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COMPLEX ALPHA SPECTRA OF RADIOTHORIUM (Th%28)
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ABSTRACT

228 have been studied with

The alpha and gamma spectra of Th
an alpha particle spectrograph and gamma-ray scintillation counters.
Thorium 228 has alpha groups of 5.421 (71%), 5.3385 (28%), 5.208
(0.4%), and 5.173 Mev (0.2%), and gamma rays of 89 (1.6%), 137
(0.26%), 169 (0.09%), and 212 kev (0.27%). Spins and parities are
assigned to the energy levels defined by the alpha groups and the

results are evaluated with respect to the developing theory and syste-

matics of complex alpha spectra.
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COMPLEX ALPHA SPECTRA OF RADIOTHORIUM (Th 8)

AND THORIUM-X (Ra224)
Frank Asaro,. Frank Stephens, Jr., and I.- Perlman :
Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California
June 12, 1953
I. INTRODUCTION .

(1,2)

In recﬁent-c‘ommunicati;)ns we have shown that the énergy levels
reached by the decay of even-even afpha ve'rnitt_ers fall into a regular pattern
with respect to (1) enErgy level spacing, (2) spectroscopic designafion of
the states, and (3) the relative'pppulétion of the states., Starting 'with't};e
heaviest nuclei the energy le\-rels of the low-lying states increase
progressively with decrease in charge and néutron nﬁmber. The low-lying
states seem to be even spin-even-parity states and in a limited region the
relative energy spacings conform well with their assignments to even
rotational states as 'suggested by Bohr and Mottelson. (3) It was also

(2)

shown'™’ that the second even excited state is populated to a much lower

degree than the demands of simple alpha decay theory and that the degree

of departure from expectations increases progressively with atomic number.

As a possibie explanation it was suggested that there is a progressive change

in the charge asymmetry of the nuclei giving a spherically non-symmetrical |

potential barrier and that the alpha group in question is emitted in a

direction in which it encounters a greater potential barrier than do the

g»roﬁps leading to the first excited state and the ground state.
Ev‘videnc‘e.al_ready mentioned, as well as analysis of gamma ray

conversion coeffic’ients, all point to‘vthe rule that for the heaviest even-

.’ ‘_e_vennucli&es%he low<-lying states all have even spin and even parity. 'fhis

(4) 238 S 242

situation was analyzed' ™’ in detail for Pu = " (alpha decay product of Cm )
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£

and it was also shown that the first odd spin-odd parity state pro'b'aBdlyAlies
about 1 Mev above the ground state. The present paper on Thzz-s_ alpha decay
shows the existence of the low=~lying even spin ’s.tate,s, ‘but in‘,additi'on, an

odd spin state has dropped down so that it falls within the even spin states.

28

The two nuclides considered here (T‘h2 and Ra224) are members

of the thorium decay series and as such have been examined a number of
times in the past in other laboratories. The points of similarity and .
differences between the present work and earlier measurements will bel_

brought out in the discussion of the results.

II. METHODS

The Th‘228 and R.a'z_‘?'4 were obtained from a mesothorium source of .

~70 mg radium gamma ray equivalent. It will be seen that six alpha groups
so far found are ascribable to the sé two isotopes and since the energies

are close to each other, fairly rigorous chemical separations are required
to assign the groups, pafticularly those in low intensity.. Furthermore, e
possible interfering groups are at hand from the RaC(B‘iZIZ) of this decay
series as well as from members of the radium (Ré’226) series pvr.ese.nf:_:as

minor contaminants in the mesothorium. The problem of analysis hinges .

