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We report the experimental conditions in attempt for growing crystals of A17B14 (AIMgBis-type, orthorhombic, space group /mma)
(T = Li, Na, K, Mg) from high-temperature Al solutions using Li, Na, K or Mg salts, and crystalline B powders. The Al7B14
compound crystals were grown for 7'= Li, Na, Mg from the Al solutions including LiF or Li2B4O7, NaF or Na:B4O7, and MgF2,
respectively, with B powders. The conditions to obtain relatively large crystals were found, including the soaking temperature of
1673 K, the soaking time of 1 h, and the cooling rate of 50 K-h''. The obtained AlLiB14 and AINaBi4 crystals have well-developed
{010} faces of a plate-like or cube-like crystals, and were reddish black with metallic luster, while the obtained AIMgB14 crystals
were characterized by polyhedral crystals of black color. The maximum dimensions of the AILiBi4 crystals were 4.3 mm x 1.7 mm
for those obtained from Li2B4O7 and B as starting materials. However, no AIKB14 crystal was obtained from any Al-self flux
containing K salts and B powder. The micro-Vickers hardness values of the AI7B14 crystals are in the range of 23(1) to 27(3) GPa.
The magnetic susceptibility of AI7B14 shows a monotonically increase with decreasing the temperature, i.e. a paramagnetic behavior
for all the kinds of 7= Li, Na, Mg, indicative of existence of some impurities or defects contributing to the paramagnetic response,
whose amounts in the crystals may be below the detection limits by chemical analyses and XRD measurements.
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1. FL®IC

Al-T-B = J%% % (T = Li, Na, Mg) O & & v{b#icix
AlTB1s(AIMgB14- % A 7, T = Li, Na, Mg ; Imma) &
AlMgB2n (y-AlB2- % A 7, P212121) O “FEEA M 5TV 5D
[1-3, ZhbomA e, BriE 20 miEZNEL, &R

3,5l ZO%HE, BIETERE Li < Mg FRKEREHNZH
AlLiBi4 & AlMgBus i i & 15 2 72 D DI A ﬁ*#%ﬁﬁw
WIEE b THREETH -7, ZOLIRBERT, FEHELIX
77y 7 ZEERWT, HREEE LT LiES i Mg i
LR TEBERNS AITB(T = Li, Mg) DB T4 B R[7-10]

FEEARE, B YET AR, THEME YRR R, S RS
Bl BVELAME T, T RLX AR e & Ok
JCHELRN § 72T 5[4,5], AlMgBi4-% A 7 O i &
Fig.1 12779, AlMgBi4 %, NaBBu[6]& [FIEEIZ, Bz IE 20 &
R & HMA T BTN EARNEEZH L T0DD, TOk
AR & 22 BRI Li, Na 80V Mg RFRAALEETH 5,
ZDXHT AlTBu T2 =—27 bW TH D0, FERERL
EED TSN TWT, BB PH e E ORFFEH
LA, FEHSIL, &) Li, Mg 8L Na liZ W<
AlTB14(T=Li, Na, Mg)fEdbx B L, W& 217> 72[1-

THZENTERE, ARPETIE ALBEE Y T v 7 AEEHW
T, HEEEE LT L, Na, K#WiE MgiEé B BAMD
AlTB14(T = Li, Na, K, Mg) O ERK & LK & 255
EERDI-DOFEM AT Lo, £z, EOFE9]) HELA T
B/T % 6.0 X VLT & a-AlB 8V M T B-AlB i s 2ME L
WAL, BMOREARMNEONE 22 Ly, A%
BRACITBC At B/IT % 1.0~4.0 DHEIPAINTIT 7=, ZITT /L
7 UHEOE Mg A2 W0k, R iR ot
BIRRAREET, e —T7 Ry 7 AP CTEIEETT O BB e
W2 bk, BREERUVENBIRT Al BUR L OEMEEE N
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WHEWNZ & 2B X TEREZITo72[11], LL, A7y
JAERWT, BV UAEE B EOEBTORG»LIX
AIKBis 5358 53, a-AlBi & B-AlBu i DEAF & L
THM L7, b7z AlTB4(T=Li, Na, Mg){baWiTfsm
FTr—F—, fERERLEREIEFN, 2, HohickE
BRI E & B LR OMEE 2N THET 5,

BlZ
icosahedral

Fig.1  Crystal structure of AlIMgBis-type compound: three-
dimensional perspective view[8].

