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ABSTRAC_T | |
It l;a.s‘sv beén‘pqssibig to assign the ten lowest'energ.y levels of Anjx_IV.
By using thscsé a.'ssighménts and the complete spin orbit matri;ées. a fi’t'»v{as '
obtained with 5f hydrogenic wave functions, This fit was then improvediby
usir;g a fitting progfa;xi and _varying_éll fouf .parametéiﬁs. | C'ompé.riéon' calcu-
lationé using hydrbgenic wave. functions are made for _PuI. For AmIV_ the »
hydrogenic values are 'Fz'_=“268}.6 Hc}:x‘nd'and» t = 2605 crhfi; the cdrre:‘a“p‘ond- |
ing vé.ltigs forPuI are ‘:FZ =’ 2306 c;rin‘i and ¢ :-2174.6 érﬁni. o
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INTRODUCTION
To date an ana.lysis of the sohd-sta.te spectrum oi AmIV (3+ 1on) has
| not been possible w:.th the ava.11ab1e absorption and ﬂuorescence data. This
is due to several reasorxs' one is that with a ground state of J = 0 and crystal |
: .»ymmetry of C3h. it is dszlcult to determme the J va.luee.? A second diffi~
culty is that in the actinide ele‘ments the LS couphng sc’:heme is not folloWed
and tiie:e’fore one mu’st.pexfonvn rather detailed calculations in the inter-
mediate conp_li.ng»s'ch'eme before much of a guide to the spectrum can be obtained.z
The complete spin orbxt matrices have now been calculated by G. F
_Koster and C. W N1elson,3 ea.rher mcomplete matrxces of Ofelt were useful. 4
There is some questxon as to the assignments made by Gruber5 to the
various infrared absorption peak’s,» .’ A .comparison betwe’e’n Pul and AmIlIV
"(both 5£6) did not .give;as close an agreement as might be e'xpected.6 Furthermore- -
the eelection rule of Ofelt indicates that Gruber should not have .seen tfansitiOns '
betweenJ = 0 and J = 3 or 5:7- The J = 0 toJ = 1 is a magnetic d1pole transxtxon
and is expeCted fo ‘be weak
| This work was undertaken in an attempt to better understand some of
these dlscrepancxes and if possxble assxgn some of the upper levels of AmIV
The method chosen to study the low levels of Am IV was that of
selectxve exmtatxon, " where narrow band w1dths of 11ght are used to exc1te
‘fluoreacence to low Ievels. 8 Near-mfrared absorAptwnve;;:enments are used

to obtam the hxgher levels of the ground multxplet. '

EXPERIMENTAL
For the selective-excitation eXperiments a 1000-W Hg arc (AH6) was.
mounted in the source 'compar'tment of a Beckman DU monochromator with -

the output incident on the amer;cium crYstal mounted in a quartz dewar filled

'with‘r'_liqui.d nitrogen. The crystal was imaged on the slit of a £/6.3 spectrograph.



e mweie N mivmes e e ek
" S R L

-2« . UCRL-11099

i:‘;xeoeeres fro'rh on':fe-ha.lf :hoﬁr to‘eeveral-cleys Were taken throoghoﬁt'the .
' photograplnc range. The crystal is the same one ueed by Gruber and Conway. _
'I‘he ﬂuoreecence emitted by the cryetal brightens as the wavelength of
the excxtmg lxght co1nc1des with the absorption peaks of the americmm ion.
There is a self-lummescence to the crystal whmh is excited by the energy of |
the redioactive deeay. Any spectrum. 13. therefore. a mixture of both the '
eelectwely exc1ted and’ self lummescence emissions.
Wavelengths of 510, 410, and 368 mp produced the brightest ermsszons
‘ and were therefore investiga,ted first. The spectrum obtained upon irradiating
. with 510 mp. light is relatwely srmple, showing only three groups of lmes.
| 'I‘hcre are no absorptmn peaks in the regxon 5100 to 8000 A,
| When 410-mp. hght is used, many new emissions appear in eddition to the
aroluxes exciied by the Siﬁeme light. The 540 groxi‘ps are now weaker. A strong
line appeara at 4623 A where ‘there is also a narrow absorptlon peak of the
lamemcmm 1on. Later experiments usmg 462-mp. light revealed that the intense.
emissions att rzbuted to 410 actually come £r0m the 4623 A level. Wnen 368-mu'
hght is used many new emlesxons appear but the prevxously observed groups
also apnear. o | | | |
It appears rhat avt .the lowest ene'rgy:all_that happens is that transiti'ons to .
- the leVelvs'of't.he ground multiplet take i)lace'.- But as ‘tl'le incident energy is 'le-
' creased it is possxble to get emission to ground £rom this partxcular level and
' _.also a transfer of energy to, the lower levels thh emission to ground Th:.s
vtransfer of energy between upper leVels and the accompanymg emxssmn greatly
complxcates t.he problem. The nature of the transfer between upper levels is

