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Abstract

The electronic structure, optical and lattice dynamics properties of TiB; are calculated by using
the first principles of density functional theory. The calculation results show that the TiB; has me-
tallic characteristics, and the conduction band is mainly composed of the 2p orbital antibonding
state of B atom and the 3d electron of Ti atom. The o bonds of B atoms are formed from 2s and 2p
hybridized orbitals, and the p, orbitals form a single continuous  bond. The transitions between
these states are reflected in the absorption spectrum. The electron cloud orbital distribution in-
dicates that the 3d orbital of Ti atom transfer to the 2p orbital of B atom in TiB,, is similar to the
charge transfer of MgB,. Lattice dynamics calculations show that the splitting between LA (LO)
and TA (TO) in TiB: is significant, and the higher part of the frequency comes from the vibration
of the B atom in the hexagonal plane. All of the nine eigen values at I' point are summarized and
labeled according to their frequency. The prediction of TiB; superconducting temperature should
be 0 K.
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FIRETHEZ RERK SRR E T TiB MR TEM . BEMEENNZEERT. HHERATIBA
FEBRE, SHEEHBETH2pYERBENTIR FH3dETHR. BRTFHMoH2sM2pAuiiE
FEm pAERMHR—NELNInEE, XEFEERITERBOEEHEI. BT =PIES R YITIB,
KITIR THI3dEBERTHI2pHIER, MMgB K BFHEBAL. SE3hHETERATIB.FLA (LO)A
TA (TO) R M REE, FRBF TS HRE TONTFRBEFHIIRS) . X BT rRE9% B2 7
XL ISR AT T AR, BE TRINTiB 8 SR B0 Ko

KiEia
TiB:, WT4H, BH, REWRR, STER
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1. 5]

TiB, BAME ARG R PR E S s, B T T AR BRL B a4 8k LL R A ot
B AINAIL]. RN TiB, BA L RET LR, W A1E 9 tE M AR R il f AR AR [2] [3]. JE4E R, MgB,
PR E RIS RN MB, 2R B TS5 M RO DG, X MB, R HL T BRI TR 2 F 5T [4]
AN, TiB, FItR =2 TiB MRS H T IAT SR s i b i =220 07 20, W e s ROV A T2 T 1 1
RO AR G0 1038 B0 AR TR 1 P M B AR R o Xk 55 25T TiB, (1 smA 8l /1 AR AT 7L S8
1M H A TiB, Wt E 2L TSR . tHEERAAR)Z Ti 5 8 3d # B -+ 2p FI24LE15 TiB,
H A &5 B (pseudogap) [5], TiB, (0001)FK [HI#RA K AL M, (HIRIHLEE 148 H BB 2 15t R L 5 [6]
T TiB, 655 P8 S o 1 56 — M B B ) 3R e D, RSO T TiB, LT 4544, 65 Rk
PLA St A& 8 18T, D TiB, LRI 1 FAR A L) 3 SR AR B (s, ke 1 TiB, AR & il SR )

2. WHERBESE %

TiB, %% N 4.26 glem®, JE/NT7 &, 2N P6/mmm, S HECA a=b=0.3028 nm, ¢=0.3228
nm, a=p=90", y=120". NJ7faiFJEMA Ti JHF4FA000), HIESEREBTARKOIE. B R
TAERRN(L/3, 2/3, 12)F1 B(2/3, 1/3, 1/2), £+ Ti JE TR M =Mkt pty, 78 XY “FHMEEMEN T Ti
JE TR = By . £ TiB, ffk T, B R FIAN Ti J5 51042 B B 4 71 R 25 44 [ 7]
wnE 1(a). & L(b) TR TiB, fAL.

ik
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Figure 1. Crystal structure of TiB, (gray ball is Ti atom; pink ball is B atom). (a) TiB2 crystal; (b) calculation model
B 1. TiB, @AFLEHUREEN Ti BT, MEHKNBERET). (2) TiB, &iF; () HHER

