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Investigation on LiB3O5 crystal and its growing solutions

using high temperature Raman spectroscopy
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Abstract: Using the high micro-Raman spectroscopy, the: ;nicro-structures of nonlinear optical crystal
LiB3Os and its high temperature solution were studied. The high temperature Raman spectra of LiB3Os
crystals, Raman spectra of lithium borate glasses Lio0-4B;O3 at room temperature and its melt at high
temperature were obtained. The analysis of these spectra indicates that the micro-structures of LiB3Os
crystal and lithium borate glasses LizO-4B2O3 are mainly the six—nﬁmber béroxol rings containing one B@,
tetrahedron () represents bridge oxygen). With the temperature increasing, the stability of BO4 tetrahedron
decreases and destroys, a conversion from 4-coordinated boron B@4 to 3-coordinated boron B@3 occurs. As
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a result, the six-number boroxol rings containing one B@; are partly destroyed and the concentration
of boroxol Bs@e in the high temperature solution increases. The structural characteristics of the high

temperature Li»O-4B203 solution are benefit for LiB3Oj5 crystal growth.

Key words: materials; LiB3Os crystal; high temperature solution crystal growth; lithium borate glasses;

high temperature Raman spectroscopy
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LiB3Os (LBO) B—FEREE R M IERIE % R, ERABGKESR. B RER. FELREREK.
2EFRRESRA, B ENATEREOEEMSE Y . BREENLA LBO Rt RRERMESE
B, MEKHAXRSHERER LBO &, ATXMTF LBO &4 KHMMMLERREEELTT. A TREE
MAEK IS BEREERBRGBOREN B BAX B3, 5 AR5 SR i v bR B B A8 L R dl
KENSRMEHNES, NTERREERIE, BRGEERIE. KESUGHGRERTIZREA T
SEENEXL.

LBO BT Li;0-B;0; it REHE FREBIREREMN 5 FMb&PZ—. Sestry & U HEHRET
Li;0-B203 el RAHME, %R%KHW LBO ik 834°C FERIM-E4L. FIERTAEKERE LBO Sik#E
Bk NREREERE B, BEENREAEKEN N Lia04B0;, Hnt iy BoOs 5 B BIEH (1,
HTEERAGTEEEMETEE HITEHREN LBO B KRB TAEKBRE SEFEIEK B
MERAXT LBO @A REFMRERSHWTRME. FASUEBERILEROL B b 8 5% E A,
R T LBO SSRGS BRI K Li:0-4B,03 kB BB ERAS BHEE S FRERWMEN
¥FIE.

2 Gk RARE

ZET LBO REBTERR R, FEEE Pna2;
(C8,), —ARINE 4 AT (36 METF) . AksHE
FRH—/ BOs (0 XHHE) WEHEMFA BO; MEHE
Gt BsOr ATEHEHEL LA AETHELER, B
R ¢ BT RITE BRSNS, & I 2 1 SGE
AHEEER == REH. Li ET4L4TF B0, ASIEH
AR ERFKRE, & 1R RAE (001) 771 LBO Fig.1 The projections of crystal structure at
AR RE. the (001) face ‘

3 ZERFE | |

ZER REUERHRRS: BRBEIEEER (JYU1000) DL REHR SEERE, WE 2 ZEFR.
HA SR BHAIS IR A Nd:YAG Bk Q MBS AN, HiHiEK#d 355 nm, ThER
0.6 W; RATHGHERERFGSRERS A K ICCD (Intensity charge-coupled device) DA} Hta)4r (=5
FREA, FEOERT SRS TS ESRE, ARSI BE, SR SIS BRR
Flem ™, FEGHERT 1 pm . HESBEERPHIAZR BT, SENRRE. BERRFU RN
SHIR, ZREBHELN £0.1°C HERKE.
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HEE A KR LBO GiEBYIA 5 mmx4 mmx1.2 mm B85 B TFHESHIRN—5, BREHE
i Liz0-4By03 A S AKYIAL 5 mmx6 mmx1.2 mm KA B FHSHRMA S . HEENREER
e, HREZHRLEZHSHRPERSEESREBRTENERER (4 817°C) . MuRiAEMRERE,
BERTEEEREARAREFNAE (B 2 PEEFR) . BOCRBER SRR SR P L BB A B
hEmE REMER 2 FARR), BbEBERRANAE SUFRE S,
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Fig.2 Illustration of the experiment system (a), photograph of high temperature solution and the grown LBO

crystal (b). a and b are the spectra measuring points

4 HR5vhHe
Xiong % MO B92 T LBO KM R IBHL 8 B A R AL AMRIBGE, HR B FRMI L, ¥ LBO
SRR TR BsOr EEERLN Bs0s 5 BOs W44, 183 LBO Rk IR SMBIR M SRt KA
THERSHEHFE. LBO REIRIIERER: 27A1+27A+27B,+27By . BR A+B;+By =P AE2H
ZHNTE R 105 M2 o 8 %4, B LBO &iktr S iRahigi L, SRIE 4. B 3 RN LBO &
B REBRIEE, EETHRNEITRA N BT B0 HAWIHERSIETEY 422 cm™!,
608 cm~!, 648 cm™!, 765 cm~!, 998 em (B 3 SR 1500
RIR); JB T BO. EFMFERSIEEE Y 342 cm ™, oo | 923K |
472 cm™1, 552 em™!, 918 em ! (/& 3 BRIFIR) . HEE 1400 F A
IREM TR, BT kg R T R T e R A3 1200
KR IR 085, URE TR PRHERMNRE
fAERH A NEEM T EELX, B EEHERS
e L R A R RIRG R 1Y, LEEET 1023 K 600 |

= B3'O6
BO, ]

1000

800 |

. Intensity/a.u.

