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Theoretical Assignments of the Optical Conductivity and Energy-loss
Function Spectra of EuB;
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(Beijing National Laboratory of Molecular Sciences, State Key Laboratory of Rare Earth Materials Chemistry and
Applications, College of Chemistry and Molecular Engineering, Peking University, Beijing 100871, P. R. China)

Abstract: On the basis of the calculated band structure of EuB,, with a higher accuracy, the optical conductivity and
energy-loss function spectra were calculated, and the results were in good agreement with the experiments. All possible
interband electronic transitions, the kK points in the first Brillouin zone where the transitions took place, and the
transition probability were figured out through specific calculations. The wave functions of the initial and final states
related to individual transitions were obtained as well. The calculated results were used to analyze, indetail, the
correlation between the spectral peaks and the interband electronic transitions. On the basis of this, the experimental
spectra were assigned, confirming the reasonable part of the empirical assignments given by Kimura ez al. and pointing
out the inaccurate part, and also supplying some electronic transitions, which made an important contribution to the
spectral peaks, but had not been considered by Kimura ez al.
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Fig.1 The real part o4(w) of the optical
conductivity spectra of EuB;
B) o1(w) without taking spin-orbit coupling into account; C) o(w) with

taking spin-orbit coupling into account; D) contributed by « electron

transitions; I) contributed by 3 electron transitions
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Table 1 Theoretical assignments of the real part (o(w)) of the optical conductivity spectrum of EuB¢

Peak of o(w)

A part of important interband optical transitions

Label Position of Related electronic transition® Transition Empirical assignment"”
peaks (eV) energy (eV)
w, 0.07 plasmon excitation - plasmon excitation
(0.10%) plasmon excitation | -
a 1.50 20-22[0,1,4] 2p(10.4)4£(74.9)—>2p(17.5)5d(14.0) t 1.47 Eu 4f—5dx exciton transitions
1.20" 20-22[1,2,6] 4£(89.9)—>2p(18.7)5dx(13.9) 1 1.56
(1.0)
(1.3%
b 2.90 19-22[0,0,1] 2p(37.6)5d+(4.5)4f(6.7)—2p(24.2)5dx(10.8)4£(5.1) 2.78 Complicated exciton structure
2.90" 20-29[0,1,1] 2p(35.7)5d+(4.8)4£(10.0)—2p(23.2)5dx(13.2)4£(3.8) 1 2.92 may be involved in a, b, and ¢ peaks.
(3.0) 19-22[0,1,1] 2p(33.9)4£(15.5)—>2p(23.2)5dx(13.2)4£(4.8) t 2.94
12-15[0,1,2] 2p(39.3)—2p(25.2)5d(8.6) | 2.83 *“transitions from the top of B 2s-2p
14-15[1,1,1] 2p(42.5)—2p(29.1)5dx(7.0) | 2.96 occupied bands to the bottom of its

13-15[0,1,1] 2p(40.4)—2p(28.9)5dx(6.6) |

2.98 unoccupied bands

¢ 3.74-3.94 21-23[0,1,4] 2p(37.2)4£(15.7)—2p(24.6)5d(13.2) 1 3.43 Eu 4f—5 dy exciton transitions
375%,400°  19-23[1,1,2] 2p(22.6)4£(42.2)—2p(22.7)5dx(25.7) 1 3.63
(4.0) 21-24[0,1,4] 2p(37.2)4f(15.7)—2p(24.6)5d:(15.7) 1 3.79
12-22[1,3,6] 2p(34.2)4f(5.5)—2p(18.8)5dx(14.3) 1 3.80
14-22[0,4.,4] 2p(23.4)4f(38.5)—2ps(22.4)5dx(13.3) 1 3.80
14-22[1,4,5] 2p(29.5)4£(22.7)—2p(19.3)5d(13.8)4£(3.2) 1 3.95
14-16[0,0,5] 2p(45.3)—2ps(30.8)5d:(11.3) | 3.68
14-16[0,1,5] 2p(44.2)—2p(24.8)5d+(9.9) | 3.77
13-16[0,3,3] 2p(37.4)5d(4.2)—2p(24.9)5dx(7.5) | 3.87
d  4.95-5.10 14-23[1,2,6] 2p(13.2)4£(63.8)—2ps(25.9)5d:(16.8) 1 4.88 " "transitions from B 2s-2p bonding
4.95-5.10" 21-25[0,2,2] 2p(36.1)4£(17.6)—25p(16.7)5d1(28.2) 1 4.90 states—Eu 5dr states
(5.2) 21-25[1,2,3] 2p(30.9)4/(28.6)—25p(12.0)5d(35.4) t 491
21-24[1,3,4] 2p(21.0)4/(50.4)—2p(9.3)5d(33.3) 1 5.11
21-26[0,2,3] 2p(34.3)4(22.6)—2p(13.0)5d:(36.7) t 5.12
11-22[1,5,6] 2p(34.7)4dr(4.6)—2p(19.0)5d:(12.5) 1 527
14-16[1,3,6] 2p(39.4)—2p(23.1)5d(8.9) | 4.81
14-16[1,2,4] 2p(41.7)—2p(29.8)5d::(9.5) | 4.95
13-16[0,4,7] 2p(37.3)—2ps(28.3)5d:(5.3) | 5.22