T EARM TiB, H B & RSB, el TiB, SiE% & il #41F, iH5 Hh CASTEP
(Cambridge serial total energy package) 5t . K% TP EA N EAMNCLE L, 78 m A EA
o, SRHZ=4ERA AR, 2T R R BRI R R, RABERIE A RMIA S L 540
FZIEMAHEAEF[8]. TEBI 5 k 251, Pk fE(Ecut) & BN 770 eV. 2Z#e-SKIRER A GGA,
1BIEJTE(PBE) [9]. FR40H AL e 5 A i faf 25 BEAEAT BN X ¥ k R EIEHCH 8 x 8 x 10, DALRIF/A R AEE AN
PR P 3 KT A8 FHismia b, R T Pulay % IR A5, HIE N 2.0 x 107° eV/atom.
KA T BFGS BiExtaitthitl, RACSHA VYA T REE A U SiohadE v 0.05 eVinm; B 1RE
ERUSARAE A 5.0 x 107° eV SR A BT AU SbRHE A 0.01 GPas JRT-He K AL I SbniE A 5% 107° nm
[10]. PUAS 2 H 335 B Shobn o B 58 &S LAk . S 5 E MM AT Tidd%4s?, B2s2p'. 1% H
norm-conserving E# AR ERT, THE KRR AN 8% 8 x3, REREMIEIE.

3. itEER5vHE
3.1. TiB, &tk
FIF BFGS 324 14 1(b) TiB, &Mttt 5 it H A3 TiB, ST S5, ¥k 1.

Table 1. Calculation results of various parameters of TiB,
F L TiB, IR MSHITELER

Properties a,c A cla Bulk modulus/GPa  Poisson Ratios ~ Ecoh/eV-unit*  —AH/eV-unit*
GGA? a=3.036; c¢=23.289 1.083 275.773 E=0.24 23.600345 3.389
GGA" [8] a=3.0292; ¢=3.2196 1.063 - - 20.9109 3.382
TB-LMTO [9] a=3.070; ¢=3.262 1.063 - - 53.8459 3.197
HF [10] a=3027; ¢=3240  1.070
Experiment a=3.028; c=3.228 1.060 500 0.09~0.28 - 3.401

—HEA LDA WEAAEL Ei B AR H AU/, 10 GGA WAR B, BRIV EAS 80 KL 5. A
CHHEL(GGAY W AT, K GGA tHEAFZIANTT d ki a, c IR, X 53CHR[OTTH A R — 2. A
PRSP R LESEIRAE /DN, VARALEAE S TT SR AR SE K tpils = AN T7 M R BUE AN R, BORREHT Z J710, b
R X Y J7 ), ~FME Dy 0.24, RILH &ttt BHT B -1 i g 3 AR B (X 2 Y 5
[F)ECR. A5k MgB,. h-BN ZEZURGHMII A, BRI [ ik, Hu2AZ e XY A1 i b 225
AR, BN Z FARLEZ AR R . TSR] TiB, BT JZ IR G5 S AR AL
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3.2. TiB, REH NS EE 247

TE5#7 TiB, Ay 45 1 DOS Z 1T S 73 BT TiBy 5% I 70 25 4 L 7 LI RO 20 A NPT RETEE J ) A 255
T Ti JE T T ELIE Sy 3d 1 4s, FHEF 3s I 3p B AN AL AT R, DRI AN BILE 1
SIS N, B R MBI 25 F 2p. TiB, 25 IHEXT R (1 5 T S B2 Dey B, A H0 FHLETLE
Den s BE 2 8 TAFMA T Z%R 7R, @3k 1 (Equation (1))

ST AG PPy EyiD, Ay
dy,.d,, " Ey
d, ,.d_:E, &)

RAE 7 FHOERI, 5 FIRPUETE R BRI BRI — 8O A rTRE R . BRIt M SR AR BILE A ]
L)FORHKE, s HUER Tid , XIFR{E—5, B2p PUEM Tidd A[AFTRANR, WPUERER F%5 & B2s o]
AEAN Tid , FEBAG A8 . TF5T TiBy P EHF 45 #1255 [ (density of states, DOS) WA 2. 5] 2(a) 2 K fig
PP P AN IR Oy f b, I A BR8] oK AR L (H-1.096 eV. A% (total density of states,
TDOS, & 2(b))F143 &% & (partial density of states, PDOS, & 3)/r#r# B, 782 KRS fArE ik

BEE, MRS HANTRAEES, SEEEGETEXMN Tidd Al B2p FIA%RE. XU TiB, S MM
TR E Y Tidd 1 B2p HUB N TR A. 1538 TiB, e =A% E K. I B ¥ PDOS (1 3(b)) il &

