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Synthesis and Structure of Boron Suboxide B;O with
a-rhombohedra Boron Structure
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Abstract: Boron suboxide (B0 (B,,0,)) was prepared in the borothermic reduction process of compounds such
as B,0,, ZnO, CuO, In,0; MgO, Bi,0;, Ga,0; or Li,B,0;and amorphous boron powders as starting materials in
the range 1200 to 1450°C for 2 h under an argon atmosphere. B;O powders were obtained from the starting materials
with the weighted in atomic ratio boron/oxygen=6.0. B;O powders were examined by X-ray diffraction method. When
starting materials were B,05, In,0; ZnO or Li,B,0, and boron, the strongest relative X-ray intensities are obtained.
The crystal structure of B;O obtained by B,0; and B powders has been refined by the Rietveld method applied on
X-ray diffraction data. The structure belongs to the a-boron (a@-rhombohedra boron structure, space group R3m)
family as B,C (B,,C - BC,), B;Si, B¢P, B,P,, BsAs, B,,S, compounds, and is closely related to the BjsC, (B -
BC,)-structure. There are two oxygen atoms in each large hole formed by the icosahedra B,, framework, along the
rhombohedra [111] axis. The oxygen atoms are located close to the centre of the boron triangles that are formed by
B1 atoms from three B,, icosahedra. The bonding distance between these boron atoms and oxygen atom is 0.1503 (7)
nm. The unit cell parameters of B4O are as follows: from B,05: =0.535 (1) nm, ¢=1.226 (1) nm~a=0.536 (2) nm,
¢=1.227 (2) nm; from In,05: @=0.534 (1) nm, ¢=1.235 (1) nm~e=0.535 (1) nm, ¢=1.233 (1) nm; from ZnO:
2=0.536 (1) nm, ¢=1.235 (1) nm~a=0.536 (1) nm, ¢=1.233 (1) nm; from Li,B,0,: 2=0.530 (1) nm, ¢c=1.231 (1)
nm~a=0.532 (1) nm, ¢=1.237 (1) nm.
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BucfER LB, SBLBEMoBa T 2 v¥—
DHBH/NES < TY, B0 OARRBICHER L -2 BHE
B0, HDAVIEBPEEL CHEMD 3 VIR
EMokakT, 2BERET S LEWARETH 2LEW
EBAIZ, 12U, BO BHEVEEMD 3\ IZEEMIKE
B L TEETH B I ENTHERML SHOMICLT
W3, Pk, HERHOBRLYIE, =B+
% B,0;, E#{bfsH ZnO, ER{LSA (D CuO, BERfL1 » ¥
v 4 (1) InO, BIb~<7 % v v L& MgO, B{bex~<
Z (1D Bi,0;, BILH Y v & (D Ga0; PU+VERY
F 9 & Li,B,0, DBRRZH V72, REIOEREHIZERIL
MNCX LT r v EH 6.0 (B0 DILEERMEK) O—F
GHETIT - 1o ZOHE, MEEEICX2EREB LT
Boh7cBO i}, KFoKEx, BFHLIE KTE
B, HRLEOZELERET U, Hi, B0, & & v RH»
SBONIBOBMEKEAVT, Y — b~ @Eick
% B0 OfERBEEZRE L 12,

2. ERAE

2.1. BO DERAE

HFER S LT, BOy Zn0, CuO, 0, MgO, BiO,
Ga,0; Li,B,0; @ 8 EEH DMK IRERILY (FhiEE 99% LA
LoEE) LERE VR G 99%) MREMAV,
FEHOREHL AR E & v B LERIERICHE-T
BeO 12788 L D IcTRB L 7o FELAKIRIZ TV 3 > RIFLIK
cRVWT Y —vihTENRE L, TRER, Bekh
FK3#9 29.4 MPa DEFI T ¢20x4mm FEED <L v MR
KL, BENfEOT7 VI F 8 v vERIcAN,
MiERorva=7RBEL VY 72HVT, BEOBES
BRELLERET VT Y A RAFEKPTMEL o, 7V
I v H R & 50ml/min O—EFHFET, REOMEIHE
BEREIIF AW, FilmEE 300°C/h, BrE QMR
B (1200~1450°C) <, 2 WeffREFL 7ot FFRTHRS
Lizo WEIR, B L cEBo—8idEmR L eBH 2
WISRRIGHE % T 5 1291 3mol/dm® E#E &H 5
13 3mol/dm® IR & = ¥ / — VDRAEK T 1:BRIEE,
FRTHUEL /-,