to be continued
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continued Table 1

Peak of o(w) A part of important interband optical transitions
Label Position of Related electronic transition Transition Empirical assignment"!
peaks (eV) energy(eV)
e 7.26 12-23[4,5,6] 2ps(47.4)47.0)—>2ps(22.6)5d(22.1) 7.13  *’transitions from B 2s-2p bonding states—
7.20" 13-25[3,4,5] 2p(35.8)4f(9.9)—2ps(12.1)5d+(30.8) t 7.30  Eu 5dy states
(7.5) 13-17[0,6,7] 2p(53.5)—2sp(22.6)5d+(24.0) | 7.24
14-18[4,5,6] 2p(55.0)—2ps(22.9)5d1(20.4) | 7.25
12-16[5,6,6] 2p(51.7)—2ps(27.2)5d-(12.3) | 7.37
13-19[0,0,5] 2p(40.1)—5d+(47.3) | 7.42
13-18[4,6,7] 2p(55.5)—2ps(15.1)5di(27.7) | 7.48
f, 8.80 10-24[4,5,6] 2p(35.1)—2ps(13.5)5d(31.6) t 8.71 transitions from Eu 4f (occupied)—5dr states
8.65" 13-28[0,1,7] 2p(52.3)—25p(26.6)4£(3.5) 1 8.81
(9.45% 0-23[0,2,7] 2ps(45.9)—2ps(25.8)5d(16.4) 1 8.83
10-22[6,6,6] 2p(34.6)5p(4.4)—2ps(7.8)5d(12.7)6s(11.8) 9.05 *“transitions from B 25-2p bonding states—
10-17[0,2,6] 2p(49.9)—2p(30.6)5d-(14.5) } 8.58 Eu 5d; states
12-19[2,4,5] 2p(36.9)—2ps(15.6)5d(34.8) | 8.77
11-19[1,5,6] 2p(36.2)5d1(3.9)—2ps(20.3)5di(26.5) | 8.98
13-21[1,2,6] 2p(51.5)—2ps(30.4)5d(8.3)4A(5.3) | 9.04 " “transitions from B 2s-2p bonding states—
f, 10.17 14-31[3,4,7] 2p(38.5)4£(28.9)—2sp(32.6)5d+(15.9) 1 9.80 Eu 4f unoccupied states, or the Eu intra-atomic
10.07* 9-26[5,6,7] 2p(33.1)—2p(5,6)5dx(47.3) 1 9.85 5d-4f transitions (the 5d characters are mixed
(10.0) 11-27[3,6,7] 2p(34.7)—2p(11.1)5d1(22.6)65(7.7) t 9.88 into the B 25-2p bonding states)
(10.1% 9-25[0,1,5] 2ps(45.6)—>25(15.1)5dx(16.9) 1 10.00
21-33[4,6,7] 2p(28.4)4f(51.2)—2sp(49.7) 1 10.27
13-31[2,3,5] 2p(42.7)—~2ps(32.8) 1 10.52
14-24(3,4,7] 2p(56.0)—25p(29.3)5d:(18.0)4£(6.5) | 9.83
9-18[6,6,6] 2p(34.7)5p(4.4)—2ps(21.5)5dm(25.1) | 10.02
14-22[0,6,7] 2p(55.4)—2s(37.8)4£(3.2) | 10.14
