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I. MOLECULAR SYMMETRY GROUP OF THE METHANE DIMER

TABLE 1. Character table of the molecular symmetry group of the methane dimer. The
table was generated using the GAP program according to instructions of Ref. [1].
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RP 1 23 4 5 6 7 8 9 10 11 12 13 14 15 16
Kge 1 6 9 16 48 32 32 36 72 36 12 36 96 12 36 96 gn
X¢(1) 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Xo() 111 1 1 1 1-1-1-1-1-1-1 1 1 1 10
Xg(1) 111 1 1 1 1-1-1-1 1 1 1-1-1-1 15
Xg() 111 1 1 1 1 1 1 1-1-1-1-1-1-1 10
X5(2) 2 2 2—-1-1 2-1 . . . . . . 2 2-1 1
X¢(2) 2 2 2-1-1 2-1 . . . . . . =2-2 1 1
X:(2) 2 2 2-1-1-1 2 . . . —2-2 1 . . . 0
Xg(2) 2 2 2—-1—-1-1 2 . . . 2 2-—-1 . . . 2
Xg(2) 4 4 4 1 1 -2-2 . . . . . . . . . 10
Xi6) 6 2-2 3 -1 . . =2 . 2 . . . . . . 15
Xpu6) 6 2-2 3 -1 . . 2 . -2 . . . . . . 15
X9 9-3 1 . . . .-1 1-1-3 1 . 3—-1 . 3
X9 9-3 1 . . . . -1 1-1 3-1 .-3 1 6
X4 9-3 1 . . . . 1-1 1-3 1 . -3 1 3
X559 9-3 1 . . . . 1-1 1 3-1 . 3-1 6
Xi6(12) 12 4 -4 -3 1 6

& Zero characters are labeled with “.” to enhance readability.

b Class index.
¢ Number of elements in class CL[R].
4 Spin statistical weight.



II. T4(M) CHARACTER TABLE

TABLE II. Characters and irrep decomposition of the rotational functions of methane in
the T4(M) molecular symmetry group [2].

E (123) (14)(23) [(1423)] (@3] Trreps
1 8 3 6 6
M2MHL S otbeez §oothgee £ ootigrop S olhoso
0 1 1 1 1 1 Ay
1 3 0 -1 1 -1 F,
2 5 -1 1 -1 1 E®F,
37 1 -1 -1 -1 Ay FLF,
49 0 1 1 1 AAGEDF, ®F,
5 11 -1 -1 1 -1 E®2F, @ Fy




¢ [rad]

7.0 8.0 9.0 10.0 11.0 12.0
R [bohr]

>
0
8
7.0 8.0 9.0 10.0 11.0 12.0
R [bohr]
T T T
0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014

FIG. 1. 2D cut of the wave function of the ground state, [1,0], of the ortho-meta spin
isomer corresponding to the J0.2 (from the 6-fold degenerate J0.2-7) state (Table V).
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FIG. 2. 2D cut of the wave function of the ground state, [1, 1], of the ortho-ortho spin
isomer corresponding to the J0.8 (from the 9-fold degenerate J0.8-16) state (Table V).
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FIG. 3. 2D cut of the wave function of the ground state, [2,0], of the meta-para spin
isomer corresponding to the J1.83 (from the 4-fold degenerate J1.83-86) state (Table V).
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FIG. 4. 2D cut of the wave function of the ground state, [2, 1], of the ortho-para spin isomer
corresponding to the J1.93 (from the 12-fold degenerate J1.93-104) state (Table V).



TABLE III. Ufﬁ?a matrix elements for ) = 2.

(w,0) o zx Ty Tz yy Yz 2z
1 1 1

(0,0) e 0 0 e 0 e
(2,—2) i -1 0 -3 0 0
(2,—1) 0 0 3 0 -3 0
1 1 2

(2,0) NG 0 0 -7 0 z
(2,1) 0 0 —3 0 -3 0
(2,2) i : 0 -1 0 0

TABLE 1V. [US2,]~! matrix elements for Q = 2.

a (wo): (00)  (2,-2) (2,-1) (200 (2,1 (22

1 1 1 1
xrx ~ 3 5 0 6 0 2
Ty 0 3 0 0 0 —1
zz 0 0 3 0 : 0

1 1 1 1
vy VS -2 0 /6 0 —3

i i

1 2

2z - 0 0 NE 0




TABLE V. Computed J = 0 and J = 1 rovibrational states of the (CHy)2. The energies
are referenced to the ZPVE (94.25 cm™1).