2

on the growth rates of the members of the series. Th 28 (1. 9 y half-life) ..

can be obtained pure initially but Razz'4 grows in with its 3..v64:=day' half -life., -

Other members rapidly follow the Ra224 growth except BiZI.2 (60 min) which -

212

is held up slightly by the growth of its beta-emitting parent, .10. 6vhr Pb

As may be visualized from these lifetimes, it is possible to make an alpha

spectrum analysis of _'I‘hz‘.28 relatively free of decay products and of _Ra'2.242 a

8

with its products free of Th22 , but it is not possible to énalyze Ra.._%24kf._r;ee.;f_ )

of its decay products, If Ra226 is present in the mesothorium, its decay . . .

products, Ern‘222 and Poz'le will produce alpha groups in the energy range of
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interest; Bi'214 is excluded from consideration because of ité”ex_tr;emely low
alpha branching. | o

g v__-'»i'hé'iihethdid of Achemivcél' sepa_;a_.tion made use of D__owex 50 ion exchangé
resin upon which the'__i"aiu.i.ium and #horium fractions wére adsorbed and
eluted .;'_,e1ective1y, The conditions differed considerably for the different
.Ipre_p'a_'rations and will be mentioned when l;he separate determinations are
discussed. |

A_.ftef chemical separation of a sa;mple, its sol_uti_o‘h was evaporated

on a tungsten »f’ili,a,ment ar}d theﬁ vacuum sublimed onto a platinum plate
masked to approximate a line source of alpha activity. The sample was
then measured in the i.fxfxggnetic spectrograph. The techniques Qf_ source
preparation and spectrograph measurements were described in earlier .
_public-a_.t;fohs. €_5’ 4) An analysis was also made of the gamma ray spectrum

of Th228 using a sodium iodide (thallium-activated) crystal detector and a

50-channel pulse analyzer..

III. RESULTS
The standard of reference for ener gy was the principal alpha group
(aoi) of 'Ra.zz4 which had been determined as 5.681 Mev by Briggs. (6) In

some instances energies were determined more conveniently relative to

Emzz"2 (Rn) and Pozm after these were identified in the samples. Also

224 8

and Th??® served as secondary standards.

228 4

other abundant groups of Ra
The. data cohcé,rning ‘the six alpha groups attributed to Th and Ra22

are shown in Tables 1-3. .In these, the expériment nunibe}r refers to the

spectrograph .e:éposure and the sample 'number. identifies the particular

alpha particle source whose prepé.ration is described in the Appendix.

Pertinent data on the exposures are also summarized there.



-6- UCRL-2244

Alpha decay of. Ra224

. == The main alpha 'group of Rr;1224'(‘5.. 681 Mev)
leading to the ground state of EmZZO is readily identified and, as m‘énti»c;ne‘d‘,
has serveéd as the ,e,nergy”‘sta_ndard for the 'preseht series of'mleasurem‘e;qt‘s.
Rosenblurh, Valéda;re's, P'erey,”anid Via1(7) have founci an al;iha;-gr.bup of '

Ra224 at 5.448 Mev in 4. 6%“abundance. Table 1 contains data vide‘z‘ﬁ:if.;}i'ng

this same group. It is seen that its :abundance relative to q6 of R3224 is ™
reasonably constant in the different preparations and it bears no relation
to the amount of Th*>® present. The energy of this group is 5.445 Mev and
its abundance (of total Ra®%* alpha particles) is 4. 9%; both values are in

(7)

.a;greemeht with those of Rosenblum and co-workers.
The energy difference between the two alpha groups of-Ra224ﬂ ‘é“s :

found here is 23:.6 kev, théreforéb the secbnd group llea'ds vto an eic.ited"' B

state of 240 kev. No measurement of the gamma ray tfansition was rriaf‘l‘é-

by us, but Roseﬁblum, Valadares, and. Guillot(s)'havé obser?ed vK. and L

conversion lines of a 241 kev gamma ray and from the ‘conversion 'céefifi‘c:i-é}it:&

deduced that the transition is of the E2 type. This cbnclusion designates

the 240 kev state as 2+, the first even s;;in state. The corresponding

excited state apparently appears in each even-even nucleus and the éne_rg_i,es g

of these states follow a distinct pattern from the region of lead to the |

(L, 9)

heaviest elements.
-From the discussion of the Thz“?'8 spectrum which follows, it

will be seen that no other alpha groups of. Ra'224 could be identified down

to energies 884 kev below the main alpha group. This observation does

not agree with the work of others. (7) On the basis of our measurements,

the alpha decay scheme of ,Ra'224 c‘onsisté simply of the ground state

transition in 95% abundance and the transition to the 240 kev 2+ state in 5%

abundance. Any other alpha group within the range of our measurement is
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in <0.1% abundance. 1 A S R
Table 1 oo