2.2. XiREEt
BonLEYMOMEORE LB FEBIIH R X A
#rit (XRD) & Guinier—Higg £hEEH # 5 2 H W\ 7z,
XRD i X BOEEFE L EER % 40kV, 80—100mA, 2
v bFRTIE 1°-1°-0.15 mm—0.45mm D &4 THlE
L 7o Guinier—Higg kN # S 3GHEE/ 702 —
s —CTHE|L CuKal THIE L, WEHEAERE &
LTEMEOLBYY 2 v 2HH L, XERTHE &
BFERDRIE Z Guinier—Higg 7 1 /v 4 %W T Line
Scanner HEIC & » TF— 7 #INEL 12, BFEHED
FEELIE BO D 20fH% 71 FD20fETHIEL, Th
ER/N=FEOHEDL ORD I, 1170, BTERMEIZ

AEEMEBULEL DI >VLTRIE L 7.

2.3, HIFOKEZ, BELAHHOER
BOMEKDAE X LEEREERETFHEME (SEM)
THE L, B0 DML E AP ORI T RV F—
SET X BB (EDX) & EEmaHEr (ESCA) T
I,

3. RERRLIER

3.1, KRUFRRETEND BO DERK

INEGERE 1400°C, 2 BffRFET, REOEE L IZERIL
MOBEICH L THvHENN6.0 (B0 DLEEHR) K2
2k IC AL 7z, B{LYH» 5B 5 BRI O XRD
HERERVICRT, 2771, 2h o 0RKHIBRNEZT -
TWEVWEOERTH 2, ard, B0, TiE, BO
DEREIEMBE VD, BO LINTKRIED B,0; 38 & T
ERE+ v EOMBME TR L EEbN S B-F
% (B-rhombohedra boron) #3HER T %7z, Zn0 Tid,
BO OEHf#R € — 7 BFEKET, Thlisic&BEERbs[E
ETELN, B-tvHEDBVIZ ZIn0 OEYTHRIIHERT
Eh o oo CuO TlE, EBWMMLEMRT, BO »HED
WHER L TW3, In0, 25 Tld, BO DEIFTHRAER
T, ThNcE&BA v VY L ORISR TE 7,
MgO Ti3, BO OEIF#R IR &<, RiEZ 0
AR OB, THIZMgO LI EREFvFREF v b
LR L TE LN BO DBEA LR >TWVWSEY,
ARETIE Ay P T LRERAOVTVERWRDIIT, TN
LI MgO OEER & + v RIEF & OBMmEmE,» /&
W, HB0IEMg0 D Mg LBEREDESTRVF—
DHERIA Z Wi, EiRT MgO O EH O Mk
BELHERT 5L D b Mg0 &+ vEEO{LFENEHNA
DFEBRE WV BHIZ, Mg—B-0 RLEWHBENICE
L, BODBERLENrL-IcEBbN3, EDXD 5
D%iF Mg-B-0 ZALEYTH 5 T & R T & 7oA,
XRD # — D5 RERTE UM o7/, TOMITOVLT

Table 1 Preparation of B;O powders by oxide and boron
powders heated at 1400°C for 2 h.

Starting materials Phases identified
B,0; B0, B,03, B-boron
ZnO BsO, Zn
CuO Cu, BcO
In,0; BsO, In
MgO unknown
Ga,0; BsO
Bi,0; B¢O, unknown
Li,B407 BsO
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BHRERFTP TH 5,Ga,0, T3, B0 DEHFESEHKT,
ZNLNADEIFRRIZHER TE LV, 20=30° 55 50°
fHE /Sy 275 v FOEEOBEI>TWE, TDZ
EH 5 B0 E—ICEREDILEMPHFELEL TS
EARELTW3S, Bi,0; T, BO DEITENIEHKT,
ZNLPACRID/NS EERTHR TR TE o, Thic>
WTRBEER T TH %, Li,B,0, Tld, B0 ORI
RIDPHERTE I, LOER» S, Bt E vk
DEGEITLIGD 5 B0 #&HKT 5 72T i B,0;, ZnO,
In;,05, Ga,0; 8 & U Li,B,0, DE(LYINHRETH 5, 14,
AREEBRTHER L 72 B0 LIS D £ /& 13 3mol/dm® HEERILER
WKL > TR TENTRETH » 1o FiT, TS
D 55T, BO DEWRE — 7 OMELIELES
n3{eEmEEA T, MBEE (1200~1450C) 2%
L& €T B0 &% T 5 72 DA B KRE L 72,
Z DR, BL¥ i3 B0, In0, Zn0O H & ¥ Li,B,O,
D 4EHOEMER WS LT LT,