¥l 2s M1 2p HUBHE 7, X5 AT T HUEFILEIE A, XTI Pauling b HUE I RAEE . T
TiB, db iR PN T7 MRS LI B IR 7 sp® 44k, sp? LT IFIR AT, = Ay @ By, » I s Al p $LiE DOS
W E AR, HA0IRIE 3. DOS i h e BRI B Y 25 HUBEKLE R, Fermi il 2p Pl
HRo R R PUB RN B A A1 By, BOXTRRYE, 7RI Ti ) 3d HUBTE AL F8E . IR ORI & AN
ANATZIFRORIG 2p A0 3d BB R RAEMEH, X MAUIED B (1) 25, 2pc 2p, LK Tid , .
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Figure 2. Electrical properties of TiB, (a) energy band; (b) density of states
E 2. TiB, ¥ M R(a) #EW; (b) SEE
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Figure 3. Electron state density diagram of element in TiB, (a) Ti; (b) B
3.TiB, P L RBFAEEE®@) Ti; (b)B

Fermi [i LA b DOS f i EER H T Tidd #UiE, AP A)E T By 1 E,y ALK, il T
FERE B2p Ui, MALSEEVER M2 B P spPo fE. ARYENT MoB, FIITHERLLE B W AE A T B A
Beisy, FEMBE sp’o A, 1E TiB, TZXFE. B2p, MELMHIE AT LR RAR, EHT B
SETH p, PUIE BTG BOES: 7 B, XK TR B T T A R . X S TR I B o BT R
MFE R T AT AE TiB, f ik HiT#%, IILTE TiB, bk i FifE e T HEARUT&EE B F S8
PERE[11]. TDOS (K 2(b))H 7 BEASTE o BFR o BEAZ 0], BT A XL RELL 2 R ERIT S 706 % 1
AL, fE 2.4 Fid it — B0, HEE - TiJE RS Ti J 7E, LLUEARR Ti 5 72 E e,
MBI FRE %558, (SR g MBI AT RER,  ELin Ti JR T2 NI By B2 (], BAKJE
(1 d, B8 HRT TiBy Sk Ti Ry W S EoE, X FERIRE .

33. TiB, A FEENMBEFZHESH

TiB, 250 B TR FE G AN 4. HZ5m 2B TiB, (11~20) 4 1 b H 135 BE 20 A, 00 iR [X 4 Hey
TEEKR, RZB/N. AJUIEH, B-Ti #ANE TR EIRA112].
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Figure 4. Electron density of plane TiB, (11 - 20) (a) TiB, (11 - 20); (b) electron density
[& 4. TiB, (11~20)H B FEE (a) TiB, (11~20)&ME; (b) BFEE

DOI: 10.12677/app.2019.95031 263 I EEY/BEH


https://doi.org/10.12677/app.2019.95031

M S

TiB, L T = HUE AR I 2, TFEEY TiB, NE Tk, B fddE, TidEakk, x5
P8 B R PR LA TFERAE sp? 244k, BB B 21 o #; BRSNS — 2p,
Ha 2 [B) ABS IR o S NS . T 2.2 FTHR I, TiB, 5 MgB, 2KMl, &8 R 1A B i 72 A4
TR EATER, XM RN MgB, 1S — R RIsE T RS I ER, &5 T Cooper
LT VR, A 4 el T 3 AR R B [13] o 1 S T 2.5 T I TH SRR B M 8 R MgB, RO, X TiB,
RIS FE72 3 v Ti (0 s $UE 5 T 4s Bisy, [ Tids HUBEME N OHE 5| NJES, fEL LB,
WA LS. B2s fil Tids Bl L FHEFE IR, B2s LR RE Ry 25 F1 2p Z44b, 1 Tids L TFH5F2
4 3d BB d , ). AELE HLT 5 HUE AN R T 8] BB S B R 5 2 ) HE A7 BEXT 57 1 ey B K A
BRI RZPIESE, M TifB B2 —MEFHEEN, KK, HESHETFIPUELNT 0.