Low energy alpha-group of.Ra224 (5.445 Mev)
(Main alpha-»group(o,o) at 5. 681 Mev)

Experiment and  Energy Energy = -.Abundanc,e - Abundance

Sample Numbers Reference (Mev) Relative Relative
o o : " Rallé a, Th228 45
Exp. 174, Ra (n.o) 5.441 + 0. 005 - 5.6% - >600% ‘
-Samplel - g,,222" 5.445 +0.005 | o
Exp. 226, 228 PV L
Sample 2 Th (0‘84) 5.445 + 0.001 ) 4.‘8% ' ., 1. 6%
Exp. 241, 228, A
Sample 3 Th (a84) - 5.447 + 0.002
Exp. 258, 224, |
Sample 4 Ra (o.o) 5.442 i—_O. 002 - 5. 25%, | 0.31%
Best Value ' - ‘ 5,445 5.2%
Alpha spectrum of-~Th228. -= The principal alpha group of:ThZ28 was

224

measured as 5.421 + 0. 001 Mev, using Ra as the standard. The

%o
measurement was made on Sample 2, Exp. 225. In the same .expefiment,
the group leading to the first excited state was observed and its energy

was 'féuﬁd to be 5.388, + 0. 001 Mev and its abundance 28%. The energy

5
difference defines the first excifed state at 84.3 kev. In another run

(S.ample 4, Exp. 259) the abundance of the group was found to be 26% and
the energy level 84.9 kev. The data on the two principal groups of Th228
are in excellent agreement with those of Rosenblum, Valadares, and Perey

who reported energies of 5.423 and 5. 338 Mev in exactly the same relative

abundances as in our Exp. 225,

(10

)
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Besides these two high abundance groups, two other's‘ in low intensity
were‘ observed which we attribute to ThZZ'S,: Fig. 1 shows one spectrum
taken covering the energy range from 5 15 t‘o'»5 71 Mev (Exp 226,

‘Sample 2). The solid curve apphes to the 19 hour exposure and on th1s

the gro,ups_.a:o and “84 of Th?“28 and o, of Ra 224 were too ‘mten.se to be-
shown on vthe same fsc"alhe». . The peaks for these grou‘ps shown as brohen |
lines in Fig. 1 iﬁver.e"o-btained by making partial sc;a_ns of the photogtaphic
plate aud fepresent about 2 4% of the total tracks vr'e‘gis'tered. It w111

be noted that groups due to Po 210 and Em222 are on the f:late. Other
exposures on samples from whlch Po210 was absent and EmZ.ZZ_ 'p.resent

in altered abundance helped confirm their assignments. An alpha .gi-oup o
of Bi (5 603 Mev) falls within the energy range of these measurements
but its est1mated 1ntens1ty would have been below our limit of detection."