Bf, BO. B EERDGNHSK, St R 52em!, ol
606 Cm_l 5& B3®6 %E%ﬁﬁﬁjn@ﬁ?‘f, iﬂm%i‘% 200 200 300. 460 5()0 :600 700 860 900 1000 ]lbO 12‘00
oI TREEREM TR, LBO BIkGHT BO, HHHY Wavelengihem”

BENRBRRE R ERMIR, X—E 21 5RE B Fig.3 Raman spectra of LBO crystal from
BRib i EE AL 12 DR Li,0-B,0s R R &k room temperature to 1023 K
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MLE AR R U9 —ABRF &1,

& 4 BRI Lip0-4By 03 g A KA SR BERHALI R Lio0-4B,0; HRBEMATHL 806 IEE. Fl AR
W7 R B B SRR LA R B B i e, 45 SRR Lip0-4B,03 A AR EL S B i b T B 2 A Y-
M 7S T3 BsDe H:H (boroxol), HARMEIR SN T 804 cm 114 & —4 BO, BT E S THEA
(pentaborate, triborate, tetraborate), FARIE R BN MEXT Y T 665 cm ™, 736 cm ™, 776 cm ™! I 926 cm~H15:16];
PR A BIH BOy £5HF0 BO; 454, HAFMERRSNIEA T 500 cm~! BHE 17, f0A 4(a) FiR. BEIIRGEER
FrE R EE L, SEFRN ST BN SEAEY: 481 cm™, 680 cm™, 765 cm™!, 794 em ™,
881 cm™! , X H BRI BB A h &g T UK B @gﬁ%@%@ﬁﬁﬁﬁﬁﬁi@ﬁﬂ&@ﬁ?ﬁﬁﬁ%
b, 673 e~ BT IR SIER B IR BIE W metaborate M EMEITETE, BIIEARE RIS, Metaborate
GHNFEERAEBAE BRI REETWENE BO, M=FAL BO; M5, MBS BO, SMHHK
3R89 XHERBRERTEE 1 BOs SHNTESTHERYES, BRI EFZASTH
BT B B4 AED B IR SIEAR X R E RIS, EILATISE] Li;0-4B,0s WP MM EER: MESTH
B3@s (794 cm™ 1), &FH —A BO, HHETHEANTTIHER (481 cm™!, 765 cm™1, 881 cm™1), FABH BO4 4
4 (481 cm™1), JEFFE NBO (680 cm™') 4%, & 4(b) Frix.
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Fig4 The Raman spectra of glasses and melts of Li2O-4B»O3 composition
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973 em™! . WA LBO S RIEM ¥ (B 3), TULE

752

G 544
g”"l TR M 7 1 B PR T Y E BRSO
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Fig.5 The Raman spectrum of the grown LBO

crystal in high temperature solution
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%@*iﬁm%mﬁf%@ﬁ—ﬁ\ B@, 5B TE /SR E A (pentraborate, triborate B, tetraborate), $if
B RFEALT 750~800 cm™! . FEE BRI TR, WEICIERE F BO, SHRERIE, &5 —1 BO,
ST E A TOIR R WA EIR, KRR 121810

B@; — B3 + NBO , 1)

PR R, LBO S A RNEII SR BO, G54 M py S ERBNIE % A0 2, T BsOs ZMIMIISER ik
BSRTFEE. 7E Lip0-4B,05 ik B BIA A K ISH BB B, 673 cm™! BhHE BO,O~ LM
ERBER IR, 765 cm~! BHESH —A BO. HHBTEA TSRS MM BT EE, YR
794 cm! WHE BsQs HEHSERBMHIA R F R, XN B RBIEAALES . 7E Li,0-4B,05 Sk
KR4 BB, BB & — 1 BO, ST E AT SRE M BN, BRI
HIAEAFE NBO UK BsOs HHEMRE MR, HARTLR, WHE 6 iR, MERBFHFERS
PR T Y B I A K A4 T A e ) LBO ik, [ TT UMM Li,0-4B,0s [k B B A K IS
PR BB BsOs ZHIREH 5 TR A LBO Sk KR 29, X —Busi it S TR LBO Skis
R+EME.

Fig.6 Ilustration of the micro-structures evolutions during the melting processes of LBO crystal and

Li; 0-4B203 glasses
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ZA3CGEAHA LBO sk miBH B, Lin0-4Bo0s A4 MRS R H IR AL & 63 LA B Li,0-4B,03
ERBWHIE L, B4 H LBO Sk K Li;0-4B,03 A5 B Eh B B il A M B IR B R L 32 PR
BENAS, SWPREFZREKURRASTMER, ERAEDSEEIRSEEA LR U K IETH
B, EEbdE+ LBO &kl R Li;0-4B:0s ASHRRELSE MR M ER T BO, R EERERE
SR, AR Li20-4B.0s iR Y B:sOs WA /ST EARERIE . £NEHBIRAHNEL
dRF, BHILRE BOs B0 M THFENBEXEER, MHEKERN B:0s ZMEEN TR LBO
EMERE RN, XBERMTFRITT SR LBO SEEKHIERET EH/SE,
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