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Abstract

For the past nearly one decade, we have
developed a YB, single crystal soft X.ray monoch-
romator for synchrotron radiation. During the inves-
tigation, new B,, icosahedral cluster borides of YB,
and YB, were found. On the other hand, after the
discovery of superconductivity of alkali-metal doped
Ce, By, icosahedral cluster borides have attracted
much attention as unique covalent cluster com-
pounds. We started investigations on rare-earth B,
icosahedral cluster borides bhased on these back-
ground. This is a report of our four years inves-
tigations.

Section 2 reports findings of new YBg, YB, and
ScB,, and substitutes for YB,, and YB, by other
rare-earth elements. YB;, crystallizes in an orthor-

structure with lattice constants of a =

1.66251(9), b = 1.76198(11), ¢ = 0.94797(3) nm.
YB,; crystallizes in a monoclinic structure with lat-
tice constants of ¢ = 0.82842(3), b = 1.03203(3), ¢ =
0.58570(2) nm, B = 90.402 (3)°. ScB,, crystallizes in
a tetragonal structure with lattice constants of a =
b= 102915(), ¢ = 1.42463(9) nm.

Section 3 reports single crystal growth of YB,,Si,,

hombic

and structure analyses of YBg and YB,Si), Single
crystals of YB,Si,, which is isostructural with that
of the high temperature decomposition compound YB;,
and is stabilized by addition of small amount of Si,
were grown by floating zone method. Crystal struc-
tures of YB,, and YB;, were refined. The boron
framework of the present crystals is almost identical
to that of YB, previously reported. It is observed for
both YB,, and YB,, that there are significant increases
in the yttrium site occupancy and a marked anisot-
ropy of thermal parameters for the Y site. The or-
thorhombic crystal structure of YB,Si,, which is a
new structure type is composed of five independent B,,
icosahedra and a new B, Si, polyhedral unit. The Y

atom occupies a large hole outside the icosahedra and

the BB, unit. Interstitial sites, one Si and seven B
sites are also found outside the polyhedral units.

Section 4 reports application of floating zone crys-
tal growth using the traveling solvent method to WB,
and 4th-group transition metal diborides. It is proved
that this method is useful to improve crystal quality
by reducing sub-grain boundaries. Thermionic electron
emission properties of single crystal LaBg, and
CeB;,, grown using the same method are compared
with those of stoichiometric ones.

Section 5 reports bulk properties of YBg and
YB,Si,,. Elastic constants C; and internal frictions Q"
of YB, crystals with n = 53.5, 54.2 and 57.5 were
measured. Modulated photo-conductivity of YBg was
measured. A model where localized states participate
both in photocarrier generation and trapping well
explained the phase shift between excitation and
photocurrent. Ionization energy of the localized states
is estimated to be 0.19 eV. De Haas-van Alphen ef-
fect measurement of WC and its Fermi surface model
are also reported.

Section 6 reports surface properties of YBg,.
HREELS measurement on YBy(100) could not ob-
serve surface phonon modes. After nitridation of the
at 1200 C in N, atmosphere, HREELS

measurement gave some h-BN related phonon modes,

surface

which proved formation of h-BN film on the surface.
STM observation on YB,(100) surface could give a
square array image with a lattice constant of 1.17
nm which is half of the lattice constant of YBg.
This indicates that the surface possesses a structure
with the same periodicity as a bulk fcc structure.
Section 7 reports surface structure of nitrogen
NbC(111). ICISS and RHEED analyses

revealed that the N absorption site is on the threefold

adsorbed

site on second layer C and 1.14 + 0.05 A above the
surface for both (/3 X 3) R30° and (2 X 2)
structures of NbC(111)-N.
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7 HH % R LWL MB,, MB,, MB, MB,, MB
PWLEME LTSN TE L, Ry EOEHEIH 2
BAZHE, Ry BAEEDORITIEDS, Bl ZAE MB, TIE 7
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B.Z R AL R EIR T LT L E v, WEflE
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L, YBulZ DWW T3, Si #RmN$ 42 & CTHlfa i
R, 7U—F 47— (F2)FEEHWT YB, & [
O S % K50 YB,SI MR EBTRTCEL L)
2otz TOMIIMPS, YB,& &b, B, Lk v1lk
Yo 7 W, REWIELE S ihd b 2 5T
E AN

Lo L, REOREERMTETH L HIRNBETIRE
OBFEIIE, FESIRT W5 EORFZEERM % 4 4
HEME, fRERL, RISV — 7L LCHEmRT A Z &
Erolz, D, NV, RENZER ETIE
FLF MR EBITLHN ZOMEELF TS

WIRDBER S X ORI

R, AL STHWVI IO LAAEIC
o TLFE o7, EldWVi, BREREENOFTTOMN
RHEDSEEF L NEEROEY TH 5,

1. 2 WFIRBIE

T 2 W T L WA TS R ORI
WTIHRET 4, YBy, YBy, ScB,BLOY Zfhod+
HILETEBLZ-D0% R Lz, YB, D& S
FTET, BT EBIE «=166251(9), »=176198(11),
¢ =0.94797 (3)nm T & %, YB,D i & 1 1 13 L 44 8,
T, BT EBIZa=082842(3), »=1.03203(3), c¢=
0.58570(2)nm, 3=90.402(3)°Td %, ScB, ik ik
EIXETS T, BFEEILa=0=1029154), ¢c=
1.42463(9)nm Td b, YByfliEx & 1) 5 A DIL Th
HLuETOT7HE, YBMiEEZED ) HDIEGd»
5 Ho £ TS5 THENRE SN TWAS,

5 3 TIX YB,Si,  DHA MBI, YBMiEE &5
YB B & OF YB, DM E A #AL, YB, Si), D # f i 15 f
Mz T 5, YBollAED S il L, 9 LE
WTdH A YB, & WEZE, YB, & MOk SEHEE
EB YB,SHDHM KT T =T 4y T VETE
T A Z W L7z YB& YBuIC BT SR HF G
HAHEEIL YB I BWTIHE SN TWD D L I1ZIEH
CThLHY, YV A MEFRITREEAL, mER
FHMWEFEERT L) o7, AT L5
YB,Si 3@ LWwig&EREl %2 & 0, 5oz B,1E20
MR L R &7 BSLEZHIRICL D, #HT0°
B END, YH A MEIZOBEDOKE ZERIZH
b, MicERHEO 1 HOSiH A e 7THOBYA b
R L7,

BABETEEMILEY OB RBER T MET 5,
BT FZ LRI R 2 i S, REMSOFIL
WA THS, TEd WBBLUIVIEERGE -
AL AR BE RIS L, RO FETHER L
LaB,., & CeBy,, #& fh D BB T IS FEEIC DV T b
EHT b,

B 5 BT, YBe& YB,SI,, D73 7 #itil 2w
MET 5o YB,(n=535, 542, 57.5) DR ERC, &
INEBEEIR Q& 78 L7z YB,OZEMLEE 2 Ml L
720 RAEIREEDSY v ) THRE T v ¥ o FI2EFST

|
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BTV, Bl SNy 7 bR R
L7z RERED A F b= 30 F— 12019V &

