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Low-Temperature Optical Absorption of Americium Halides* 
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Chemistry Division, Argonne National Laboratory, Argonne, Illinois 60439 

(Received 27 January 1969) 

Absorption spectra at low temperatures are reported for AmCIa, AmBra, and AmIa. Bathochromic shifts 
have been generally observed in the series from the chloride to the iodide. These shifts are comparable 
to those observed in lanthanide halides. Hypersensitive transitions have been observed in AmIa. A number 
of new assignments of excited levels of Am (III) are proposed on the basis of intensity calculations. Electro
static, spin-orbit, and configuration-interaction parameters were obtained by direct diagonalization and 
least-squares fitting to 29 observed levels for AmCIa. The parameter values in cm-1 are: El= 3582.8, p= 
17.276, Ea= 334.30,15/=2593.3, «=21.634, {3= -158.48, 1'= 1240.4. 

INTRODUCTION 

Most of the spectroscopic studies on actinide systems 
that have been reported to date have been carried out on 
solutions and single crystals.! It is also possible to 
gather significant information for fN systems from 
diffuse-transmission studies of sublimed films. This has 
been shown in previous investigations on lanthanide 
cyclopentadienides.2 In the present study the diffuse
transmission technique has been used for a spectroscopic 
investigation of actinide halides at low temperatures. 

Although the data obtained from sublimed films are 
not as precise or complete as those from single crystals, 
they are particularly useful in the case of systems for 
which single crystals are not easily available. They are 
also valuable for survey studies on a class of related 
compounds, such as the halides. In addition to reporting 
the experimental results for AmCh, AmBra, and AmIa, 
we present the results of a theoretical analysis of the 
free-ion energy levels of AmCla which includes the 
effects of configuration interaction. The latter effects 
have been shown to be important in the interpretation 
of lanthanide spectra.a 

EXPERIMENTAL 

Anhydrous AmCh was prepared by a modification of 
the original procedure due to Fried.4 The preparation 
was carried out in a gloved box because of the radio
active hazard. Americium dioxide, obtained by heating 
243Am(OHh at 700°C, was placed in a small reactor of 
rectangular Vitreosil tubing. The tubing had inner 
dimensions of 4 mmX8 mm and the outer walls were 
optically polished. The Am02 was mixed in the reactor 
with sublimed AICh. The system was exhausted and 
then filled with purified nitrogen. The reactants were 

* Based on work performed under the auspices of the U.S. 
Atomic Energy Commission. 

1 W. T. Carnall and P. R. Fields, Advan. Chern. Ser. 71, 86 
(1967) . 

2 R. Pappalardo and C. K. J¢rgensen, J. Chern. Phys. 46, 632 
(1967) . 

slowly warmed until they melted to a brown liquid. 
After 90 min reaction at 220°C the liquid was cooled 
to room temperature. Unreacted AICla was removed 
from the system by sublimation under vacuum, as the 
temperature of the reactor was slowly raised. At 750°C 
AmCla began to be transported. Sublimation was con
tinued until a thin film of AmCla, suitable for spectro
scopic studies, coated the walls of the Vitreosil cell. 
The system was cooled to room temperature and the 
cell was sealed off under vacuum. AmBra and AmIa 
were similarly prepared by reaction of Am02 in molten 
aluminum halides and sublimation at 700° 

For low-temperature runs, the Vitreosil cell was 
indirectly cooled inside a double Dewar by thermal 
contact with a copper block which contained the refrig
erant (liquid helium or liquid nitrogen) in its interior 
and by gas exchange with the refrigerant reservoir. 

The double Dewar, provided with quartz optics, was 
fitted in the sample compartment of a Cary 14R spectro
photometer. A high-intensity quartz-iodine source was 
used both in the visible and in the near-infrared range 
of the instrument. In the near infrared, in spite of the 
high intensity of the source, the combination of ampli
fication and noise level which was acceptable required 
slitwidths which were about an order of magnitude wider 
than the "'-'0.05 mm which was typical for the visible 
range. 

Both in the visible and in the near ir to 1.7 p., the 
light from the source was dispersed prior to incidence 
on to the sample. Hence, there were no objectionable 
heating effects of the sample in these ranges. This was 
especially important for the liquid-helium runs. In the 
remaining range investigated (1.7-2.6 p.), undispersed 
light from the standard Cary source fell onto the sample. 

RESULTS AND DISCUSSION 

A compilation of the observed band energies for the 
americium halides at liquid-helium temperature is given 
in Table I. The intensities of the various absorption 
peaks are also indicated. The data for each individual 

3 K. Rajnak, J. Chern. Phys. 43, 847 (1965). 
4 S. Fried, J. Am. Chem. Soc. 73, 416 (1951). halide pertain to the same sample, run in a fixed con-
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OPTICAL ABSORPTION OF AMERICIUM HALIDES 1183 

TABLE I. Observed absorption peaks and centers of gravity of corresponding line groups 
in americium halides at liquid-helium temperature. 

AmCIa AmBra AmIa 

Level Peak Center of Peak Center of Peak Center of 
assignment energy Absorb- gravity energy Absorb- gravity energy Absorb- gravity 

Group S'L'J' (em-I) anee& (em-I) (em-I) anee& (em-I) (em-I) aneeS (em-I) 

7Fo' 0 

7FI ' 2 720b 

A 7F2' 5 308 85 5308 5 238d 2 5 270 4 992 8 5 100 
5 375c 5 5 308d 5 050 29 
5 450c 6 5 076 100 

5 120 20 
5 181 18 
5 268 5 
5300 6 
5 339 11 
5376 8 
5446 5 

B 7Fa' 7 482 4 7510 7 457d 3 7 480 7 288 2 7400 
7 541 4 7 507d 3 7 388 11 

7 429 3 
7 496 3 

C 7F4' 9 305 65 9440 9 220d 3 9 450 8 900 3 9 210 
9 374 21 9 256d 3 8944 7 
9 457 14 9 345d 19 8 980 35 
9 533 ",100 9 385d 20 9 025 8 
9 598 15 9 422d 36 9 082 3 
9774 3 9 470d •• 13 9 346 2 
9 870 6 9 620d 30 9 439 58 

9 691 d 3 9470- 16 
9 742 2 9 503 13 
9784 2 9 586 9 

D 7F5' 11 250 16 11 250 10 755d 2 11 060 10 395 2 10 670 
11 363 4 10 873d 9 10 627 23 

11 071 d 10 672 13 
11 176d 10 10 720 11 
11 267d 5 10 778 7 

E 7F6' 12 307 150 12 376 12 137 42 12 285 11 687 4 11 930 
12 500d •• 47 12 267 26 11 868 95 

12 626 7 11 964-
12 987 2 12 500 11 

12 680 5 

F fiFo 15 180 2 
15 220 2 

G 6DI' 16 906 3 
16 966 2 

H 5£6' 19084 1 19 627 19 2561 12 19 500 19 022 4 19 250 
19 212 2 19 2971 21 19 102-
19 361 6 19 3231 27 19 138b 92 
19444 15 19353 14 19 153- 30 
19 4851 58 19 4131 45 19 164- 22 
19 646" ",250 19 450 21 19 205 38 
19 743- 69 19485 23 19 230 44 
19 810e 19 19 523- 19249 38 
19932 8 19 558 