Table 2. Calculated values of electron cloud orbital distribution of TiB,
= 2. TiIB, M FRIBENHITHEE

Species lon S p d Total Chargele Bond Population Length/nm
B1 1 0.97 2,57 - 354 -0.54 B1-B2 2.19 0.1852
B2 2 0.97 2,57 - 354 -0.54 B1-Til 0.39 0.2456
Ti 1 197 6.26 2.70 10.93 1.07 B2-Til 0.39 0.2453

e L2 T s PUBRY 1.97 TR 35 fl 4s TR, (K] 4s HITAEAR %, RIATAN 1.97 M TEUE T 3s B, RN Ti 9 p PLER
3p Al 4p FLTAL, (R 3p RELIE, S5 EER, B 3p TN 6, Hi& 0.26 DT 4p P i PEE)E B 09(n — 1)dnsnp
A RERZE AR, T FEIX BHUE 2 [ ARSI W

Table 3. Inter-band and intra-band transitions corresponding to TiB, absorption peaks

= 3. TiB, MRkl Xt B B 5 (8] Fn s A ERIE

WS b7 eV Xof RLERIE A X N e 4
1.87 G-G Ti 3d-Ti 3d
3.07 F-F, G-F Ti 3d-Ti 3d
6.35 G-G d-p
8.34 z-Z d-p
12.13 Q-Q Sp?s-Sp? antic
17.00 F-FQ-QZ-Z B 2p-Ti3d
18.60 F-FQ-QZ-Z B 2p-Ti3d

3.4. TiB, F MR

f8JH} norm-conserving JE# T4 T TiB, (G AR SN A WRISCRE. Hrii FE BRI H bR RS 45

F 50 S R(w) B T BETT S5 b S RN L (B BRI . TiB, HIOEIRIRTH S (E R WHAE 0 eV~20 eV
A7 A B R g, il 5(b). B 20 eV B TR TR IX R, BAFE. PrERIA R
KL ey MUBEES e W15 5(d). HIE] 5(d) IR, e FEMETY 0 X R /2 TiB, HIE S HL 1HHEAE
80,
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Figure 5. Optical properties of TiB,. (a) reflectivity; (b) absorption coefficient; (c) refractive index; (d) dielectric function

5. TiB, KF M. (a) REE; (b) WHRH; (o) IEHEH; (d) NHEEK

IR RAEBNBR TR R NI S A L H e (X ) = &, (X ) +ig, (X)) HRIE . I HUHHOR Fi ik
PUBAER 5 2 R R kA B T BRI LG B VI 5C R, RS H R Bl Bl A0 SI 0 i 20 AR A0
VR PUE BB R IBRIE 7 o £F TiB, B BRI, MIRERIT, JIF B2 BaERew Z ERIE, XML
A 2p — 3d, 3d — 4s LUK 2p — 4s, IS i THUE 246, BB T B JRT 2 7] sp’e B Z [ IIIRIT,
2mp, A IBMIBRE . THE T S5 o2 i (B3 A2t N RE R AR B 7 R, (s 5
R TITUTE, MUCE R TR . WET RS, A 8 BRIE e GE Fe 2 H7 AR5 A HL R
AR T MRRES IR Bl R SR, R AT A4S B0 B ERIE, WA 2(a). B 2(b)rh 7 Sk AR
3.

35 TiB, FZEMRITE

FEF U E TiB, b A& B 1 2 A% L WA BT T A BURT LTS A AR B A 22 PR 5T JE T BLE 5 TiB,
ARG IIARE k. THR S T AR RS R T Z 1B I ) H 4, CASTEP SRAIRAT 2 1 mi b7 B 15k
PR i R P SR AR TR T TR R, PR TR R S B, R ORI R R A B R A
RTBETALERN R SHE R ASCHERE TEE 6. RIER&SI2IE, TiB, MEEHMEE 3
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ANET, FUH 9 MRZNE B, 7S TRk bt 9 ZEHBOCR. BRSPS 9 Kz,
B SPARALT 400 em T = SCR SRS, 7E Brillouin Bt S T (K] 6 H G R = E IR 78 Z LKL
F ol ORI — E—RIB, W RSSO (TA) A AL (LA), IR 6 MEER RN
WS SCHSCIr BRI, PR EURI A R MO (TO), B B AP R A (LO), EAFER
A2 1E TO A — K BRI F-Q J71aM LO G 1E LU, ARG A& 3 ) # 3R wT A, 1%t
BOCREZRAT B IR Pl TH5HK TiB, A4S LE Brillouin X A1 B /N T O (1) #4905 Ji7 [R] 2 22 #ee-
REK A R BUE S 28 () B TH SRR T R P AN P . ST 0 7S IS S S R A, RILFTA 1) B JE T
Xof R AR oy DTk B R, AR AR A Ti R TR R, HERN B R R A A BAE L Ti-B LA Ti-Ti
ZIAERSRZL, R Ti R 7R B K. 454 2.3 THIAMRA TR A B A Ti 8] 5 T80 s A =

