant x-energy
values show qualitatively the same kind of fluctuations as are noticeable
in similar experimental curves obtained for high atomic weight nuclei.
Pryce (1050) has rccently published some theoretical calculations on the
energy of a&-particles from radioactive hodies and has tabulated the results
in the form of encrgy release from various isotopes (existing or hypothetical)
of all the elements from Pt(Z=78) to Cm (Z=9g6). Considering the fact
that there are at piesent several collateral alpha decay chaius of artificially
produced radioactive nuclides (Seaborg and Perlman, 1950; Studier and
Hyde, 1947; Meinke, Ghiorso and Scaborg, 1948) we have calculated the
theoretical a-cnergy release from themi with a view to extending the study
of correlation between theoretical predictions and experimental findings.
As the calculations are of an involved nature and hence time consuming;
the final data have been supplied in tabular forms and relevant cur\'e;ta plotted
for the diflerent I values.

DERIVATION OF THIE ENERGY RELIASK l"ORIVkULA
\

‘I'he exact nuclear mass of a nuclide M(A4, Z) can be expressed as\

2y oy
MiAL)=NMy+7M,=od+8 N L eyt /f,,,,
from which, the mass defect AM is
2 2
AM=a/A-0 (N_—/I-7) _7‘/12“_5%[1/-( . (2)

cad-B 1 o pn_s
oz ﬁ/] A a

1yn
From (1), Q=M(A, Z)=M(A—4, Z—2)—MI(y, 2)
or, in terms of AM(A, Z),
AM(A-4, Z-2) and AM(y, 2)
Q=AM(A 4,7 —2)+AMl4,2) —AM(A,7).
Now, substituting for AM's their respeclive expressions involving the

constants &, B, y, and 8, we have, after slight rearrangements,

i .
Qfin Mev)= —4a+28.16—48 —/i—(—zl————— +13,08[ A — (A —=4)*"]

-

7 (Z-2)
+ -58[ A - (A——4—)lh

= —27.88—rc 6 1. (g =) P+ 22 _(Z—2)
27.88 75.6/](/1_4)+13.08[A (A=4)""]+ .58 ey

In working out the above expression fo1 Q, we have used values of the
constants «, B, vy, and 8, calculated with the help of up-to date mass data:
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o (14.01)
8 . (18.9)
Y . (13.08)
8 - . (.58)

The binding energy of the a-particle has been taken as 28.16 Mev
Meanings of symbols used:
M =actual mass of the nuclide.
+1=Mass number
N ="I'he number of neutrons 1n the nuclide

7Z=The ., ., protons

EEIE ) .

1=1sotopic numbe1 ={N—2)
M, =Mass of the proton.

M = Mass of the neutron.

TABULATION AND GRAPIIICAL PLOTS

With the help of the above expression we have calculated, tesm by term,
the total energy releasc for the nuclear species characterised by I=44, 45, 46,
47, 48, 49, 50, 51, 52, and 54. No scrics with I=53 has yet been found.
For convenicnce of tahulation, nuclides with the same I value have been
divided into two groups from amongst the four possible ones, viz, even-
even, even-odd, odd-odd and odd even—the first word referring to the
number of protons in the nuclide and the second, to the number of neutrons.

The tabulated data have been presented in the formn of graphical plots
(Figs 1—10). On each graph for the same I, have been plotted the net
contributions from the B, y, and 8 terins, as well as the theoretical encigy Q,
against the corresponding nuclide ‘I'hc scales of ordinates are necessarily
different. ‘I'his procedurc has been adopted to present a comparalive picture
of the variations of the different quantitics with thc mass number.

Nuclides plotted immediately close to the abscissa denote class (A) of
the tables, while those fartlier below or up denote class (B). The order of
the ordinates, for all the plots, is respectively B, vy, 8, and Q,. starting from
the extreme right,
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TanLe 1