19 576 64 19 271- 44 
19588 64 19 312 ",130 
19635 27 19 3911 66 
19693 
19 720 20 19436 90 
19 755 12 19 451 65 
19 810 2 19 550 10 

19 567- 6 
19 627 3 
19 735 1 
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1184 PAPPALARDO, CARNALL, AND FIELDS 

TABLE I (Continued) 

AmCk AmBra AmIa 

Level Peak Center of Peak Center of Peak Center of 
assignment energy Absorb- gravity energy Absorb- gravity energy Absorb- gravity 

Group S'DJ' (em-I) aneea (em-I) (em-I) anee" (em-I) (em-I) anee" (em-I) 

I 6D2' 21 496 2 21 593 21 190 2 21 420 20 781 2 20 950 
21 565" 33 21 331 2 20 842 2 
21 593' 78 21 422' 8 20 916 8 
21 645 9 21 4601 6 20948' 23 
21 730 6 21 550 3 21 000 8 

21 070 6 
21 120 3 

I 6G2' 21 853- 21 877 21 640 4 21 670 21 258
' 

28 21 500 
21 877' 62 21 6681 7 21 272 14 
21 934 5 21 786 2 21 344-
22 016 5 21 882 2 ,....,21 370 >90 
22 133 4 21 402- 80 

21 461- 30 
21 4871 ,....,90 
21 503

' 
42 

21 528
' 

50 
21 621 ",90 
21 645 ",100 
21 6731 82 
21 713 20 
21 734h 90 
21 758" 
21 848 18 
21 891 7 

J 6Hs' 22 431 2 22 512 22 232- 5 22300 22002 45 22000 
22 512

' 
35 22 245 9 22 065 14 

22 583 3 22371 8 22 116 12 
22 675 4 22 426 3 22 222" 4 
22 748 3 22 361' 

3 
22 406

' 
2 

22 456' 3 

K 5Hs' 23 176
' 

34 (23 200) 22967 4 22 727 5 
23 211' 14 23 0091 34 22 826

' 
55 

23 291 20 23 094 22 22 873 25 
23 130 23 22 935 15 

sII.' 23 380 55 23 500 23 161 24 23 250 23 068 16 23 050 
23429 84 23 256 32 23 105 14 
23 529 106 23 353 18 23 164 14 
23 585 108 23 402- 25 23 207- 16 
23 673' 60 23430 34 23 245' 59 
23 753- 13 23 526 18 23300 17 
23 826" 6 23 574 11 23364 10 

23 710 3 

K sIh' 23 975 14 23 787 4 23 524 5 
24 024 4 23 838' 

6 23 635- 4 
23 992 2 23 680 12 

23 702 15 
23 781 7 

L 6Ls' 24 722 26 24 722 244801 5 24 550 24096 5 24 330 
24777 2 24 570 5 24200 10 

24 636' 16 24248 25 
24783 2 24300' 20 

24390 44 
24440 24 
24 510 14 

L sD, 25 163 6 25 180 25 012 14 25 100 24630 5 24800 
25 195 8 25094 3 24685 10 
25 271 2 25 157 2 24 7431 76 
25 361 2 25 783 24 853 26 

24894 30 
25000 8 
25 088 4 

25940 2 
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OPTICAL ABSORPTION OF AMERICIUM HALIDES 1185 

TABLE I ( Continued) 

AmCIa AmBra Amra 

Level Peak Center of Peak Center of Peak Center of 
assignment energy Absorb- gravity energy Absorb- gravity energy Absorb- gravity 

Group S'L'J' (em-I) anee' (em-I) (em-I) anee' (em-I) (em:-I) anee' (em-I) 

M 6G,' 26302 ",80 26540 26082 42 26250 25 4581 

26441 ",SO 26 274 43 25 5501 

26 525 ",80 26434 17 25 641i 
26 595 44 26 455 23 25 7431 
26660 24 26 5811 20 26 021 1 

26 702 28 26 620 17 
6Ls' 26 752 40 26659 23 

26831 19 26690 17 
26 954· 6 26 752 13 

26 795 7 

N 6G2' 27307 42 27 307 27 034 6 27 080 
27 107 5 

0 6G6' 27 510 66 27 510 27 2211 17 27 220 
27 747 4 27 292 12 

6Do' 27 322 12 
27382 5 

6G,' 27948 8 27 948 
p oLIO' 28264 3 

28 352 6 
6L' 28 514 8 
5H7' 28 678 20 28 027 3 

28860 3 28280 7 

Q 6Ha' 29 120 6 28409 3 
61,' 29 270 49 29 270 28530 4 

28 670 7 
28 S02 10 

6Is' 29 554 >75 29 554 28968 14 29 250 
29070 22 

6FI' 29 163 22 
610' 29260 23 
6Ks' 29 868 47 29 868 29 330 25 
6H,' 29 985 25 29 985 29472 22 

29 577 16 
29638 14 
29 788 16 
29 985 4 
30340 3 
30 535 4 

6G2' 31 170 3 30900 2 
6D,' 31 685 16 31 685 31 445 .-.10 
6Hs' 32 175 9 

6
GB

} 
32 550d ,i 

6Is' 32 605 14 
6~, 32 605 34250d ,I 
6K7' 36230d ,I 
6Ks' 32 873 14 32 873 
6K6' 33 422 14 33 422 
6Ks' 34 036 50 
6Fa' 
6H,' 34 270 31 34150 
6Gs' 34566 25 34 674 
aPI' 
6F.' 34770 23 
iHs' 35 088 40 35 088 
3()IO' 
6PI' 
'h' 
iD.' 36 700 ",25 

, In 10-' optical density units. "Unresolved doublet. At 78°K, under better resolution, two peaks 
b Reference 13. appear at 19607 and 19677 em-I • 
• Found only at low temperatures. h Very sharp. 
d At 78°K. I Broad band • 
• Shoulder. I Lines overlapping absorption edge. 
1 Sharp absorption. 
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figuration first at room temperature, then at liquid
nitrogen, and finally at liquid-helium temperature. For 
the purpose of the discussion to follow, the areas en
closed by the various line groups at liquid-helium tem
perature can be considered proportional to the cor
responding intensities. 

For all three americium halides studied, no significant 
changes in either the intensity or fine structure of the 
absorptions were noted in going from liquid-nitrogen 
to liquid-helium temperatures. On cooling the samples 
from room temperature, the peak heights usually 
increased. The room-temperature spectra were generally 
broader and their fine structure less clearly defined. 
Generally, the low-energy absorption tails were more 
extended at room temperature. Some room-temperature 
peaks were found to disappear or decrease in intensity 
on cooling. 

Inspection of the general features of the spectra for 
the three halides shows that the AmCla spectra are 
simpler in appearance. The line groups of the remaining 
halides are much more complex and tend to have a 
larger energy spread (See Figs. 1-12). The intensities 
in the strong absorption groups tend to be concentrated 
in a few components in AmCh, while for the other two 
halides they are more evenly distributed amongst many 
components, especially in AmBra. 