LTIV IHETFIMICIONT LIRET 5,

56 F T YByDRHOMHEEIZOWTHET b,
YB,, (100) 11 9> HREELS ) % TIE R 7 #+ / > (L HM
SN olz, BHRIFPATI300C TUM L /- T
W h-BNIZKIET A7 4/ v E— PP S &
6, KA h-BN DR L7722 EHH L2 % -
726 YB4(100) THIO STM BREZ 1S YB, D& T 8D =55
THHLIIm DT EZREFOETETE2BIE L
7oo AR ANV 7 0 FCC #E5E & [F U R %
FoZ EEZRL T,

7 B CIIEHZEWRAE L2 NbC(111) R &z >
WS 5, ICISS B & U RHEED f##T 72> 5, NbC
(111)-N @ (3 X{3)R30° & (2 X 2) OW 7 D& 2
BT, B2ROWETA MIZBEHOKRED LIZH D
3MEXIFRY A N T, KED2H114£005A Lizh s 2
EHHOE NG 5T,
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Y-B 2t RI21d4 $TYB, YB, YB, YB. YBs
DHEDDALEMDHI SN T W, LA L, YBRZEH
FOMBETZODH L WMLEW YB,& YB35 L
726 YBHIZBWTYDHEDL L WI[B]/[Y]=56& W
AR O E FZIETERT A L &, Rl &3~ &
JFROMBIL[B],/ [YI=40TH 5, WKL L TEK
E N7 Bl Y] =400 b OB O A 2 & I Hr§
X, YBLE YBDIREWERAERZET A, KD
THOBRBEWTH ol TAHNE, FIEOEENH
EP o7 bDTH b, Y-B LILHRIZEWT YB,
HERIZ (L9604E) R S iz b & T, Lk, 2o
MENITEL SN E B b TwWAlle b s T, 7
B ZOoOMOFEAEPHE PR o 72D, i
NoTEETH-72,

2. 2 EE&

SN DMEMNLT L2, Bl /Y]l ED
LODZL34T, FhENEHE—ME LT T
Z e aEAT, BMOFEEIL Y0, (B BALFEM, 4N)
& B(Callery Inc. 7ENMTZ 7 A, 3N)ZMHHL, Y,0,
+(2n+ 3)B—2YB,+3BO 1t % % FUGRIZ L o 72 B
TS B S B WIE A (L, FRSIEEZE, SUGE
FE1700C, BUSHEERH 1 B Th b, RKEDRAZ LT
H72802, BN VYR, BN+TiB,2 ViR ¥ vy &
y — (BEALFEM, EC-a RV v M) B L Wit &
LCBN#EAE ML 7,

HERL 72RO L EMB O G IE Y I2D W TR
EDTA #f5/R# & L2 F L — MEE, KT EITICP

(Inductively coupled plasma atomic emission spectros-
copy) IHTIZ X o7z, HDOEEIE CuKa ¥ —7 v MIZ
BB R X AREFTE (B2 &7 7 #), RINT-1500) & H
v, B H D Ka,/ Ka,=05% I5E L T Ka 37 % B
&, KaDAHORIBE TR O &1To72, $/28
FARR AL, @ O % s B FE T BE 8 (H 5708,
H-500) & AV, DEELE100kV T1T - 720

2. 3 YB,

TOOH LV ED L) R o0 BB &
FRD D20, T4 0 &20, 30, 40, 508 L, AW
BiTo720 FOEE % Table 2112787, n=50THRH
LEMD—2FEZHITH—MHE L THRLN, YB, &L
72o ZOBEOER S Nz YB,DALFHE (X [B], [Y]
=489 TH o 1z R RBETLE T AV TER L 725k
AL BT, FEORE & FEEOL RO
Mo ZOREOTIULEE FH SN LHHTH L, B
FLEEI305wt% LI, ZOED SBRFIIARMY T
HY, WRTETIH RV EHIBL,

Z D YB, DRy R X AREPT AL FIE, YBldF s % &
BETHIETIRBOTT A ENTE, BTER
13 @ =166251(9), b=176198(11), ¢=0.94797(3)nm
Tdh b, Table 2212 K MM OIEE, B K OFHE
bR, MEERT, —F, Fig 2.1() (b) i a-b,
by OB/TRREE 2 R=$25, 605 HEA %=
Ko, ZHELTBBLEFROLIENTEL, KDL
N2 % Table 231257 F, bl TE 5
ZeRTE Pham (55) F 7213 Poa2(32) DWW & v
ZEW A,

Table 2.1 Phase analysis for the powders synthesized with different nominal compositions.

Nominal composition [B}/[Y] Phases
20 YB 1 2+YB unknown'1
30 YBunknown'H'YBunknown"2
40 YBunknown" 1 _i_YBunknown'2
50 2

unknown’
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Table 2.2 X-ray powder diffraction data of YB,.
hkli calc(nm) obs(nm) [/Il
110 1.2092 1.2130 100
001 0.9480  0.9494 5
020 0.8810 0.8827 27
200 0.8313 0.8307 1
120 0.7785 0.7796 28
210 0.7518 0.7528 5
021 0.6453  .0.6469 2
220 0.6046  0.6047 2
130 0.5538 0.5544 11
310 0.5286  0.5288 3
221 0.5098 0.5097 3
230 0.4797 0.4797 20
002 0.4740 0.4745 4
320 0.4691 0.4690 4
311 0.4617 0.4621 3
112 0.4413 0.4414 28
140 0.4258 0.4263 6
321 0.4204 0.4205 18
022 0.4174 04174 18
400 0.4156  0.4156 7
122 0.4048 0.4050 41
330 0.4031 0.4033 1
212 0.4010 0.4010 7
240 0.3892 0.3893 -+
420 0.3759 0.3761 13
222 0.3730 0.3731 10
302,132,241 0.3601 0.3602 20
340,150 0.3448 0.3448 17
430 0.3393 0.3392 5
232 0.3372 0.3373 28
322 0.3334  0.3336 6
510 0.3267 0.3268 19
250 0.3245 0.3244 20
142 0.3168 0.3168 11
402 0.3125 0.3126 17
332,251 0.3071 0.3072 8
113 0.3057 0.3058 8
422 0.2945 0.2945 19
123 0.2928 0.2928 7
530,160 0.2893 0.2894 14
351 0.2837  0.2838 2
342,152 0.2788 0.2789 22
600,260,531,161  0.2769 0.2772 3
432 0.2759  0.2759 3
313 0.2712 0.2712 6
512,450 0.2689  0.2689 22
252 0.2677 0.2677 16
601,261 0.2659  0.2659 6
620 0.2643 0.2643 5
323 0.2621 0.2621 12
360 0.2595 0.2595 1
043 0.2568 0.2568 4
442,621 0.2548 0.2548 6
062 0.2496  0.2496 14
532,162 0.2470  0.2469 44
243 0.2453 0.2454 6
423,550 0.2419 0.2418 7
270,171 0.2408 0.2409 12

L2 L, LRCOZERTEOHEEIZR L T DB T

Ciiuﬂ@fﬁ%?ﬂt (35 B EE S -HEE R T > Tz,

L:

LRI OB EMEEI BB L

\*D

gé fe} \_11,[’)0)4\#'31}‘”'

ik o

8 M DA Al

v ~AlB. I

TFFERT T 784

(b)

Fig. 2.1 (a) Electron diffraction pattern of
a*-b*; (b) Electron dilfraction pattern of
b'=¢. The observed weak diffraction
spots at i F 2n for 00 and k + 2n
for 0k0 in a-b" are due to multiple scat-

tering elflects.