1000 f
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Figure 6. Acoustic properties of TiB,. (a) phonon dispersion spectrum; (b) phonon state density
B 6. TiB,WEFMR. () EFEHMYL; (b) FFEBE

T A GO T RIRBIAIER . 1E Doy RUBE N FIEH0L T (K 6 G )BT 25k
RN Tor RN MBEA T LIRIRIGN Ty =By +2E,, +2A,, +4E, « BT TiBy J& T HA X FR K
P6/mmm F, B A1 S H A 204 PR A Raman Ji5 PR PR S 20U BAME) 78 BTS2 T £ R,
SANFESSCIREE R T LR IRN A, + 2B, » Fot Ay 2 Ti A B JEFH[0 0 0 115 A IR0, Eqy /2(0 00 1)
AR IR . BT By, +2E,, kAN RINA B 125, HETHEML, FARKTLHER
[y =By, +2E,, + Ay, +2E,, #RZ M3, By /& B [0 0 0 1177 I IAHX RN, Epq /2 B 7E(0 0 0 1)if
WA R R, AR 1 =302 Ti M B IR T# 2 5 1l AR  2LAME RSN )7 o8 A, + 2E,, » B Raman
TEVER) A2 2Epg, Bog JB& T 65 RAL A8 145,
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Table 4. Center symmetry points " vibration eigen vector

=4 PO T RRENAGER

K Vectors r(0,0,0)
Ordinal number Value (cm™) Class
1 0 TA (A)
2 0 LA (Ew)
3 0 LA (Ew)
4 457.09 TO (Ew)
5 464.45 TO (Ev)
6 465.80 TO (Ezg)
7 472.34 TO (Ezg)
8 680.03 LO (Az)
9 810.89 LO (Bzg)

ARICAE 2.3 TRFIME MgB, 458, Mg JEF1H [ B Ji T2 i A skl T s # G, Htm 55
R RARE, HMEHFT MB AL &I A5 Wk E, B MgB, IAh, HAMEE —EWocR, 5 amlk
TCE WA S A 15 P R AR T MgB, [14], [RIRAEX 75 i+ SO 6 Rl B, BRATRH A A B8
BRI TiB, (8 S5 R IR LT T, tHE AR x(2) (Equation (2)).

A =2haw, exp

2A(0K)=3.53k,T

Hrb AR 0 K IY5 il S AT Fermi I o £ T MR N(E, )& Fermi HALYH K]
DOS #J%; A AR ARG R

A FHAZBIHE T 1T RE RN 69.3 meV, IRIEAN(2), % TiB, Kl S HAZE KL 0K, AN
SCHR[LS] 53— 2. FZARIRE Cooper HLT X HE &I EE S M A HUE KD, N(E, ) BB ERUK
RIRTC R B /N MgB,s N (E[ )=0.73, 4=0.335). IR TiB, £5H A1 MgB, 261U, {H
FART] L2 G S, H At TR ER e .

4, g5ig

1) £ Ti JTA B JR T A2 AE i TR 0 DL T B AL B A B R A AL S BEAHER R o B, 13717
A HL 7 T2 Tidd A B2p PUIE A i 7R, A Tl BEOK 7 B AE AR R AR AR AR RS
PGE T TiB, BA RUFIFHME. A RHTRY, TiB, P[RR KL MgB,. B i p Pl
KET TiHET.

2) WL, TiB, th B TFIHI N sp? 244k o SEAS Z 1A LA K 2p, BLE M BN B IR 7 2
A BRIT 2 — A E A ER Sy, (R A RE i IO B 2 R AR T (1 2p-3d,  2p-4s REHHT 2 [ FRIBRIT .

3) FT SRR Y TiB,  LA(LOYM TA(TO)Z [ 7p FR B3, 7 ik PR 9 %,
GrAN 3 SR FEBRSIAN 6 SIS, AN IURIET TO, FARMKIRT LO. JibR&F HsTit 2 e
3o SRR BRIIE O HK E T AR R TR AR D8R, T BE/NG B R TN TiB, S AR IR
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