3.1.1. B,0; &RIFEMND BO DERK
B,0;+16B—3B,0 e ¢))
EERoORGA (D it - TRA L, MBLE 1T - 12,
Z DOFER, MBVERE 1200~1450°C T3 BO & B,0, DR
BHTE SN B 55, 1400°C T3 BO OEIFTHE E— 27 45
BmOKRKEL o7z, %72, 1000~1100°C DINEERE T3,
BO DEREMN DI L, RRIED BO;&E B-F v FH
HEETE, R L B-F Y RRBEBRULEICE-TDH
OB TENTERE M1, £, RRIED B0, &
Smo/dm’ HEEEE £ ¥ / — VORABKTIOKRL T &
BTEI, BoNi B0 MRIIFERT 0.5~2.0 um @
BRIROKEETH B, DLEL D B0, LIERG v R,
5D B0 DA 1200~1400°CHRETH 5 T L HE
Rb, £, ThOOREDS BT, MEERE 1400°C
TELN BOMAKEH VT, B OGRS =~ 71,

3.1.2. InO; ERIFEMD BO DERK

In,0,+18B —~>3B,0 +2In e @

RO @) it - TRA L, MBLE %17 - 72,
Z DFER, 1200~1250°C T3 BO DAL IIER TX 15 <,
ERE S v RN MBNE R L 72 8-% YK, B0,
LERBA VY LAENETETE 2o B0 1300~1350°C
TRHONZD, ThlAICELBI vV A LEPED
B,0; BREIETE #o & 51T, 1400~1450°C Tid BsO 43
T, FNLSICEBA v Uy ARG B T &S,
B,0; ZHERRTE A o fos & DHNBEE T B0, 28
MR TER P> cDId, BREHY B0, DA (1
1500°C) T TH BT L SEH LI, 50 id B0
DEBICTFSG LichovwFhhTtdsd EEb S, 1350
~1450°C 18 S h 7Bk 2 B /KIS IR LEE L T XRD T
FTANRHER, BODXRD /7 — v L ERTELDL >
to MNENERE 1400°C TE 57 BO ¥KIF, 0.05um D
P FBEBREL T 1l~2um BEDOKE ST - 2HRIRT,

© B,O
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Fig. 1 Powder XRD patterns of the products obtained
from ZnO-boron mixtures at several reaction temperatures.

REEBTH 5,

3.1.3. ZnO &RIEMD BLO DERK

Zn0+6B—BO +Zn e 3
FiEoRIEK (3) ifEt» TRA L, MBWLE 1T > 72,
TOBERE (1200~1450°C) icxfd % XRD »» 585 h e
ERMHOBLER 1 ITRT, Thhrd, 12000CTid BO
DEBHR LN B, FhllAicB-+vE, B0, &
LBHEMMEE T X 7, 1250°C T B0 BEKT, %
nLis iz B0, &£ BHEEAEIE T X 72, 1300~1450°C
TRBOWEMRT, ZhlAE&BERVRETE
foo TOTEED ZnO &9 EH S BO OERMBERZII,
In,0; &+ v %EH 5 B0 DT 554 & Rk 72 K ItHiE
BTETLTVAEIEVEBTE S, ThoDHABEZR
M L T, XRD THRMEDEE %1T - 72FT1, 1250°CA»
5 B0 OEHMPRF LN st T, InODSE LN
B0 #K (& In,0, » 518 5 /2 BO ¥R & REIREICIRE®
T, BIRDILEET, K& &2 0.05um LI F ORI FHEE -
TO05~2umBEOREIIKBEL TV,

3.1.4. Li,B,O,&KRIFEND BO DA

Li,B,0,+32B = 6B,0 + Li,0 - @
FHRORIERX (4) it-TRA L, MEMLEAETT-
tzo & DFER, 1200~1250°C Tl BO OAERKA E K &
LCHERS NI, Thliic -t v EMBEEI N,
1300~1350°C T & BsO 721 DSEIE S L2 45, 1400°CLL
Ficts 3 & BO LIAic 260 =26° fhEIc & A D IR € —
2 EEORMEGRIES NI, £, oA
JEE L T XRD CTHOMHRZT-> 1205, Th SR
E—J7 B EALEBIBR NPT, TOTELD
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Table 2 The unit cell parameters of B;O obtained from oxide and boron powders

Starting materials soaking Unit cell parameters (nm)
temperature (°C) a c
B,0; 1200 0.535(1) 1.226(1)
1400 0.536(2) 1.227(2)
In,04 1400 0.534(1) 1.235(1)
1450 0.535(1) 1.233(1)
ZnO 1300 0.536(1) 1.235(1)
1450 0.536(1) 1.233(1)
Li,B,0; 1300 0.530(1) 1.231(1)
1350 0.532(1) 1.237(1)