: not known., I£ the transfer is by rad1ation the lmes would appear in the mfrared _;'

_beyond the regmn studxed
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Thxs excha.nge of energy also mchcates that there would be httle hope iy
' ._ of ana.lyzmg the uaual ﬁuorescence da.ta which 15 obtamed by 1rradxatxon wzth
.w1da -wa.velength regtons of ultra.v;olet li.ght:e |

Table I presents the results of the selectzve-excxtatxdn expenménts |
- The only new absorption data. is for J=5, Two very weak hnes are. observed at
$258 and 9135 4. This agrees with the very weak peaks seen by Carnall and
I‘zelds in the molten-salt. solution of Am(NO3)3 in Lx-K mtrate eutectic. m The
posxtzon of these lmes does not permit an accurate location of the J =5 levél
amce they are only two of four possible lines and there are a total of seven
‘ poasible levels. 'I‘a.ble iI lists the data above 8000 Athat was used, Except for

CJ= 5 the data. are due to Gruber.5

ﬁESUﬁ'i‘S

An a.nalysxs of the data’in Tables I and II ma.kes possxble the assignments -
. for the 7F muluplet listed in Table II. The calculatxons were made by using the
' Spln Orbit matrices of Koster and .Nxels‘on.3_ The calculatioﬁé were ma&e with
5f hydrogeixic,wave functions and were carried §u£ using thg £o'rm"ﬁ/ F, instead -
N of energy. a.nd x{= L/F ) instead of .. .In this form the results'are rﬁore easily.
applied to other 5f6 cases. Fxgureli is a.* nlot of these results betwecn X of 9
and 10. It is’ pbs‘éible ona plot of this nature to mcorporate the data for Pul and
L AmIV. These calculatxons for Pul are an xmprovement over the prevmusly
,:publxshed va.lues smce the matnces now mcluded singlets. Table iI1 mcluded
' 'vthe ca,lculatxons for energy -and g value for Pul. The calculations for AmIiV are:

© for va.lues F2=268 cm” a.nd g =2605 em” the PuI values are FZ- 230.6 cm _i _' '

. :_Iand { =2174.6 cm 1...‘

Once the fit to hydrogenic values was obta.med it was decxécd to vary t:he :

wa.ve-functxon parameters and to see if it would be pcss1b1e to obtain a new
wave -£unctxon that would better define the data.’ -Now mstead of only two vamables
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.there‘are four varia.bles. 'A Variable Metnc Mmimizatxon Program known as.
-Vzrment was used. (These calculatxons were done by T. P Clements of the
La:,'\'rmerieei liadiatienla_a.bor_atory Mathematics and Computxng Group. ) The |
" progrern in effect tries to _niinimiee the sum of the squares of f;,he' difference
betweeh the 6bserve£i‘é.xid‘e”a§1clxxia£ed s}elues.] The gfoun& state is not fixed: but

can also vary. CIt h'a.é not been possibleito ca.frry these c‘alculatiens to the com-

: 'pleteness that the program is ca.pable of, because of the great amoun‘c of com=

puter time needed. It has been carned far enough to know that the parameters »
are not going to char’lge' by morez tha,n 1% of these values in going to cdmpletion.
The.‘ J': = 5 was not us‘ed in this fittinvg’process.“ Table III also gives the fitted
values. ‘The fxtted wave functlon is not ‘much different from the nydrogemc‘

' The line at 219'16 cm -1 has a g value of 0.72. 8 A ca.lculatmn of the g-
velue of the C:2 level using Sf hydrogemc wave functions is 0.65, 'I‘,he'. g'. |
value calcx}_lated for 5D2 is 1.42; however. the line a.t 2'1624 cm -1y is a very -

' broad‘line and t.he line was observed to. b_roaden in a magnetxc 'fxeld.. but no e
| measurement was poss1b1e. | |

Before undertaking a study o£ the crysta.l-fzeld parameters more accurate '

vmeas‘\_ireme.nts wxu _be; attempted oni both the absorptmn and fluorescence. .
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.Table I. Wavelengths of fluorescence lines excited by different enérgies.'