NEPHELAUXETIC SHIFTS 

As expected on the basis of the nephelauxetic effect,S 
the individual line groups of the americium halides are 
generally shifted towards lower frequencies from the 
chloride to the bromide, and hence to the iodide. 
Evaluation of these shifts for Am(lII) depends solely 
on locating the center of gravity of corresponding line 

6 C. K. Jprgensen, Orbitals in Atoms and Molecules (Academic 
Press Inc., London, 1962), p. 134. 

1.92 fL 

,,5200 

FIG. 1. AmCh at liquid helium. Line 
group A. 

groups since there is no crystal-field splitting of the 
ground level in this case. The centers of gravity can 
only be determined exactly when all of the individual 
Stark components of a group have been identified. 
Since this is not the case for the present data, the values 
of Table I must be taken as only indicative of the 
general trend. Richman and Wong6 reported for 
Nd(III) in LaCla and LaBra nephelauxetic shifts 
ranging from ",,10-150 cm-I , with an average shift of 
65 cm-I . The corresponding shifts in Am(III) are 
roughly twice as large. It should be noted, though, that 
in LaCh and LaBra both the symmetry and coordination 
number are unchanged, contrary to the case of AmCh 
and AmBra. The nephelauxetic shift for the group near 
9000 cm-I from chloride to bromide seems exceptionally 
low. For this reason, we have explicitly indicated the 
appearance of this group in the three halides (Figs. 3 
and 4). For the case of Pu(IlI), shifts of ",,100 cm-I 

were observed7 from La(C2HsS04)a·9H20:Pu to 
LaCla: Pu, although shifts of "-'260 cm-I were also 
found. 

The absorption edges in the three halides exhibited, 
as expected, analogous shifts. With the americium 
samples used, the region up to ,,-,40 000 cm-I was 
accessible for line detection in the chloride. This limit 
dropped to ",,31000 cm-I for AmBra and to "-'25500 
crn:-1 in Amla. Some broad-band absorptions arising 
from a mechanism different from the 5f~5f transitions 
are listed in Table 1. 

VIBRONIC TRANSITIONS 

The vibrational coupling of electronic levels has been 
investigated both in octahedrally coordinated U (IV) 

• I. Richman and E. Y. Wong, J. Chern. Phys. 37,2270 (1962). 
7 H. L1imrnerrnann and J. G. Conway, J. Chern. Phys. 38,259 

(1963) . 
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OPTICAL ABSORPTION OF AMERICIUM HALIDES 

FIG. 2. Line group A: (a) AmBrs 
at liquid nitrogen; (b) AmIs at liquid 
helium. 

FIG. 3. Line group C in AmCIs: 
(a) at room temperature; (b) at 
78°K. 
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FIG. 4. Line group C: (a) AmBra at liquid nitrogen; (b) AmIa at 
liquid helium. 

complexes and in doped lanthanum chloride crystals.8- IO 

The theory predicts that the intensity of vibronic bands 
in the absorption spectra of lanthanides (and actinides) 
will be proportional to the number of iN ions coupled to 
the systems of lattice vibrations. Vibronic bands are 
then expected to be more important in undiluted lan
thanide (or actinide) systems than in doped crystals. 

Richman, Satten, and Wong9 reported vibronic bands 
connected with some of the isolated electronic levels of 
Pr(III) (especially the 3PO and 3P1 levels) in LaCla:Pr, 
PrCia, LaBra:Pr, and PrBra. Since PrCla and AmCla 
both have the same UCla-type structure, we can expect 
that the results for PrCla will be applicable to AmCls, 
with some contraction in the energy scale of the vibronic 
bands because of the larger mass of the Am ion. 

In PrCla Richman, Satten, and Wong9 observed two 
vibronic bands (0" polarized) centered at ",80 and 
",,170 cm-l from the sPo electronic line and also a fairly 
narrow line at ",,250 cm-I . A vibronic pattern com
parable with the data on PrCla is also observed for 

8 S. A. Pollack and R. A. Satten, J. Chern. Phys. 36, 804 (1962). 
91. Richman, R. A. Satten, and E. Y. Wong, J. Chern. Phys. 

39, 1833 (1963). 
10 E. Cohen and H. W. Moos, Phys. Rev. 161, 258, 268 (1967). 

AmCho This pattern is characterized by isolated, fairly 
sharp peaks followed by broader bands. Typical 
vibronic patterns for AmCla are shown in Figs. 1 and 
7. Vibronic bands appear centered at ""65, ",150, and 
possibly ",,250 cm-I • A similar vibronic pattern seems 
apparent in the absorption spectrum of AmIa. In the 
latter system most of the simpler line groups consist of 
a sharp intense absorption followed by weaker, broader 
peaks. In many cases, weak absorptions on the low
energy side of the intense lines (which we assume to be 
the electronic transition) persist even at low tempera
tures. Three vibronic bands at ",,45, """105, and ,....,185 
cm-I seem to be present in the AmIs line groups. 

The appearance of the AmBrs spectrum does not 
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FIG. 5. Line group H for AmC1a: (a) at room temperature; (b) 
at!78°K. 
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FIG. 6. Line group H at liquid helium: 
(a) AmBra; (b) Am1a. 

FIG. 7. Line group I and J for-Amell' 
Liquid-helium spectra. 
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suggest a simple vibronic analysis. There are no easily 
identified vibronic patterns in the absorption of the 
kind found for AmCls and Amla. It is possible that in 
AmBra the vibronic bands are more intense than the 
electronic transitions, but the evidence for this effect is 
limited. At least two line groups in AmBra show room
temperature satellites absent at low temperatures. The 
frequency shift of these "hot" vibronic bands was 
/"VlS0 cm-1 (Fig. 9). 

IDENTIFICATION OF THE LINE GROUPS 

In the following sections, we discuss the charac
teristics of the line groups in the three halides, with 
particular emphasis on the interpretation of results for 
AmCla. Very detailed studies have been carried out on 
the lower-energy transitions observed in single crystals 
of Am(lII) in LaCla both in absorption (Refs. 11-13, 
henceforth referred to as I, II, and III, respectively) 
and fluorescence. I3 Some assignments have also been 
made to the spectrum of Am (III) in aqueous and molten 
salt solutions.I4 The problem of level assignment is 

11 J. B. Gruber, J. Chern. Phys. 35,2186 (1961). 
12 J. B. Gruber and J. G. Conway, J. Chern. Phys. 36, 191 

(1962) . 
13 J. G. Conway, J. Chern. Phys. 40, 2504 (1964). 
14 W. T. Carnall and B. G. Wybourne, J. Chern. Phys. 40, 3428 

(1964) . 

28 

quite similar in its formulation to that encountered in 
the case of Eu(III), the lanthanide analog of Am(III) .16 

Usually the most precise and exhaustive information 
required for the identification of the J values for excited 
levels of IN systems is supplied by the optical study of 
the relevant ion at a site of high point symmetry in a 
suitable host lattice. From Zeeman and polarization 
studies of single crystals, the J values of definite line 
groups can often be derived. A special situation obtains 
for the f6 configuration of Eu (III) and Am (III) in the 
LaCla host lattice. As already pointed out by Sayre and 
Freed,I6 the selection rules for the f6 system in DSh (and 
C3h ) symmetry do not make it possible to discriminate 
between J = 4, J = S, or J = 6 values for the excited 
levels. Also, from the experimentally derived g values 
of the excited levels it is difficult to infer J values in a 
situation of intermediate coupling, as it occurs for 
Am (lII) . On the basis of studies on LaC1a: Am, Con
way13 identified the 10 lowest levels of Am(lII) and 
obtained a two-parameter fit to the data with F2= 
268.6 cm-I and t6f=260S em-I. Ratios pertinent to 
Sf-hydrogenic functions were used in order to estimate 
the F4 and F6 parameters. Under these conditions, the 
7F1' group of Am(III) is located near 2700 cm-I above 

15 W. T. CarnaIl, P. R. Fields, and K. Rajnak, J. Chern. Phys. 
49,4450 (1968). 

16 E. V. Sayre and S. Freed, J. Chern. Phys. 24, 1211 (1956). 
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OPTICAL ABSORPTION OF AMERICIUM HALIDES 1193 

the ground level. This is in contrast with the known 
situation for Eu(III) , where two J manifolds 7F1' 

and 7F2' are located aproximately 200 and 1000 cm)-l 
above the ground level 7Fo' and so contribute to the 
optical absorption at room temperature. 