Nuchdes . =44

{A) Even-Lven group
12 7 (Z=»)2 Net contiibution from
Nuchides [A20—(A=4)2] [ Y et Cale O
AA=4) AW T (4= i Mo
| B-term | y-term | d-term
5, U2 | 0 03790720 0.437080 51 740 2 865790 | § 7260420 30.00920| 4 Yoo
20Th? | 0 03928570 0 44030 50 940 2 97000 |5 750120( 29-54520| 4 454
wRa?0 | 0.04074070 0 14310 50,130 3 ofooo (5 795740 |20 07400/ 3 'Y
ssEm?'%| 0 04227810 0 44590 49 310 13 106220 5 832370]28 50080| 3 356
|
8P | 0 04390420 0 44860 48.500 13 3191505 866763‘28.13'Yun 2 708
(B) 0dd-0dd group
- p e [ S E _
nPa? | 0 03858720 @ 43900 51 340 2 017190 | 5.74220 (29.77924 | 4 724
wAc?? | 0 04000330 0 44180 50.530 3.024250 |5 7787.10/20.30730| 4 182
wln? | 0 04149770 0.44450 49 730 3 137300 | § 81406c2B.84340| 3 Aq0
psAtH4 [ 0 043090950 0 44710 49 ovo 3.256820] 5 Hqﬂlou|28 42000( 3 131
Tanry 11
Nuclides : I=45
(A) Even-Odd group
2 72 (7wn? Net contribution from
Nuclides /TI - {220 (1 — 4 218) [—7”—,J —Jf—’\—m] Cale ©
At=4) A ki R -~ |iin Mev)
i B-term | y-term | d-lerm
| ] ‘__ T
o, 1™ | © 03930130 0 43720 ! 51 700 29711935 718570(29.98600 | 4 853
wTh® | 0.0407340 0.13970 50 899 3 078730|5 751270(29.52140 | 4 314
aRa%! | 0 04222530 0.44240 : 50 081 3 192230/ 5 786580(29 040g0 | 3 755
selim?7 0.04381120 0 44520 : 49 28 3 412130(5 B2320 |28 60210 | 3 233
s Pu23 ' 0.04548610 0 44790 I 48.450 3438750| 5.858530/28 10100 | 2 641
(B) 0dd-Even gioup
oI'a¥?" | 0 04000310 0 43500 51.300 3 02423015 7423090 |29 75400| 4 552
g e | 0 04146440 0 44110 5¢ 490 3 134710 |5 769580 |29.28420| 4.039
wlir?? | 0 04300630 044370 49.68q 3 251350 |5 803590 |28.81960| 3.492
wAL2P | 0-04463799 0.44660 48 861 3.374620|5 841520 |28.33030( 2.920
wBi2l | 0 0463660 044930 48 040 3.505040 |5.8; 6400 |27 862u0| 2 353

P
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(A) Even-Even group

i 12
Nuclides Aia :4’
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Tanrg HI

Nuclides: 1=46

[A2V— (4 — g)21%) [

2 (Z—20?
AT (A~4D

gp1723¢ ‘ 0 01070790 ‘1 0 43660
90Th?6 | 0.04121990 l 0 43910
sslia?22 \ 0 04372260 | 0 44180
wlm?'® 0 0453571 1 0 44440
84RaC"24| 0.047085 I 0-44720
(B) 0dd-Odd group
o Pa? | 0.04143170 043770
sgAc? | 0 04203830 0 44040
s7F20 | 0 04452850 0 44300
psAt?® | 0.04620890 0 44590
s Bi?? | 0.04708620 0 44860

(A) Even-0dd group

51 660
50 850
50.110
49.T70
48.410

571 260
50 440
49 650
48 R20

48.000

TasLE IV

Nuclides: 1= 47

T )
|
|

] Net contribution fron

Bterm  y-term  S-term

3 077520 5.7107.20 129 96280
3 183420 20 49300
3 305430 5 778740 29 06371

3-428990 [5.812750 28.51860

ig 559620 |5 849370 28 07780

312230 |5.725110 {29 75180

3 246130 [5.760430

3.366360

20.25520
5.795740 |28 79700
13-493390 |5 831060 izH 31560

13 627740

5 867680 i27 84000

Nuclidesj A(_;i—‘i) [A%3— (A~ 4)28) [/;/:“ '7%542)_,1’/0] Net r(_mt_m_)lltiﬂ_l_o"ii
i i | B-term [7-tcrm 3-term
3%Cm™ | 0.03933054 0 43091 ; 53 199 2 973900| 5 636302| 30 85542
ul'n? | 0.04069264 043335 | 52 411 3.076363|5 68216 |30.30837]
gl /23! 0.04212673 0 43587 ! 51.606 3 184781(5.70177 |29.93148
aRaAc? | 0 04363799 0.43845 i 50.822 3 206034|5 734917(29 47674
wACX2| 0.04523210 0 44108 l 5¢.006 3 419547| 5 769326| 28 93619
ssAn?? | 0 04691516 0.44375 : 49.192 3 446785|5 804140|28.53350
pACAI® | 0.04860354 0 44653 i 48.377 3.681260|5 84061 |28.05517
mAcBM | 0.05057581 0 44936 i 47.543 3.823532|5.877601|27.57493