2. EEBAE

HEJFEE LT Li, Na, K g\ ix Mg O Hi3E (LiF,
Li2B4O7, LiBO2, LiCl, LiNOs, Na:B4O7, NaF, Na2COs,
NaCl, Nal, K:BsO7, KF, K»CO;, KCl, MgF2, MgCOs,
MgCla) GRLEE 98~99.9 %) & ftidbtk B 99 %), B 7 7
I ALLTHRZ U ROEE AIHIE 99.99 %) & H\ iz
(Table 1), TS FEMEEA I B/T = 1.0~4.0 O#iFH T
BAEL, FEE AlZ7T v 7 ABEZBEENL T 15~201ZH
L7, IRALTZERZ ALOs VY RHIZFEEL, ik Ar
HAFIHR P OB A LTz, MEEE 300 K-h'! 7
WV, FREDMEVEE 1673 K T, 1 BFlERFL, 1273 K £T
BRI 50 K-h! TR L7z, EHLIMRIZEIR F TR G
L7z, WHEItg, Al 7T v 7 Rl CIAfALER L, BRL
Tl dh A K CBES L7z, S OB EIRTEMEE F T1T -
7o BBNT-HKETIE, XRD (Rigaku, Rent-2000) THOD[FE &
L ERZBEL, SEM & REBME CREORE I LIE
e @152 L, EDS(Horiba Co, EMAX-2770) T4 & L%

Table 1 Growth conditions of AITB,, crystals obtained from
metal salts and boron powders at starting materials.

Metal salts  B/T (atomic ratios) Phases identified
Li;B4O7 2.0,3.0,4.0 AlLiB14
LiF 2.0,3.0,4.0 AlLiB14
LiCl 2.0 a-AlB+2, B-AlB+2
L|N03 2.0 G-A|B12, B-A|B12
LIBOZ 2.0 G-A|B12, B-A|B12
NaF 2.0,3.0,4.0 AINaB14, a-AlB1,, B-AlB1,
NazB407 10, 20, 4.0 AINaB14, G-A|B12, B-A|B12
Na2003 2.0 C(-A|B12, B-A|B12
NaCl 2.0 G-A|B12, B-A|B12
Nal 20,40 a-AlB2, B-AlB12
KzB407 20, 4.0 Q-A|B12, B-A|B12
KF 2.0,40 a-AlB+2, B-AlB12
K>CO3 20,40 a-AlB+2, B-AlB+2
KCI 20,40 a-AlB+2, B-AlB12
MgF 2.0, 3.0, 4.0 AIMgB1.
MgCO3 2.0 G-A|B12, B-A|B12
MgClz 2.0 G-A|B12, B-A|B12

OB EFT-, £, BoNRESE, oy b — 2k
R 2 AW CEIR CHEHE (R 2.94 N, ffERFfH 15~
20 B, SQUID =2 % v h A= —%H\T 1 kG DR
T2~300K F TOFFHN CTHALERE Z1T - 72,