The over-all splitting of the 7F term in Am(III) is in 
satisfactory agreement with the observed term split
tingl7 in Pu (I) (5f67 s2) , where the values of the relevant 
parameters are similar to those for Am (III) . 

Both AmCla and LaCh are UCla-type structures.18 

Thus, one can tentatively assume that the model of an 
effective crystalline Hamiltonian possessing Dah (or at 
least Cah ) point symmetry, used in I in the discussion 
of Am(III) doped into LaCla, can also be used for the 
case of AmCla. This assumption is made in the following 
discussion to corroborate some of the level assignments 
and to correlate the spectra of AmCla and LaCh:Am. 

In the analysis of the absorption spectra of the lan
thanides in solution, we have found that intensity cor
relations provide a powerful tool in making J assign
ments.19

,20 Since relative intensities could be measured 
in the present investigation, a similar analysis was 
possible here. The basic calculations are closely related 
to those carried out for the Eu(llI) aquo ionl5 and 
certain generalizations are possible, It can be shown21 

that since J=O for the ground state of Am (III) , 
induced electric-dipole transitions to excited levels 
where J' is zero or odd are forbidden. This selection rule 
exhibited a high degree of validity in Eu(III),15 and 
thus one would predict that transitions to levels charac
terized by even values of J in Am(llI) would at least 
tend to be more intense transitions. The expected 
variation in intensity in the transitions to the various 
J levels of the ground term has already been noted.22 

Preliminary intensity calculations based upon ap
proximate energy-level parametersl4 made it possible 
to predict the relative intensities of the various allowed 
transitions. These predictions together with the assign
ments already established1a provided a good starting 
point for the analysis of the spectrum of AmCla, The 
more complex crystal-field effects in AmBra and Amla 
and the more limited region over which the spectra of 
these two compounds could be measured made the 
analysis of their spectra much more difficult. In the 
sections to follow, many of the band groups are tenta
tively identified in the three halides and spectral correla
tions discussed. The observed absorption peaks and the 
energies assigned to the various transitions are shown 

17 J. Blaise, M. Fred, S. Gerstenkom, and B. R. Judd, Cornpt. 
Rend. 255, 2403 (1962). 

18 R. W. Wyckoff, Crystal Siructttres (Interscience Publishers, 
Inc., New York, 1963), Vol. 1. 

19W. T. Camall, P. R. Fields, and K. Rajnak,]. Chern. Phys. 
49,4412 (1968). 

20 W. T. Camall, P. R. Fields, and K. Rajnak, J. Chern. Phys. 
49, 4424 (1968). 

21 G. S. Ofelt, J. Chern. Phys. 37, 511 (1962). 
22 W. T. Camall and P. R. Fields, Develop. App!. Spectry. 

1,233 (1962). 

in Tables I and II. For convenience, we also list in 
Table II the reported absorptions of LaCIa: Am. 

GROUP A 0-'5000 CM-I) 

One intense line at 5307 cm-l (1' and axial) and 
two weaker 1l'-polarized lines at 5208 and 5340 cm-l 

were reported in I. As shown in Fig. 1, the 5307-cm-1 

line agrees well with the band found in AmCIa, whereas 
the 5340-cm-1 line occurs in the region in which we find 
weak bands, which we characterize as vibronic struc
ture. We observe no absorption near 5208 cm-l. The 
group was assigned in III to the transition 7Fo'~7F2'. 
(We adopt the convention of referring to the transi
tions in terms of the major component of the eigenvector 
of the levels. In many cases the level has <50% of the 
indicated character. Primed labels such as 7Fi are used 
as a reminder that the coupling is truly intermediate 
between the L-S and j-j coupling schemes and that 
little physical significance should be attached to the 
quantum numbers Land S. Only J remains as a good 
quantum number.14 Other conventions are possible, but 
we wish to emphasize the foregoing.) The spectrum 
reported in I is not consistent with a transition to a 
J = 2 level in either Cah or Dah symmetry. 

In AmBra only two bands could be detected over the 
noise level in this region of the spectrum (Fig. 2). In 
contrast, the absorption in Amla is by far the most 
intense of the three halides and at least 10 individual 
components are present. Since this is a transition of a 
J = 2 manifold, a maximum of five lines can be ac
counted for in terms of the splitting of the free-ion level. 
The intense absorption from 4990 to 5180 cm-l con
tains five such components. The weaker system which 
follows could be a replica of the first group since five 
components are in evidence and their spacing is com
parable with that of the first group. The band separation 
is estimated to be ",,270 cm-l. The pattern of the ab
sorption near 5070 cm-l appears to recur in many other 
absorption groups of Amla. 

GROUP B (""7500 CM-I) 

The weak absorption found for all three halides in 
this region is consistent with a forbidden transition. 
This group was not observed by Gruber in I but it has 
been reported in the absorption of nitrate meltsl4 and in 
fluorescence in III. It was assigned in III to a 7Fa' level. 
The two observed components (Table I) for AmCIa 
would be compatible with J = 3 in Dah symmetry, while 
three components would be expected for Cah• The group 
in question is very weak and less-intense components 
might have been lost in the noise level. The general 
appearance of the Amla band is quite reminiscent of the 
group at ",,5070 cm-1 in that medium. 

GROUP C (""9500 CM-I) 

This group was studied in I by photographic tech
niques. It is interesting to compare the intensities 
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1194 l'APPALARDO, CARNALL, AND FIELDS 

TABLE II. Energy assignments and calculated matrix element of U("A) for AmCl, (anhyd) compared to data for Am(III) in Laia,C 
AmBra, and AmIa. 

Center- Am3+ in LaCl,u-Ia 
Level of-band Calcb Band area Band area Band area 

assignment energy ObsAbs energy for AmCl, CTU("A)c for AmBrs for AmIa 
S'L'J" AmCl, Am: LaCla Polariz (em-I) (AbsXcm-I) U("A)c (em-I) (AbsXcm-I) (AbsXcm-I) 

7Fo' 0 -53 

7FI ' 2720 2727 0 0 
5208d 

7F2' 5308 5307 CT 5338 25.5 0.0963 511 1.5 75 
5340 'If' 

7F3' 7510 7584 2.0 0 0 1.1 6.9 

7F,' 9440 9 282 CT 9531 146. 0.1282 1210 59. 58.5 
9 535 7r 

9 545 CT 

9 867 'If' 

7F5' 11 250 10 799d 11 159 17.2 0 0 34. 31.5 
10 944d 

f2 253
0 'If' 

71'6' 12 376 12 3071 CT 12 273 321. 0.2238 2770 134.2 185. 
12 4041 CT 

5FO' 12 508 0 1.4 

5DI' 17 278 0 1.44 

5L6' 19 627 19 529 CT 19 605 508. 0.1920 3768. 141.6 246. 
19 6301 CT 

19 642 CT 

19 667 'If' 

19 6991 'If' 

5D2' 21 593 21 624 CT 21 586} 0.0093} 
395.} 70.4 14.4 270. 

