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Fig. 1. (a) Molecular configuration and (b) projection viewed along a-axis of PBGA crystal.
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Fig. 2. (a) Original and (b) optimized model of PBGA crystal.
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Fig. 3. Partial density of states of PBGA crystal.
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Fig. 4. The p-orbital partial density of states of (a) oxygen and (b) nitrogen in PBGA crystal.
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Fig. 6. (a) Refractive index and (b) absorption coefficient of PBGA crystal.

HART 10 eV, =AJ7 I WO B & R
[100] J7 i) 38 BE f v, [010] 7 18]I =22, 3% P s [
I 12.22 F1 15.24 eV A#R 53501 H B0 T PGS iR 1Y)
WS X6 T O-2p 5 N-2p [ iy B 1) S
(IERAE. T 8.82 eV AbSRIOR [ F 4y Py IITSE
I N-2p MR BN IO A BRAT, (A5 25 Sl PR
i, FECYASHETFRERN KIS, [001] J7IERITH
TR Wl 55, HAEGFREE A0 17.20 eV
i, IS AR A T Tl P AT L

& 7 S PBGA AhA I S F RN BE 461 2K pR K
FlE. & 7(a) ATLAE H, SR =N 1) B 5 i)
W AE A3 9 BAE 5.81, 5.98 F1 6.55 eV 4b, S5/ H
PR B0 BB il £k B F A, [001) J7 ) L AE 9.23 eV
b BT 5 AR B S0 G R ) 5 A
J7 1] S AH Y i s R AL [010] FR[100] PR AN T
] (4 S R AR AR, H22 5K, M T e/
9 eV 5, XWA-SH I TE 12.43 Fl 15.53 eV AR H P
TR A R 7E 17 eV RUE, =TT

() 3 — [100]

T - - - [010]
0.12F L [001]
>
=
% 0.08F
Q
2
St
Q
@
0.04

1 o L
0 5 10 15 20
Energy/eV

Bl 7 PBGA fiER (a)
Fig. 7. (a) Reflectivity and (b

B S 5 T —%k, 23 eV BLEFEH 0. R5HR Sy
M 22 BIZ SR = & ) BT SO A B
25 FXET [010] A1 [100] BN ) 4 TE H 4
R, [001] J7 1) b A S5 3R A g HLAE
HHTEARRE R X, IXIG TZ AR R IR G2 2 T &
SRR —E TR L.

RE A 2 i 42 M A X T W i 5 I S A 5
BRCE. WNE 7(b) iTLLE H, PBGA fARTEE T
AEfE R 3.70 eV B IFIRA RER S, Hirdr [100] F1
[010] PG5 1) A RE S0t 2 i ZRARLL, A 458, 3X
Wi 7 [543 BIAE 6.58 Fl 6.62 eV I H BLAR — N
g, XN R S S 4 R
A PR IR . BEYE T REEEIG R, AR IR RIS
FRURIG R, XA J7 1) 43 HIAE 12.55 F1 15.50 eV i
BT PSR T [001] J7 1) B Sk i, 540 B R
S SR, FEtFRER T 23 eV T,

RERIR REER 0, SR A AR N,
RERG IR ZEBEAORL. 5 R ZSE, [001] J51A]
20F (b) —— [100]
-- [010]
------ [001]
1.5
g
T
3
0.5+
O 1 A Y 1
0 5 10 15 20
Energy/eV
FF 5 (b) BB K PR AL

oss function of PBGA crystal.

064210-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 12 Z R Acta Phys. Sin. Vol.

68, No. 6 (2019) 064210

X RE T B R 2 A A8, 7.15 Fi1 9.46 eV
HR I TR 0 2 0 i B v HLARBE, B S 9 55 5
SHE RIS IRAE 11.27 eV, TEEFRER S T
18 eV J&, REE IR REFE R 0.

