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Abstract: The properties of B-N-H hydrogen storage materials have been studied by using the plane-wave pseudo-
potential method based on the density functional theory. It begins with NHsBH,, changing the group structures though
NH;BH; to [BH4][BH2(NHj;),], analyzing these three kinds of crystals according to their crystal structures and elec-
tronic structures and calculating their dehydrogenation energy separately, which will provide a good theoretical basis to de-
crease the dehydrogenation energy. The results show that it is all most easily to remove H from BH, or BHj; cluster as
for NH,BH,, NH;BH; and [BH4][BH,(NHj3),], but the dehydrogenation energy of NH,;BH, is much higher than others
owing to its strong localization between BH, and NH,. In the case of NH;BHj;, there exists chemical bonds between
NH; and BH; enhancing the influence between clusters and weakening the interaction between B and N and then
decreasing the dehydrogenation energy as a result. After further changing the group structure, the localization of BH, in
[BH4][BH,(NHj;),] seems much weaker leading to a wonderful consequence to reduce the dehydrogenation energy.

Keywords: Hydrogen Storage; First-Principles; B-N-H Compound; Electronic Structure; Density of State;
Dehydrogenation
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1. 51§

AP FH 3T HY A (Hans publishing) il {F, A
BFhTESSEEE. BER. nTHE. i R%0
RESE AT . A A REIR TR H 25 A 385 DL K R
Biris gt A ge st s Tk HiasE 2, J5
REAE R A RER I SR, . FHk—Fhaeasi 2
FAVT R EARH AT o> B Tl S A BT
FLELSBR O IEME, 06 250 B AR i S B8 7 T 1) AT
Fel, —FhELE AL AR, B B R A TR
BRI, 75 25°C~120°C iz 5 1 Bl Py 2L 4% 52 v PR IR
AR, JFHEEWIIKEKTYMEE. Bar, BE
W2 IR FTAEER IR —MRL, TR E 1)
WERAK S 1 5 M DRk L ) LR T R A
TEMNMEEE TR AMERE AT TR NE T
WEEY. FHRMBZNEE T ES N 21%. 25%
A 17.5%, et S Emmtel. T C AT H Z (A
IR AR o, HYGEAE N S B IR R R T AR S AE
[T Wk T B AN, SHERREFLR,
H%&—4> NHy. BHy E#REEZA H, —HHEGH
1) B-N-H & 680 2 2 2 fif SR A AR 23 HOR
JREBIESR; AN, N-H gk TH—A 7
) H, B-H A TR — A IERAT H, XA H AT
DURLFIIZE &, BB S RIE: B-N-H L& HR &
AL MR E Y, H B-N-H b &Wh A rk
BOZ BN AR, FF HRREARIRANE R 58 T R
Ao THREAH— L B-N-H 1L &0t S 00 L JF 7 i
AT

NH,BH, J& H i — M & B fm I E S &
Wi, % 24.523 wi% AN, 16 50 ZAERTE —IRPEA K
ok, AliEEE NHLF Al NaBH, B B 24
B =T 40 CRHMEZAS B U AR, FIbEfE=

N AR E P, (B AT DAYER UL N R S AT
H A R R R R AR 11,

M 1 FTEAEH, NHBH, 7R3 — 0 RS R G
AT NH;BH;(féiic A AB)FI[NH;BH,NH;] [BH4]
(1230 N[BH,][BH,(NH;),], féijic Ay DADB).

Hor, ZWkE AB £ — PR rea, T
20 &g 50 AEARH 3L [ BURFERIE S S M 2R 1k
T R R R P 2 — U A R B AR R
R B G, SfRe ki, Rt R .
INIE 90 C L AU MRBUE AR, B RS 6k
AR E(19.6 wt.%) SR IR E(<350°C),
I} R LT F1 G 2 S L2 — AB 13O R
CLATE S i B BRSO b], B —A 25t
B, H MR

XNH;BH, —[NH,BH, | +xH, €9
[NH,BH, | — [NHBH] +xH, 2
[NHBH] — xBN +xH, 3

AB 3 i R n] B R AE T A1 SR
3BH,NH, — B,N,H, +6H, 4)
3[NH,BH, ] — [B,N,H,] +3xH, (5)

