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3.1.1. Ga,P, m+n<5 m+n=4 Ga, P,
Ga,P, m+n<5 1 D,,
GaP  Ga—P Ga—P 0.2584 nm P—P
0.2481 nm. GaP, Ga, P 0.2082 nm. GaP; C,
C,, Ga—P Ga—P 0.2500 nm
0.2687 0.2409 nm GaP, P—P P—P 0.2110nm Ga 1 —P 2 —P 3
0.1988 nm Ga, P Ga—=Ga 86.8°. Ga;P  GaPy
iP_Ga 117.4°. Ga3 p C3,;
1 Ga,P,
/nm /°
GaP 1n Ce, 33- Ga—P 0.2481
GaP, 2n C,, ’B, Ga—P 0.2687
P—P 0.1988
Ga, P 3n C, 2B, Ga—P 0.2409 Ga—P—Ga 117.4
Ga, P, 4n D, ! A, Ga—P 0.2584 Ga—P—Ga 132.5
P—P 0.2082
GaPs S5n C, A Gal —P 2 0.2500 Gal—P2—P3 86.8
P2 —P3 0.2110
P2 —P4 0.2474
Ga; P 6n Cs, 4, Ga—P 0.2366 Gal —P 2 —Ga 3 114.9
Gay Ps Tn C,, ’B, Gal—P2 0.2582 Gal—P2—P3 81.1
P2 —P4 0.2349 Gal—P2 —Ga5 124.3
P2—P3 0.2179
Gaz P, 8n C, A Gal —Ga 2 0.2676 Gal —Ga2 —Ga3 89.9
Gal—PS5 0.2945 Gal—P 4 —Ga3 99.8
Gal—P 4 0.2472 Gal —P5 —Ga3 79.9
Ga2 —P5 0.2375 Ga2 —P5—P4 90.5
P4 —P5 0.2141 Ga2 —Gal —P 4 77.1
Gal —Ga2 —P5 71.1
Gal —P4 —P5 79.0
GaP, 9n C,, 2B, Gal—P2 0.2265 P2—Gal—P3 137.6
P4 —P5 0.2286 Gal —P2—P4 83.6
P2 —P4 0.2089 P2—P4—P5 117.6
P3—Gal —P 4 92.0
Gal —P4—P5 66.8
Gay P 10n C, 2 A, Ga 2 —Ga 3 0.2817 Ga2 —P 1 —Ga3 69.4
Ga 2 —Ga 4 0.2558 Ga3 —P1—Ga4 130.6
P1—Ga2 0.2434 Ga3 —P 1 —Ga5 160.0
P1—Ga3 0.2513 Ga2 —P 1 —Ga 4 61.2
Ga 3 —Ga 2 —Ga 4 113.4
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4 Ga,P, Ga,P; 1059
Ga—P 0.2366 nm Ga 1 —P 2 —Ga 3 Ga—P P—P
114.9°. Ga—P 0.2265mm P 2 —P 4 P4 —pP
m+n=>5 Ga, Py 5 0.2089 0.2286 nm. P
C,, Ga,P P Ga
A, - 4869.95443 a.u. ‘B, - 4869.95332 a.u. P1—Ga2 P1—Ga3
A, —4869.95591 a.u. B, -4869.96124 a.u. 0.2513  0.2434 nm Ga 2 —Ga 3 Ga 2 —Ga
Ga,P, c. B 4 0.2817  0.2558 nm.
Ga3 P2 D3h C21: Cs Ga,” P,l m+n
Dy, C,, C, m+n
A Ga, P,
C % 3.1.2. Ga, P, m+n<S5
P—P 0.2141 nm Ga—P Ga, P, m+n<S 1
0.2472 nm Ga—P 0.2375 2 2 GaP™ 3" GaP~
nm Ga—Ga 0.2676 nm. GaP °3-
GaP, Ga,P GaP~  GaP Ga—P
C,, GaP, 0.0340 nm 0.2142 nm.