ZEA DL I PBGA SR E2APE B n] LA
fm VR TE [100] 1 [010] J7 1] () 2 Pk B AR 3, LK
W4k A+ A My 215 1 BREE, i [001]
il 1] H 23 7= A M IS | N-2p B L T BRAT
B e zg 000 T A T 1), 45
RER G 2R, IS IARTE [001] Sh1a] A G2 R 45
R AR T RE AR ) 62

AR ST 45 7 sRBE A 5 — 1k R B
T I 8 A 405 1, XS W R S5 L 1) PBGA
mn R T TS5 SOt R B R Ee AT 4
FWH, PBGA RIARRER N 4.77 eV, L KDP @A HE
S TG T, ERRRRAR | DL AR IE =S
KA TFERIE. PBGA FHATE [001) Shial EAFTENR
3 N-2p My A H R 7= A A5 AL, 92 5 1)
S S AN Ty 1], Bt B b AR 1 2%
IR SR A — s 8 L. T—25k
TR AT PIRIE [ H - BRAT 2 75 5 i R 3 A A O
H AT 45 ST g A 5T PBGA S A i [T [|) 7
F RO a2 A — i 3

S 0k

[1] Wang J Y, Zhu S G, Xu C F 2002 Biochemistry (3rd Ed.)
Vol. 2 (Beijing: Higher Education Press) p41 (in Chinese) [F
Bidr, KRB, KL 2002 AEMfLF (BE=ARTM) (dbst: @55
HE ML) #5415

(13]
(14]
(15]
(16]
(17]

[18
[19

[20]
[21

[22]

(23]

064210-6

Bailey D M, Peck L S, Bock C, Portner H 2003 Physiol.
Biochem. Zool. 76 622

Senior A E, Nadanaciva S, Weber J 2002 Biochem. Biophys.
Acta 1553 188

Xian L, Liu S, Ma Y, Lu G 2007 Spectrochim. Acta Part A
67 368

Mandell D J, Chorny I, Groban E S, Wong S E, Levine E,
Rapp C S, Jacobson M P 2007 J. Am. Chem. Soc. 129 820
Tang M, Waring A J, Lehrer R I, Hong M 2008 Angew.
Chem. Int. Ed. 47 3202

Cotton F A, Day V W, Hazen E E, Larsen S 1973 J. Am.
Chem. Soc. 95 4834

Xu D, Jiang M H, Tan Z K 1983 Acta Chim. Sin. 41 570 (in
Chinese) [IF7, ¥ RAE, AN 1983 L5423 41 570]

Eimerl D, Velsko S, Davis L, Wang F, Loiacono G, Kennedy
G 1989 IEEE J. Quantum Electron. 25 179

Eimerl D 1985 LLNL Report UCID 20565 92

Yoshimura M, Mori Y, Sasaki T, Yoshida H, Nakatsuka M
1998 J. Opt. Soc. Am. 15 446

Sun G H 2011 Ph. D. Dissertation (Jinan: Shandong Univer
sity) (in Chinese) [Fh54E 2011 W22 00830 (R 1WA K
)]

Wang L N, Zhang G H, Wang X Q, Wang L, Liu X T, Jin L
T, Xu D 2012 J. Mol. Strct. 1026 71

Liu X T, Wang L, Wang L N, Zhang G H, Wang X Q, Xu D
2014 Int. J. Mater. Sci. 4 39

Wang L 2014 Ph. D. Dissertation (Jinan: Shandong Univer
sity) (in Chinese) [T#% 2014 +240003C (Brpd: ILARKE)]
Segall M D, Lindan P J D, Probert M J, Pickard C J, Hasnip
P J, Clark S J, Payne M C 2002 J. Phys. Condens. Mater. 14
2717

Perdew J P, Wang Y 1992 Phys. Rev. B 45 13244

Vanderbilt D 1990 Phys. Rev. B 41 7892

Duan M Y, Xu M, Zhou H P, Chen Q Y, Hu Z G, Dong C J
2008 Acta Phys. Sin. 57 6520 (in Chinese) [Btifizs, /M, J&
W, BB o, BN #REAE 2008 PrEEAR 57 6520]
Monkhorst H J, Pack J D 1976 Phys. Rev. B 13 5188

Shen X C 1992 Optical Property of Semiconductor (Beijing:
Science Press) p24 (in Chinese) [JL2EHl 1992 2 80624
([Lse: Blafipit) 45245

Xu D Q, Zhao Z H, Li P X, Wang C, Zhang Y, Liu S L,
Tong J 2018 Acta Phys. Sin. 67 087501 (in Chinese) [fRKJX,
AR, ZERRR, M, K, XIRIAR, B 2018 MR 67
087501]