5C2' 21 877 21 916 CT 21 883 0.0089 

5Ha' 22 512 22 555 'If' 22 487 20.6 0 0 7.8 47.8 

5Ho' 23 222 23 279 "-'15. 0 0 

5114' 23 500 }g 23 525 277. 0.0667 1567. 128. 104. 

51h' 24 012 CT 24 005 "-'12. 0 0 20.1 

°L6' 24 722 24734 'If' 24 680 14.2 0.0030 74. 9.6 69. 
24 739 'If' 

24 753 CT 

6Ds' 25 180 25 193 CT 25 132 8.1 0 0 8.65 75. 
25 221 'If' 

6C,' 26 540 26344b 26 560} 0.045:} 280. 1211. 121.8 200. 
6La' 26 783 CT 26 768 45.2 100. 

°C2' 27 307 27 328 CT 27 148} 
0.OO5&} 94. 147. 31. 280. 

sC5' 27 510 27 520 CT 27 608 
27 542 'If' 

27 556 II 

6Do' 27 826 

sCa' 27 948 27 967 28 070 4.7 0 0 

sLIO' 28 392 0 

sL,' 28445 0 

sH7' 28 651 38. 0 0 13.6 

5113' 29 054 0 
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TABLE II (Continued) 

Center- Am3+ in LaClp-la 
Level of-band Caleb 

assignment energy ObsAbs energy 
S'L'J,a AmCIa Am: LaCla Polariz (em-I) 

61t ' 29 270 29244 11" 29 320 
29 315 u 

6ls' 29 554 29 506 u 29 551 
29 569 tr 
29 601 11" 

6F,' 29 676 
61.' 29 769 
6K. 29868 29 847 
iHt ' 29 985 29 949 

6G2' 31 349} 
iD4' 31 685 31 687 tJ" 31 759 

31 705 11" 

6H.' 32 175 32 234 

5Ga' 32 481 11" 32 349 

6Is' 32 588 tr 32 425 

6G2' 32605 32 669 11" 32 540} 
6K.' 32 873 32 822 

iK7' 32 894 

6K.' 33 422 33 386 7r 33 333 
33 395 tr 
33 475 tJ" 

5Ks' 33 542 
5H3' 33 920 
5114' 34 150 34013 tJ" 34 197 

34 073 7r 

34 279 tr 
34 307 7r 

fiG.' 34 674 34 720 
6F6' 34 815 
6D!, 34 816 
611s' 35088 35 021 
3010' 35 428 
aPI' 35 496 
617' 36 168 
6Dt ' 36419 
6G,' 36 866 
iK9' 37 233 
iHa' 37 293 
3Ms' 37478 
iH7' 38 139 
6Gt ' 38 185 
6D.' 38 513 
aN.' 38598 
iDo' 38726 
3H4' 39361 

a Major component of the eigenvector. No assignment is implied unless 
a center-of~band energy in AmCla is given. 

h Based upon experimental results for ArnCI3, the parameters used to 
generate this set were EI=3582.8, E'=17.276, E'=334.3, f=2593.3, 
a =21.634, i3 = -158.48, 'Y = 1240.4. 

o U (X) = (fJ II U(~) /lib' J')', where X =2, 4, 6. For Sf', U (X) =0 except 
where X =J', the J value of the excited state, i.e .. for the transition 7F.'-+ 

Band area Band area Band area 
for AmCIa uU(X)o for AmBra for AmIa 

(AbsXem-l) U(X)o (em-I) (AbsXem-l) (AbsXem-l) 

0.0019 

0.0094 

361. 276. 
0 
0 
0 

0.0001 

0.0007} 26. 28. 
0.0002 

21. 0 

0 

0 

O.0020} 
45. 66. 

0.0001 

0 

21. 0 0 

0 
0 

170. 0.0084 287. 

0.0016 55. 

0.0008 28. 

0.0048 
0 

0 

0 
0 
0 
0.0006 
0 
0 
0 

,-...,0 

7F,', U(2) =0.0963, U(4) =0, U(6) =0, etc. 
d Not observed in AmCQ. 

180.2 

e Fight lines observed 12 123--12 575cm-l1l ;only the three most prominent 
are recorded here. 

f Unresolved band structure. 
g Eleven lines reported in Ref. 11 in this range. 
h Nine lines observed 26 344-26 727 em-I." 
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1196 PAPPALARDO, CARNALL, AND FIELDS 

derived by that technique with those observed for 
AmCIa (Table I). By the former method the ratio of 
the intensity for the line at 9533 cm-I to that at 9870 
cm-I is two, while from Table I the ratio of the cor
responding band intensities is > 15. In both LaCIa:Am 
and AmCls, if the absorption near 9870 cm-I (Tables I 
and II) is included in the group, the crystal splitting 
would be quite large, ",600 cm-I. This seems rather 
unlikely. If the absorption near 9870 cm-I does not 
belong to the group, then the polarized absorption in 
LaCIa: Am would be consistent with a J = 4 level in DSh 

symmetry (Table II). Inclusion of this line would lead 
instead to a CSh symmetry. 

The complex appearance of the AmCls spectrum 
shown in Fig. 3 can be explained by assuming that each 
intense line is accompanied on the high-energy side by 
two weaker components, separated by ",70 and ",150 
cm-I. This would agree with the pattern of Fig. 1. 
The sharpening of the bands in this group, due to cooling 
of the sample from 298 to 78°K, is also shown in Fig. 3. 

Some pecularities in the positions of this group were 
already mentioned in connection with the nephelauxetic 
shift. The group appears to consist of two bands in all 
three halides. The separation of the two component 
bands is ",200 cm-I in chloride and bromide, but more 
than twice that in the iodide as shown in Fig. 4. The 
AmBrs shows a vanishing or negative shift from AmCls. 
One of the component bands in AmIs is shifted to lower 
energy from the corresponding band in AmBrs by 
......,500 cm- and shows a "group-A" pattern. 

GROUP D ("-'11 300 CM-I) 

This group was not reported in I. Very weak lines at 
10 800 and 10947 cm-I were found in III and assigned 
to the 7Fo'--'/Ffi' transition. Carnall and Fields found 
very weak peaks in this region, in the case of Am(III) 
in molten nitrate melts.22 In AmCls, the absorption 
bands in this region were found at higher energies than 
those reported in III (Table I). The AmCla absorption 
group has less spread than that of the corresponding 
groups in the other two halides. The shift in energy 
from the chloride to the iodide (,.....,600 cm-I) is par
ticularly large in this case. ..!I 

GROUP E ("-'12000 CM-·I) 

Eight lines were recorded in I for this group, which 
was ascribed to an overlap of transitions to a J = 5 
and a J = 6 level. The group was simply identified as 
a J = 6 level in III. Only two peaks were resolved in the 
AmCh spectrum in this region. 

The absorption pattern is similar in the three halides 
(Table) I but both the bromide and iodide have weaker 
absorption bands toward higher energy beyond the 
spread of the AmCh band. In the case of the iodide, the 
weaker band near 12 600 cm-Ilooks like a replica of the 

more intense absorption centered near 11 900 cm- I . 