FAMEIY, B ERDENEIN a=16573(4), b
=1.7510(3), ¢=1.0144nm" & YB. (2 fi& TV fli &
WaZ s, MO T ilf 17 D S S TR
Th Y, FEICED LRV LI X 70 v &
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Table 2.3 Observed extinction rules of YB,,.

hkl no condition
Okl k=2n

hO/ h=2n

hk0O no condition
h00 h=2n

0k0 k=2n ‘
00!/ no condition

L72. 7 -AIB,DOZEMBEIL P212121TH 5 7%, YB,IZ
LTy -AIB, & AR EEHI 2 WR Lo e 24, 001
W& LT 1 no condition & WA R EIE, T huh
B YB,DZEMBEAL P21212 L EFE L 72, ¥ -AIBLIB W
T cellid B,7 7257 — A TRAEE L CHIKICHEA LT
WABD, TOL) LS IMOMERIIH LD E
HTVWTNBETERZIE10Inm L) K&, Fhi
AT YBy®D el O 8% 758 $0120.95nm & 4 3 12 59
{, MU KE&%LB.2 9A% —OEEXDH S LTl
L, 22500033 5 ikl & g L7- & & 27,
FEEOEMBHNL RO >TEY, BRIz
& Tdh BN YB, DG d %L y -AIBL, L TR -
71360)’(&)0710

Bold1700C £ CHIETH LD, ThEMz b &
YB“kJ\E'U“CﬂL’\% YB IEMOF F oML, WAHE
HHEST L3R, ZOYBMEICBWT Y ET
WL ZADIETh 225 Lu F COERMTIEITET
H5HY,

2. 4 YB,

—7%, b —DODRMMIL Table 212005 n=20&
0D B Z LD LD, T n=20, 25, 30, 35
ELTEBETo 72— HE BNk h o7, n=
207> 525D L YB, & RFMHDIREW TH D, n=30
EBIERIM E YBDRAM TH - 720 REHD X
AREPTEEE 0 BT, n=25THRANT, 2V Ta
=30THh o7, 2D LIZTORMAHDHIL n=25
BFHZTL2D25100VETH A EE R L TWh,
# 2T, n=24, 245, 25, 255, 26, 265, 21D F N
FIUZDWTEREIT o 720 TR, BH—MiLn=
2558 26T BNz, YR X RS O /212, h
LA O n=25 8 CHIEAR T AT - /2o 155 730k
DAL [B] Y] =248THh o7z, WFEB LUK

TR IEFE 32N FN03wt%, 0.1wt% THh - 72,
YB, D E SIS BT, — &bk v REEITTE IR
HoT, YB(HAHE FH>%®&B@Em%mwto
F3 ok X BREHT OFEF D5, YB,, O S 1% (3 B4
THhbh, BTEHIL«=082842(3), b»=103203(3),
¢=0.58570(2)nm, B =90402(3)"THs I LW H
75‘ %o 72 Table 2412 & EITH OB, Bk O

SR MM, MR T, Fig 22() () () 2R
a-b, b=, o'~ OBTRITEIZEES & O X R
D ZIRE A 5 KO 72 W ANE Table, 250 & 9 127
D, YB,OHfE A28/ BEIL 1121 (No. 5), [1ml
(No. 8), 112/ ml(No. 11) oW hnTh, HKLH
T%é %ﬂmfir @%L%M® Wr;b JE

“C%)[EE[EJ'L‘E L CHh%& L%?RTTL ,(L:1017 b=
1.032, ¢=05859nm, p=12497"t7%, I I THRL
B AL -0, ZoOWEIEB. LRy {to—o
OREIERIT, RIE YR LT o) % B MgAlB,
W ERBMOYABDEREEZ DL THhbH, E
B, YAIB, D& T2 83 « =0.81947(6), b=1.04130
(8), 0—008212(3)11111”& D, 3L AEYBEZED
57y, YAIBZBITA AL LY O A b HEEHEIL0.6
~07f35b Y & B D25 E KE R v, VB,
YAIB & S Al ZF 0 F FH, WME TN
L7270 EDR L LEAZEEZOND, LAL,

T ORI X FREPT RIS 7 <, YBu& ¥
~AIB,DIETFEHANIITFE L W2 LD HWE O ED
M2 EIE L c b b o e Bl o ifET
HolBlbdYy, ZOMmIEYTHDPHEMLES,
YB,, b YB, kSR CHfEd 225, 1850T F T
T, FNUETYB,E YB S 5, YB, il &
W52 Ld v, YB MR I 55 & THITHE

i$, GdD5H Ho FTHOSILHETHALY,

2. 5 ScBy

Se ld 3Mlid A A > RSO & LFITCEICHA,
KIFIZ/INE WV, 2072 Se-B It ADHHBRIZ MO
TR E R D, ScB& ScB,DAFET L & &

ZOWTRE —FBEBT L LW )BT o T
o LML, oA THITHITH L, REByE REB,
(RE : A tHHTHE) L v ) Zo{baiE s Rod o
ez kdb, &rﬂbf%%LwW%%wmﬁ%ﬂ
REMEIE TR T & 720 EEE, Sc W8 EELO YB, 72
LiZ YB,, D o@%ﬁ&%ﬂboéﬁ%ﬁTka
FOoVwgNnE b, F72SeB,, ScBo,& b5 ScB, &



TR TR B 4510258

Table 24  X-ray powder diffraction data of YB..