2 Ga,P;
/nm /°
GaP~ la C., iy Ga—P 0.2142
GaP; 2a Cy, 'A, Ga—P 0.2483
p—p 0.2074
Ga,P- 3a Cy, A, Ga—P 0.2263 Ga—P—Ga 106.5
GayP5 4a Ca 2B, Ga—P 0.2474 Ga—P—Ga 115.5
P—Pp 0.2241
GaPy 5a C, 240 Gal—P2 0.2523 Gal—P2—P3 77.2
P2—p3 0.2181
P2 —P4 0.2328
GasP- 6a Cy, g, P1—Ga2 0.2612 Ga3 —P 1 —Gad4 126.5
Ga2 —Ca 3 0.2615 Ga3 —Ca2 —Ga 4 107.1
P1—Ca3 0.2355
Gay Py 7a Ds, A P1—P2 0.2259 Gad —P 1 —Gas 119.7
P1—Gad 0.2597
GasP5 8a D3, A P1—Ga2 0.2483 Ga2 —P 1 —Ga4 98.4
P1—P3 0.2413 66.5
GaPy 9a Cs, A Gal—P2 0.2743 Gal—P4—P2
P2—P3 0.2188 P3—P2—P4 90.0
P3—Cal—P4 68.7
GayP- 10a Cy, A, P1—Ga2 0.2430 Ga2 —P 1 —Ga4 73.4
Pl —Gas 0.2431 Ga3 —Ga2 —Ga4 90.0
Ga3 —GCa2 0.2905 Ga3 —P1—Ga5s 73.4
P1—Ca3 0.2905 Ga3 —Ca5 —Gad 90.0
Ga3 —Cas 0.2431 Ga3 —P 1 —Gad 115.3
Ga2 —P 1 —Gas 115.3
Ga2 —Ga3 —Gas 90.0
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GaP, Ga, P~ m+n=5 Ga, Py Ga, P,
Gy, Ga—P Dy, A,
0.2483  0.2263 nm Ga—P Ga,P; P Ga
0.0204 0.0146 nm. GaP, P—P
P—p 0.2074 nm GaP, P—P Ga—P 0.2259
0.0086 nm. Ga, P~ Ga—=Ga 0.2597nim Ga 4 —P 1 —Ga 5 119.7°
Ga—P—Ga Ga,P 11°. ab initio O Gay Py
m+n=4 Ga, P, Ga—=Ga Ga—P
C,, Ga—P 0.2483 nm Ga 2 —Ga 1 —P 4 98.4°.
0.2474 nm Ga—P GaPy - Ga, P Ca P
P—P 0.2241 nm P—P Ga Ga P
. GaP; GaP, Ga—P 0.2743 nm P—P
Ga—P P—P 0.002  0.007 0.2188 nm Ga,P~ Ga—P 0.2432 nm
nm Ga 1 —P 2 —P 3 10° Ga—Ga 0.2904 nm. Ga, P,
Franck-Condon GaPy AEA  VDE m+n
5 m+n
Ga; P~ Ga, P Jahn-Teller 3.2
C,, . Gay; P~
Ga—P 0.2355  0.2612 Ga,P,  Ga,P,
nm Ga—Ga 0.2615 nm Ga 3
3—P 1 —GCa 4 126.5° Ga 3 —Ga 2 — 3
Ga 4 107.1°. 2—3 IR
3 Ga,P, Ga,P;
/a.u. /k} mol ! /em™!
GaP 1n —2264.21489 1.62 271 ¢
GaP, 2n —2605.62203 5.97 124 b, 199 a; * 76 a;
Ga, P 3n —4187.19441 3.63 244 ay 319 b, ”
Ga, P, 4n —4528.59359 8.27 106 by, 255 by, ”
GaPs S5n —2946.98963 11.54 168 o' 212 @/ © 441 o
Gay P 6n -6110.19132 5.93 203 @y 336 e ©
Gay Py Tn —4869.96124 13.01 109 by 20 b, 239 b, *
Gay P, 8n —6451.55189 10.70 150 o © 216 a" 235 a’
GaPy 9n —3288.35251 16.58 143 ay 417 b, 536 b, *
Ga, P 10n —8033.14584 7.35 161 a; 269 a; 330 b, ©
GaP~ la —2264.27934 2.69 449 o
GaPy 2a - 2605.68100 6.36 232 b, 250 a; ”
Ga, P~ 3a —4187.28684 4.85 341 ay 414 b, ”
Ga, Py 4a —4528.65390 7.91 141 b, 295 b, *
GaP5 S5a —2947.05689 10.75 223 a * 319 o
Gaz P~ 6a - 6110.24945 6.49 287 ay 327 b,
Ga, Py Ta —4870.05823 13.78 95 ¢ 265 a5
Gaz P5 8a - 6451.64107 10.40 185 a4 273 ¢ °
GaPy 9a —3288.45930 17.16 132 e 210 a; ~
Ga, P~ 10a - 8033.21388 8.11 273 a; 302 e ©
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Studies on structures and photoelectron spectroscopy of
Ga,,P, and Ga,,P, clusters”
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Abstract
Using density functional theory associated with the B3LYP method with 6—31G™ basis set we have carried out the
optimizing calculations of the geometry electronic state and vibrational frequency for Ga,,P, m + n<5 clusters moreover
discussed the vertical detachment energy of Ga,, P, and the adiabatic electron affinities of Ga,, P, . The results show that the

structures with singlet have higher symmetry while the one with doublet has lower symmetry.

Keywords Ga,, P, and Ga,, P, clusters density functional theory photoelectron spectroscopy
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