The bands at "-'12000 cm-I could be due to the 
7Fo'-tfiFo' transition. 

GROUPS F AND G 

Preliminary calculations predicted a J = 0 level near 
12500 cm-I and a J = 1 level near 17 100 cm-I •IS ,I4 We 
assume that the J = 0 level occurs within the band due 
to the transition from 7Fo' to 7F6' for AmCls or in the 
proximity of this band in the bromide and iodide. 
No bands were found in the region ",13000-19000 
cm-I in either AmCls or AmBrs. In the iodide, two weak 
absorptions appear at 15200 and 16900 cm-I (Table 
I). It is possible that these do correspond, respectively, 
to the transitions to the predicted J = 0 and J = 1 levels, 
although as was indicted above the transition to J = 0 
is predicted at a much lower energy. Comparison with 
the spectra of Npla and PuIs indicates that neither Pu 
nor Np impurities in the Amla could account for the 
absorptions in question. 

GROUP H ("-'19600 eM-I) 

The general appearance of this group in AmCls is 
similar to that of group E. Five main absorption lines 
were reported for this group in II, where two of the 
lines showed unresolved band structure (Table II). 
The four most intense lines have a polarization com
patible with electric-dipole transitions to. a J =:' 6 level 
in CSn symmetry. The group has been IdentIfied by 
Conway IS as 5Ls'. 

The transition has a very high molar absorptivity22 
in aqueous solution (E"-'400), i.e., about an. ~r~er of 
magnitude larger than the molar absorptlvltl~s of 
3dN-t3dN transitions. The distinct lines reported III II 
correspond in energy to the region of maximun: in
tensity as observed in AmCh. Peaks not reported III II 
or III clearly appear on both sides of the band in AmCh. 
The two peaks at 19876 and 19938 cm-I (Fig. 5) could 
be explained as ",250-cm-I overtones of the two peaks 
at ",19607 and 19677 cm-I, respectively, as observed 
at 78°K. The weak absorptions appearing at the 
threshold of the band (Table I) cannot be explained in 
a simple model which neglects the effects of neighboring 
ions and vibronic interactions. 

The intense transition to fiLs' is similar in the bromide 
and the iodide (Fig. 6). Both groups are very complex 
and rich in lines. The bromide spectrum is very remi
niscent of the Am double-sulfate spectra observed by 
Yakovlev and co-workersP 
I The over-all spread of the group is largest in the 
bromide, where it spans ,.....,500 cm-I ; this is to b~ con
trasted with the very intense but narrow absorptIOn of 
AmCls (full width at half-height: ",150 cm-I

). 

23 G. ~. Yakovlev, D. S. Gorbenko-G!:rrnanov, R. A. Zenkova, 
V. ]'.1. Razbitnoi, and K. S. Kazanskll, J. Gen. Chern. USSR 
28, 2653 (1958). 
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GROUP I (21 600 and 21 900 eM-I) 

The group in question, as shown in detail in Fig. 7, 
consists in AmCla of two strong, sharp absorptions 
followed by numerous weaker bands. Two lines were 
found in this region in II. Both were q polarized and 
broadened or split in a magnetic field (Table II). 
Each observed line is consistent with an electric-dipole 
transition to an excited J = 2 level, either in Dan or Can 
symmetry. A very similar pattern is found in AmCls. 
Each isolated strong line shows a possible doublet 
structure, with the indication of a shoulder on the low
energy side (Fig. 7). Each sharp line is followed by a 
continuum with peaks separated from the main absorp
tion by distances comparable with the ",70 and 
",170 em-I, already noticed in the case of Figs. 1 and 3. 
The group at 21600 cm-I was assigned in III to a 
7Fol~6D2' transition and the group at 21900 cm-I to the 
7Fol~6G2' transition. Both groups, incidentally, satisfy 
the AT = 2 condition for hypersensitivity,20 and a dis
proportionate increase in intensity in this region was 
observed experimentally in the spectrum of Am(III) 
in a molten nitrate salt solution.22 This is discussed 
further in a later section on hypersensitivity. The 
intensity of the AmBra bands in this group appears 
normal, but those of Amla were found to be dispro
portionately intense, indicating a situation similar to 
that observed in the nitrate melt. The spectra are 
shown in Fig. 8. 

Implicit in the assignment (Table I) of corresponding 
groups in the three halides in this region is the assump
tion of a large shift (",700 em-I) from chloride to 
iodide. Both iodide groups corresponding to J = 2 levels 
(Table I) have a number of component lines in excess 
of the maximum permissible number, in the absence of 
vibronic interactions. The iodide group at ",20 950 
cm-I shows a marked similarity with Group A at 
",5070 em-I. 

GROUP~J (22500 eM-I) 

The next isolated single line in AmCla, as shown in 
Fig. 7, strongly resembles the two previous ones but is 
characterized in LaCls:Am by 7r polarization (Table II). 
In the Dan or Can point groups, a single 7r-polarized line 
would indicate a magnetic dipole transition from the 
ground state to a J = 1 level. If such were the case, the 
line should broaden or split in a magnetic field. This 
was not observed in II. Also, on the basis of preliminary 
calculations it is clear that no J = 1 levels are predicted 
in this energy range. The alternative assignment, com
patible with the energy-level calculations, would in
volve a J = 3 level. In this case the selection rules give 
two lines in Dan symmetry, one (1' (an axial) and one 7r 
while three lines, one (1' (and axial) and two 7r ar~ 
predicted for Can symmetry. ' 

In AmBra, Fig. 8, two resolved bands are observed in 

the range 22200-22500 em-I. In the iodide a single 
more intense band is found at ",22 000 em-I, suggesting 
a chloride-to-iodide shift of ,,-,500 cm-1 if the cor
respondence is correct. 

GROUP K ("-'23 500 eM!) 

This absorption is very complex, both in AmCh and 
in LaCla:Am. No assignments have been suggested, and 
very little can be inferred from polarization or Zeeman 
splitting of the lines in II (Table II). Preliminary 
calculations indicated transitions to J = 5, J = 4, and 
J = 7 levels in this energy range. The transition to J = 4 
may be expected to be the most intense of the three, as 
mentioned earlier. Characteristically, most of the lines 
reported in LaCls:Am are 7r polarized.12 Six of these 
7r-polarized lines are followed by two (1'-polarized lines. 

As shown in Fig. 9 the satellite line at 22 836 cm-I in 
AmBra disappears on cooling. The weak group at 
",22400 cm-I in Amla (Fig. 8) does not fit well in the 
general group assignment. The rest of the group shows 
normal nephelauxetic behavior in the three halides. In 
Amla the two composite groups with maxima at 
",22 830 and ",23 245 cm-I (Table I) show a very 
similar structure. Each intense peak is followed by 
weaker components at ",50 and ",110 em-I. Again, the 
iodide group at ",22830 cm-I is strongly reminiscent of 
the group at ",5070 em-I. 

GROUP L ("-'24 700 eM-I) 

Three polarized lines were reported in II near 24 700 
cm-I (Table II). Preliminary calculations indicate that 
the group should be identified with a transition to a 
J = 6 level. The indicated polarizations would not be 
consistent with this assignment in either Can or Dan 
point symmetry. A single, isolated band is found in 
AmCla. 

A more widely split group centered near 24 560 cm-I 

is found in AmBra (Fig. 10), and this group appears to 
have shifted to ",24 350 cm-1 in Amla. 