hkel d., i I/1 hikl d., d I/1
110 0.64602 0.64630 57 213 0.17458 0.17459 10
020 051601 051601 15 213 0.17356 0.17357 6
011 0.50938 0.50895 3 060 0.17200 0.17203 3
101 0.48000 0.48023 5 431 0.17012 0.17008 5
101 0.47648 0.47639 5 102 0.16971 0.16973 10
121 0.35145 0.35133 53 102 0.16847 0.16852 6
121 ).3 0.35010 56 152 0.16546 0.16541 6
211 0.32243 0.32247 37 152 0.16517 0.16516 7
211 0.3203 0.32008 16 510 0.16358 0.16354 11
130 0.31770 0.31773 33 161 0.16192 0.16195 A
031 0.29663 0.29635 5 161 0.16179 0.16172 5
002 0.29284 0.29294 27 140 0.16150 0.16148 6
112 0.26733 0.26735 9 422 0.16122 0.16125 5
112 0.26611 0.26597 1 303 0.16000 0.16002 7
040 0.25801 0.2579 4 501 0.15975 0.15971 4
022 0.25469 0.25 10( 303 0.1° 0.15881 9
301 0.25052 0. 7 233 0.1 0.15747 3
301 0.24902 0. 12 143 0.1! 0.15320 |
231 0.24161 0. 10 323 0.1 0.15286 |
231 0.24071 0. a7 323 0.1] 0.15177 |
202 0.24000 0. 7 530 0.1 0.14932 3
202 0.23824 0. 8 004 0.1/ 0.14640 6
141 0.22688 0. 14 352 0.1 0.14427 3
321 0.22536 0. 19 053 0.14 0.14187 3
321 0.22427 58 113 0.14 0.14124 5
240 0.21899 18 024 0.1 0.14090 |
132 0.21565 31 113 1 0.14017 5
132 0.21500 31 262 13 0.13984 5
100 0.20710 10 262 1 0.13945 6
150 0.20028 23 600 bk 0.13809 4
312 0.19794 7 343 Nl 0.13593 3
312 0.19646 | 343 ik 0.13526 14
051 0.19467 0.19474 3 253 13 0.13445 11
042 0.19359 0.19356 6 253 M 0.13394 7
411 0.19230 0.19229 17 532 1 0.13335 12
411 0.19140 0.19137 1 224 1 0.13305 6
103 0.19035 0.19046 | 134 T 0.13286 8
103 0.18969 0.18968 | 532 1 0.13261 10
341 0.17973 0.17978 460 0.1 0.13227 3
341 0.17917 0.17918 11 370 : 0.13005 1
251 0.17636 0.17638 15 550 0.12922 13
251 0.17601 0.17600 13

Fig. 2.2 Electron diffraction patterns of YB,; in (a) «™-b", (b) ¥ -¢", and (c) ¢*-d".
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Table 2.5 Observed extinction rules of YB,,.

HAH AR IZ Bl Y] =120 525D M ICAFFET 5
Z kb, n=15, 18, 21, 24& L, B EITo /2
HNE —AHF A 3, n=15, 18T ScB,& A H4H
D, n=21, 24TIZRAME SB,DWEWTH -7,
I ORERE RN, n=185, 19.0, 19.5, 20.0, 20.5(Zx}
LTAREREZITo7/282 5, n=19.0& 195 TH—4H
BT, AL OMERIEF N FN[B], Y] =183,
188TH - 7z,

ok X MRET A R O 5, ScBold 1E 77 % B
0, T EHIE a=0=1029154), ¢=142463(9)nm
THDLIENHEHGPIZR 72, Table 2.642 &[0 #

Table 2.6 X-ray powder diffraction data of ScB,,.

hkl, Okl, hkO h+k+1=2n

Ol h0O, 001 h+1=2n

0k0 k=2n

hll d_, (nm) d, (nm) /1
110 7.2772 7.2846 26
111 6.4806 6.4867 100
102 5.8548 5.8511 3
200 5.1438 5.1424 24
112 5.0884 5.0838 13
201 4.8379 4.8336 3
210 4.6008 45953 2
211 4.3780 4.3754 44
103 43102 4.3081 34
202 4.1696 4.1681 15
113 3.9754 3.9728 18
212 3.8643 3.8637 59
220 3.6372 3.6363 87
004 3.5602 3.5590 54
221 3.5241 3.5229 b2
203 3.4885 3.4876 7
213 3.3037 3.3033 8
310 3.2532 3.2489 6
222 3.2391 3.2362 5
114 3.1977 3.1975 4
311 3.1715 3.1708 64
302 3.0896 3.0869 3
312 2.9590 2.9579 41
223 2.8871 2.8861 9
320 2.8533 2.8520 2
214 2.8156 28152 5
321 2.7977 2.7963 2
303 2.7797 2.7786 9
313 2.6835 2.6830 33
322 2.6485 2.6490 9
400 2.5719 2.5709 3
224 2.5442 2.5433 5
205 2.4917 24914 46
304 2.4698 2.4695 7
411 24577 2.4565 6
323 2.4455 24442 4
215 24217 24207 40
314 24016 24014 19
412 2.3547 2.3541 3
420 2.3004 2.2991 8
421 2.2710 2.2707 37
116 2.2564 2.2565 9
413 2.2086 2.2083 2
422 2.1890 2.1888 65
206 2.1551 2.1549 53
315 2.1429 2.1427 27

hkl d_, (nm) d, (nm) /1]

ale obs

404 2.0848 2.0852 7
423 2.0701 2.0697 21
430 2.0575 2.0567 3
431 2.0364 2.0365 6
510 2.0176 20171 17
334 2.0041 2.0040 22
117 1.9592 1.95%4 10
512 1.9412 1.9412 10
424 1.9321 1.9318 7
316 1.9174 1.9172 18
405 1.9088 1.9085 16
207 1.8918 1.8916 11
415 1.8768 1.8770 6
513 1.8568 1.8568 29
335 1.8463 1.8459 9
326 1.8247 1.8247 5
441 1.8040 1.8045 3
425 1.7896 1.7899 11
504 1.7814 1.7815 12
523 1.7722 1.7718 2
514 1.7553 1.7556 14
531 1.7509 1.7516 19
317 1.7249 1.7249 14
532 1.7125 1.7129 39
601 1.7023 1.7026 11
505 1.6678 1.6677 2
426 1.6518 1.6527 8
621 1.6161 1.6170 3
603 16126 16133 3
228 1.5989 1.5995 3
525 1.5865 1.5864 3
506 1.5547 1.5552 2
119 1.5461 1.5457 2
631 1.5248 1.5247 6
535 1.4999 1.5000 7
408 1.4637 1.4637 7
b5l 1.4474 14474 9
017 1.4325 14331 4
319 1.4229 14233 8
720 14131 14132 9
634 1.4085 1.4092 13
721 1.4062 1.4064 6
616 1.3774 1.3779 10
409 1.3477 1.3475 10
731 1.3448 1.3445 5
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Fig. 2.3 Electron diffraction patterns of ScB,, in
(a) a-b and (b) [110]
rules are k = 2n for 0kO and [ = 4n
for 00L The observed weak diffraction
spots at [ = 4n for 001 in [110]-¢" are

due to multiple scattering effects.
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Fig. 24 Existence range of each boron-rich
compound correlated to the ionic radius

of rare-earth elements.
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Fig. 3.1 Single crystal of YB,Si,, grown by

floating zone method.

Table 3.1 Chemical composition of the YB,Si,,

crystal.
Position Composition
Feed rod YByy ¢S1) 45
Middle(cry.) YB 44 451 o4
End(cry.) YBy, 351 55
Zone Yb41.55i2.82
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Fig. 3.2 Comparison between x-ray powder dil-

(raction patterns of YB,Si,, and YB,,.
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Table 3.2 Crystal

and Intensity
data of YB, and YB,.

