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First-principles calculation of crystal structures and
energies of Ti-H system
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Abstract: The equilibrium structures and total energies of a-Ti-H and S-Ti-H crystals with different mole ratios of Ti to

H were calculated with the first-principles method based on plane-wave pseudopotential and density function theory. The

calculated results show that hydrogen causes the lattice distortion and volume expansion of a-Ti and f-Ti crystals. The

calculated binding energies of a-Ti-H and f-Ti-H crystals with different mole ratios of Ti to H are less than those of pure

a-Ti and f-Ti crystals, respectively. It reveals that hydrogen atom reduces the binding energies of a-Ti and S-Ti crystals.

The calculation results show that the site preference of hydrogen in S-Ti crystal varies with hydrogen content varyiing.

Hydrogen is inclined to enter the tetrahedral interstitial site in f-Ti-H crystal with low hydrogen content, and hydrogen is

disposed to occupy the octahedral site in f-Ti-H crystal with high hydrogen content.
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b3 AN TR) S 5 R0 )2 DO S BUER  S AIE PE DL 0k
17T W9 A IIMESTH, KERR “52HE H7E A1
(oBYEREa, SAEPIERLS1 B AR 238,
NI AR T A 4 iR A4S N ) - SENKVO 2P F4k A
4T 20~1 100 “C (13 PS5 1R S0 45 g T A3 a
MR, ZE B A S5 . SONG 26 IR F 31 )
I P ST ALY B B 43 7 19T T HY By C N FITO
2L FENT o-Ti B AR A ER S 50 (1) 5200 o 45 SR W
SURNT o MR R BES SR . HaT, AfTRA
FEEK SR R VE LB B = R 40 T i, 2t
— RN PR T, T LA S
WAL AR RS AE AR A LR,
R Y ARG 3X T T R R IE LD o A SR
B JRE O Ti-H AR R RS H R RE kAT T
T, BT SRR S AR ES R R R B R, S
JiF R TR R SRR A T AT W AER, LUK
Ase oA B, A EHLE.

1 HE&RASHZE

1.1 BRI R RS

ERE AWM R 2 Mk, 7F 882.5 CLATF A% HE
N5 45K (hep) i a-Ti firfk, 7E 882.5 ‘C &M riZ I N
PO ST T G5 R (bee) I B-Ti diAk o a-Ti FIEE SRS 5
H: a=0.295 06 nm, ¢=0.467 88 nm, 20 C I} Sz ]
BRI : ¢=0.295 11 nm, ¢=0.468 43 nm;
B-Ti £F 900 “CINF S50 M5 1K) F s 2k : a=0.330 65
nm, ZMER 20 CIHEMEHEECN: @=0.328 2 nm. a-Ti
HUB-Ti s 404741 )\ TH A ] B2 (O) A0 DY T4 ] B (T)
PRI IR B . DA as R, o-Ti
) B S i\ TR TR BRI RS b ks (14 DY 1
PR HE IR AR o A SCAE 35K F b i (Supercell) 77 744 7
TARE SR EE A3k 32:1.16:1 1 8:1 ) 3 Bl o-Ti-H
mn AR (L 1) 3 il AL 23 0] 2x4%2, 2x2x2
Al 2x2x1 1) o-Ti ML, H R0 F AR E
B, B-Ti (IR H B by 4l o Bl B 5 H AT
TEW . AAEZRE T W B-Ti-H bR G
R H R A T DY AR TR B, RS EUEE R L
Sy 41 R 2:1, AN 1x1x2 R Ix1x1 R
B-Ti BJEA LA 2); 5 KB H 7467 T\

MAAREER,  Ti Y H EEREEREFED B0 4:1 A1 2:1(0
K 3).
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Fig.1 Crystal structure models of o-Ti-H with one H atom at
octahedral site: (a) Mole ratio of Ti to H 32:1; (b) Mole ratio of
Tito H 16:1; (c) Mole ratio of Ti to H 8:1
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B2 H A DU AT B B-Ti-H i A2 fy g
Fig.2 Crystal structure models of p-Ti-H with one H atom at

tetrahedral site: (a) Mole ratio of Ti to H 4:1; (b) Mole ratio of
Tito H2:1
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B3 HIE AT\ AR B p-Ti-H 4 S5 R

Fig.3 Crystal structure models of p-Ti-H with one H atom at
octahedral site: (a) Mole ratio Ti to H 4:1; (b) Mole ratio of Ti
to H 2:1
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AN R T3 FE i e B (1) 2 — i
MELET T 12427 CASTEP (Cambridge Sequential
Total Energy Package)"*. 155 R H I A 4 1
TG IDUER AN T e FE2H R T S A ek B, P e
BUERERE BN 310 eV AZHKERAERRECK I SUBEBE
IEAGGA)H ] PWO1(Perdew-Wang9 1)JE; A HLIH
X I k S HUFER ] Monkhorst-Pack MK, & AIURAE
A 0.4 nm 'y N ARG SE T RO RE,
Hreay ERAE N 0.1 eV