P B ) BsNsHe A TR BT g . [F 4
AB [MIWIGERI M R B8, MR &6 S0k
R, RBIEAR) BN XAEE R E . BRI S w7 B 5T
TAEE SEU TRk AB AN 155218 Z Ak
B S E R BRI AR S OB Y 1)

T T NHyBH, 75 55— [N 45 U A ) 73—
724 DADB K, ZEWT 1923 F5 — IR A R
H ok ITT S NaBH, 55 NHLF By R DL 1:1 He AR 4 1 ol
031, i 2t R

Table 1. NH;BH, dehydrogenation chemical reaction
#* 1. NH,BH, REMLER N

Step Starting material Products Td/'C AH/KJ-mol™
1a [NH4]'[BH,]™ NH;BH; + H,
1b [NH,]'[BH,4] + NH3BH; [NH3BH,NH;] [BH4] + H, 50 -40
2 [NH;BH,NH;]'[BH,]” PAB +H, 85 -15
3 PAB + H, PIB + H, 130 -13

(PAB: -(NH,-BH,),; PIB: -(NH-BH),; n: number of unit cell).
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2NaBH, +2NH,F — 2NH,BH, + 2NAF
—> DADB + 2NaF + 2H,
DADB 7EH NH; fF1E/) 2 FF i p k744
AR, BTUUERS Hy, O EDn FE
SDADB — (H,N-BH,), + SH,NBH, +5H,  (7)

6

5 AB L, DADB S8 H 5 At ek i) i e 25
et DADB 7E 85 CHIRBMEA S, t AB ZAK, JFH
2 n##) 300°CH, DADB i &5 A 25.5 wt%,
AT AB PIHK(53.9 wt%).

SR DADB  FI#A i R R4 (1 7= A= 72 PR
DADB BCNA I ISR — A R EE 8. 725
BRI N, DADB B A 2 K AR B,H,
1 B3N3Hg LAKTEEEA NG FEF, LR 400
CIA NHy B, X ati& % | DADB B4 i (4
30 wt%)!" . FAT AW T R I, 5 DADB F1iE A MgH,
BES A AN BIE R ARSI AT, X BRI TR
RAFI T DADB K J& By EAR i E A kL

TRBATER T LA L =F A CEY B-N-H 1t
EW. AT BRI RE R, AT SEBR R X Ak A
BE, AR NHyBH, &, Fifi 218 i i A8 Bk (A 4544,
FH AB ¥ 3] DADB, Zi&% L= 1 dikgiig. i
THEMU A RERE, K= BH, 5L
BH; & A2 H % %, NH4ABH4 ] BH, fl NH,
W% S s P A 5, ST 7 R B2 i s AHR NH BH,
KUk, NH; 1 BH; 2 7] O s, 7% 80 AH FLAE FH 3G 54,
Fi& AB () B 5 H 2 18§ BAE R, A
BB PG b DU IR 45, RAER 1 AR
i NH,BH, Al AB % i DADB, M\ DADB ({45 K5,
FoA s it 2 202k H T BH, JERIRITT#R, 1fi BH,
B[ BHo(NH;), 51 1) Ji 7 [ 0E 28 2 5 A 2,
AHEAE SR, BH, Rk 55, S0l BH, L A5
B 5 H Z [AHEAE G SME, TRMAREHE P
BEAIG o SRt Ay i 248 S IR0 A R 2 P PR A1 1 BRI A
o

75 DFTUHEZE N A2 e IR, A ) SRR BE 3 AU
(GGA) R i Perdew, Burke fll Emzerhof!"™ 2 ! f{] PBE
B, SMNEHRTHNEE SR EAE R R
PRGNS o« 5T NH,BH,, ~F1H 3 #0758 &2 5CH 600
eV, K ml3 x3 =38, AU~ NH,BH, (40 4
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JEFY BT R 5, AR Akt #
AB , “PHBEHEBIEEEICN 520 eV, K AHL9 x9x9
B, EH 2 A AB(16 NE )N T i
T, A RS R X DADB, T i A b At =
BN 520 eV, K AHL 2 x 2 x 2 #30, #%H 8 4
DADB(128 Mg ) ATt B Io#AT g, AL
e GE s R EE AR R R AR IS i A 107
eV, AR VASP #pF a2,