#r L HHS R L O
&, ENFNOFE WA TN 2Tz, RS
BT, A4 WhEIPTEF © Enraf-Nonius CAD-4, X #5f#
CCuKa (7T 7 7 A NOREMEH) 2 T o 72,

LT, REE 7 — 4 13 Table 3.212/R7%, iR
Eldu— Ly B X ORWBE R IE T 1T 720 IR

measurement

Crystal

Crystal system
Space group
a(A)

BIYI®

Structural formula®

Dx(g/cm3)
z

 for CuKouem' !
Crystal Dimensions

Reflections measured

YB,a
Cubic
Fm3c
23.4364(6)
62

Y3.2(B12)13B42

2.49(2)
8
44.5

0.31x0.34x0.25

0<h<28
0<k<28
0<I<28
136
551
106

YB4qa

Cubic

Fm3c
23.4600(9)

57

Y; 5(B12)13Bay
2.53(2)

8

48.3
0.22x0.27x0.23
O<h<28
0<k<28

0<l<28

136

534

106

@ Obtained by chemical analysis.

b Obtained by structure analysis.
€24 times the asymmetric unit,

4 Number of independent reflections.

€ Number of variable parameters.

Fld North &Y 0 PREBRE CHIIE L 720 WEAEITT
DINE NI EERERE LT L /-, BEIEREO 4 50
L ORRE & oM R BT IC D W T T — 4 IE T AT
vy, EHil A R FAEA S L7,

3. 2 3 HBREEE
A LR O RS EIRATIX, Kasper b D7 — ¥ % ¥4
e LThHz, w/ATHEE TS 4 UNICS-1IIY %

Hvy, Sw(|F | — | F 1) %RENMTAZEICED
To72e 72751, Bhwldl *(F)Th b, BN
R=(IR] = IFD)/IRI BEXUOR={Sw(]
Fol =T E D)/ sw | B3 % Table 3310787,

ZZTHW & A VLIKEET D Form Factor & f(Y™")
HEn=3B L0020 TIEHMEYZHHAL, 72
=25 2, 1iZ2VTIEFY" )= — (" 31
(Y) —f (P} 2B LCREA L, B L. #Ro
A RO, Y TR F ALl Eln LD
AR OEM 2T BRI SE L, 7o/
L, £(B°) (8 <005) I3XCHICHG AT WA F(B) B
LU f(B, He Core) D% & & 1K fF(B) =7 (B)
+(8./3) If(B)—f(B, He Core)l #M5%E LTFIHEL
72 Table 3.3TIE, YT DA+ ALIREE# (L X
WO RAE, YA b ObER, MHILB] (Y] %
FRZIR L 120 Y RTOA A+ ALHAHZ 212 L7z
AR ERNS <Y, MBI b AL TR 12
FLRH VB, F 7213 YB WU A EMICH 5o 2D
FRDPE YETFIE Y 1+ 2 0RBEICH D L2 5,
VB LB R W R 2 ST -5 &
Table 3412784, AT EOFH AHEREIL S TIZ Kas-

Table 3.3 Structure reflinements using form factors for various ionization states of the Y atoms.

YB

YB,,a s6i
LS.t R,  Occupancy®  [BI/[Y] R,  Occupancy®  [BJ/[Y]
(R) (R)
y+3 00617  0.532(4) 62 0.0688  0.575(5) 57
(0.069) | (0.075)
Y*25  0.0620  0.530(4) 62 0.0690  0.572(5) 58
y*2 0.0623  0.527(4) 63 0.0694  0.569(5) 58
Y+ 0.0631  0.523(4) 63 0.0701  0.563(5) 59
y+0 0.0641  0.516(4) 64 0.0711  0.558(5) 59

4 Determined by chemical analysis
b Tonization state

€ Occupancy of the Y site
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Table 3.4 Structure data* for YB,, and YB.

Atom Site X v z Occupancy Beq.(/a%z)b
Bl 96 0.0 0.0375(3) 0.0600(3) 1.0 0.9(3)
B14 961 0.0 0.0376(4) 0.0599(3) 1.0 0.8(3)
B2 9%i 0.0 0.0762(3) 0.1172(3) 1.0 1.0(3)
B2 96i 0.0 0.0763(4) 0.1169(4) 1.0 0.9(3)
B3 96i 0.0 0.0386(3) 0.1815(3) 1.0 0.8(3)
B3 9%i 0.0 0.0387(3) 0.1815(3) 1.0 0.7(3)
B4 96i 0.0 0.1482(3) 0.2421(3) 1.0 0.7(3)
B4 96i 0.0 0.1482(3) 0.2419(3) 1.0 0.7(2)
BS 961 0.0 0.1857(3) 0.1718(3) 1.0 0.7(3)
B5 96i 0.0 0.1856(3) 0.1716(4) 1.0 0.8(3)
B6 1925 0.0391(2) 0.1400(2) 0.1219(2) 1.0 1.0(2)
B6 192§ 0.0389(2) 0.1400(2) 0.1217(2) 1.0 1.0(2)
B7 192/ 0.0396(2)  0.0813(2) 0.2296(2) 1.0 0.8(2)
B7 192§ 0.0397(2) 0.0812(2) 0.2296(2) 1.0 0.7(2)
B8 192§ 0.0633(2) 0.0773 0.1519(2) 1.0 0.9(2)
B8 192 0.0631(2) 0.0773(2) 0.1590(2) 1.0 0.8(2)
B9 192/ 0.0637(2)  0.1458(2) 0.1950(2) 1.0 0.9(2)
B9 192 0.0635(3) 0.1457(2) 0.1947(3) 1.0 0.9(2)
BIO  192j  0.1319(4)  0.1745(4) 0.1964(5) 0.72(2)  2.6(5)
B10 192j 0.1318(5) 0.1745(4) 0.1960(6) 0.71(3) 2.7(6)
BI 192/ 0.2341(7)  0.1582(6) 0.3000(7) 0.66(2)  6.1(9)
Bi1 192j  023298)  0.1586(6) 0.3004(8) 0.64(2)  5.8(1.0)
Bl12 192 0.1726(8) 0.1282(7) 0.2590(10) 0.30(3) 1.9(1.1)
Bi12 192 0.1734(11) 0.1279(7) 0.2588(14) 0.33(3) 3.3(1.4)
B13 64g 0.2363(9) X X 0.23(2) 1.4(5)
BI3 64g  02362(12) x X 0.2202)  1.7(6)
Y 48f 0.05629(7) 1/4 1/4 0.532(4) 1.52(6)
(B, = 0.00095(4) By, =By, = 0.00056(2)}¢
Y 48f 0.05789(9) 1/4 1/4 0.575(5) 2.09(7)

{B,,=0.00157(5)

By, = By = 0.00064(3)}

4 The first data are for YB, and the second for YBg,

b Equivalent isotropic temperature factors are calculated from the relation

By =413 - 2By Byt B%y)-

€ The anisotropic temperature factor has the form

expl-(B, | P+ By ko By P42, ik 2B, shl+ 2, kD).

per HBIZEDIHESINTVELDEITEAEEDLL R
Ve Thbb, R EFHMARMED Fig 331RT &
312, BBy = v I (Fig. 34) & By (Fig. 3.5) &
ARYEYFA DT SRS —=0bib, —ED)A%
Fro 72 B, (B = v b ASHALFLO TGN T ORI
Babw, ZTRhEEREELZ BLB,) =y FATE

MO E BREOHLLE % 5 (Fig. 3.6), R

ELTEHT8MEDB,(B,) L= b (12841 D B &
T)DPEIROFIHFET B Ll %,

—F, Bu?Z T AY —IE, Fig 331 L7& DI,
HArHax 8 pE| Lz =y FORLE DL, Z
D By? TAY—DETHA I8 571 % DifiH
DEBER2EL, EEB,Y TAY —IHET LK
EOHITF42TH B, Kasper B, ByZ 7 A% —T
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Fig. 3.3 Arrangement of B,(B,), units, B,

clusters and Y-Y pairs.