KRG IR ICL > THUETER VI EHEFET
i, TN L,0 OFEHESFRIE N ENEERT
BIERETEUH, -1, THid Li,0 DRSS 1570°CTH
B ERETERL 2, RRIGOD Li,B,0, &RIK
LCHRERER L 220h, 13 Li,0 D4RE
WD - 1o DI XRD TRIES TE R olcbD L
HEsh3, Ukxv, Li,B0, 75 B0 248Kt 5%
DI I INEVEEE 13 1300~1350°C SN EBETH B T &b
Mot T, BUEBLZEMDS BT, 1350CTHES
N7 BO i3, 1~2umBBEOKEsT, B2 ELLka
VR EROEREE LTWB, Thid, B0, In0, &
Zn0 » 58 5h - BO D4 & Li,B,0, » 5851
B0 DGE& L BN TOEELREIBLIUBHENEN -
TW3, %4, L,B,0, » 518 5N BO dMUGicstd
BHEBAN=RLBEE>TVWEDOLS LNOEY,

3.2. BO DEFEH LML

B,0;, In,0,, ZnO HB & U Li,B,O, i 5 & 5 1 72 B,O
DOMBBE I T I FEROEER2ICRT, &
N5 B0 D FESHIZ, B,0; Tid a=0.535(1)nm,
¢=1.226()nm~ae=0.536(2)nm, ¢=1.227(2)nm T,
In,0; Tl ¢=0.534(1)nm, ¢=1.235(1)nm~a=0.535 (1)
nm, ¢=1.233(1)nm T, ZnO T ¢=0.536(1)nm, c= 1.235
(1)nm~a=0.536(1)nm, ¢=1.233()nmTiFIZF— E D &
T®H b, LIEL D B0, In0; & Zn0 > 58 5072 BO
DORFERIE, MEEEZS LTS, THhSDEIICE
{bhstil, FREQCHETH B ENERTEL, —H,
Li,B,0; » 51§ 5 1 72 B0 D& FEH I ¢=0.530(1)nm,
¢=1.231(1)nm~a=0.532(1)nm, ¢=1.237(1)nm D &i B
WNT, MEBEDLFLEE b ICKRTFERE (a,0) BE
FREICRKZ B BEMAERL TV S, INODEREX
BMEZ BT 2 LIRD T EMWE R B, BO DRTFER,
Placa®'” 13 ¢=0.537 nm, ¢=1.231 nm, Higashi>'? &
a@=0.5374 (2) nm, ¢=1.2331 (3) nm DEEWEL TV

3, Th5DfEE B,0; In0, & Zn0 A 518 517 B0
ORFEBICHBEIEWVETH 5, 1k, EHAICBO
DHFZESERZRDT, BoE+vREFEL LTHE
LR TE, LL,B,0, 5" o0 BO IR PBER
BB >N, B0, In0; & Zn0 1 5B 501 B0 it
PRy ERBAUTEONEIESH >, TOTLE
(4, Bills5>Whi#R4 LT3 B0 DMkt & DRAGS &
UAERPSBONALBREIFEL VR, EFES
HB 5Nt BO OTEE L Bills 5 D& L ol %
B9 3 & B0 DHALLLIZIRDED TH %, B0 DI,
B,0; T i3 BygO~Bs00 T, In,0; T3 Bsg;0~Bse0 T,
Zn0 T3 B;gy0~Bss0 T, ZThE¥ N+ v RKREBAITHE
ELTWVW3, —%, Li,B,0, » 51& 5 h i BO DRI,
Bs0pos~B:Oos T, BERRERUTEELTVWE I EMN
$| o1, TDT &I, BOs In0; ZnO ¥ & U Li,B,O,
HOBONEBOMEKOBOEVLS SHETE 5,
% 7z, Higashi5™® 12 Zn0 7 58 5 117z B0 DI F5E
B MR (B, 0) ZIEL TV, KEEROD B0,
In,0; & Zn0 » 518 5 17 BO DIEE & RIS & 7 &R
BllTth 3, Hic, FAKLIFERNL, E#Ezs /-
VORABEKRT, BEOERBED 5\ i3EHO B,0; £H
DRV I%, EDX & ESCA TARMPIOMERZEIT » 728
HTEED o720 E->T, BO DEERPICIILSBRTF
DBEBELEWT EPERTE, 2O EIFI3FETH
N3 B0 DFEREED O bHETE 5, AEERTBO
DR EERFICHERT 2 EBOEBR T, 4 V3%
R, FT¥EH 5 VWIEEEHR—+ v RIRTHIEEEE (0.1503
Do) »5EAT, o-FEHE+ v EREELET S
BO 3T 5 Z LIIAAJRETH 3 Z LB SN
%,

3.3. BO DRSS

RiEE (1) »oEonz B0 2*HVWTHREEELRH
Ntz BOBMKREEZ)— b~ METICK > THIE %R
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Fig. 2 The structure of B,O

Table 3 Interatomic distances in BO <0.20 nm, EDS’s in
parentheses.