ASCAEF 1 56K BFGS(Broyden Flecher Goldfarb
Shanno) H LG a-Tiv -Tiv a-Ti-H F1 p-Ti-H ¥
W& R B AT 42 JLAT LA AR 21 T 25 il AR ) AR s 45
Fo JUTAAL BYa AT, AR R R R ISR BE A 20
uV/atom, AR B IISIORE R 0.5 eV/nm, £
MWSIOREEEDy 0.1 fm, W ISR 100 MPa. 5
Ja, R T SRASEA B RER, AR TE R RISk
KN 2 peV/atom.

2 FR5118

2.1 BREEHBRAEN

o-Ti FIA[H] Ti 45 H BE/R LG o-Ti-H &g 58 45t
BG AR SR IR S A H O SR 25 i R 1. T
FREE I SN, O TAEF L, it
SERIIN T 2 A Ti B0 MR AR B, (7] e )
H T ANE Ti 5 H BRI A S RO 50 . H
2 AL, JURMARARAF B o-Ti fb R 01 R o 4
N a=0.295 15 nm. ¢=0.466 66 nm, 5 kIR IAE (1)
AR SZIG A A AR LT, AR ZE4E 0.3% LA o JLAAT

R o-Ti M a-Ti-H SR SR H BN S AR S5 T S5 2R

AT a-Ti-H S AV 45 MR S 5(Ti 5 H
FEIR LA 32: D) IATS A B HE N 7 850, B A S il
TR TE A BN 7 85k A VR TIBR Y H R
i a-Ti fike R AW, (HIEFREA K A[F Ti 5 H
FEIR L) a-Ti-H @R 0 T4 Ak 54 as by c IR T
o-Ti AR SRS T SRR UR ALK, Ti 5 H JE
JREEN 32:14 16:1 Al 8:1 ) o-Ti-H SR AR K R
SR 0.12% 0.29%F1 0.75%. LA [H) & & 1
o-Ti-H difAMITHE S RO, A G, A
FREEEOR, S ARUEZIKEOR, X I/ — e R g
FREAE o-Ti P A BRI  FE . ph T TR BR A 1%
N o-Ti P 5 RS Al e AR AL AR IR, 330814
WS Re TR, H oo-Ti T AER Tl Z, HEARGe
iy, R, 4 o-Ti RS AR R — e EH S,
i PRI AR REE R, AARZERIANER, NI AT fi i) 5 44 5
FaE MR A G IS

B-Ti HUAJE Ti 5 H BERIGH B-Ti-H Sk 4
TG HIRSAS GAE () ks 5 BN i g M WL 2, v
SERTFIREAL T 2 A Ti B 1 MR AL B . i 2 1T
WL, JUFRTRACAS 2 (1) B-Ti ~-1 Ak 20 @=0.328 18
nm, SAMESRIN 20 C RS EL—8 LA
PAAT 2R H 5747 T DY AR Tl B ¥ B-Ti-H i 441~
M G5 MAT O SLTT 85 K, SPRTERAE TEE av b FT ¢
BIRT B-Ti (R P47 Stk 55 400 A7 T DU THIAAA I BRI H 5
TAE B-Ti e AR, JFREE S S =N, A
IR K, Ti 5 H EEJREE S 2:1 () B-Ti-H fb Ak 44
HZMK s 4.20%. JUAOLAAS 20 H R 547 3\
THIAATAT B R) B-Ti-H- it P4 PR 128 it 420 45 K4 Rt s 5 4
5 B-Ti e RAHLE R R A O o AR S K B A g A DY
Jigik(bet), VAT A% E AL a F0 b Yk, 1T e YK
A S RN, a B b 9N BEAT ¢ BRI

Table 1 Calculated results of lattice constants and crystal structures of a-Ti and a-Ti-H crystals

a-Ti-H
Parameter o-Ti
32Ti:1H 16Ti:1H 8Ti:1H
w(H)/% 0 0.130 0.260
a/nm 0.295 11 0.295 52 0.295 80 0.296 41
b/nm 0.295 11 0.295 31 0.295 78 0.296 42
¢/nm 0.466 66 0.466 78 0.467 03 0.467 46
al(°) 90.00 90.00 90.06
pI(®) 90.00 89.57 89.94
7/(°) 120.00 120.08 120.21 120.27
(AVIV)% 0 0.29 0.75
Crystal structure hep Distorted hep Distorted hcp
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F 2 B-Ti Fl B-Ti-H iR B Sk i BOFH S AR S K () T B SR