Tables 2 and 3 summarize the data_on the two low in_tensit&_ g_roups

of Th??8, These groups at 5.173 and 5. 208 Mev bear constant relationship

to the Th228 content of the sample and not to the amount of Ra224. This e

observatlon is somewhat at varlance with the results of Rosenblum and

{7)

who reported no groups of ’I‘h228 in this energy range but ... - ..

one at 5.194 Mev with Raz-z_'4 in 0 4% abundance. It will be seen that these . .,

co-workers

two: groups of Thz‘,?'8 fit in well with a proposed decay s_cherhe,wh_ich includes .. .
the gamma ray transitions. Aside from the Th?'z'8 groups alr_eabdy mentioned, - .
-an upper limit of 0. 04% could be set for any in the energy 'fange
4,80~ 5,67 Mev. » v |

It ‘_will be noted v(Tahle‘3, Exp. 248) that Ra_22,‘6a0 was the standard for-
the energy determination of the 5.173 Mev group (n,253)' of Thz‘zS. The .
agreement of this ehergy with that using other standards was obtained using .

the revised energy for Ra'2_26, 4,777 Mev. (1)
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. Table 2
. | e o 228
Assignment of 5.208 Mev group as a7 of Th™ "~ .
Experiment and .Eﬁergy - Energy - - - Abundance Abundance
‘Sample Number  Reference (Mev) Relative Relative
| : | Th228 g Ral24 g,
and ag4 '
Exp. 226, .. 228 _ e om0 are
Sample 2. Th | 9‘84 . 208 + 0.001 0.45% 1.3%
Exp. 238, 228 _ |
Sample 3 T1‘1 g4 .21_11_9.10, £0.5% £0.2%
Exp. 241, 228 | o |
. Exp. 258, 224 | N o
Sample 4 | Ra ag v. . ZOé. + 0. 001_‘ 0.42% | 7. 0%
Exp. 230, o .210
Saole 2 Po . 209 + 0. 001

Best value

.208

0.4%
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Table 3
Assignmment of 5.173:Mev group to 8,53 of Th
E—‘xperimentv'a;ﬁd : Ené.r'gy , En - Abundance Abundance
Sample Number . Reference - (ererg)y Relative Relative
- ev Th228 g5  Ra%%%a/
and agq ‘ S
Exp. 226, 228 I o L
Sample 2 Th dgy 5.173 + 0. 001 0.22% 0.65% '
Exp. 238, - & 228 - R ‘ “
Sample 3 Th agy 5.17 + 0.02 <0.2% <0.1%
Exp. 241, 228 ' 3
Sample 3 Th dgy 5.17 <0.5% <0.4%
Exp. 258, - 224 ;
‘Sample 4 Ra a, 5.171 + 0. 002 0. 19% 3.1%
Exp. 230, 210 o
Sample 2 .P?, .5' 174. i 0 001 .
Exp. 248, 226 "
Sarmple 2 Ra“’ay = . 5.174 +0.004

Best value

5.173

0.2%
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‘ 228 .
Gamma rays and decay scheme of Th . == In order to examine the

gamma rayé of Thzz'8 free of Ra?'z'4 and its decay products, a quick chemical

sei:a,ration was devised. Theu_mix‘ture'i__n dilutg nitfrig: acid solutio_ri_ was

' placed on a Dowex ..50 resin column jé.ck_e,ted. to ’a'l.low operation at an elevated
terﬁperature (in this case 87° C) Wthh permits r_ap_id equilibration, The
radium, lead and bismuth fractiqng were elgted with 4_1_,_\11__'.nitric_at'id after i
which the thorium was stripped with a 50 volume percent solution of lactic
acid at pH 3. The thorium solution was evaporated to dryness, the alpha
ac_ti.\_}ity measured and then the gafnma ‘rays wq:re‘analyzed with a scintilla =
tion counter coupled to a 50-channel pulse analyzer. The gamma ray
spectrum was measured withiﬁ one hour of the time that the de.c‘ay‘ products
of Th228 wé‘re separated. |

228

- Fig.. 2 shows the gamrha ray spectrum of Th in which is found a

p;-,oininent peak at 89 kev and lesser peaks at 137, 169 and 212 kev. The.
assignment - of these gamma rayé to ‘Th228 seems certain since the growth

of the 238 kev gamma ray of sz}z and those of Bi212 were readily fonowgd .
and extrapolation of their abundances to time of initial measurement showed
that separation of the decay products .of‘Th228 was complete. Thé._sn:;all_
peak on the low energy side of the 89 kev peak is probably its.. escape peak
and each of the others will also have an es_capé peak hidden undér the next

lowest one. Similarly, K x-rays from the internal conversion of the higher

energy gamma rays will be under the 89 kev peak. For .calibi'ating the
instrument, the 60 kev gamma ray of Am241