2. HEER 511
2.1. Rk

NH,BH, 5 & th(rock salt, f&HFR RS)4k KAl A&
(zinc blende, fAiFR ZB)4k F #2190, S 0641k A 'NH,BH,
En RTE IR AR AE R UE N LA RS S5H4E7E, A2
DL ZB Z5HA7TE, SEIe ERRILT RS 450, NibA
WICTEWF T NH,BH, TSRS, HERXT RS 2544,
JEi XRPD(X-ray or synchrotron Powder Diffraction) /7
AR N A1 3] RS 4541 NH.BH,, AN
Fm-3m'®, SABAM 1, HhA AR NET,
EABEA A H R, BR— N, 2350 &8 Y
TARIPOAN T AT, N-H 8K K2 1.03 A; B LHEKH
JFF2RoR B T, HEEA A H R, RS —
ANPUTHIAA, 3530 o 4% DY T A e P AN T A
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Figure 1. RS-NH, BH, crystal structure
[ 1. RS &4 NH,BH, f R F 58
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Table 2. NH;BH, lattice constants compared with experimental
data

3 2. NH.BH, B EH S B EMEL

NH4BH4 Calculation data Experimental data
a/A 7.04 6.978
V/A3 348.914 339.776

M H a=5395A, b=4887 A, c=4986 A, H
sniREE R I 2

5$mﬁ%ﬁ%%Mﬁ%%$%E%%HE¥,
S RN JE T N (B LB R ARTE) .

PL2 A~ AB(16 /N ) Rt S s e AT st T 5
A IL SRR L1, 3 LA S B A% o 45 S AR A T
FEln F 26 3, X RUS SRR R N—75.109 eV

Mem RS E TR LA B, AHEE NHyBH, H AL
) NH,+ BH, #%Kd, NH; %75 BHy 3B 2 /2
SRR T, 54 NH; 2 [F1% BH; 2 H TP 4
I, LA AB H SR 12 5 25 ) e

DADB(Diammoniate of diborane)/& T VU5 it & »
25 (AL 4/mem™ . LRSS M RN P 3,

SRR )z FALE . B R KR 78 B R
T BHRARET NN RF, SARET N H R
T FARTE)

DADB (1] s A5 #5852 2%, B BH, A1 BHo(NH;),
PR IR H . BH, ZEFIEWAMARMAE Bl M
B2(MnFE), XF A BH, (67 B % REIUNTE z Tl -
W 457, BHy(NH,), ZEAAEREE T 2z Bhp~Fri 1,
7] — z i AR AR 8 BHy(NH3), K iER: 90°.

A 8 1~ DADB £ 128 /MR 1 A it S HL kAT 5th 4
TR, RA I ARG, 15 A S s i i R s
WAEAINGE 4, K RUSLRER N-599.730 eV

M REE R RE , FHXTT NH,BH, f1 AB, DADB
A INE 4, AHEE—PRETARSE. 1%
FRX — R, ANSCHE TR AR TR IR
P = A e S AR, 3 — D i B AR

22. BFSEE

NH,BH, e 25% B % 5 T 10 2
No ESHKREL Er=0eV.

i AT LU Y NHLBH, i A 2 8] i 4 5
J£N 6 eV, NH,BH, 4%k, NH,BH, i £ %

EREWE 4 Fr
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(b)

Figure 2. AB crystal structure: (a) In the opposite direction of x
axis; (b) In the opposite direction of y axis
[ 2. AB @&IFEMIER: (a) ¥\ x BAEORE; Ob) #EyH
FHEERE