Atoms distance (nm)
B1 - 01 0.1503(7)

- 2Bl 0.1738(9)

- 2B2 0.182(1)

- B2 0.184(1)
B2 - B2 0.156(2)

- 2 B1 0.182(1)

- B1 0.184(1)

- 2B2 0.857(4)
o1 - 3B1 0.1503(7)

RELI 1= b NEICEBF— DR TS
4 LHPMI % H W THEE O REFALEIT » 2o [, B,O @
W7 — 413 BuC, By, : BC,) HiEohLORE -+
U #E-K%R (C-B-O#EME—ME (O-0OfEIE
XA THEBEORE(LZITV, ZERE R3m (No. 166),
a=0.5367(2)nm, ¢=1.2325(3)nm, R(Rw)=0.042 (0.192)
81, B21Tid B0 OWiEE, $/2, %3 iCid 0.20nm
XD EOEFHEREE TR T, BO DfEMME T BsC,
(B, - BCy)) &[EZD a2 M A+ v RAE LR L T
WA R, a-ZFEEES Y REEETICELET SBRERT
F 27T, 2 OB IEEDE S v Rbo [111] §#
it - e RERBEROPICFEL TV 5, BEFETO
1813 3 H D By, IE 20 AT D & v FIHF (B HIEK
T 5 R vR=ZAFOKREERMOFLICHFEL, £OK
Sz & 5 1 HOBRRTHIEAET 5, 12, BR-B
F O R FHEEHE I 0.3006(2)nm T, BE-+vFHE (B

O FRIEERER 0.1503(7)nm TH %, < 1L IFPUEK BO,
1=y b ZHT LAY OB -+ v RO TR D
0.142nm % 5 0.154nm OFFHWICELEL TV 5,
4, & B

7T v HRAFRESH T, MERE 1200~1450°C, 2
R £f B T, B,0s, ZnO, CuO, In,0, MgO, Bi,0,,
Ga,0;, Li,B,O, DB LY & IERE + v RMKREH WV Tk
o RBGETTHED S B0 2GR T A5 MHF LB TEREH
Nit, i, B0 OB LNI BOBERE) - b XLk
fRNTIC &k BREMBEEIE L, ZOME, RIT oM
2ELENTEI,

1 Bt &+ v ROBBETLRIGD 5 B0 2 &K T 5
Fo 12 iE B0, Zn0, In,0, Ga,0; % & U8 Li,B,O,
OBV HRETH %,

2) B,OD&RIZ, B0, TIE 1200~1400°C, In,0, T
1400~1450°C, ZnO T ¥ 1300~1450 °C, Li,B,O,
T3 1300~1350°C B DIMEEE TH 5,

3) BO DI TELR 1Z, B,0; Tldae=0535(1)nm, ¢=
1.226 (1)nm~a=0.536 (2)nm, ¢=1.227(2)nm, In,0,
T 1 ¢=0.534(1)nm, ¢=1.235(1)nm~a=0.535
(1) nm, ¢=1.233(1)nm, ZnOTIE a=0.536(1)
nm, ¢= 1.235(1)nm~a=0.5361)nm, ¢=1.233
(1) nm, Li,B,0, Tl a=0.530(1)nm, ¢=1.231(1)
nm~a=0.532(1)nm, ¢=1.237()nm OETH 5,

4) BO 3= b v MR K > THRBEEAIEL
too BRI RIM TH 5, a-EHEF v KB
EhCHEAT IBERERFE2MHT, 20 1#E3
E D By, 1F 20 EiAh O & v REHF (B1) »EKT
2R3 RZATOREBREOTMCEET %,
% 7o, BR-BROF TR 0.3006(2) nm T
H Y, K-+ vk B OFE TR 0.1503(7)
nm T&H 5,

E I

EBRICWERAY =« —FVYEY 7Y SKEL VIR ba—
LBFZERR D L.-E. Tergenius & H. Bolmgren ijf&+3 & O
RN RZETFE O LEEMBAE L0 THHE258FE L,
CCIEHOBERLE T,

g2 £ X |
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