3. BRLEER

AlBEC 77 v 7 AP T FuatEl BEHWT AILIBu®
B EIT > 72, Li #i& LT LiF, Li2B4Os, LiBOa, LiCl,
LiNOs & iz, ZIL O OFEREZHEDT=DH Table 1 TH 5,
INBME LiF BT LipBiO7 & B & OIS S AlLiBusfE
ARG SN, FRLSO Li ¥ Tl AILBufiiidisshn
ehotz, LiF 2HE 67 AILiBu it DEE% Fig2 [OR
9, TS AlLiBu T REAOLEBIEGR TO10}EHEET
BIEHD & BRI ERRAES E LTER L, 20
AT, JElICHRE L7248 Li & B2 OB L7z AlLiBs & |7
Kk mIERRCTH o =[1], £72, LiBsO7 & B OIS H15
Ll AlLiBus fdh b RIS BB L, JEHOH DK
W T, RAOKREZE 43 mm x 1.7 mm Thol=, —J7,
LiBO2, LiCl8ME LiNOs & B & OIEN I, AlLiBufsidh
NARTET, 25 mm BREOEATELDOH HHIRD a-
AlBi2[Fig.3(a) ] L BRIAGE CHFZEWEKEZ G T 5 B-AlB-¥ 1 7
[Fig3() J[12]F5 A RAH E LTEORTZ, ZOKRKNITE
BT Al 77 v 7 A& LiBO2, LiCl W ME LiNOs 23 i L 72
Mmool EBbhs,
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AlLiB,, crystals AlLiB,, crystal

Fig.2 Photographs for stereoscopic microscopy of AlLiB14
crystals obtained by LiF and B in the Al-self flux at soaking
temperature 1673 K for soaking time 1 h.

a-AlIB,, crystals

B-AIB,,-type crystals

Fig.3 Photographs for stereoscopic microscopy of a-AlBs, and
B-AlBs,-type crystals obtained by LiBO, and B as starting
materials at soaking temperature 1673 K for soaking time 1 h.

@75y 7 2R TH MY oA E B A2 HVT AlNaBs OfE
FBREIT 577, Nalid LT NaB4O7, NaF, NaxCOs, NaCl,
Nal Z W\ =, ZNHOFEREZBED =D Table 1 TH D, =
NS5 NaxBsO7 8V M T NaF & B & OG5 AlNaBiasfilid
NERTE, 2720, ZhbHD Na X5 I1E AlNaB4 LIS
IZ 0-AlB12 & B-AIBu S EEHH & LTH LT, NaBaOr
MHEBITE AlNaBus fifidhid, AILiBis O5A & Rk
T, ZBRNROREBEEATOI0HEETDIELD D HHIR



I TR (Figd) & U CTAER LD, TOHRRKOK
XXX 26 mm x 1.1 mm CThHo7z, F£7=, NaF &6 7-
AlNaBus X B EOEBIEIR 2 H 9 5 % kA& (Fig.s) T
Bon, ZNHUND Na HTE Li EOBHA & RIS o
AlB12 & B-AIBifEfmDIRAEM & LTH LT,

gl\ &,

250um 500pm

Plate-like crystals Cube-like crystals

Fig.4 Photographs for stereoscopic microscopy AINaB4 crystal
obtained by Na;B;O; and B as starting materials at soaking
temperature 1673 K for soaking time 1 h.
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Fig.5 SEM photograph of AINaB4 crystal obtained by NaF and
B as starting materials at soaking temperature 1673 K for
soaking time 1 h.

RZ7Z7v 7 2%HNT, Y7 AHE(KBsO7, KF, KoCOs,
KCD) & B L OIS S AIKBufbfa D BEREIT-> T2, DRk
B, EO KEEZHNTH AIKBuiEmnE o7, a-AlBi &
B-AlBi2 FE b M IRAFH & L TARK L TV /= (Table 1), Z DR
AL, BV DLENERT Al @R ICEMR L2
B LG Lol tEZbND, EHRITETHEN K
T T4 0231 nm T, Li TiX0.152 nm T, Na TiZ0.186 nm
T, Mg TiX 0.160 nm TH Y, K JLFEDJFETFEE[14]DF7 M
Li, NaBi\ME Mg iR LD b 1.24~1.52 fHF ERENTZDIT
AIKBufERR N ERR LR o722 & b EZ HND, A I B
T AITBu AR O Tix 6 BiAriZ3 T Li(+1 ; 0.076 nm),
Na(+1; 0.102 nm), Mg(+2; 0.072 nm)[14]C, TIEN DI
ROA T EEDHBAPIVETH D, ZHD AlTBus
FEROERN AR TH D, —FH, KIuHEDA L RIT 6 B
AL (+1 ; 0.138 nm) C, Li(+1), Na(+1) g\ \id Mg(+2) D1
VIO L 135~1.92 fFHIFERELBoTWVD, /DT,
MgAIBus-% A 7 HEE IS IE K mENEHR T 5 2 ERRETH
bl TE B,