A very weak band with two resolved components at 
",25 163 and ",25 195 cm-1 is found in AmCls cor
responding to two lines reported in II at 25 193 and 
25 221 cm-I (Table II). The 7r-polarized line was found 
to split in a magnetic field. This suggests a magnetic
dipole transition to a J = 3 level, which would be con
sistent with the observed polarization of the lines and 
with approximate energy-level calculations but would 
conflict with the AT selection rules for magnetic-dipole 
transitions. 

In both AmBra and Amla, corresponding groups may 
be identified near 25 100 and 24800 em-I, respectively 
(Fig. 10). 

GROUP M ("-'26500 eM-I) 

The next group in AmCla extends from ",26300-
26800 cm-I (Fig. 11) and shows considerable intensity 
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at the energy where we expect to find transitions to a 
J = 4 level and a J = 8 level (Table I). Most of the 
intensity should arise from the former transition. A 
number of lines were reported in II to occur in this 
region (Table II). The splitting in AmBra is larger, and 
the leading edge of the absorption appears to be shifted 
,,-,300 cm-I lower than that of the chloride (Fig. 11). 
In this region we began to observe an intense absorption 
edge in the AmIa sample such that no further observa
tions could be made (Fig. 10). 

GROUP N (,-...,27300 CM-I) 

In AmCb, a single band is observed at 27 307 cm-I 

(Fig. 11), while Gruber and ConwayI2 reported a single 
line at 27 328 cm-I which was u polarized and split in a 
magnetic field. The results are consistent with assign
ment to a J = 2 level in either Dah or Cah symmetry. 

GROUP 0 (,-...,27 500 CM-I) 

A relatively intense band without apparent structure 
is found in AmCb with center at 27 510 cm-I (Fig. 10). 
Preliminary calculation indicated a J = 5 and a J = 0 
level near this energy. In LaCb:Am, Gruber and Con
wayI2 report three closely spaced lines of energy and 
polarization shown in Table II. Their results are con
sistent with a transition to a J = 5 level in Dah in 
symmetry. 

The weak band at 27747 cm-I may be classed as a 
vibronic overtone, but the isolated absorption at 
27 948 cm-I seems to be too widely split from the 
2751O-cm-I band to permit the same interpretation. 
Calculation places both J = ~o and J = ~3 transi
tions in this range; the former is, of course, highly 
forbidden. A line was reported in II at 27 967 cm-I 

(Table II), which corresponds well with the isolated 
band at 27 948 cm-I in AmCh, but a second u-polarized 
component should be observed if the site symmetry 
were Dah • 

In AmBra (Fig. 11) no assignments could be made to 
the group of numerous absorption maxima near 27 200 
cm-I • 

GROUP P (,,-,28000-29 000 CM-I) 

Several relatively weak bands are found in this range 
in AmCla (Fig 11), while Gruber and ConwayI2 did not 
record lines in this region for LaCla:Am. Of the levels 
calculated to occur in this energy range, all are forbidden 
to a first approximation so no electric-dipole intensity is 
computed. The more intense of these weak bands occurs 
at 28678 cm-I, which corresponds to the predicted 
energy of the 7Fo'-t5H/ transition. 

The spectrum of AmBr5 in this region is complex and 
no interpretation can be offered. 

GROUP Q ("-'29000-30000 CM-I) 

A strong band in AmCla centered at 29554 cm-I 

(Fig. 12) correlates well with three lines observed in 

LaCla:Am, as shown in Table II. A relatively intense 
transition to a J = 6 level is predicted at this energy, and 
the polarization of the lines in II would be consistent 
with the prediction if the site symmetry were Dah. 

The distinct band at 29270 cm-I in AmCh is then 
identified with a J = 4 level, whereas two lines are found 
in II (Table II). The bands at 29 868 and 29 985 cm-I 

are in good agreement with energies calculated for 
transitions to a J = 5 and J = 4 level, respectively. As 
was the case in Group P, the corresponding structure in 
AmBra (Fig. 12) is comprised of numerous closely 
spaced bands, and no interpretation can be given. 

Several additional assignments were made to the 
spectrum of AmCh at > 30000 cm-I as shown in Table 
II. For every group of lines reported for LaCh:Am an 
absorption band was observed in AmCla; however, only 
in the case of the group at "-'33400 cm-I did the 
number and polarization of lines at the corresponding 
energy in II constitute a confirmation of the assignment. 

In this case the indicated site symmetry was Dah • 

In other cases the number of lines reported was smaller 
than would have been expected for this transition In 

either Dah or Cah site symmetry. 

INTENSITY CONSIDERATIONS 

As was pointed out earlier in this paper, intensity 
calculations based upon preliminary energy parameters 
were carried out and used as a qualitative aid in making 
or confirming some assignments. The theory of inten
sities of fN transitions was used here in the form derived 
by Judd.24 In this treatment the transitions, which are 
forbidden by a pure electric-dipole mechanism, can 
occur weakly because of the mixing into the fN configura
tion of excited states of different parity via the odd
parity components of the crystalline potential. In this 
general framework, a quantitative study of intensities 
for a series of halides might indicate whether configura
tion mixing within the metal ion is more important to 
the intensity than electron-transfer states involving the 
ligands. 

The expression for the intensity of a transition may 
be written in the form25 

p= E 'Jxu (1f;J II U(X) II y/J')2, (1) 
X=2.4.6 

where P, the oscillator strength of a transition between 
the levels l{;J and l{;' J' separated by u (cm-I), is related 
to the square of the matrix elements of the unit tensor 
operators UtA) connecting the initial and final states via 
three quantities 'Jx. Further, the three terms of (1) 
for f6 reduce to a single term with A equal to the J value 
of the excited level. In the absence of J mixing the rela
tion I J -J' I <6 would hold and transitions from the 

24 B. R. Judd, Phys. Rev. 127, 750 (1962). 
25 W. T. Carnall, P. R. Fields, and B. G. Wyhourne, J. Chern. 

Phys. 42, 3797 (1965). 
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ground (J = 0) level occur only to even J levels. The 
appearance of transitions to odd-J' levels is, therefore, 
ascribed to J mixing. However, it remains to examine the 
extent of quantitative correlation between calculated 
and observed intensities of transitions to even-J-Ievels. 

Because of the nature of the samples examined, 
experimental oscillator strengths could not be deter
mined. We have, therefore, measured the areas of differ
oot absorption bands of the same sample examined at a 
given temperature and used this data as a basis for 
comparison. Calculated values of the quantities 
u(if;J II U(~) II if;'J')2 were computed from the electro
static and spin-orbit parameters which gave the best 
fit to the experimental energy levels for AmCla. The 
results are given in Table II. 

Since the quantity u(if;J II U(~) II if;'J')2 is propor
tional to P, then it should also be proportional to the 
measured band area for different excited levels with the 
same J value. 

Inspection of the appropriate columns of Table II 
shows that for J = 2 levels of AmCla, the greater the 
energy of the transition, the more the theory tends to 
underestimate the observed intensities. The same 
applies to J = 4 levels. The agreement is quite good for 
the two contiguous J = 6 levels, probably because they 
are not widely separated in energy and because the 
overlap from other levels is unlikely. Certainly the 
theory correctly predicts the most intense transitions. 
The partial results seem to indicate that this simplified 
model for the intensities gives a qualitative correlation 
of the intensities in AmCla, but that the greater the 
energy of the excited levels, the less likely it is to find 
a consistent quantitative fit of the observed intensities. 
This suggests, in the framework of the theory used, that 
the mixing states of opposite parity are located at 
energies very close to the energy of the 5f6----"5f6 transi
tions. We shall briefly return to this question after con
sidering the behavior of AmBra and AmIa. 

