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Structure and Photoelectron Energy Spectrum of Ga,As, Ion Clusters
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Abstract The method of BSLYP/6 — 311G (d) in density functional theory (DET) was used to optimize the geometric
configuration and study the photoelectron energy spectrum of Ga,As, (2 =1—5) ion clusters. The ground-state structure of
the clusters has been obtained, the stability of which shows a certain degree of even/odd alternation with the increase of the
total atoms number. The structure with odd number of total atoms is more stable than those with even number of total atoms
in Ga;As, clusters, while it is quite the contrary in Ga,As, clusters. The energy gap between the highest-occupied
molecular orbital (HOMO) and the lowest-unoccupied molecular orbital (LUMO) displays a certain degree of even/odd
alternation, with the increase of the arsenic atoms number. The energy gap values with even number of arsenic atoms are

basically the same, but they are rather different with odd number of arsenic atoms.
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Fig. 1 Geometric structures of clusters
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Table 1 Optimized geometric parameters for ground-state structures of Ga, As, and Ga,As,” (n=1—5) clusters

Cluster Symmetry Bond lengths /nm Cluster Symmetry Bond lengths /nm
Ga, As™ Ce 1—3 0.2312 Gay Asy D,y 1—3 0. 2551
2—3 0.2312 1—4 0. 2551
Ga, Asy C. 1—3 0. 2470 3—4 0. 2370
2—4 0.2610 Ga, As; C, 1—3 0.2476
3—4 0.2693 1—4 0.2476
Gay As; C. 1—3 0.2684 1—5 0.2476
1—4 0.2684 3—4 0. 2640
1—5 0.2684 3—5 0. 2640
3—4 0. 2460 4—5 0. 2640
3—5 0. 2460 Ga, As/ D, 1—3 0.2769
4—5 0. 2460 1—5 0.2769
Gay As; C, 1—3 0.2510 1—4 0.2769
1—5 0. 2540 1—6 0.2769
1—4 0.2760 3—5 0. 2450
2—4 0.2741 3—6 0. 2450
2—5 0. 2590 4—6 0. 2450
3—4 0. 2470 5—6 0. 2450
3—6 0.2420 Ga, As; (o 1—2 0. 2520
4—6 0. 2500 1—5 0. 2500
5—6 0. 2450 2—3 0.2370
Gay As; C. 1—3 0.2674 2—6 0.2510
1—7 0.2674 3—4 0. 2540
3—4 0. 2420 3—7 0.2420
3—5 0. 2440 4—7 0. 2470
5—6 0. 2480 4—5 0. 2576
5—7 0. 2550 5—6 0.2390
Gay As’ Coy 1—3 0.2336 6—7 0.2576
2% 2 Ga,As, Hl Ga,As, (n=1—5) A Z%
Table 2 Parameters of Ga, As, and Ga, As, (n=1—5) clusters
Cluster  Symmetry Total Zero-point energy Energy Thermal capacity Standard entropy
energy /eV / (kJ + mol™") gap /eV J(Jemol '+ K1) /(Jemol'+K™"
Ga, As™ Coy —6079.7223 3. 837 2.917 51.389 321. 317
Gay As; C. —8313.5152 5. 430 2.313 63.599 351. 463
Gay As; C. —10547. 3754 9.413 4,055 94.773 391. 436
Gay As; C, —12781. 1494 12. 220 2.778 118.566 455. 449
Ga, Ass C, —15014. 9679 14.944 2.535 142.103 494,678
Ga, As™ Ca, —6079. 3428 2.312 0.871 48.756 334. 245
Gay As, D, —8313. 1967 6.048 2. 449 71.679 366. 314
Gay As; C. —10547.0158 10. 425 2.721 94.188 391. 436
Gay Asi D, —12780. 8424 11.792 2,931 118. 411 451,122
Gay As; C, —15014. 6514 16. 425 2.734 140. 761 481.586
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Table 3 Vibrational frequencies and IR intensities of possible ground states of Ga, As, and Ga, As,” (n=1—"5) clusters

42.27(b3w[0.60], 97.63(b2w [0.30], 156.23(b3g)[10.04], 195. 86(ag)[4.05], 231. 79(blw[8. 35],

74.54(a) [0.87], 83.26(a) [0.78], 116.40Ca) [1.32], 126.95Ca) [0.74], 139.55Ca) [0.05], 168.48(a)
[5.09], 178.39Ca)[5.77], 193.12Ca)[1.19], 208.54Ca)[1.69], 221.21Ca)[1.347,245. 73Ca) [2. 257,

40.80(a") [1.64], 73.04(a’) [0.03], 100.09(a") [0.26], 120.49(a") [0.53], 123.51(a’) [1.24]149.08
(a') [0.647, 155.73(a") [11.45], 157.19(¢a") [1.07], 162.27(a’) [8.807], 184.47(a") [0.05], 199. 60