14-22[0,7,7] 2p(55.5)—25(43.7) | 10.15
11-22[1,4,5] 2ps(50.7)—>2ps(20.2)5dw(28.2) 4 10.22
11-20[4,6,6] 2p(35.6)5p(3.7)—>2ps(6.7)5dx(11.0)6s5(10.9) | 10.24
14-24(2,5,6] 2p(53.6)—2ps(29.9)5dm(16.2)4£(5.9) | 10.33
12-23(2,3,5] 2ps(50.3)—>2ps(26.4)4f(11.6) | 10.36
g 11.10 14-33[3,6,7] 2p(32.3)4£(40.2)—25(36.9)2p(12.8) t 10.73 ** intra-atomic transitions from B 2s states to
11.10* 11-30([3,5,6] 2p(34.2)—2p(20.0)5d1(20.3)65(8.7) 1 11.03 its 2p states at Fermi level, and overlap with
(11.5) 9-27[0,0,5] 2ps(45.4)—>2ps(13.3)5dx(27.7)65(5.3) 1 11.23 the peaks due to Eu 4f—5dr
(11.37% 10-22[4,5,6] 2p(36.4)—2ps(15.9)5de(31.5) | 10.93
13-25[0,6,6] 2p(53.0)—2ps(23.8)5d(15.3)4A7.7) 4 10.93
14-26[0,6,6] 2p(53.8)—2ps(25.8)5dx(24.4)4f(7.2) | 11.17
13-26[2,5,6] 2p(48.0)—2ps(30.9)5d::(16.0)4£9.7) | 11.22
h 12.60-13.50  12-33[2,3,4] 2p(34.5)—2ps(32.4)5d(11.2) t 12.64 * “transitions from the bottom of B 2s5-2p
12.85°,13.85" 13-34[1,2,6] 2p(48.0)4A(5.6)—2p(36.4)5dm(4.6) 1 12.90 valence bands—Eu 4f unoccupied orbitals,
13.0) 13-34[0,2,7] 2p(50.7)—2p(41.0) 1 12.96 or Eu intra-atomic 5d-4f transitions
13-32[2,3,5] 2ps(50.3)—2sp(11.5)4£(73.6) | 12.62
13-34[0,3,7] 2p(53.9)—2p(34.2)4£(15.4) | 13.27
12-33[0,4,4] 2ps(53.1)—2ps(17.3)5d(5.8)4£(53.9) | 13.38
iy 15.20 7-28[3,6,7] 25p(42.6)—2p(18.3)5d-(40.5) 1 15.14 " intra-atomic transitions from B 2s to the
15.65" 6-28[3,5,6] 25p(41.9)—2p(19.9)5d(24.9) 1 15.28 B 2s5-2p anti-bonding states
(15.0)
iy 16.60 6-29[1,5,6] 2sp(41.4)—>2ps(28.3)5d(12.5) 1 16.47
16.85" 6-23[3,4,6] 2sp(41.5)—2ps(20.4)5dm(20.1)6s(7.5)4£(3.2) | 16.86
j 19.75 2-16[1,2,6] 5p(79.6)—2ps(28.7)5d(11.6) | 20.13 ** intra-atomic transitions from B 2s to the
18.75" 3-16[0,1,6] 5p(89.9)—2ps(28.8)5dm(12.7) | 19.66 B 2s5-2p anti-bonding states
4-16[1,1,6] 5p(90.0)—2ps(28.9)5d:(13.6) | 19.76

to be continued
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continued Table 1