T, A7 7 v 7 A%HNWT, w7 %7 L MgF,
MgCO;, MgCh) & B & DG D AlMgBua ffidh DB & AT
572, MgCOs & MgCly 2> 513 AIMgBu fES i3S 6T, a-
AlBiz & B-AlBi i OIRAF E L TAEMRL TV, AlMgBu
FERRIE MgF2 & B EORIEMBLERTE S Z ENbh ol
(Table 1), AlMgBu4 f5fDEE % Fig.6 1237, AlMgBus i
BT R 2.2 mm x 2.0 mm OFERFREOWE bR B
REALZHERTRAZEL T\, ZOHE, FEHDLIL,
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Fig.6  Photograph for stereoscopic microscopy of AlMgBi4
crystals obtained by MgF, and B as starting materials at soaking
temperature 1673 K for soaking time 1 h.

72y 2HNT, WREFEEE L TR Mg & B OMIG
225 AlMgBus & AlMgBxn #idOIRGMH E LTERL TN
[3lc L2vL, AFEBRTIE AIMgBn #1525 Z LN TEX 2o
2o ZORKIE, Al 75 v 7 AP MgF2 DIERED/NE N
DENE MgFa 23 B & ORGHBRN =D THh D L HEE T
%, UED XSz, @87 vk E HWiciE Tk TR(T =
Li, Na)s\ & MeFaiX, s T AR & SOG 3TF + Al —
AlFs + 37 8\ 3 3MgF2 + 2A1 — 2AIF; + 3Mg>) L, & @A
FrBWIERBITE T T Al LOAENERT D, AR
Al BRI LTS B EJE L, RIBH T AlTB4 f5dh
NERLEEBbNS, Z0XHic, TF 7% MgF 1% Al
Bl & FOG L, BRIDO@EA VMR ER L7zb D LHERITX
%, 557 AlTBLAER D XRD /3% — > % Fig.7 & Fig.8 I
R, Fig7 TiX, LiF & B £ ONKIETH Lz AlLiBu B &
" NaF & B OGS B 5372 AlNaBis @ XRD /3% — 2T
%, AlLiBis & AlNaBis D XRD /X% — /1%, MgosAlo7sBia
(ICDD 7 — K No0.39-0459) (a) 8. % o-AlB12(ICDD % — K
No.12-0640) (b) & B-AIBi2(ICDD #— K No.12-0639) (c) & —
MICEHE Lz, ORI S AILBuftiho XRD /3% — 0%
Mgo.78Alo.75B1s DEIHT & — 7 OALEIZELIL TV 5, AlNaBis
fm QRS2 — 1%, MgorsAlorsBiy DR X elElfffer—7 &
HRr & B LTV B2, a-AlBi & B-AlBi & A TV,
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Fig.7 XRD patterns of AlLiB14 (from LiF) and AINaB4 (from NaF)
crystals. (a): Mgo.7sAlo 75B14 (ICDD card, No.39-0459), (b): a-AlB2
(ICDD card, No.12-0640), (c): B-AlB4, (ICDD card, No.12-0639).
O: AlTB14, A a-AlB1o, A B-A|B12
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Table 2 Lattice constants of AlTB, crystals.