Table 3. AB lattice constants compared with experimental data

R3. ABREEHSTRERLL

Experimental data Calculation data

a/A 5.395 5.391
b/A 4.887 4.705
c/ A 4.986 5.028

**“' x‘%é

Figure 3. DADB crystal structure

3. DADB G&F4EH#E
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Table 4. DADB lattice constants compared with experimental data

3 4. DADB RiEEH RSB ER L

Experimental data Calculation data

a/A 10.72 10.99
c/A 9.24 9.17
10 \ ; RS structure @
5 ! NH,BH,,-B
1 A J\ iy i
0 1 M T M : T M T M 1
101 }U [ RS structure
5 NH,BH,-H(B)
4BHy
. 0 A J\ T =t T T 1
> 07 me | RS structure
2 51 ! ! NH,BH,-N
@l IR | N
8 0 1 < T -~ ’l T T - 1
10 | RS structure
5M| ! NH,BH,-H(N)
0 V) ! .
T T T T T 1
80 | RS structure
0 1 m m NH,BH,-Total
AN~
O T T T T 1 1
8 -4 0 4 8 12

E eV

Figure 4. The density of states of NH,;BH, included the atoms
therein

B 4. NHBH, B SBEMEPERETFHRISEE

S AV N-7.5 eV~0 eV, FiiHAITE 6 eV~11 eV,
Hp S o TERENM 2p &5 H K s S4L8:
W R=AR, T E 2 B 1 2p SUE A
B JE I H 1 s PUBzZ B ML, B2k H BH, 2
DTk s EZHE N B 2p HUEM N FRE H 1 s
FOEAS S, BBk B NH, BRI DTk, e E]
(I8 SKIRF N I 2p PUBEFI N & H (1) s PuEsc S
PLK B 2s HUEA B B H 17 s HUER SRS T
Bk, BUSRYET NH, A1 BH, FIVE & 5Tk

WHERBPIE Z M RER ZR K, BAEAIZ A
DA EAEHBE A EAERIRSS . S TERIE A B
RE, Maecmer=EAHE/EH . Wk, NHBH,
(A7 TS A2 B NH, FIRR I & 55Tk, B+, N
2p FUES H I s BUEM A S, FEMEAERM, A
X4 R UK, R P R IR A ELVE s,
3 N-H #E0m. B8fe: Mg h BH, %R b
AT, BfEF, B 2p HUBF H (1 s JUEA L
A&, PEMEAER, SRR RE R, SR
KAg, Aun NH, FasE, A& A 38 5 A0 A AR 8%
55, B B-H BECHS . XAAEFT OB %, BH, Y
H G MK, DRI RAT] 32 5673 A4 BRI 7 Tty
1) BH, 35 A BEah, NH,BH, FIA 7 & %6 #R 1R
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A, REA1 eV, WEHIRREL, Ui BH, M NH, 1)
JRE MR AR SR, H. NH, B2 BH, B R0
Z A LA A, PRIk NH, 3 AT BH, [ 2 181
FHEAEFIARES, X FIHTH AT S NHBH, SR 45 1
I BTG 245 5 — 8, NH, 3% BH, 38 B 12 mi R
/N,

AB BAEEEMEANE TR AZEEEWE S
FimR. &N POKEEH Er=0eV.

M 5 R LAE Y, NH,BH; 24544k, S5
Ml 1] (2R 55 B2 6 eV, ST AT TE Y 6 eV~11.8
eV, Wi AiiaE N7 eV~0 eV. Wi [FEER Lo A
=y AT EZZ R B 1) 2p HUES B AR HK
s FUBEAS ST AN I EZ& i N 16 2p HUERI N
A H ) s BUEAS ST BRI F 22 8 B 1
2p HUIE S N (1 2p YU LA K& B B H 1 s YL & IE
F o

UNATATIAR, e B PR REZL N AT R EERAIK, &5
M AR e AT PR RN T RE Bl s, S AR
faiE. M AB FIAHEEF T LA H, NH; e,
faE, BHsReEm, AF0E, ARl BH; AR %
FEA NH; FIRES 5, HA RN % K.