Peak of o(w) A part of important interband optical transitions
Label Position of Related electronic transition Transition Empirical assignment"”
peaks (eV) energy(eV)
k 22.10 2-23[1,2,6] 5p(87.6)—2ps(25.9)5d+(16.8) t 22.00 transitions from Eu 5pss, S5pip—5dr states
21.10" 4-19[1,2,4] 5p(89.7)—2ps(9.4)5d+(36.7) } 21.74
(20.0% 3-20[0,0,4] 5p(89.9) —5d(47.4) | 21.96
24.05" 3-17[1,5,6] 5p(86.3)—2ps(14.0)5dix(35.7) 22.08
2-19[0,0,4] 5p(80.8)—2ps(17.7)5dx(12.9) | 22.10
k, 23.60 3-26[1,2,4] 5p(91.0)—>2ps(15.1)5d+31.4) t 23.40
22.20" 4-25[3,3,4] 5p(90.9)—2ps(8.9)5d-(40.6) t 23.46
(22.5) 4-217(2,2,2] 2p(91.0)—2sp(19.5)5dm(32.8) 1 23.61
25.2° 2-24[1,5,7] 5p(88.8)—2p(7.8)5dx(45.7) 1 23.71
k; 24.75 2-27[0,1,7] 5p(87.0)—>2p(7.3)5dx(49.6) 1 24.62
23.88" 3-30[0,0,1] 5p(91.4)—2sp(23.6)6s(14.2) t 24.62
(23.0% 3-30[1,1,1] 5p(91.3)—2p(20.9)5d+(10.0)65(12.4) 1 24.66
26.70" 4-24[1,2,4] 5p(90.0)—2p(27.4)5d(33.7) } 24.58
2-23(3,4,6] 5p(84.0)—2ps(20.4)5d1(20.1)6s(7.5) | 24.74
3-24[1,4,5] 5p(86.8)—2ps(26.7)5di:1(11.6)65(5.6) } 24.83
ky 26.10 3-28[2,5,6] 5p(89.7)—2p(15.3)5dm(44.3) 1 25.29
25.20" 3-29[1,4,6] 5p(90.1)—2p(26.7)5dx(23.4) 1 25.93
(24.5% 4-31[0,1,7] 5p(91.8)—2p(28.6)5d+(35.0) 1 26.22
27.80" 2-25[1,4,5] 5p(82.7)—2ps(22.3)5d:(21.7)4£(11.0) } 25.50
(28.0) 3-26(2,4,5] 5p(87.0)—2ps(20.3)5d:(7.9)4f(31.0) | 25.80
2-33[1,2,7] 5p(85.9)—4£(84.9) | 26.79
1 27.70 2-32[1,5,6] 5p(88.9)—2ps(31.5)5di(16.0) t 27.51 transitions from Eu 5pyp, 5pi»—5dr states
26.70" 2-33[1,6,7] 5p(89.1)—2p(29.1)5dx(21.7) 1 27.83
29.60" 5-39[2,3,5] 2sp(49.9)5p(6.2)—2ps(43.2)5dm(5.9) | 28.06
5-40[1,2,6] 2sp(50.9)—2ps(41.3)5d(4.8) 28.10

a) In the first column the labels used to denote the spectral peaks in Ref.[15] are listed, and subscripts are attached when there are several calculated

peaks while the experimental result is a broad peak. In the column of the position of peaks, the digits with and without a star denote the calculated

results with and without taking spin-orbit coupling into account, while the digits in the parentheses are the experimental results from Ref.[15] and those

with a dagger are read out from Fig.4 of Ref.[15]. b) The numbers ij—fg indicate that the electron transition is from band ij to band fg, and the digits in

the square brackets give the coordinates (the common factor 1/14 is omitted for simplicity) of the K point in the irreducible wedge of the first Brillouin

zone where the transition makes the largest contribution to the peak. Behind the square brackets, the specific electron transition is listed, and the atomic

orbital components of the wave functions of the initial and final states related to the transition are given in the parentheses, where 5p, 4f, 5d, 6s and 2s,

2p refer to the atomic orbitals of Eu and B, respectively. 5dg and 5dr denote (5d2, 5d.»-2) and (5d,, 5d., 5d,.) orbitals, respectively, while 5dgr (or Sdrg)

means that both 5dg and 5dr are involved with 5dg (or 5dr ) as the main component. Similarly, 2ps (or 2sp) means that both 2s and 2p are involved with