Compounds

Lattice constants (nm)

3
(AITB1s) Metal salts a c V (nm?) Ref.
NaBBi4 - 0.5847 0.8415 1.0298 0.5067 (6)
AlLiB14 LiF 0.5841(5) 0.8149(7) 1.0361(4) 0.4932(6) this work
Li;B,O7 0.5838(1) 0.8144(1) 1.0372(2) 0.4931(2) this work
LiF 0.5847(1) 0.8143(1) 1.0354(1) 0.4930(1) (7)
Li 0.58469(9)  0.81429(8) 1.03542(6) 0.49297(8) (2)
AINaB14 NaF 0.5851(2) 0.8243(3) 1.0455(4) 0.5042(3) this work
Na,B,O7 0.5849(3) 0.8238(5) 1.0459(6) 0.5040(5) this work
Na;B,O; 0.5844(1) 0.8231(1) 1.0465(1) 0.5034(1) (8,9)
AIMgB14 MgF, 0.5845(2) 0.8114(2) 1.0330(4) 0.4899(3) this work
Mg 0.58450(2)  0.81137(7) 1.03298(4) 0.4899(1) (3)

ZHE AlNaBis il 258 B ORI a-AlBi2 & B-AlBr filifh & &
AELD LB D, Fig8 Tl MgFa & B OIS B/ L
7= AlMgBus ORI /3% — 2 % RT, AL MgossAlosBia
(ICDD #— R No.39-0459) D[Efi /37— LHELLTH - 7z,
T2, FNHLUANOEBE T AITB fidm A A TE 2
57278 a-AlBr2 & B-AIBufERDOIRAGHE L THRONTZ, 56
7= a-AlBi2 & B-AIBi2 1% ICDD 7 — F®D XRD /8% — >
[Fig.7(b) & Fig7()] LB TH -7, AERTH LN
AlTB14 5 b DR EEUNE A1TB14 O SCHRE S & T NaBBu4[6] &
—#EIZ Table 2 12T, ZNOHMNHLAERTE SN AlTBu
DR FEBITSCHE S R L TV 5, $£72, BTFEEHK
®7- AlNaBis OHAKSE T AFEIL, AlLiBia X AlMgBie KV b
KExL o TWW=, ZHut Na OJFF£5(0.186 nm) & A A
VEE14]0(+1), 0.102 nm] ® 2%, Lil0.152 nm ; (+1),
0.072 nm)=° Mg[0.160 nm ; (+2), 0.072 nm] DJFEF £ & A
FUPERLD B REN LIZBER LTS, F£72, AlTBu &
NaBBis O HEA A%+ R &2 Ll L7234, AlTBs L0 b
NaBBi4 DS B KERETH o7z, T Na OJFET R EA
AR OTTH Al OJFT-H£2(0.143 nm) & A A PR 0(+3),
0.054 nm] XV b RENZ LIZBER LTS EEBbNs, EDS
BIE D B BN W= 7 4 ) s E Mg S okaA
V(F, CEWME O) DIEHEIL AlTBu it PICITEBRE TH
ST7, F2, Al T EOMBRHIIIRE 2B(EN R R0
ST, BT, AlTBufbEHIZIZF, C8 N O tk%2 &=
nT, TN EAEBEERT DI Lixhot, HIC
AlTBu fEdET O Al & T L OMBRIIZES & 03 Hd Ui aobT
E[1,3,8ITTVMETH 5 Z L 3R T & 5,

MJ N
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Intensityla.u.]
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Fig.8 XRD patterns of AIMgB1, compound (a) obtained by MgF,

and boron in the Al flux, and Mgo 7sAlg75B14 (ICDD card No.39-
0459) (b).