58.88(a)[0.28], 74.67(a)[0.527], 116.69Ca)[2. 777, 119.91Ca) [1.99], 133.58(a) [0.52], 165.41(a)

Structure Frequencies/cm™ ' [ IR intensities/ (km/mol) ]
Ga, As 28.67 (pi)[0.067], 29.98(piD[0.04], 222.07(sg)[2.00], 361.71(sg)[127.03]
GazAse 999 50¢ag)[1.46]
Ga, As; 80.56(a")[0.617], 80.88(a")[0.61], 203.64(a")[30.527, 237.08(a)[0.417], 237. 11(a)[0. 40]
Ga, As,
288.79(a) [2.07]
Ga, As;
(a') [0.73], 244.16(a") [0.017, 248.87(a) [1.52], 264.63(a") [0.26], 276.94(a") [1.35]
Ga, As™ 28. 84(al)[0. 087, 124.70(b2)[9. 837, 233.31(al)[1.16]
Ga, As; 71.48(b3w[1.207, 115.61(b2uw[1.017], 145.56(blu)[11.74]
Ga, As; 118.01Cal)[1.65], 118.20(b1)[1.65],192.11(b2)[0.15], 225.74(b)[0.27], 225. 76(b)[0. 27]
Ga, As; 57.65Ceu) [0.547, 91.84(a2u) [10.56], 253.26(Ceu) [1.11]
Gay As:

[0.90], 175.98(a) [0.52], 184.52(a) [0.887], 198.77(a) [0.57], 211.58(a) [0.54], 222.09(a) [1.07],

228.16(a) [0.63], 276.08(a) [1.25], 279.55(a) [0.83], 302.87(a) [0.38]

3.3 BIEBREMHTR

N T #E— L BAE Ga, As, (n=1—5) B 1 W # 5
SRR ENE A

2(Ga,As,) - (Ga,As,.,) + (Ga,As,_,)
EX D,(E)=E, ,+E,_, —2E, } Ga,As, H#%ft
W ESE. Kt E L E, R E e
Ga,As, ,Ga, As,— #l Ga, As,—, A BH &S 1 41 7% i) B GE

1

H o

b LIS E 2 iR ik, XFF D,
(E)RUL, BB K AW e tblim. WE 2
ATLVE M B SR RIS R, Ga, As, (n=1—5)
B PR R 22 oA R A AR L, HOE s
V5 1) R/ IN S A LA TE 47 B BV B A AR i e e
P B A i R g R 2 A A AR A A L R
Bk A7 B TR A R L AR TRk (B S
P 5 A X S+ AH IR b R 250 A 1 7 I 8 7 A
e LU B T H0CH A B0 I B AR X R E

0.1 --m-- GazAs,”
’ ’: LY —4— GasAs,’

> 0.05 SN
[ . , N
’E;: 0 I‘\'\L e ]
= P N 7
R -0.05 . -

-0.1 -

Total number of atoms

E 2 D, (E)5EBEFHINKR

Fig. 2 Relation of D, (E,) and total atomic numbers

oy A AR G LR L E R T Gay As, (n=

1=5) ¥ K H g+ A 7% 1) HOMO g 2% . LUMO
RE LI R R 22 E.p o Hop E B As JiLF
By A e i & 3 pron . ANE AT LA
REBR 25 E,., BE As B 750034 K & A48k R
ANRAR 2 AT A B AR A A . o i R
TR RIS, PR AT A B HG E BB - A Y E, A A
[ o 2 i HCh A5 R v A A S L E 1 B 1A
W E ALK H o n<<4 BF, KB 78S F
> IE B F AR > PR >4 L R KB
e il e R R i e R

~ --m-- GayAs,”

5
4L
3
2

Egp 1€V

1 2 3 4 5
Number of As atoms

K3 Eu5 As TR KR

Fig. 3 Relation of E,,, and As atomic number

L T

I 5 B 77 oK BEAE B R BSLYP ik, 7E 6 —
311G(D HAH X Ga, As, (n=1—5) B BH & ¥ A1 5%
() JUART 45 4 i Sl 301 5 LR et AR 2 M TR AT T &
GiEoT A5 B T 45 R 0 SRR e 45 A R L T RE TS



44 IR

Ga, As, B T PRS0 B HOG L T RETE AT 7T 1037

VA 52 14 R P B i g 3 DA TG 2% 7 16 7 A L
X T Gao As, PR 65708 75 300 A1 7% bE D
THO BB LR E s X T Ga, As, BIFE BT
BN BB A P T RO Ar B AT A e . ik
(1 5 7 o 8 8 3 CHOMO) Fi fi 28 il (LUMO)
RES Z (B Y REBT 22 E,., B As J5T B0 48 i L2 2L
RS 2 As JET RO BB ok A
7 S B BH B 5 B FR I E o BEAAR A L 24 As JE T4
AR e RO