2p (or 2s) as the main component. T and | denote « and 3 spin state transitions, respectively.
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PRIE £ HE Y BRIT . EK AN RE A 1T SRS B B, i
AN Z YA . 528 E i FERGE LR ER VK 5
HHATERAFRLE 1, MR SRR
R A T I 5iR FEE Y TTRR LR, (H PR D i 2 AR
Zok AUNTTIRZ AN, — Ml T4 A5 80E K, LA
TTRR ST AT BB HE2 i X ARk R R BRAT TR 58

55 TP A 2L BRSSP 3 S LG N P BE A 7]
HLFBRIT. 2 1 41 0 R 3 0 i ik EE R A e ] H
TRRIE AR L, Horp S — 1 0 (4 B 1 2R FH SR
(5AF S, SERRAE A — D il T3 45 R A LA
W R AR TER. WA — S TG = S FIA = S bR
IR 20 AN TS B B e & AR T T
SEAEL, H55 N SCRRI15145 9SSR E A+ ShRic
A2 A SCRIR[ 151 L4335 HH D). 57 =4 25 H X 4%
SRR BRI W K Y RE (R RE e Sk, REAH
J¥*5 M\ Eu 5s B8 FF IR A RE0), BRI 1 04 51 ik fie
KAk S CEBEREHE S5 10 )5 455 I 25 S ik A5
HP R — NS — A FEL UK DAY 23 B AR AR (4 i 2 [+
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F-1/14)), R AR A R0 28 (A5 R T
BRPYEE Hfef b7 RE R L far 1 0 BN, B /N
FA KA 10% 1 8053 B A 51 H 5 T 18] DX L Ar B
AW ). B DU A 4 HO N L TR I RE . 48
g RE 45 Kimura 25 A% EuB, B A 45 A
(FH " * S FRICAY NS LaB, i 0& 45 A, Kimura S50
%t BuBg 1% 0] LIVEA R 48 IN). 22 1 Fh sl e
X S HHE Fermi MR EE X A BB FIRG ™40
TN w,.

M1 AT LAIE H, 18 eV RLF BGHL S 5% Y
THEA S 525 E AT B ARG 20 eV D) |, IR E
MRS EVER LU TR 5 2 AT G AH 25 47,
DA AR 4l B Y (1] o BRAT A 115 45 R X BuB, JEHE
SR LR A TR VU AT AR Y. AR R ik A O
1) L R V0 T P R 2 B 31 FL R E
B F AR, It 5 Kimura 28 A B9 2045 01T 10
B, 0T UAFH LU 8598, X T o, R a I, 48305 3C
BRIISTAHE A —3. SCHR 151X bl 8 A LA TE#A,
E R 25 0% R B &5 47 B S A 5de il 43, el FR g S
HAf—5diiKiE(3.79 eV), (HAfF>5dKiT(3.63 .3.80 eV)
R, I HAR Z AT A 2p PLE MR KA AR
b, F 2z FBE 2p SERAS RIS BREHT H] A BR AT (] 4n
3.68.3.77.3.87 eV). d W& % 2p —5dr BKiT (5.12
eV), (A 4f ~5d, BT, A S0 H 5 2R 4f ~5d;
(8% 5dw) KT (4.88.4.91.5.11 eV), BL# 2p mUEaH I
S 1] A R (1) 40 4.81.,4.95.5.22 eV). e I %
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— 3, B8 25 .2p A5 PERE AT A LA R AR 1.
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SERL I BRAT), (B A1 2 How EEZ KT, W 4f—
252p(10.27 eV) .2p— 5d5(9.85.10.00 eV) . 2p—> 5dz;
(8.98 eV) .2p—5d1(8.71.8.77.10.22 eV), LA 2 B 25s2p
P i B 55 S B B GE () BR AT, 4 8.81.10.14,10.15,
10.52 eVIRBRIESE. gl (T3 45585 Kimura 58 A
T B BRAE 25 3] FL B R, B Af— 5dy BRAE (10.26
eV, tALs, RINERLY), 1B 2 14— 258k
T 10.73 eV), A 2 FEHAT B 252p B AL
A3 AR ALK B 2p (s)— 5de(11.23 11.17 eV).2p — 5dir
(10.93 eV) VA K—5dy: 8% 5dy FIERIT. h 1§ P o5 &