o 3982

uv-excited

Wave number = Wavelength . Wavelength of exciting hght (mu) ) )
(cm-i) & ‘Notes ‘ - 510 ) 162° © 368P ‘Assignment
11842 ©. 8441 7687
11921 .- 8385 7608 : 5.
11975 8348 7554 Same as 510 Lg-'Fy
" 12013 - 8321 7516 . S
12027 8311 7502 '
12726 7855
12735 ' 7849 .
12778 7823 368
12813 7802 N
12821 7797 only
12859 1774
13916 .. 7183 7708 o 5 g
13997 7142 7627 . .  |Same as D,-F,
14050 . 7145 7573 - %2 -
14087 7096 7537
14125 7077 5404 L \
14154 7062 Y . 8375 ‘ , :
14208 7035 - 5324 . T : 5. 1.
14248 7016 5281 Same a8 510- Lg- Fao
14418 6933 - . ‘5144 . o
14450 - 6918 - 5079 . o
14628 6834 .. '
14715 679377 1_
14758 < 6713 ,
147814 6763
14848 6732
14884 - C 6716
14902 6708 368
14956 -~ 6684 - Al
- 14973 - 6676 only
14987 - - 6670
15723 "'6358 . _
15787 - . 6332 L0
15978 - 6256 . - -
16010 6244 :
16037 .. 6233
16074 6220 L)
16101 . | 6208 ° : S ‘
16235 6157 5389 ‘ Y 7
16301 . 6132 . 5323. {same “} D,-'Fp
16334 6120 - o 5294 462
16744 - Sos970 0 T 2783 . ‘ 5. Tg
16792 5953 2736 , { Same as 510 } ke T
17406 5743 - : ' A 368 only
18840 * 5306 2783 . [Same as 55, . Tp
18924 5282 2700 . 462 cTeT
19529 5149 . . - - Absorption line R B ' 5L4-"Fo
19822 - 5043
19879 5028
.20008 - 4996 368 -
120961 4769 .{only
21041 . 4751
21624 462} Absorption line 5D2-7F0
123605 4235 " uv-excited ' :
25097

The numbers indicate the difference in cm

” -
" between the resonance 1eve1 and the respectxve lme.

b All the lmes that appeared in 510 also arein 462 and all those that appeared in.510 and 462 appear in 368
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Table II. Wavelengths of the neé.r-i‘nfra.r,ed line‘s"from a.béorption data,
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‘Wave Number

: »(cm.‘i)'

poe——

Wévelengtha o

Ay -

e Aséignmént

9282:f& 

9535 -

9545 -

986? j.i1 ::n::

:{nggfﬁ;;v

© 10948 0

| '12_123‘{5,.‘_'_. ' , Co

12253
42275

'.12307;ﬁ;;?;5.

124040

12411

12566°
12875

10769
10485

. 9258
‘7.9135,g; '

8159 L
8144
.:; 8123: ¥a

8060
8055

oz

'v182461v_v"

,7956‘.,_:"'

7950

Fe='Fo

a_ Datla.'_ f_or.fthé 10 O.OQQ'a‘xtd _7'8'0_0'0-;3‘ groups are 'from.Grubér.-_‘s -

:}
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. Table lI. Energy 1éve_1$ _o_f AmIV and Pul.

o AmIVE . pul®
Term Experx-" Ga.lculated Calcula.txon E:':pt; Calc. o g". g
. nfxentcz;t]1 .5 hyd. - fztted P R exptl. calc.
(cm ) (cm 1) - (em- ) " {em )_'} (em™7) - . :

0'._ e

.3

',_,‘;2720;-:[?;'; i’ilv’"“'.2667 -'»;;2741 ', o 2_205.55 o 2470 1,495 1.4976
F, _5320'_'_. | "_.'523.8'[_' = .5368':'-. ,"4.299.55 ‘. 4310 i.,zias- ' 1.4855'
7595 7561 .. 7642 ': . ,6144.34_" 6196 1,475 'ﬂi-.4764vA |
9560 9523 . 9596 ‘7‘7'7'4.,45 - .-‘::78'38-'   4;46'7 | '.-.".'1"_"‘637 3
Fo 10870 .'-"»,.41'14'8‘ 11220 . . 19917:9:015% 92 |15 . 11.4_53' | .'i.'458:8 -
Tr, 12350 ’i 12206 12296 10238.24 -"-fmi_s-é -',1._424 fv "1-‘,43'29"_:'1_:"
L‘b‘ .1%,30:-""’"‘.l"";' 19048 '-.1912.8 | :
°D. 21624. | ;.21831;'%‘ 2;536-_.

"21916._‘ 22360 v22316

F, o/ . a1 a0 000 0 o o

I‘or AmIV the 5f hydrogcmc values are Fz = 268 6 ¢ = 2605 or E, = 4034.5,

20 5,

ﬂ

sz 3 = 392.8. The fxtted values are Ei = 4012 36, E, = 21..95._

381.92. g’ 2614 17 (all in units of cm )

<

18

| .Es: ,
v The PuI calcula.tmns were for 5£ wave functxons a.nd Fz 230. 6 ‘cm'i and
= 2174 6 cm .1, ora x =L/F,of 9.43. The g values used in the LS limit

nad Schwmger correctxons. o
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: Fig.' 1. Plot of E/F2 yé;.x ibetweqxﬂ X =9 and 10 o
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, '"person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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