Table 2 Calculated results of lattice constants and crystal structures of f-Ti and S-Ti-H crystals

p-Ti-H with one H atom at T site

f-Ti-H with one H atom at O site

Parameter p-Ti

4Ti:1H 2Ti:1H 4Ti:1H 2Ti:1H

w(H)/% 0 0.53 1.03 0.53 1.03
a/nm 0.328 18 0.330 44 0.332 44 0.325 79 0.314 63
b/nm 0.328 18 0.32920 0.332 45 0.325 80 0.314 64
¢/nm 0.328 18 0.328 84 0.333 35 0.335 56 0.359 13

al(’) 90.00 90.00 90.00 90.00 90.00

pIC) 90.00 89.99 90.00 90.00 90.01

Y(°) 90.00 90.01 90.00 90.00 90.01

(AVIVY% 0 1.21 4.20 0.81 0.58

Crystal structure bee bee bee bet bet

MR FERIAR R o A7 T )\ AR TR BRI H 74 B-Ti Al A4
R, (HIZIE AR LG H AT DY A AT BRI R o

MR b AR S5 A B, AR STy S5 i, DY
[TETRZN TN AN TR 2N =11 N R N AR ZN TS
(BB RO/ B £, R RRIIBR P 48) 0 0.027 78
nm, DY . 28 0.042 78 nm, K, [AJFE T
B o 4 DU AR TR B e (R 55— 7 1, BTy
SERA S AR IR\ T A4 TR) B AN FR IR, B AE ) B i 1 o
Pt IR TR RO, A DR ER R B O a2 A
JR 7 S 2 I B P AT, AR 4 AR AN S W
T B P, DR, S SRR A A . DR, 7R
M r T4 g, TR R 1B AT B o i DY s ) B AT
B H ), A RTRE dr )\ AR B R A
o ko PUACARTIE T LT ARARAS 2 H AT T[] 18] B
R 1) B-Ti-H A A R4 db bt 1 KR A gl d vl
H JR 4t )\ (R] B s | R e Rl B rp gy a/2 PN Ti
Ji W e A, SR MHR 4TI
J - B e O, 51 RS T a B b BT i
PPN TTRTEL S Sy Sy U s N NP TR 3 9 Y ) S S
X5 FRBISART . MeAh, A SRS, AT g
[) B P 5T 5 S SR A AT @ A1 b il el e 4 oK
M, BEESE BRI, SR ARRIZIK 2 BOm k) o
0 H R o 4t D TR TR) B DU B-T it A Rl B 7= A Bk
WA, SRR IR 2 B AE b H S s ) i R T B
I FR) o Bl DA s IR AR R L 1) A R 18, AR v
SR, AR AR B-Ti db AR P s vl REIC A7 4\ T A
) BT 6, (FOEAN R G BT 5 7 B-Ti di b TH] B H s
TR AL T AR B . B TR T iR ReAh, SR+

5 7 2 [ AT RE S T B € AL A BEAL AR R IR e
R, PRRAE R SE S0 AE R ke s TAE R
U PR, SR BT b AR I o A AT A
it RRe R Tt — 2 A,

Bk G . iRg A Ree LR
1
Eb :;[En _Etot] (1)

X Eo IR RERE; E, AASXH AR R
TAbF A BRI BB n @A R

N T o-Ti-H 1 B-Ti-H f AR 1454 fg, A< 30/k
BEEVE T BB TR H R FRRER, 0k
—1601.012 eV F1—13.310 eV, o-Ti Fl a-Ti-H §HAAK) E
Rem AL ArReh g sk 3 prsle ik 3 L,
HAFZNN o-Ti s AR 455 H8(5.256 3 eV/atom)Bg KT
S 4 5L(4.84 eViatom)!'™, HHARIMAR Ti 5 H
FEIR LG a-Ti-H db R 455 Ge 8 /N T o-Ti di AR I 45 5
fe, HBEAES S SR hnmmeb . p-Ti # B-Ti-H dh ik
MgE G RETHE S RINER 4 idl. B-Ti WIRLEGREN
5.148 0 eV/atom, WK F-SE{(4.77 eViatom)!'™ . &L
JE AL AN A TR B B 1) B-Ti-H AR R 45 A fe 8 /N T
B-Ti ffkrgiGhe, HBAES SRS ImEs. 1
i TROTANOM i H! 1) 95 £ 3116 (Decohesion Theory),
AN G ICE G, TR ITE N 3d T2
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AR, ST R RIS 3d R, P
BT d R T IIREE, B T R g, R
BRI T s i as St ADPTRITH LA RAERY], AR%
&7 a-Ti M p-Ti fh BB RA R TS SR, B
HG BRI ATT o

2.3 S[EKERIEPRERER

ER B G B B S R L SR SR e h i
by I SO A R 7 T I E R W = vy (904
Asy, ST I AR A A [ 9 U
T o S A2 AN 0 RE AR LRI N AR Ti AR ik
PRI, T 2R R P R Y, A
ONRZ R ARSI S e e

= [0 ] >

A ENHOET D ER 508 1 ANER T Ti-H
I SELF Ti AR ECY Ti-H SRS Ti T
@i )Y INE NESE R i Op S I DAE o N Ne el ]
TR FRT LUK ER— S0 A 28 A1 2540 PR A s PETEA T A 1
T, BOECAEER P v A TR, TR 45 Rk
FasE .