A~ 2p(s)—4f BRiT(12.62.13.38 eV), 5 Kimura ¢ A\
B T — B, (EA AT WA 2p B - s B T 1) R AT
(12.90.12.96 eV). i, fil i, WERTHE 455 S Kimura 25
N BT 22500 A K, BARPEREERIT B 252p HLIE AL
FARKAR, {0 Bu 5d Pl A B2 1k, A
BEIN Rl TN T 1N 25— 2s5-2p REEHIIE IO IRAT.
Kimura 5 AX} j BERYHIN SR E R 8 AR, A
SR i PR EILIE (] HL - BRAE, T2 Eu 5p B #|
B 252p Fll Eu 5dr: HLIE FERE. SCER[15] 248 H—4
kIg(22.5 eV), (H N (Y E A, %A B, 1
TE22% 28.5 eV X [H] PN %A 2 AN &, 1153
SE0IE 5 g, 08 ko ke ke ko R T BT
Eu 5p LB 5+ A A BRI EGEN, ZI8S
AN S HEUR G BT A R 3 2500, 5 TR
FATE ke WETHEAAETE 22.20 eV, 5 SCHRME Ho A —3L.
% ST AN A 5 W 0 H RN B A Bl 2, {HAT L
TR 2R AR L 21 FE RS (45 2R, X4
WA ST 7 ) BRATE 1 A X8 AT BH A M AS IR Sp i, T Tié S
A XT LS MSZ AN, R 1 ih g R A
% ETE AN G T 45 RAE Wi et AR A
B ROZAR H, 28 eV AMIEIR LA B 252p UL
TE 2 H o e SO LB R BRAT

SUEE, Kimura 6 A 258 F8 AR 2 1E
W, (E2 L BORRS, 51T R SR L, A A DXTHE
U 5 B EE B STk Y L TR WA S R, iy — sk
TR ) U SR AN VR . K2 R A At AT T BB AT 1] HL - BR
EER AR T, BERYE T S R
AT R, WSEPR FAE T o5 2% A i 7 BRAE X i
U5 B 1) BT RR EL A N T AR S ASR 1), BT
PSR LG, B A B R B REAS, B+
A5 REARKARA, ZER K 5 e AN TR B8
7 B BRI P (Rt Pk B, RO 8 i & 43t
() RS2 AN 4 1T .

2 e R R R B 1Y 5 — i AR 2 X
ST BB A2 B Ak Sy A H HL R A X L
R FIRIRGVE. B AR T2 18 eV Ab. 7E 18
eV BT A1 e,=0, & AR/, BEA XN
PR EL Ao 1 BT 1) H - BRA 0, DRI IG5 — M08 1%
SEVRT EuB, B JZE HLF (A5 Eu 5p FE) I HL
Tap BRI (REARIUR). T2 24.5 eV ZbHIZE =4~
Vg, NLUR B Spae BT HIE, AL & 1B/, A 5pas
F)5d T BIRIE. 2T 2930 eV (27-32 eV) AL Y
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No.1 % B4 BuB, KOG HL SR FIRE 0 sRBOE A BE R A 7

i, &IE'@ Eu 5py EE.%&%(ZQ@?Q Li&ﬁﬂ‘ﬁ%ﬂi
BRI1STAFE AR — 2.

3 4 it

HF B RS AR TS 2R, TR T 0-40
eV JL [ A EuB, HY'E HL 5 38 M AE R 451 5% R AR E:,
TR S SEEUR—E RIS AL 8ot
S IAS RSB LSEBR, ARAE 2% X A - Sy 22 ] F
TIRIE T S SRR AR SO L S A I T Ay
8. X6 G AT M AR 451 2% oK RO O BE A T T
PEARA 70 AT, % SEER I S04 Hh BE RN AT
X FE U ) 22 AR TN P, AR SCHYHE T BE Bt AL A
b B ] A% R B (8] L BRAT B0 IO 2R, i
52T Kimura 558 ARG SRS R A A9 2 50 45 A AY
BBy, 8 A HERR AR, JEAbSE T AT 3AT
2 2 X A H 2 BTk A T B ] L BR
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