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Study of Structures of
Inert Element Three-molecule Clasters
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Abstract The energy level, structures of inert molecule trimers Nes and A were calculated
using the harmonic oscillator product state expansion method. Three kinds of pair-wise poten—
tial for Ar-Ar were employed in investigating its influence on energy levels, structure of Ar
trimer- M eanwhile, a simple method, which constructed the independent and orthonormal basis
of the spatial wave function of the three bosonic identical particles, was proposed. This basis
was used as the expanded basis of trival wavefunction of the molecule trimer A3, K3 and Xes
in calcuating wavefunctions and energy levels. The structure in low-lying energy states with ze—
ro total angular momentum were analysed using shape-density method-
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1 AcAr HFD-B2 HFD-C
Table 1 Parameters of HFD-B2 and HFD-C potential for
Ar-Ar
Potential HFD-B2 HFD-C
param eter
e/ Ky (k) 143. 224 143 224
T (A ) 3. 7565 3.759
a 10. 77874743 16 345655
B ~ 1. 8122004 -
Y - 20
A 2.26210716< 10° 9. 50272%X 10°
Ce 1. 10785136 1. 0914252
Cs 0. 56072459 0. 6002595
Cio 0. 34602794 0.3700113
D 1. 36 14
* Kp: Boltzmann constant-
Ne-Ne KrKr XeXe -] ,
€ 6
Vis(r) = 4><[(—r) - (=) (29)
L-J 2%, Ar-Ar L)
3 HFD
2 L-J
Table 2 Parameters of L-J Interaction potential for inert el-
ement
Potential Nrs; Ars Kr; Xes
parameter
Mass 20. 18 39. 95 83. 80 131. 30
e (k) 35.6 143.224 1640  222.3
s (A) 2. 749 3. 405 3.828  4.099
V= v+ V(i) + V() (30)
U 1 T T T T
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Table 3 The convergence of energy of Ne in ground state 1
224 4
(k) N -
220 243 2867 290 33 337 360 et a7 430 4 4 ED[:
Number of basis functions Energy in ground state .
308 - 5715 .
372 - 58.08 _
<
444 - 58.82 o
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ey
oo - 59.33 ° g
o N
<€
"8
4 Ne ( (k)) 5
Table 4 The levels of Ne; in low-lying energy states 8
S
State This work DVR ’
0y - 5906 - 61. 16
o Z41.24 (17.82) - 43.43 (17.73)
13 - 38.06 (21.00) - 40.51 (20 65) (o)
0 - 34.12 (24.94) - 36.85 (24 31) 3 Neo 0
Fig.3 The contour plot (a) and surface plot (b) of
0s - 29.53 (29.53) - 3197 (2919 shape-density of Ne; in 07 state
32 An \ : 5, DVR
A
) A 4
5 Ar3 ( (k))

Table S The levels of Ars in low-lying energy states

Harmonic oscillator product basis expansion DV R Symm etry basis
expansion
State
HFD-B2 HFD-C L-J L-J - HFD-B2
G - 314. 69 - 316.78 - 30500 - 304. 83 - 326. 81
03 - 239.45 (75.24) — 241.40 (75. 38) - 231.17 (73. 83) - 268. 65 - 240. 59
0} - 218.24 (96. 45) - 219.51 (97.27) - 209. 07 (95.93) - 253.84 - 220.70
G, - 201.72 (112.97) - 204.35 (112.43) - 188.82 (116.18) - 238.32 - 208.73
G - 180. 34 ( 134. 35) - 182.40 (134. 38) - 167.19 (137.81) - 232.35 - 188.73
* DVR L-J e= 119. 4K.

* The well depth €= 119. 4K of L—-]Jpotential in use for DV R.
JEAE 19975 20 % 4% 1M 5
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Table 6 The structure parameters of Ar; in ground state and low-lying states
HFD-B2 HFDC L-J
Sate  hideg.)  S(A) g h(deg.)  SA) e B(deg.)  SA ) dy
0y 59.72 4.01 31. 41 59.77 4.01 31. 28 59.70 4. 06 33.76
(V) 76. 76 4. 02 9.52 76. 87 4. 02 9.51 75.37 4.08 9 88
59. 80 3.78 4.25 59. 88 3.80 4.31 59 67 3.84 6 39
51.79 4. 60 2.20 51. 58 4. 62 2.03 51.26 4. 65 329
(0 59. 80 4. 46 13. 03 59.79 4. 46 13. 12 59 74 4.50 18.32
85. 44 4.00 4. 68 85.76 4.01 4.56 83 47 4.03 533
59. 60 3.72 4. 48 59. 60 3.72 4. 82 59 68 3.76 4 81
04 59. 90 4. 47 6.78 59.92 4. 46 6. 63 60 07 4.51 8 84
95. 60 4.05 5.83 96. 19 4. 06 5.57 93 09 4.07 692
77. 82 3.77 1. 31 78. 10 3.79 1. 37 75.98 3.79 1. 86
05 60. 04 4.53 7.22 60. 04 4.53 7.50 60 07 4. 66 4 54
109. 19 4. 07 3. 67 109. 74 4. 08 3.39 106. 99 4.07 451
76. 11 3.77 1. 59 76. 23 3.7 1. 67 75.06 3.83 1. 56
87. 54 411 1. 29 88. 22 4.09 1. 55 83 95 4.22 1. 37
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Table 7 Comparison of the number of Harmonic oscillator