ASCHEAT R A AT TR RE R -31.642 41
eV, M RQ)IEAFBIMALE o-Ti A B-Ti dfhr )
AR B 3 F0 4, |k 3T, SRS

#3 o Ti Ml a-Ti-H S g TH 450
Table 3 Calculated energies of a-Ti and a-Ti-H crystals

JREEh 32:1 F1 16:1 () o-Ti-H 8 5 M (3 i A AR
A, 21°8-0.59~—0.58 eV. MAK—SEERE N 8:1
(1) a-Ti-H 8 it M o, SR A A R R HE L BT /D
KW Ti 5 HBEREN 8:1 1 o-Ti-H AL/ IR e
PELCHTPIE 22, 3X 5 07 T A A S AR 2 b 5 2R — 3

Lk 4 vh 4% B-Ti-H Sk P U s i ot 5 4 1
g, fETi 5 H BRI 41 1 B-Ti-H &4k, H
Ji A7 3 DY T A2 ) T EST (18 375 e AR P 4o LA T )\ T
PRIRIBRI =29 0.1 eV 7E Ti 5 H BRI 2:1 1
B-Ti-H &, H G 1) A TR] BRI i FA ) 4
X AR O T DY TR TR BN =52 0.01 eV o FHAHF ST
LT, AR ST B-Ti S A s Al AR
FELR T A, WIFE Ti 5 H BEREER 4:1 14 B-Ti-H
AR, H R A DU A R B, iAE Ti 5 H
BEIREEA 2:1 1 B-Ti-H dd Ak, H JE70 T s\
THT A5 [R] BAV 5 o

N B AR R R RE S IR A R 2R 5 b, AN H
JEFAE B-Ti-H SR 1 A AT e AN 1Y), HbEE
AGEA . MESERAGK (W Ti 5 H EEREE A
4:1), SURF S BT AR DY TR I BRI, LA
I AT TR T BRI 2 A3 22, I A i A
T JSE AN LA\ T A4 [ 50 B s R (A R IR T 26 43 33l by
1.21%F1 0.81%). BLI, S 1 by 67 8 32 2L
oE, Bk, SRS T AR Y AR BRALE . Y
AR AN TS H BRI 2:1), SR+ 58

o-Ti-H
Parameter o-Ti
32Ti:1H 16Ti:1H 8Ti:1H
w(H)/% 0 0.065 0.130 0.260
E/eV —3212.536 34 —51416.982 74 —25716.700 46 —12 866.524 86
Eb/(eV'atomfl) 5.256 2 5.190 6 5.1293 5.0142
AHsol/(eV-atomfl) —0.580 1 -0.588 5 -0.558 3

F4 p-Ti Ml B-Ti-H f R e AR
Table 4 Calculated energies of f-Ti and S-Ti-H crystals

p-Ti-H with one H atom at T site

[-Ti-H with one H atom at O site

Parameter pS-Ti
4Ti:1H 2Ti:1H 4Ti:1H 2Ti:1H
w(H)/% 0 0.52 1.03 0.52 1.03
E/eV —3212.320 04 —6441.201 33 —3228.875 49 —6441.108 27 —3228.888 02
Ey/(eV-atom ') 5.148 0 4.768 7 45138 4750 1 45183
AH,,/(eV-atom™") —0.740 00 —0.734 24 —0.647 00 —0.746 77
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B-Ti ity TR AR RN BRI, o g Pt e A DU T
AR IR BRIR v, T A R 2 R L DY T A ) Bt /MR
ZRBUEZIK R 00 0.58%H1 4.2%), Mk, SJf1
SEAGE 1) T oy A ) AR TR B

3 #ig

1) AL TR B AR5 o-Ti 1 B-Ti diks
MBEREAR, AR . KA AL
i ARAR IR ARFR RSB, AR RO o

2) THEAF RIS [F RS SRR LW o-Ti-H A
B-Ti-H ffR g5 &R 73 /N T a-Ti Al B-Ti AL & e,
FKWER RS T a-Ti Al B-Ti WARMI S5 & BE .

3) H 775 B-Ti-H i o () o 47 Bl 45 20 1% 1 (1 A8
AR . A S B RRA (N Ti 5 H BERLE R 4:1),
A0 T WU AR B S, A B N Ti
5 H BEREC 2:1), U700 1 o 4 ) i A Tl B Ay
o
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