5 £ X
1 Howes M. J., Morgan D. V.. Gallium Arsenide: Materials,
Devices, and Circuits [M]. New York: John Wiley &. Sons Inc,
1985
Song K. M., Ray A. K., Khowash P. K.. On the electronic
structures of GaAs clusters [J]. J. Phys. B, 1994, 27(8):1637
~1648
Al-Laham Mohammad A, Raghavachari Krishnan. Theoretical
study of GasjAsy, Al Py, and Mg,S, clusters [J]. J. Chem.
Phys. ,» 1993, 98(11) . 8770~8776
Lou L., Wang L. , Chibante L.. P. Fetal.. Electronic structure
of small GaAs clusters [J]. J. Chem. Phys., 1991, 94(12).
8015~8020
Vasiliev Igor, Ogiit Serdar, Chelikowsky James R.. Ab initio

5]

o

=

o

absorption spectra of gallium arsenide clusters [J]. Phys. Rew.
B, 1999, 60(12). 8477~8480
Al-Laham Mohammad A, Raghavachari Krishnan. Theoretical

o

study of small gallium arsenide clusters [J]. Chem. Phys. Lett. ,
1991, 187(1~2):13~20

Zhao Wei, Cao Peilin, Baoxing Li et al.. Study of the stable
structures of Ga, As; cluster using FP-LMTO MD method [J].
Phys. Rev. B, 2000, 62(24):17138~17143

Zhao Wei, Cao Peilin. Study of the structures of GagAss cluster
using FP-LMTO MD method [J]. Phys. Letz. A.2001, 288(1):
53~57

Zhao Wei, Cao Peilin. Study of the stable structures of the

-3

oo

©

Gas As; cluster using the full-potential linear-muffin-tin-orbital

molecular-dynamics method [J]. J. Physics: Condensed Matter ,

2002, 14(1):33~43

10 Zhao Wei, Cao Peilin, Duan Wenhui. Study of structure
characteristics of the GagAsg cluster [J]. Phys. Lett. A, 2006,
349(1~4).224~229

11 Taylor Travis R, Go' mez Harry, Asmis Knut R er al..
Photoelectron spectroscopy of GaX?~, Ga,X ., Ga,X?* , and
Ga; X* (X = P,As) [J]. J. Chem. Phys., 2001, 115(10)
4620~4631

12 O’Brien SC, Liu Y, Zhang Q L et al.. Supersonic cluster beams
of [-V semiconductors: GayAsy[J]. J. Chem. Phys., 1986,
84(7) . 4074~4079

13 Zhang Q L, Liu Y, Curl R F et al.. Photodissociation of
semiconductor positive cluster ions [J]. J. Chem. Phys. , 1988,
88(3): 1670~1677

14 Liao M. Z., Dai D. G. , Balasubramanian K. Electronic states of
the Gas Asy and Gay As; clusters [J]. Chem. Phys. Lett. , 1995,
239(1):124~130

15 Kwong H. H., Feng Y. P., Boo T. B.. Composition dependent
properties of GaAs clusters [ ] ] Computer Physics
Communications, 2001, 142(1~3).:290~294

16 Xiao Qi, Qiu Guanzhou, Tan Wenqing et al.. Density functional
calculation of electronic structure and optical properties of FeS,
(pyrite) [J]. Acta Optica Sinica, 2002, 22(12); 1501~1506
B A, WREE . BICK S FeS, (pyrite) ML F 251 5062 M i
M Bz R RELI ] A% F 4k, 2002, 22(12): 1501~1506

17 Xiong Zhihua, Rao Jianping, Jiang Fengyi. Density functional
calculations of electronic structure and optical properties on Mg
and Ni-doped CdS[J]. Acta Optica Sinica., 2007, 27 (12).
2225~2228
fE . B, VI, CdS 45 Mg M1 Ni o 7254 o 1 5
I8 B2 B BR F ST ). k% R, 2007, 27(12): 2225~2228

18 Ma Deming, Li Enling, Shi Wei ez al.. Structures and stability
of small Gan,As, clusters [J]. Journal of Atomic and Molecular
Physics, 2008, 25(4): 984~990
DY AR E T . FEZ RSN GanAs, FE R4
W R E R BFREL]. RT 5o T 4% F 4 .,2008, 25(4): 984
~990

19 Li Enling, Ma Deming, Ma Hong ez al.. Study on structure and
photoelectron spectroscopy about Si,— 1N and Si,— 2 N, (n=3~8)
ion clusters [J]. Acta Optica Sinica , 2007, 27(11); 1920~1928
R, D, % 20 % Si, N Al Si, 2 Na (n=3~8) B F
R 2540 S e F eI M BF o2 [T ). k% F 3R, 2007, 27(11):
1920~1928