WIBRE 72 MBI 3RS & LR DOWE 24T > 7=, AlTBu4 Fiiid
DY T — AN FE O fE B & SCHERE[3,5,7-9,13]1 & —F& 1T

Table 3 27”7, AlTBi4 DFEEE, LizBsO7 & LiF o564
72 AlLiBis TIZ 23(1) & 24(1) GPa, NaF & NaBsO7 22 H155
M7z AlNaBis TiE 25(1)& 27(3) GPa T, MgFa b 453 b7z
AlMgBi14 TiZ 26(1) GPa Th o7z, b D AlTBu LA
EOMETXREE bR —H L Tnb, £, AlTBuitE
WiX, cBN(46 GPa)=° B4C (41 GPa)[5]1& V) HEEEE A/ N X ME
THDHD, @ADL TH LRI E W EEEZE T2
METHD Z LRbrote, TIZ, AlTBu bAEWIHRIEE T
WALRHE EIT - 72, THOHOWEHERE Fig9, Figlo &
Fig.1l {2789, NS OREEND, AlTBu iTKIRE CTlIdix
HBRHEE RS o Tz, Fi2, FIRICB A 863%(7,12,13]
i%, AILiBis TlE-4.4 x 107 emu-g! T, AlNaBis TlE-4.1 x 107
emu-g! CREEMZ TR L TWVWBDHA, AlMgBis Tl 1.0 x 10°
emu-g! Thotlz, AlTBlbEWIE, =B 2K ETORE
KIEMETIE, ZNOBEROEROCRE 2D, HHAZR
BHABNEETDHIZEnNbholz, ZORKNIE, My
AlTBus FEFBITE F TV D A O 2 BB T O KB
X270 ThHL R METED, ZD XD BB,
REBso (RE = A7 LFHILFR) [15]1X° TbBas[16]0 & 5 12 Bi2 1F 20 i
TENOTBEF I THRBRICBES N TN S,

Table 3 Micro-Vickers hardness of AlTB44 crystals.

Compounds Hardness values Ref
(AlTB14) Metal salts (GPa) )
AlLiB14 Li,B4O; 23(1) this work

LiF 24(1) this work
Li, LiF 20(1)-29(1) (5,7,13)
AlNaB 4 NaF 25(1) this work
Na,B,0, 27(3) this work
Na,B,0; 23(1)-28(1) (8,9)
AlMgB 4 MgF, 26(1) this work
Mg 24(1)-28(1) (3,13)
_2‘010—7 L L B | L LA B L RN R LR B
"%‘u 25107 | E
= -7 -
g 3oy AlLiBui
Z 35107 ]
2 LB ]
- -4.010 s 7
] F I SNBSS S
& -45107 | ]
5.0 1077 1 1 1 ! 1
0 50 100 150 200 250 300
Temperature (K)

Fig.9 Temperature dependence of the magnetic susceptibility of

AlLiB14 crystal[13].
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Fig.10 Temperature dependence of the magnetic susceptibility
of AINaBy, crystal[7,12].
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Fig.11 Temperature dependence of the magnetic susceptibility
of AIMgB14[13].

4. F&O

Al HC7 7 v 7 29T, HFEEEE LT Li, Na, K, Mg
DL B MIREZHAWT, P& OMMENRE E T 300 Kh! T
FIRL, INBGEE 1673 K, INEARER] 1 h £RFF, MHRmEE 50
K-h! D44 T, AlTBu4(T = Li, Na, K, Mg) DBk %17
o7, EOFEE, ALT-B%(T=Li, Na, Mg) Ti%, HFEE
% LiF, Li2B4O7, NaF, Na:B4O7, MgF2 & B &AWV 724
AlTBi4(T = Li, Na, Mg) #i@MRERCTE 7=, 72721, AIK-B
BT, EOTAAVEERWTY AIKBu fEmEEs &
MNT&E e oT-, £72, AlTBu fEEBHELNRNE XL o-
AlBi2 & B-AIBi il EATEE U TAR L, fMamEiEi,
AlLiBis & AlNaBis CTIXREBATOI0HEHTHELDH D
Otk &SRB KOS mERR S T, RRKOKE ST 43
mm x 1.7 mm Toh -7z, AlMgBi4 TIXEAOZmE AR T,
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A 22 mm x 2.0 mm T/ 67, AlTB14(T=Li, Na, Mg)
FhEER RS T ERIISCHE & B < —E LTz, AlTBus fifa D
THAE L B bRIE, BEECIE 23(1)~27(3) GPa T, {KiEFETOD
WALR CITFE AR D BN A 2L TV,

HitE

SR CTILE L RE KB T 55450 Hamed Mofidi Tabatabaei {8
& FERASEA, FRENIRFE L EMRE O45 HFET K,
T 4 — R FIISEHT O Gerda Rogl 11D T 7 % 15
FlLlz, ZZICHFFERLET,
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