U235 were employed. The standards could not be run concurrently with

228

and the 184 kev gamma ray of

the Th™" "; as a result there are uncertain‘ties‘in energy due to drift of

photomultiplier voltage which has been found in practice to be less than
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one channel corresponding Ito 8 kev. Probably the gamma energies.are
good to about 5 kev.

The intensities of the gamma rays were determined by correcting
the observed intensities for counter efficiency and for the escape peaks.

28 alpha particles

The corrected values as percentages of the total Th2
are shown in the decay scheme, Fig. 3. The energy levels shown are
those determined from the alpha spectrum while 'the‘ measured gamma
ray energies are indicated along with their abundances by the vertical
arrows designating the transitions. |

The 89 kev gamma r'ay'is almost surely the same as that 'avssigried to
a pair of close-lying gamma rays(lz) or more recently to a single gamma

(13) (14). The energy level of this state from our

(13, 14)

ray of 84 kev or 83 kev
alpha decay data is 84 kev, which is closer to the above cited values
for the gamma ray energy. .Riou(M) measured the intensity of the gamma
ray (relativé to total alpha pa,rtio-:les) as 2.1 pe‘r:cent' and relating this to

the 28 p.ércent abundance of Ggy the conversion coefficient was found to be

(15)

twelve From ‘our measurements (1.6 percent intensity and 28 ‘per'cent
population by.-384) the conversion coefficient is 16, These conversion
coefficients as well as the I'.'I/LII/L,III ratios correspond with the ass_igh-
ment to E2 .r'ad‘iatid,n {(from calculated conversion coefficients of Gellman,
Griffith and Stanley(lé)) as already pointed out by Ro’é enblum, Valadares

(17, 18, 19)

and Guil'lot(]‘?’)'° Attempts have been made to assign the

radiation uniquely by alpha-gamma angular correlations but although

there is strong evidence(18

»19) for an electric quadrupole component the
correlation is not exact. Nevertheless, the preponderance of evidence
in this case, aé well as for even-even nuclei in general, points to 2+ for

the first excited state.
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We shall consider next the 169 kev gamma. ray Thls energy agrees
- well with the d1fference in energy between the states populated by G554 and
ns 4" From the populatmn of the -253 -kev state (0 2.%) and the 1ntens:lty
of the 169 kev gamma ray (0. 09%) a total conversion coeff1c1ent of 1. 2 is
- calculated The sum of K(ZO‘) and L(lé) theoretical conversion coeff1c1ents
for El, E2 _and, Ml rad1at1on are .est1mated.~r‘es‘pect1vely to ber 0.1, 1.2 and
4.9. The radiation is the‘refore probably E2 .and the:-spe~c:tros.copie 'state
-des.ignat_ion is 0, 24, ol- 4+. Because of the: absence of the ~c;r’o.‘ssover
transition and the a_ppa_rentabsence of any,Ml‘admilxture, the most probable
designation is 4+, .although_ 0+ i’s‘.:n‘o_t rnledv out from f_thee‘e, _c‘o‘nsvider'a_tions |
alone.