Zhang Q, Chen F, Kioussis N, Demos S G, Radousky H B
2001 Phys. Rev. B 65 024108


http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/j.saa.2006.07.031
http://dx.doi.org/10.1016/j.saa.2006.07.031
http://dx.doi.org/10.1016/j.saa.2006.07.031
http://dx.doi.org/10.1016/j.saa.2006.07.031
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/j.saa.2006.07.031
http://dx.doi.org/10.1016/j.saa.2006.07.031
http://dx.doi.org/10.1016/j.saa.2006.07.031
http://dx.doi.org/10.1016/j.saa.2006.07.031
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/j.saa.2006.07.031
http://dx.doi.org/10.1016/j.saa.2006.07.031
http://dx.doi.org/10.1016/j.saa.2006.07.031
http://dx.doi.org/10.1016/j.saa.2006.07.031
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1086/376920
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/S0005-2728(02)00185-8
http://dx.doi.org/10.1016/j.saa.2006.07.031
http://dx.doi.org/10.1016/j.saa.2006.07.031
http://dx.doi.org/10.1016/j.saa.2006.07.031
http://dx.doi.org/10.1016/j.saa.2006.07.031
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1021/ja063019w
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1002/(ISSN)1521-3773
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1021/ja00796a012
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1109/3.16261
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1364/JOSAB.15.000446
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.1016/j.molstruc.2012.03.068
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.14355/ijmsci.2014.0401.07
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.45.13244
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.3321/j.issn:1000-3290.2008.10.072
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.1103/PhysRevB.13.5188
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.7498/aps.67.20172504
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://dx.doi.org/10.1103/PhysRevB.65.024108
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 68, No. 6 (2019) 064210

Electronic structure and optical properties of phosphate
bis-guanidinoacetate crystal containing guanidine
phosphate interaction”

Wang Lei’"  Tu Bing-Tian?

1) (School of Materials Science and Engineering, Xi’an Shiyou University, Xi’an 710065, China)
2) (State Key Laboratery of Advanced Technology for Materials Synthesis and Processing,

Wuhan University of Technology, Wuhan 430070, China)
( Received 31 August 2018; revised manuscript received 15 January 2019 )

Abstract

L-arginine phosphate monohydrate (LAP) crystal is an excellent nonlinear optical material, its effective
nonlinear optical coefficient is about 2—3.5 times that of potassium dideuterium phosphate (KDP) crystal, and
its conversion efficiency can achieve up to 90%. The deuterated crystal of LAP has a very high laser damage
threshold. Thus, once it was considered as a preferred material to replace KDP crystal for laser inertial
confinement fusion and other fields. In addition, the LAP crystal has a much higher stimulated Brillouin
scattering (SBS) reflectivity than quartz crystal and also has a lower SBS threshold. Moreover, it exhibits a
special reversible phase-change in the variable temperature process, and shows an ultra-long spin-lattice
relaxation time at solid-state NMR. In a word, the LAP crystal has shown its uniqueness under the action of
energy such as light, heat and magnetic field. However, for these special phenomena, there is no reasonable
explanation. Phosphate arginine is responsible for the biological energy storage and transfer in invertebrates as
an important phosphorus source, which has a similar chemical composition to that of LAP crystal.

The special electrostatic or hydrogen bonding interaction between guanidine and phosphate plays an
important role in protein molecule interaction and their biochemical functions. Moreover, the conformational
transitions of L-arginine molecule in phosphoric acid solution at different energies have been reported, and the
fluorescence emission of L-arginine molecule aggregates can be changed by the interaction between phosphoate
and guanidine group. The interaction between phosphoate and guanidine group in crystal structure is also
studied as a model of biomolecular interaction. In order to further study the mechanism of interaction between
phosphoate and guanidine group and the crystal macroscopic properties, phosphate bis-guanidinoacetate
(PBGA) crystal containing the similar phosphoate and guanidine groups has been synthesized and reported.

In this paper, the geometry parameters, band structure, electronic density of states, and optical properties
of PBGA crystal are investigated by first-principles based the density functional theory. The energy gap of
PBGA crystal is 4.77 ¢V, much smaller than 5.96 eV of KDP crystal. Therefore, the photon transition becomes
easier and the corresponding photon absorption is relatively large in PBGA crystal. The top states of crystal
valence band are mainly composed of the N-2p of guanidine and the O-2p of carboxyl and phosphate groups.
There exists the electron interaction among guanidine, carboxyl and phosphate groups. The optical properties of
PBGA crystal are similar in the [100] and [010] orientation, whose linear optical properties are better than those
of [001] when the incident photon energy is less than 10 eV. The strong energy loss peak at 9.46 eV in the [001]
orientation is due to the electronic transition of N-2p on guanidine group in the valence band, and its
distribution is narrow. Thus the optical properties of [001] orientation are limited. The present research
establishes a good foundation for further understanding and studying the intergroup interactions and optical
properties in PBGA crystal.
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