Cale. Q

in Mev),

4.716
4.168

3.657

248

4134
3 8go
3346
2773

2 200

Cale. Q
in Mev)

6.038
5124
4 568
4.033
3.406
3.011
2.335
1.749
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(B) Odd-Lwven group

T'asLe 1V (contd.)
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w»Am? 0 04000290 043099 52 806 3-024220| 5 657754|30.627470 5 401
wNp™ 0 u4140034 043458 52012 3120862 5.684338|30 166960 4 961
wla® 004287243 043718 51 316 3241153 571831429 76370 4 360
ALY 0 94447431 0 13973 50 310 3 335880: 5 751666[2:) 17085 3 716
pha2l 004610150 0 41243 49 600 3.460497 5 786983 28 76800 3 214
A2 004770219 0.4 1512 1% 78 3.613036‘ 5 822 |6q|28 29357 2623
gl o qyhaiso 044791 47 958 3 751386, 5 830054 27,81565 2 043
s 1% - 05155793 0 45082 47 126 3 ’*97800:5883610:27 33308 | 1.439
Tasig V
Nuclides . [=4R8
(A) Even-Even giroup
2 ! | -, , , Nel contribution fiom l
| Rl =94
‘ B-term | y-term | 3-term !
e e - |
wCmH0 | 0 04067796 0 43029 | 53.150 3 075253| 5.628103 30 Rw;ml 5502
sl'n? 1004208064 ' 043276 52371 3.181296| § 660492| 30 3751*‘! 4074
pUR? 004355710 ;w 043125 51.562 3 202922| 5 679981 8¢ 92915% 4436
wlh? | 004583525 1 c 43877 ; 50.784 3 465133| 5.730110| 20 15471, 3 849
wThx™ | 004675323 U 344039 ! 19 935 3 354544 5 76030 | 28 97970 3 325
g0 IhEm?0) 0.04818483 041310 : 49 150 3 665420( 5 795847 28.50700| 2 757
s ThAZS | 0.05031455 044583 48 320 3 803771/ 5.831465| 28.03827; 2 186
s21'hBH2 | 0 05224062 0 44866 47 cal 3 950070| 5.868472| 27 55058 1 58y
eHE™ | 0 5429863 0 45151 46 670 4 104976| 5 90575 | 37 0b859| ©.989
(B) 0dd-0dd gioup
g5 Am?8 0 04137037 0 }3150 52 760 3.12760 | 5 64420 | 30 60600| 5 243
aNp ™ | 004°°0936 © 43400 51972 3 236385 5.676711) 30 14375/ 4.704
9 Pald 004132464 043650 51 369 3 350950| § 709420| 29 69150/ 3 B&O
pActh 00459220 0 43908 50.369 3.471700| 5 743164| 29.21400| 3.605
g Falé 0 04700722 0 44182 49 559 3.599000| 5 779000! 28.67810| 2.978
psAt28 0 0491870 0 44438 18.471 3 735851| 5.812490| 28.11317| 2 312
gRaC24 | 0 05126833 044722 47 916 3.875886| 5.846636| 27 79128| 1.885
aRaC#0 | 005325034 0 45009 47 082 4 026407| 5 887076/:27.30755| 1.288
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TAny VI