Fig. 34 Thirteen-icosahedron unit B,(B,),, as
seen along the twofold axis. Boron atoms
from Bl to B9 in Table 34 belong to

this unit.
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o TWb, {44+ EAEFEITYB,T0532(4),
YB,,T0575(5) £ % b, Kasper 57° YB 12X L TH %

By, cluster as seen along the fourfold

axis. This cluster consists of 80 horon
sites belonging to four crystallographic
positions (B10 - B13 in Table 34). In
this cluster, all the sites are partially
occupied, and thus actual number of

boron atoms within the cluster is about 42.
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Fig. 3.6 Arrangement of B,(B,),, units as seen
along the ¢ axis (- 025 < z < + 0.25).
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(Richards & Kasper, 1969)
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Y -site occupancy

Fig. 3.7 Comparison of Y-Y distances and thermal

Y -site occupancy
0.532(4)

Y -site occupancy
0.575(5)

displacement along the principal axes of ther-

mal motion of the Y atoms in YBg, YB,, and YB,. Thermal ellipsoids are drawn at the

70% probability level.
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Table 35 Crystal and structure analysis data

for YB,Si,..
Crystal system orthorhombic
Space group Pbam
a(A) 16.674(1)
b (A) 17.667(1)
¢ (A) 9.5110(7)
Chemical composition® YB,,Si, ,
D (g/em?) 2.668(2)
z 8
i for CuKoi(cm!) 65.7

Crystal dimensions(mm)

0.22x0.20x0.18

Reflections measured -20=h=20
21=k=21
0=I=11

20,,,.(degree) 136

NRb 2681

NV¢ 232

4 Obatined by structure analysis.
b Number of independent reflections.

¢ Number of variable parameters.

raphy (1974) " OfE & L 72,

3 3 3 fEREEE

YB,Si,, D # i 051, R, «=1.6674(1)
nm, »=17667(1)nm, ¢=095110(7)nm %= FH o>
b, FUREHMAMEEITSE CTRESN TSR
Dol LWHRET A2 & 1), SO RFICER S
B,IF20 k7 9 A % — (B,,-1, B, 2, B,3, B, 4,
B,,-5) & B,Si,Z Mk 9 2 % — T S L5 (Fig. 3.8
B LU Fig 39), kT — % % Table 3.61Z7RT A5,
FITHEB,nD7 7AY =BT HET% Bun &
Tl 95, 2721, Sibw B LU Bunw 13 B,Si, L= v
MIEY 5,

a, b, cHIZHRFL L7 B.SIL, L=y MG r FhE
ML Fig 310, 3.11, 31212 $, MO LHL NG L9
12, Sitr A MEI T —mET, %Mk 6o BET
26 MR E CHENS, ), B A MLs5oD
+ 4 b (3B+2Si F 72 134B+1Si) TH F /- 5 A E
WdH b, 3D Si A »(Si6.7, Si6.8, Si6.9) I Si &
BOWANEDSLLRELTWAE, &) D, M
Bk oR T, Zo0% % B,Si, = v PASSi¥ A k
AL THALTBY, Si6.9& Si6.9 % [A FF 2 Si A

1( z=-0.17 ~ 042
a

C

IFig. 3.8 lcosahedral B,, arrangement as seen
along ¢ axis. In this figure, B,,-1, B,,-2,
B,,-3 and B,,~4, within the range z = -
0.17 ~ 042 are drawn.



Fig. 3.9
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] z=030 ~ 092
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C

Arrangement of B,-4 and B,,-5
icosahedra and B1,Si, units as seen along
¢ axis. In this figure the polihedral units
within the range z = 0.30 ~ 0.92 are

drawn.
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(Si), PB) &L, P(SH+P®B)=1%KEL, #h¥

Fig. 3.10 B,,Si; unit as seen along the ¢ axis.
The larger circles represent Si sites and

the smaller ones B sites.

Table 3.6 Structure data for YB,Si,,"

Atom  Site x ¥y z Occupancy B(AY)