XLt NH,BH, (LA % K &I, NH,BH,
S NEIETREL, MR AR A, 408 1 By,
Rt AR SR T AB P TR R SEAR R, 4
N 14 eV, JHitEEA NH,BH, 5, H AB - # %
TSN T B-N BETTHR, {45 NH; M1 BH; P %
Z A T — @A S EAEH, IfHISE T NH; P
i) N-H ##5ef BH; MN#BH B-H #ERe. K, Lk
NH,BH,, M AB 1] BH;. NH; b JiiE HIfeEHR N
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Figure 5. The density of states of AB included the atoms therein
B5. ABRSEENRTERTHASEE
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AR, 5 D T S o A 4 A S B BT & SR A —
3§

DADB 575 % [ BRI 8N 7 1 40 25 25 5
Bl 6. FE 9 KEEZN Er=0eVo

M 6 AT LLE Y, DADB R4k, Hir# s
SR RN 6 eV, SFAHSAEREN: 6~11.5
eV, FERM BHy ZEHH B EF DTk M oA
JEHIN: 19 eV~0 eV, FEEH =N m: My
T3 252 BH, 267170 B ) 2p FUEFT H (1) s HUE S
Z LR NH; ' H 1 s HuE L FE stk Hiaka T
BH, ' B &1 2p BUETTER; #irs K3 E & H BH,
H B ) 2p FUBEFRI H 1) s HUBARE S MK, EHKRET
NH; H' N [ 2p UIEF H 11 s FUE 58 S 4E FH 5Tk
S TRy 52 i BH, FF B 1) 2p HUE AT NH; A1 N i
THI 2p BB BAE LR -

[FIRE BT AR IT PR e L RE Bl iy, BANERE,
DADB ()47 Tii i 32 22 K T BH, & 5Tk,
Ik BH, 5l A e, BV BH, HEH] FIRATER 5 .

MR P25 5 P 1) ff B R 6 L NH,BH,. AB Al
DADB it &M e v LIS i, DADB 1 BH, ) fm3sdt:
55, HE 2 0 T EAE & e F, A AR F S,
f§i#3 )\ DADB [ BH, ZERIH AR A S, FraiE
e RAC. B 7 % 7 NHBH,. AB LM DADB ]
MR, J7{Ex s,

2.3. BFREERB(ELF)

T T RT 2 B B, FRAT1 AR =
g R 2 SR 2 18] T R R AT B T 8(a)~
8(c)% %y NH,BH,. AB #il DADB ) ELF [&. M

20 -

\ B—BH

Ojl A AA Iy \l‘\ ¢ 2
M T M T M L}

20' L L LR L LA R

L}
-~ 20 ]
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3 ol o, BlEreOHd
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01'1!'1 2o W o
T T T T L) T T
|

T T T 1
20 H---NHa
68% T T T T T 1
ol MULAL L AL oAoBTOE e
8 -6 4 -2 0

T T T 1
2 4 6 8 10 12
E/eVv

Figure 6. The density of states of DADB included the atoms therein
6. DADB ESEEMENTETFHISTEEE
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Figure 7. The density of states contrast among NH,BH,, AB and
DADB

7.NH,BH,;, AB 5 DADB HJRSBEMLL

OB )RR B JR It A 55, 1(E ) ARG - JR itk
W, 0.5 MM T HFA, HER AR R
MO HrHF] 1.

t &l 8(a) N HEF i, NH BH, H NH, Z5A 1) 36
N JEF5 H EF 2 A 7 iR o, ez mE
FIEA 5, BH, AHE B 5 H 572 8] FL R 4k
PEWAR SR, BT M s, SRTM NH, 5140
BH, 2[RI B F R IR 55, TR ez e+
B, [FEE, WA 8(b)7E, AB A N-H & I,
B-N [AlJE L i s, SAT A NH,BH, i 2] AB,
BATRILAB FHIN JET5 B JE T 2 (8] F 7 Jy
W%, B-N &M, HTXA B-N#IEH, #45
BH; &N B 5 H Z WA EAER®E, TRM
AB H LA e R M AZE T N NHBH, H i A K RE i
PRI AR 454, FRATTME 8(c)DADB [ ELF
K&, BH, %5 BHy(NH;), 22 1A HL 75
HPERSS, EATZIRIERGES T8, BH, EHINH B 5
H (2354058, BH,(NHs), £, B-H 2&ILMi,
N-H 2 348, @it 5 AB Xt & 3, DADB ] B-N
TSR H B-N 8] Rt — 5 ok, it —
M55 T BH, W B 5 FE H 2 [MIMAHEAEA, ik
R T AR R