| .‘The picture so iar .di.scnesed for ,Thzzs,co,r'r-esptOnds precisely with
th-e spectrum of anojth.er even-even nuclide, .C,m242,‘ namely, the appearance
’ v‘of two excited even-spin states (2+ and 4+) whose energ1es are in the ratio
of about three. (4 ) .The generality of this cond1t1on for the even-even nuchdes
of the heavy elements has been discusrs.ed(‘ ) and .shown to conform with the
expectations ,fo-r rot.ational levels for the even"—sp'in état.es. (3) In the case

of the excited states of Pu238 from alpha decay of »Cm24'2 and beta decay

of -Ni;Z%S’ it was dedueed(é') ‘that the low-lying states have even parity and
that the first odd parity state lies at ab'out 1 Mev. This takes into account

the above mentioned alpha de,c:ay-picture and, since Np238 should have odd

.parity, the observed division into an allowed low energy beta transition and

one or more high energy beta trans1t1o,ns To explaln the other gamma rays .
228 . , 224 -

found in Th™"" decay we are assuming that the first odd parity state of Ra
has decreased in energy so that it lies among the even parity states

according to the following arguments. .
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The energies of the 137 kev and 212 kev garh’ma’. }ays agree within
experimental error with Er‘ansitions from the state populated by nlz'” to
the first eve'n-sp.in state and to the gx."o,u.nd state, The sum >of thevgamma |
ray intensitieé is.' the samle as the poi)ulation of the 217 kev b‘y alp}ia; -
particles within exper1menta1 error (a;ctually 'larvger by measﬁremeht) so
that the conversion coefficients for both.gamma rays rhust be considerab\ly"!
less than unity. This can only be fulfilled by assigning both to El trans-
itions which makes the 217 kev level a (1-) state, All of these data are
consistent with the decay scheme of Fig. :3.

Alpha decay theory. --It has been shown by a.nurhber of independent -

calculations that the half-life-energy relationships of the ground state

transitions of both Th228

V‘and. Ra224' (.;‘onform éﬁi)stantially with simple
alpha “vdec‘:'ﬁay theory; Similé.rly, the first even spin states (2+) of both
confbrm with the theory for their_respéctivse eﬁergies or, in -oﬁr termin-~
ology, they are unhindered. However, the transitions of Th?%8 {5 the 1-
and the 4+ states are hinder'ea byvé,bout a factor of ten. Thé r-ea.sdn for
(2) |

this behavior is not yet clear although in another paper a suggestidn

is advanced.

224 other than that to the ground state

The reason alpha groﬁpbs of Ra
and to the 2+ state are not seen must be because of the low energy which '
such groups would have. We can esti.mafe('z) that the energy of the 4+ ‘
state would be'é.boﬁt 600 kev 'z“a;béw}le th;é?g'r"ound' state, and even if the
alpha transition is unhindé;:'ed its abundance would bé less than O. 05%,

A group of this'inte‘nsitir would not have been measurable éven_if it wer.e;

not obscured by other élpha gi'oups. in the vsampl'es. ‘Since we cannot
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estimate the position of the first odd parity state, no definite statement
can be xﬁade re gardiyng the abseﬁqe .o'f’ th.e'.cp_zjvr.'espon'ding: a}ph% transition.
Iv. SUMMARY -

The present paper aims to present a link in the Aac'cumixlafting
evidence for a high degree of re_gula_rity.in the spacing of énergy levels
and their quantum states for even-even nuclei 1n the heavy element region.
Starting with the héa,vie.s_t elements we have as a basis a series of low-_
lying states 0+, 2+, 4+, 6+4(?).with the first odd parity state apparently. . ..
lying af an elevated level. As one descends to .lower elements the same -
strﬁctur‘e (at least for the lowest states) persists, b,u,t’the‘.en‘er_gy spacings
increase. Furthermore, the ratios of these energy levels .fo-r'- each nucleus
follow a J(J + 1) dependence up to a certain point. With Thz-zs, and pre‘—; k
sumably others in this regio,n,' an odd parity state -appe—ars amoﬁg the even -,
- parity low-lying’ é'tate:s. These considerations should be of value in
interpreting beta spectra of the odd-odd nuclides in this region. -

Alpha decay theory for tvr-ansitions.to the grouﬁd state and the 2+
state is o,be‘yed in first approximatiqns by the two alpha ‘emitters cdnsidered
here. -However, for transitions to other states, an extension nust be
created. The factors to be considered are probably 'different than those

for odd-nucleon nuclides for which alpha decay theory also does not apply.
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VL. APPENDIX