Nuclides : I=49

(.1) Even-Odd group

531

” 72 (2 Net contiibution tiom
Nuclides | 5 = [ = (1= )M [ T i,.J Cale 0
A=) 4 - 3 i fin Nov
B-termy | y-term 1 d-term
— I e _ || -
wlm?! 001203057 1.42072 53 119 377962 5 ﬁzn;_;;I 30 8ogue| 5 372
oL 1004347985 04321 52330 3287070 shn‘z-'m} 3o 35139 1 837
U 0.0449978 o 4340 51.534 3 401908( § f’i\'l?“"]l 20 8972|4202
9’1'h228 0 04659873 043713 50 731 3 528645 T:anso! 20 42400{ 3 739
pRa22 0 04828557 43973 I‘ 4902 3 650380| 5 7;160;' 28 y;wll 3177
(B) Odd-Even group
wAm™® o og271003 0 43001 52707 3 231827] 5 63630230 5132 | § 048
aNp™ | 004422953 013335 51016 3 343752! 5.668216] 30 13302] 1 557
ala®  1aag7,7%827 ~. 13580 51148 3 401501, 5 7014 |C 20 66830! 1.028
} 135 | k h I
|
syAct | 0 01843000 043513 50429 5 5857761 5 73460¢ 29 30()11;{ 3578
s ACK2 i 0 04916353 o 1108 4y 407 3 710761 5 7603.;61 28 65:57| 2 825
Tamr VII
Nuclides : I=50
(A) Ewen Lxven group
[ -
” , " 72 (Z—a? % Nect contribmtion fiom i
Nuelides | 5= RELEYVEVIR L | T A 7Y (S — _Cale @
Ad=1) 2 - (in Mev)
‘ B-term | y-term | &-termn
9Cm2? 0 04340578 0.12012 53 084 ‘3 281770| 5 612890 30.78871: 5 270
|
gal’u2dl 0 01489074 0 43r50 52 284 13 3036A3! 5 614020/ 30.32408] 4 695
! !
w024 0.04539377 043400 51475 |3 51170 | 5.676720| 20 79541 4 oKy
pelo240 0 04809543 0 13650 50.690 "4 636010] 5.709420, 29 40021| 3 504
gRa? | 0.04982856 0 43910 49.881 |3-7674m§ 5.743426] 28 93100, 3 027
s in222 0.0516452 0.44617 49.160 3.004376) 5 765100] 28 51:8(.)‘l 2 434
uRaA?8 | 0.05235640 0.45101 48 150 4 050340| 5.799210 ?7.()z6ou5 1.8¢5
sRab?l4 | o 05562970 0.45622 47-417 4.20560615.836556 27.502861 1.254
. | {

2—1738P—12
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T'anLe VII (contd.)

533

(B) (dd-0dd group
g, Am2a0 0.04413842 0 43041 52,687 3 336864 5 020762| 30 55847 4.971
aNp®8 | 0 04566043 043273 51 8qu 3.151028| 5 660500 30 10200 4 431
gl'n2% 0.04618672 0 43525 51 1453 3 573050| 5 693070| 29 66874[ 3 0ok
saM<Thy223| 0.0480505 0 13777 50 227 3.700558| § 226030| 20 13165 3 277
arhia?2! 0 05073051 0 44040 14 028 3.835327|5 760430/ 28 43029 2 481
mAt2 | 0.05260042 04430y 48 072 3.977271| 5 705615| 27 KSo50| 1 919
g6 0.054594168 0 44583 | 47 866 4.127357| 5 831456{27 71048( 1 574
g 11212 0 05660447 0.44866 47 003 4 286102| 5 868469 27 Wn00| 0 962
TapLe VIII
Nuchides. I=51
(A) Even-0dd group
‘ ' | | Net contration £
i 2 - el contnibution hrom
2 S o 1 T 2 7= ajt I
Nuclides | 2=, (A - %Y [—/ - z=2 ']'4 o Cale
AA—4 AP g (m Mev)
pterm | y-term | 8-term
U S | _g__ ,,,,, -
ouCm23 | 0 044978537 0 42852 53 030 4 385766! 5 bognqol 30 7261] 5 100
o Pu?? 0 01631000 0 43001 52 210 3 5010340 5 036300130 Y1022| | 465
99U 23 0 0479177 043335 55,452 3 622281] 5 600010| 29 84216) 4 0n7
|
gUYZ | 0 04960237 0 43587 50 651 3 749040} 5 701177| ) 37758| 3.440
I
sRa? | 0 05138182 0 43845 19 841 3 SS4467E5 7310-6[28 gn777| 2 873
1
(B) 0Odd-Even gioufp
! |
gsAm?! | 0 04553820 0 42052 52 645 3 442680| § 6181_131 30 35110) ¢ 650
5aNp=7 0 04710165 0.43234 | 51 857 3 5608845 655!10(‘1\ 30 u7r,1n\ 4 200
i
9 Pa?® 0 04874712 0 43460 57 042 3 686980 _5-(,?\'45(m| 29 54 bl 3 650
i |
§
“agAci 0 0504835 0 43716 \ 52247 3 816323| 5 718050i 20 02208} 3 144
|
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TanLy 1X
Nuclides: I=52
() Even-Even group