BI.l 8 0.4362(2) 0.5491(2) 0.0938(3) 1.0 0.12(5)
Bl.2 8¢ 0.4660(2) 0.46102) 0.1572(3) 1.0 0.15(5)
Bl1.3 4g 0.4063(3) 047113) O 1.0 0.19(7)
Bl4  4g 0.4852(3) 0.4078(3) 0 1.0 0.14(6)
B2.1 8i 0.2326(2) 0.4909(2) 0.0981(3) 1.0 0.14(5)
B2.2 8i 0.2101(2) 0.3281(2) 0.0956(3) 1.0 0.13(5)
B23 8 0.1664(2) 0.4147(2) 0.1632(3) 1.0 0.19(5)
B2.4 8i 0.2740(2) 0.4005(2) 0.1586(3) 1.0 0.13(4)
B25  4g 0.1293(3) 0.3702(3) 0 1.0 0.11(6)
B2.6  4g 0.13793)  0.4694(3) 0 1.0 0.11(6)
B27  dg 03106(3) 0.44513) 0 1.0 0.15(7)
B2.8  4g 02972(3) 0.3466(3) O 1.0 0.20(7)
B3.1 8 03793(2)  0.1879(2) 0.0975(3) 1.0 0.19(5)
B3.2 8i 0.5354(2) 0.2580(2) 0.0946(3) 1.0 0.13(5)
B3.3 81 0.4823(2) 0.1772(2) 0.1640(3) 1.0 0.11(4)
B34 8 0.4350(2) 0.2693(2) 0.1584(3) 1.0 0.12(5)
B3.5 4g 0.4501(3) 0.12473) O 1.0 0.19(6)
B3.6 4g 0.3728(3) 0.2753(3) O 1.0 0.28(7)
B3.7 4g 0.4682(3) 0.3146(3) O 1.0 0.12(6)
B3.8 4g 0.5424(3) 0.1724(3) O 1.0 0.14(6)
B4.l 8 0.2006(2) 0.1543(2) 0.0880(3) 1.0 0.16(5)
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B42 8 0.1315(2)  0.0978(2)  0.1785(3) 1.0 0.09(4)
B4.3 8 0.1156(2)  0.1965(2)  0.1737(3) 1.0 0.18(5)
B4.4 8 0.2107(2) 0.2414(2) 0.1753(3) 1.0 0.15(4)
B4.5 8 0.2905(2) 0.1676(2)  0.1833(3) 1.0 0.10(4)
B4.6 8 0.2377(2)  0.0745(2)  0.1817(3) 1.0 0.15(4)
B47 8 0.1741(2)  0.0671(2)  0.3370(3) 1.0 0.23(5)
B4.8 8 0.0972(2)  0.1445(2)  0.3316(3) 1.0 0.15(5)
B4.9 8 0.1508(2)  0.2379(2)  0.3301(3) 1.0 0.11(4)
B4.10  8i 0.2612(2)  0.2215(2) 0.3352(3) 1.0 0.15(4)
B4.11 8i 0.2720(2)  0.1169(2)  0.3434(3) 1.0 0.20(5)
B4.12 8 0.1884(2)  0.1594(2) 0.4149(3) 1.0 0.28(5)
B5.1 8 0.1150(2) 0.4078(2) 0.3354(3) 1.0 0.19(5)
B52 8 0.1066(2) 0.3127(2)  0.4060(3) 1.0 0.18(5)
B53 8 0.0255(2) 0.4553(2) 0.4053(3)~ 1.0 0.20(5)
B5.4 8 0.0175(2) 0.3589(2) 0.3358(3) 1.0 0.18(4)
B5.5  4h 0.4628(3) 0.1121(3) 112 1.0 0.27(7)
B5.6  4h 0.1675(3) 0.3812(3) 112 1.0 0.39(7)
B57  4h 0.1202(3) 0.4681(3) 12 1.0 0.31(7)
BS.8 4k 0.0108(3) 0.3023(3) 12 1.0 0.28(7)
B6.1  8i 0.3311(2)  0.3858(2)  0.3061(3) 1.0 0.19(4)
B62 8 0.3530(2) 0.4752(2) 0.4064(3) 1.0 0.35(5)
B63  8i 0.4294(2)  0.4214(2) 0.3063(3) 1.0 0.14(4)
B6.4  8i 0.4150(2) 0.3223(2)  0.3052(3) 1.0 0.18(4)
B6.5S  8i 0.5013(2) 0.3652(2) 0.4046(3) 1.0 0.20(5)
B6.6  8i 0.3268(2) 0.2925(2)  0.4058(3) 1.0 0.43(5)
Si6.77  4n 0.2784(3) 0.3866(3) 112 0.575(6) 0.22(6)
B6.7Y 4 0.2785(13) 0.3961(11) 172 0.425(6) 0.22(6)
Si6.8¢ 4k 0.4429(3)  02787(3) 12 0.478(6) 0.17(7)
B6.8¢  4h 0.4492(11) 0.2818(12) 12 0.522(6) 0.17(7)
Si6.99 a4k 0.4655(3) 0.4626(3) 12 0.440(6) 0.17(8)
B6.99 4k 0.4589(9) 04537(7) 112 0.560(6) 0.17(8)
B7.1  8i 0.3911(4) 0.3747(4) 0.1181(8) 1.0 0.30¢
B7.2  8i 0.3182(17) 0.2183(16) 0.502(31) 0.46(1) 0.30¢
B7.3  4g 0.4569(3) 0.0212(2) O 0.23(1) 0.30¢
B7.4 4g 0.0766(4)  0.1555(6) 0 0.29(1) 0.30¢
B7.5 4g 0.1438(11) 0.2507(11) 0 0.18(1) 0.30¢
B7.6 4g 0.2552(10) 0.2929(9) 0 0.43(1) 0.30°
B7.7  4h 0.2054(15) 0.0230(14) 172 0.08(1) 0.30¢
Y 8i 0.29628(1) 0.05199(1) 0.22964(3) 1.0 0.22/
Si 4h 0.34402(8) 0.07974(8) 172 0.798(6) 0.29/

4 The number n in the atom designation Bn.n' refers to the B, ,-n icosahedron to which the Bn.n'

belongs. Si6.n' and B6.n' belong to the B ,Si, unit.

b, ¢, dTpe i and B sites are in the same interstice, which is assumed to be fully occupied by both Si
and B atoms with occupancies of P(Si) and P(B) respectively, where P(S1)+P(B)=1. The positional
parameter of the boron atom was adjusted independently by fixing the thermal parameters at the same
value as for the Si atom in the same interstice.
€ The temperature factor is fixed at this value.

f Equivalent isotropic temperature factor. It was calculated from the relation Beq. =

43(a2 B |+ 0P By y+C By).
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Fig. 3.11 B,Si, unit as seen along the « axis.
The larger circles represent Si sites and

smaller ones B sites.

Fig. 3.12 B,Si, unit as seen along the b axis.
The larger circles represent Si sites and

smaller ones B sites.
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Fig. 4.2 Phase diagram of W-B system” and
Traveling solvent floating zone (TSFZ)
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tained by this work.
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Table 4.1 Changes in compositions, Impurities

and lattice constants due to heating a

commercial “W,B,” powde.

Composition Impurity (wt%) Lattice constant (nm)
B B/W C N 0 a c
(Wt%)
“WLBLT 11.65 2.28 018 0.39 2.64 0.29829  1.38690
Sintered rod 9.50 179 0.004 019 0.8 0.29822  1.38741

Table 4.2 Compositions and impurities of the
WB, crystal rod.

Boron Comp. Impurities (w t %)

(wt %) B/W Carbon Oxygen Nitrogen
Feed 10, 7 2. 04 0. 02 0. 14 0. 34
Moltenzone 1 6. 2 3. 29 0. 07 0. 02 0. 01
Crystal 10. 2 1. 93 -— 0. 01 -

Weight Percent Boron
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©
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[(b] . .
[ <3 Ti TiB—| &
1000} = BB_J
4aTi I L Il I
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Atomic Percent Boron
Fig. 45 Phase diagram of Ti-B system'.
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Table 4.3 Analytical results of TiB, ZrB, and
HIB, crystals.

Comp. Impurities (w t %)
B~ Metal Carbon Nitrogen Oxygen
TiB,
Feed I. 95 0. 018 0. 002 Qs T2
Molten Zone 2. 43 g: 016 0. 601 0. 02
Crystal( Feed) 1. 97 0. 004  ——=— 0. 017
MolenZone ¥ 2. 58
Crystal 1. 07 0. 005 s @0 O
ZrB,)
Feed 2. 19 b 03 e 0. 48
Molten Zone 1. 83 G: 022 peam . 15
Cstal 907 0. 005 S .02
HIB,)
(b) Feed 2. 15 0. 014 ——— 0. 16
Molten Zone 1. 7
: : >l =5 s )
Fig. 46 (a) TiB, crystal. A marker represents Crystal 2.0 H; B804 0. 012

1 em. (b) (1010) Etching pattern. %
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Fig. 410 Emission characteristics.
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Table 44 Work functions and evaporation
ratesrn.
Work {unction (e V) Evap. rate " om” 1 0 OHrs.)
Room temp.  1300C 1500C 1550°C