Preparation of Sampiés fB‘r-Alpra -Particle =~
Spectrograph Exposures

Sample l.--About 108 disintegrations per minute of a dilute acid
solution of Th228 were added to the top of a .Dowe3§=50-"ciation—éxch_ange
resin column ﬁp~0n which the ThZ_ZS and most de.éay productsv'vremained".'
Upon passing 4 M nitric acid through the column, the thorium fraction -
remained and the radium washed through. The ‘radiuni fractidp.Was
concentrated and then ev‘apofated to dryness on a tungsten filament
which could function as a heater.: |

By heating the filament at relatively low temperature (d_ull red oo
heat) any polonium present was removed,as was the lead -(T-hB).'- The .
.Ra224'1- was then sublimed in va.‘f:mi‘ni ‘onto a platinum "'pléte b.y raising: - oiv
the filament vtem‘peratu-,r;e. - 'The final sample. containéd 2 x .105'.a%1pha R

dis,infegr'ations per minute of Ra;,24:with no detectable Th228r e

Sample 2. -=About 1011 disintegrations per minute of Ra228._ (MsThl) i
in dilute nitric acid were placed on a Dowex-50 resin column and the-
radium fraction stripped as above withi4. M nitric acid. The thorium
was then removed with 16":3_/1 nitric acid.. A portion of this eluate was
cdncentrated and evaporated'to dryneSs-on a tungsten fil’ament. . The ¢
thorium and decay products which had grown in were va’cuum{;’sublimed
onto a platinum plate. The sample .so prepared 'contj.aine.& 1.4 xv 108
disintegrations per minute of total Val.,phia'.:pai'ticle-s:, about half of which
beléﬁ:ge'd to’ Th228 ‘and the rest to its ‘déééy‘ ﬁr.oducts;

Sample 3. --The Th228 residue 6r'1n>;the fi'lam‘e’nt ffom which Sample

2 was prepared was allowed to rémain for i3'd’a.ysb to equilibrate with its
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decay products. A relatively low ter’np"er'ature vacuum sublimation was

carried out to concentrate the Razz‘% 'on the colléctor plate relative to

the TH228

. (About one-sixth of the 5 x 107:- alpha disintegrations. caught
belonged _to.‘, .’I‘hz.z.-'8 and the. r_emaiﬁder toRa224 and- itbs;d‘eéay\pfoduc.ts.v |
Sample 4.“=_-»T_h_e objective in preparing this sample was to observe

28 224

groups of Thz in the absence of the equilibrium amount of Ra

Thorium 228 was separated from its decay products by the rapid method

228

outlined in the text of this paper for preparing.Th for lgainma ray

analysis. In this case the separation of Thzi28 from Razz4 was not
quantitative because macroscopic impurities. interfered with the column
operation. After column separation the Th228 solution was concentrated

228

and evaporated to dryness on a tungsten filamént, .The Th was then

vacuum sublimed onto a platinum plate after a low temperature sublima-
tion to remove decay products. About 4 x 108 alpha disintegrations per

minute were collected, about 75 percent of which were from Th,228.
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Table showing characteristics of the
various spectrograph exposures

Sample Source slit¥ Exposure  Length of Time between
number width =-inches number . exposure ' preparationof -
: sample and start
of exposure

1 0.13 174 94 hours 3 days
2 . 018 225 " 30.0 min. 1 hour’
,.018 226 19 hours 2 hours
. 018 230 41 hours 3 days
.13 248 44 hours 64 days
3 .13 238 10 hours  1day
. 018 241 63 hours 3 days
4 .018 258 31/4 hours 1 hour

. 018 259 10. 0 min. 4 hours

*This defines the width of the mésking slit which is placed imme-
diately in front of the sample to simulate a line source. The length of

the slit is about one inch.
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