[ 1 : \
Nuclides| A(T«1n~4) [A2 = (4 — 02 J‘[d/ll“ - L';ji’:::)"zm] Net contribution from [l )
B-term | yterm | B-tern
26Cm% | 0 04617486 ‘ 0 427q1 ‘ 52949 j3 100818| 5 50701 |30 7304:| 4 566
ul'™ | 001779010 \ 043031 : 52 208 i3 60y1s2)s 024152 | 3o 28004 4 170
9 Us 0 04938631 ! 043270 g 51413 3 733605] 5 tboso | 2g K10321 3 Sub
aThBE | oos11016 | 043523 | 506Uy L2 86401 0] 5 0028 17| 29 27807] 3 227
ssMsTD 2} 0 05300790 { 0 41778 ! 10801 Iy otrass|s 7esias| o 88457] 2 718
soRn? | 005487010 1 0 yq041 i 18 983 14 1421805 7005621 28 q1014{ 2 143
(B) Odd-Qdd group

u.AmmI 0 0g694764 l v 42912 5° 6os ‘5 549244 | 501289 [30 44712 4 631
w1 NP?¥ | 0 04855274 f 043270 51 811 3.670586 |s-ﬁ<-)515'30 05037, 4.159
gl'a?¥ o nscaquse 0 43279 51.019 (3:79860 | 5 060892) 29 58579 3 568
s9M 0 | 0 052020 i 0 13651 50 198 Ig.u3:701 5 70065 29'114!-(3" Jour
wla? | b ositgsh | 043008 19 393 i;t 074430 [s 752 "841 2R fumanll 2448

TapLe X
Nuclides . I=354
\A) Lren-Even group

|
I ” 72 (Z-22 Net contributiom from ¢ Cale Q
g —_—- 2N (g =g 2 L bt
Nu(hdes{ Au=n (A2 = (A4 —4 28] AT (= o B __| (in Mev)
yterm 8 term
%Cm2i | 0 04901581 0 42668 52922 3 7()34-;4,1] 5 5835y 40 7n475| 4 705
I |
al'v?2 | o 05062840 0 42918 52129 3 827524| 5 604176130 23482] 4 321
i
WU | 0 05235010 0.13152 51 452 3 958370! 5 64160 =0 84256| 3 635
MUXIW; 0 05418060 0,43400 50.5060 4 090054’5 676732.20 20348 2.994
i
sslRa %0 jo 0567082 0 43752 59028 4.241047)5 725750 £8.97582| 2 650
i )
(B) Odd-Odd group
] |
;,hAm“'! 0.04979518 0.42792 52 516 3 704510] 5.59720 130 45927 4 412
1
93Np2e0 | 0 05148307 042931 51 730 3 892120 5.617653%3(: 03400! 3 760
uPaZ6 | 0.05325832 044276 50 933 4 026330| 5 65130 ;29 54114| 3 426

ashc?® l 0.05512705 0.443%9 50 121 \4 167605] 5 67227 \29 o7180l 2 894
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DISCUSSION

It will be scen {from the plots that the B-cirves have almost a conslant
slope, the net contribution of the A-terms to the a-encrgy Q diminishing
monotonically with dccieasing mass number.  The average slope of these
curves, considering the straightest portion of cach, is aboul ‘035 per mass
unit.

Most ot the y-ciuves are charactenised by uudulations—flat maxima
and minima occurring alternately. ‘This feature is very promcunt for =244,
45, 46, 48, 49, 50, 51, and 54  Another peculiarity of these curves is that
even in the same curve the undulations do not occur with any 1egularity
with respect to mass pumber. Oun the other hand, for =44, 15, and 48
there is practically no undulation [n1 a considerable run of the cuives towards
the ends

The & and Q curves show a pronounced tendency to run niore or less
parallel,  Phis is spectally trae for curves with increasing T values.  Also,
with increase of I there is a {endency for the occuirence of undulations.
I'his is very marked for 1=47, 48, 40, 50 and 51, We can infer from this
that the main contribution toward the cnergy 1elease comes from d-term
This is also appatent from the tables, in which the leading contributor is
the 8-term.  Another interesting {fact 1s that when the Q-pomts belonging
Lo the sume class (A) or (3) arc jomed separately, the resulting wean curve
15 more or less straight. This theoretical prediction of nregularity in the
energy release ciuves of nuchdes with the same [ value is in qualitative
agrecement with experimentally obtained curves {Peilman, Ghiorso and
Seaborg, 1950). In any smmilar theoictical plots the relative trend of the
curves will not change by altering the constants 8, y, and & because, such
an alteration will iutroduce only a change in the scale of the ordinates in
the ratio of the altered values of the constants to their respective values used
here. The full significance of these theoretical plots i relation to experi-
mental findings will be dealt with subsequently
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