It is also assumed24 that all components of the ground 
level are equally likely to be occupied. Normally, this 
basic assumption would exclude application of Expres
sion (1) to low-temperature spectra, but in Am(lIl) 
the ground term is degenerate since it is a J = 0 level. 

Some interesting conclusions can be drawn from a 
comparison of the intensities of corresponding line 
groups in AmBra and AmIa. The 7Fo'--?7F2' absorption 
in Amla is more intense by roughly 50 times than the 
bromide absorption, while the intensities of the three 
absorptions to 7Fa,4,S' are quite similar in both systems. 
This points to a typical hypersensitivity effect in AmIa. 

Another effect relates to the intensity ratios of transi
tions to odd-J and even-J excited levels. In the chloride 
the transition to 7Fa' is an order of magnitude weaker 
than that to 7F2'. The same is true of the transition to 
7Fl when compared to that to 7Fl. This is no longer true 
for AmBra and Amla. The transition to 7Fs' is com
parable in intensity to that to 7F4'. 

A second hypersensitive transition appears to occur in 

Amla at ,.....,21 500 cm-I, and this again involves J = 
O-J = 2 (this will be discussed below). 

The two remaining transitions occurring in Amla 
before the onset of the absorption edge are an order of 
magnitude larger than would be expected on the basis 
of the intensity predictions. On the whole it appears 
that the theory, while useful in the case of AmCIa, is in 
poorer agreement with the observations in AmBra and 
Amla. The apparent relative increase in the intensity of 
vibronic transitions in the latter may in part account 
for the lack of agreement. On the other hand, electron
transfer states will rapidly approach in energy the 5f5 
configuration in the halide series from chlorides to 
iodides. The model of an isolated 5J6 or 5f56d configura
tion will progressively lose its validIty, and a molecular
orbital description of the system will become pertinent, 

HYPERSENSITIVITY 

Hypersensitive effects have been found associated 
with transitions where tJ = 2, !1L= 2, and !1S= 0.26 Two 
hypersensitive transitions observed in Amla are con
sistent with these selection rules. A possible hypersen
sitive transition predicted to occur at ,.....,27 000 cm-I in 
Amla could not be observed because of the absorption 
edge at "-'25 500 cm-I • 

The assignments of Table I and II imply that the 
tJ = 2 transitions at ,.....,21 000 cm-I in Amla are essen
tially equally hypersensitive. On the basis of the com
position of 5D2' and 5G2' and also oFFo', if we assume the 
validity of the selection rule !1L= 2, then only the 
J = 2 level with a large percentage of 5G character 
should show hypersensitivity. This is level 5G2', which 
is predicted to have somewhat higher energy than 5D2', 

An alternative argument would ascribe less importance 
to the possible !1L= 2 selection rule for hypersensitive 
transitions and place 5G2' at 21645 and 5D2' at 21370 
em-I, respectively. However, in this case there would 
be essentially no shift in the energy of these bands in 
Amla vs AmBra, which is unlikely. Present evidence 
seems more consistent with the assumption that !1L= 2 
is a valid selection rule for hypersensitive transitions, 

Hypersensitivity has been reported for many lan
thanide systems, although it has not previously been 
clearly identified in the case of trivalent actinides. The 
most recent explanation of the occurrence of hyper
sensitivity is based on the symmetry argument that the 
effect is connected with the presence of nonvanishing 
Alo terms in the crystalline potential.27 The Cah (or Du, ) 
site symmetry23,29 in AmCla does not allow such terms. 
The Cmcm-D2hl7 space group of AmBra, where the site 
symmetry for Am is given30 as C2v, would allow hyper
sensitive transitions, but no such effect was observed. 

26 C. K. Jprgensen and B. R. Judd, Mol. Phys. 8,281 (1964). 
27 B. R. Judd, J. Chern. Phys. 44, 839 (1966). 
28 J. Fuger, J. Inorg. Nucl. Chern. 28,3066 (1966). 
29 L. B. Asprey, T. K. Keenan, and F. H. Kruse, Inorg. Chern. 

4,985 (1965). 
30 J. D. Forrester, A. Zalkin, D. H. Templeton, and J. C. WaJl

mann, Inorg. Chern. 3,185 (1964). 
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!he appropriate transitions do show hypersensitivity 
m AmI3, where the space group29 is R3-C3l. 

The observations by Ryan and J~rgensen31 on octa
hedrally coordinated rare-earth halides are also relevant 
to the discussion of the observed hypersensitivity in 
Amra. These authors found experimentally in such 
systems that the values of molar absorptivities for the 
4JN transitions are lower by about an order of magnitude 
than the values found in the more familiar lanthanide 
systems. The spectra in these halide complexes are 
n:ainly vibr?nic as one would expect for an IN ion in a 
~Ite possessmg, to a great approximaion, a center of 
mver~i?n. ':fhe interesting point is that amongst the 
transItIOns m these complexes, there are some that have 
molar absorptivities larger by an order of magnitued 
than those for the remaining transitions. This is a typical 
hypersensitivity effect. 

We may draw the following correlation in the case 
of the americium halides. In AmCla, there is nine
coordination of chloride ions about the metal ion. In 
AmBr3 eight ions are coordinated to the Am(III) ion. 
Neither of these systems exhibit hypersensitivity. 
Americium tri-iodide exhibits the BiIa structure where 
the metal ion is coordinated by only six iodide ions 
located at the vertices of a nearly perfect octahedron. 
This more compressed structure, as was the case with 
the octahedral lanthanide halides, may be responsible 
for the observed hypersensitivity. Thus, one might 
argue that the extent of electronic cloud overlap of 
4fN ions or SJN ions with the ligands is the dominant 
factor responsible for hypersensitivity. The symmetry 

31 J. L. Ryan and C. K. J¢rgensen, J. Phys. Chern. 70, 2845 
(1966) . 

condition for hypersensitivity would thus appear to be 
a necessary condition but not a sufficient one. 

CONCLUDING COMMENTS 

The observed nephelauxetic behavior and -the ob
served hypersensitivity effects in americium h~lides are 
another indication of the close similarity in the proper
ties of 4fN and SfN systems. 
~he t~eo~y of intensities for SJN systems gives a fair 

rationalIzatIon of the observed relative intensities in 
AmCla, although the agreement is less satisfactory for 
the two remaining halides. 

Tentative identifications based on intensity consid
erations and experimental results for Am(III) in LaCIa 
ha,:e been proposed for many of the higher-energy 
excIted levels of Am (III) . Further work with crystal 
spectra will be required to establish the consistency of 
these assignments. The energy-level parameters ob
~ai~ed by fitting to the observed energy-level scheme 
mdIcate that configuration interaction is much the same 
magnitude as that found in the 4JN series, but it should 
also be emphasized that other parameter sets with 
sli~htly different values of a, /3, and 'Y will also give a 
satIsfactory fit to the observed levels at this stage. 
Additional experimentally established assignments are 
required before the parameters can be determined more 
precisely. 
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