LaB, 2.4 0. 006 1.5 6.0

LaBy g 0. 001 1. 1

LaB, |, 2. 4

CeBg 2.5 6. 0009 0. 75

CeBy 0. 0009 0. 45

CeB, |, 2. 6

* (1 x 107 o)
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5. 1 YBDHMREE
5. 1. 1 Ui

A THEL AR b B, E20M R E LA 12 &
AELTWS 0L, ZOMEIIIFEFISE VY, BEH <
FATEYN, c-BNIZRCHS 2 F2ALaYiETH
596 YBuld Bril, B &7 ) VR BIEE

TIETENT 7 ANTH LY, BMXBOERZFELT
FIHT 57-DIZHF LMETH Y, BRE VR
O TWAIZh b b, BNIZIETELVT 7 A
THhHEVI)ET, EFIL - MEEER L
Vo ZOREMIEEEEDRILL DT VT LAAE
FoTwaZLITEEATALEEZOND, O YBD
AR I DT, Slack S20SRANICHRE L Tw
Bo T4l YBHR X A HEHEFHEOBETEL LD
Bl MO B L 72, YB DML E A5
AR LT ED L) iRF M2 Rm o2 llE Lz,

Table 5.1 Elastic constants of YB, crystals

@i EHE R e v 2 Uikl 9 505

5 1. 2 SEE&

YB B BB L% 2 X 2 X10mm DY A L2454
TEVRNA Y —FHWTY Y ML, B A
[100] 7% \» L [110] T @ 5, Wdi M & AT ISHFE L 72
WE O T O —FTHEREZE L, BIRFIEA
B (x-cut, ac-cut) & Vv, FIRFEEIE BB L %5
MHz T#H 5%,

4,

5 1. 3 HBREEE

HBHERMEBEICBIT D o, ¢ Dl EHREE
Table 5.1ZRT o ¢ & eyl 2V TIHIMZE DS
Vi LA L, cpil W TR X WiRELZ LT
Wb, ZOFRKIEAHTH 5, Slack 5 DHIED il
BHENE 2L, e, OMEDEEIIE Y, ¢,
Cot XML n DR L & BT AEINNCH B, e
DB TRKAEE & > TV D, —HKICHEMERIE
AN b EIRVEE 52 5, Slack D DOH5

having YBg-type crystal structure.

Composition(n) ~ 53.5 54.2% 57.5 61.75%)
Density (g/em?) 2.6340 2.5998 2.5927 2.569
C,, (GPa) 469.9%5.5  454.6%10.3 4431425  380.0%£30
C,, (GPa) 174.840.3  184.46+0.5 1755%02  160.0%8
C,, (GPa) 92.9649.0 82.08+11.4 58.50%5.4  40.0%50
A(anisotropy c.) 0.927 0.990 0.913 0.96
B®) (GPa) 218.6 206.3 186.7

GP) (Gpa) 180.1 185.2 182.0

EC) (GPa) 424.0 427.6 412.1

v (Poisson's r.) 0.1768 0.1545 0.1321

Q! (103HY 0.752 1.673 1.140

Q! (103 0.931 1.910 1.732

* Long axcis // [110]

a) Bulk modulus, b) Shear modulus and ¢) Young's modulus.

d) Q!: internal fricition.
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Fig. 5.1 Block diagram of the setup for measur-

ing the modulated photoconductivity.
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Fig. 5.2 Modulation frequency dependence of photocurrent {(a) and phase shift (b) of single

crystal YBy measured at several temperature.
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Branch F(FZ) F(FL) F(FZ)/F(FL) AF!%
a{0001] 4.89 4.78 1.023 +2.3
5(0001] 8.79 8.66 1.015 +1.5
¥[1120] 10.35 10.08 1.027 +2.7
8[1120] 15.95 15.59 1.023 +2.3
u{0001] 26.10 26.56 0.983 -1.7
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Table 5.3 de Haas-van Alphen frequencies used to calculate the Fermi surfaces. Values in

parentheses are estimated [requiencies.

Branch F([0001])/10? tesla F([1010])/10* tesla
a 4.78 (8.40)

8 8.66 (14.00)

y (20.05) 10.08

5 (31.20) 15.59

€ 29.77 -

A (25.10) -

" 26.56 -

Table 54 Fermi surface dimensions, carrier densities and carrier assignment of WC.

Fermi k({1010])/ k({0001])/ Carrier density/ Carrier
surface 107 cm™! 107 cm™ 10%%cm? assignment
a 1.205 2.118 0.52 hole

Ji 1.622 2.623 1.165 hole

y 2.468 1.241 1.275 hole

5 3.081 1.538 2.465 hole

UV 2.841 5.354 9.083 electron

A 2.762 4.904 6.317 electron
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Fig. 6.2 AES spectra of “clean” YB,(001): (a)

just after flash heating, (b) 3 h alter

the flashing.
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Fig. 6.3 HREELS spectra of “clean” YB,(001).

(a) Primary electron energy E, is 5.8
eV.

normal:

[ncidence angle from the surface
9, is 72°,

from the surface normal:

and detection angle
g, is 72°
(b) E, = 58 eV,
(c)
(d)

(specular condition).
g, = 54°, 4, = 72° (off-specular).
E, = 139 eV, ¢, = 72°, ¢, = 72°.
E, = 139 eV, g, = 60°, 4, = 72°,
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Fig. 6.4 AES spectral change of YB,(001) in

the reaction with nitrogen gas. The
sample is exposed to N, gas at 1200 C.
The exposure is (a) 0 L (1 L~ 107
Pa-s), (b) 15000 L, (c) 25000 L, (d)
35000 L, (e) 55000 L, and (f) 115000
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Fig. 64 [YB;(001) exposed to 11500
L of N, at 1200 C]J. E, = 137 eV. ¢,
= 72°, (a) is the specular spectrum
(g, = 72°). (b) ¢, = 48" (o) 0,
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BENDENETHD, ICISS EEFEHDA 4 ¥ — 412
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Side View

0.20+0.05A

0.05+0.05A

Schematic views of the NbC(111) clean

surface. The first layer (Nb layer)

Fig. 71

and the second layer (C layer) shift
inward by 020 A and 005 A, respec-
tively. The original spacing hetween the
two layers is 1.290 A.
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ICISS spectra along the [110] direc-
tion. Solid circles: experimental data of
the (/3 X/3)R30°-N surface. Qpen
circles:

Fig. 7.2

experimental data of the
clean surface. Solid line: calculated
spectrum of the clean surface. The
inserted figure shows the top view
of the surface unit cell (Cf. Fig 7.1)
and the direction of the incident
beam. The lower illustration shows
the side view of the surface. The
second-layer C atoms are not shown.
The third-layer Nb atoms are off the
beam-detector plane (see text). Ar-
rows express the shadowing and
effect
those in the graph.

blocking corresponding to
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-N surface. Open circles: clean sur-

tion. Solid circles:

face. Solid line: calculated spectrum
of the (3 X ¥3) R30°-N surface
based on the model in Fig 7.5, II-
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7.2.
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Schematic views of the NbC (111) -
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FFig. 7.5

unchanged. The coverage of N atoms
is 0.33 ML (see text).
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