product basis with corresponding symmetry basis functions

Number of Harmonic oscillator
product basis functions

Number of symmetry
basis functions

308
372
444
525

615

136
160
187
244

307

8

An

4, 00A , 4. 00A

An

An
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Table 8 Comparison of the geometry structure of Ars in low-lying states useing the Harmonic oscillator product basis and sym-

metry basis

State r(d ) RA ) h(deg. ) SA) o
0 4.00 (3.97) 3.48 (3.45) 59.72 (59. 83) 4.01 (3.99) 31.41 (27. 29)
0, 4.99 (4.89) 3.15 (3. 18) 76.76 (75.11) 4.02 (4.01 9.52 (8.23)
3.77 (3.77) 3.28 (3.28) 59.80 (59.77) 3.78 (3.78) 4.25 (5.27)
4.02 (3.89) 4. 14 (4.21) 51.79 (49.48) 4.60 (4. 64) 2.20 (3.22)
(0 4.45 (4. 42 3.87 (3. 85) 59.80 (59.71) 4. 46 (4. 44 13.03 (16 65)
5.43 (5.38) 2.94 (2.94) 85.44 (84.91) 4.00 (3.99) 4. 68 (4.07)
3.70 (3.68) 3.23 (3.21) 59. 60 (59. 64) 3.72 (3.70) 4. 48 (4.67)
04 4.46 (4.45) 3.87 (3. 87) 59.90 (59.79) 4. 47 (4. 46) 6.78 (9. 63)
6. 00 (5.89) 2.72 (2.71) 95. 60 (94.76) 4.05 (4.00) 5. 83 (6. 40)
4.73 (4. 68) 2.93 (2.94) 77.82 (77.03) 3.77 (3.76) 1.31 (1.43)
Os 4.53 (4. 44 3.92 (3. 86) 60. 04 (59. 81) 4.53 (4.45) 7.22 (2.25)
6. 64 (6.59) 2.36 (2. 32) 109. 19 ( 109. 70) 4.07 (4.03) 3.67 (4. 17)
4. 65 (4.54) 2.97 (2.93) 76. 11 (75.53) 3.77 (3.71) 1.59 (0.97)
5.69 (5.52) 2.97 (2. 86) 87. 54 (87.96) 4. 11 (3.97) 1.29 (1.58)
9 Ars Kn; Xes 10 Kn; Xes
Table 9 Convergence of ground state energy of Ar;, Kr;, Xe; Table 10 The energy levels of Kr; and Xe
useing the symmetry basis K Xes
Number of symmetry Ax Kn Xe State This work PV This work DVR™
basis functions
136 20304 - 34780 - 461l 44 a - 380.11 - 45280 - 532.67 - 632.22
160 31041 - 363.86 - 491.84 G - 297.63 - 42378 - 408.82 - 605.32
187 ~ 31779 - 372.54 - 515.06 G -291.97 - 41L15 -37412 - 592.21
244 - 32681 - 380.11 - 532.67 G -266.43 - 39672 -295.17 - 578.87
oo - 34371 - 385.55 - 541.90 G -236.19 - 39L63 -1263.92 - 573.73
JEAE 1974 20 & ABE 1 7
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Table 11 The structure parameters of Krs in low-lying states
se | "A) RA) Mde) SA) &
(0] 4. 54 3.95 59.77 4. 56 31. 64
G 5.55 3.57 75.72 4.52 8. 30
4.29 3.74 59. 67 4.31 3.7
4.34 4.75 49.11 5.22 2.15
G 5.05 4.39 59. 81 5. 06 20. 30
4. 20 3. 65 59. 83 4.21 5.76
G, 6. 12 3.29 85. 85 4. 49 5.13
4.09 4.93 45. 06 5.34 2.31
4.26 3.68 60. 12 4.25 1. 85
G 6. 83 3.11 95. 35 4. 62 4. 84
5.06 4. 38 60. 02 5. 06 2.33
5.39 3.35 77.63 4.30 1. 15
12 Xe

Table 12 The structure parameters of Xe; in low-lying states

sie "R RA) h(deg) SA)  &e
0 4.84 4.21  59.78  4.86  30.23
0, 4.54 .95 59.77  4.56 6.70
5.86 394 7327 491 603
4.98 4.91 5378 551  4.45
0, 5.37 4.66  59.90  5.38 13.48
4.49 391 59.73 451 542
6.34 363 8226  4.82  3.71
0 5.72 496  59.94 576 568
5.54 3.58  75.46  4.53  2.17
4.45 387 9.79 446 1.67
0 4.4 3.85 59.71 444 3.79
5.13 4.46  59.81 514 3.57
6. 84 312 95.25 463 279
5.02 557  48.51 611 2.33
8
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2

: A, O (4. 01, 59.02). G (4. 02,
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G (4. 01, 109. 19)

, ( 2(a) BC,
D,E,F,G H ).
K Xe , K0 (4. 56,
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03 (4. 62, 95. 35), Xes L0
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82.86) (4 63, 95. 25)
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