24. REMK

AR 85 0 A8 5 BH, 3 [ 45 i 5 [ 45
PSR IR B 5 ) H AAE BLAE A m B A Re =
B2 B4 NHBHy. AB LUK DADB A4 4
HLF- A% B DL R R B s et 7, RANC &
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Figure 8. Electron localization function (ELF): (a) The ELF of RS-NH,BH,; (b) The ELF of AB; (¢c)The ELF of DADB
8. BFFHIHEME: (a) RS-NH.BH, BEFHFHHKE; (b) AB BFFHFEME; (c) DADB HIE T /515 iF H E

T =3 A RE R KN X &R . NHLBH, > AB >
DADB, MNIFSX—451, BATHEANTHE T =& 1M
AfeE, Ak 5~7 s

NH,BH, MR W ~R 5 fon, THERIEH
— M E 4 A NHBH, /ENEE IS, FH ALK
O)FTLATHEL tH A RS 45K 1) NHLBH, T 5 i i b i 2%
—/> H R AT R E R

E =E(N,B,H,,)-[E(N,BH,, )+E(H)] ©)

S Faf LA H, M NH,BH, " /) BH, % [+
Jit ST 7 B B LL A NH, 2 F A T e =A%, B B
JEF AR HERES B, 522 pERATETBTE
HEE 4 TR B 145 AR — .

AB Il ERERE I N E 6 i, HEREH A
e 2 4 AB, HE 16 NETERNEL B, FIH
ARA0)AT LU A AB 15 M b i 25— A H R
THTHR B E:

E = E(N,B,H,,)-[E(N,B,H,,)+E(H)] (10)
M 6 FHLAE H, M AB Hf#) BH; [ i &

Open Access

Table 5. NH;BH, dehydrogenation energy
& 5.NH.BH, RS 4R

Crystal Dehydrogenation position E/eV
BH,4 5.49
NH4BH4
NH,4 6.27

Table 6. AB dehydrogenation energy
6. ABIRSRERE

Crystal Dehydrogenation position E/eV
BH; 445

AB
NH; 4.85

Table 7. DADB dehydrogenation energy
% 7.DADB S 2

Crystal Dehydrogenation position E/eV
BH, 4.36
DADB BH, 5.00
NH; 4.80

Jirit BE AR T NH; 2B b i S 0T s (e &, A
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2.2 FHLFAEER S Hbrst 5.

X 5 fik 6 nfLLAEH, AB b NH,BH, [
AREEAS, AU G SCBA, XHIIE T Z AT FAT]
IR AR . BT AT S

DADB #l NH,BH,. AB EA LI BH, %4,
ERINEREM TR 7 s, tHERIEH AR
(11 8 i~ DADB, 3t 128 NME-FAERNEZHIT, FIHA
AAD A LUHHE H M DADB 15 5 i A i 25— A H R
TR ERREE .

E= E(B16B16H96)_[E(NI()BI()HQS)J'_ E(H)] (11)

>

M 7 HRTLAE ) BH, B AR R RAK, 1 3.2
TR 6 T R —E

NT A% NHyBH,. AB F1 DADB —F#)i
PIBERER, A0 =FMREAREILL, FINTE
8, FEIL# BH, B BH; AT i A A E .

% 8 \fLIEH, M NH,BH,% AB %] DADB,
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FHEAEFH3G5R, T2 B 5 B H 2 [A0FH BAE RS,
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Table 8. Dehydrogenation energy contrast
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Dehydrogenation position Crystal E/eV
NH;BH, 5.49
BH, AB 445
DADB 4.36
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