Label 7 [em™!] Assignment Symm. Label 7 [em™!] Assignment Symm.
JO.n Jln
1 0.00 [[0, 0]o, O]oo X1(1) 1 0.24 [0, 0o, 1]10 Xs(1)
2-7 8.99 [[1,0]1, 1]oo X11(6) 2-7  9.12 [[1,0]1,0]10 X10(6)
8-16 18.04 [[1,1]z,L]oo (L =0,2) X15(9) 8-13 9.80 [[1,0]1,1]10 X11(6)
17-25 19.32 [[1,1]1, 1]oo X12(9) 14-19 9.91 [[1,0]1,2)10 Xi10(6)
26-34 19.37 [[1,1]r, Lo (L =0,2) X15(9) 20-28  18.10 [[1,1]o, 110 X12(9)
35-40 31.43 [[2,0]2,2]oo X11(6) 29-37  18.65 [[1,1]1,0]10 X15(9)
41-44 31.73 [[2,0]2, 2]oo Xo(2) 38-46  18.74 [[1,1]2,1]10 X12(9)
45-56 32.17 [[2,1]L, L)oo (L =1,2,3) Xi6(12) 47-55  18.90 [[1,1]1,2]10 X15(9)
57 32.93 [[0,0]o,0]oo Xq(1) 56-64  18.95 [[1,1]1,1]10 X12(9)
58-66 38.44 [[2,1]3, 300 X14(9) 65-73  19.64 [[1,1]2,2]10 X15(9)
67-75 38.88 [[2,1]1, 100 X15(9) 74-82  19.74 [[1,1]2, 310 X12(9)
76-84 4047 [[2,1]2,2]oo X12(9) 83-86  22.52 [[2,0]2,L]10 (L =1,2,3) Xg(2)
85-96 40.52 [[2,1]r, L)oo (L =1,2,3) Xi6(12) 8792 31.29 [[2,0]2,1]10 X10(6)
97-105 42.19 [[2 1}2,2}00 X]2(9) 93-104 31.67 [[2, l}j,Aho (mixed) X16(12)
106-114  42.43 [[2,1]1,1]0o X14(9) 105110  31.82 [[2,0]2,2]10 X11(6)
115-123 43.57 [[2,1]3,3Joo X15(9) 111-114  31.97 [[2,0]2,L}10 (L =1,2,3) Xg(2)
124-129 45.14 [[1,0]1, oo Xy1(6) 115-120  32.20 [[2,0]2,3]10 Xi10(6)
121-132 3245 [[2,1];, Alio (mixed) Xi6(12)
133 33.15 [[0,0]o,1]10 Xs(1)




TABLE VI. Computed J = 2 and J = 3 rovibrational states of the (CHy4)2. The energies
are referenced to the ZPVE (94.25 cm™1).

Label # [cm™!] Assignment Symm. Label ¥ [em™!] Assignment Symm.
J2.n J3.n
1 0.73 [[0,0}o, 2]20 X1(1) 1 1.49 [[0,0]o,3]30 Xa(1)
2-7 9.44 [[1,0]1,1]20 X11(6) 2-7  10.00 [[1,0]1,2]30 X10(6)
813 10.29 [[1,0]1,2]20 X10(6) 813 11.02 [[1,0]1,3]30 X11(6)
14-19  10.55 [[1,0]1,3]20 X11(6) 14-19  11.46 [[1,0]1,4]30 X10(6)
20-28  18.28 [[1,1]2,0]20 X15(9) 20-28  18.66 [[1,1]a,1]50 X12(9)
29-37 19.01 [[1,1]1,1]20 X12(9) 29-37  19.58 [[1,1]2,2]30 X15(9)
3846 19.10 [[1,1]2,1]20 X12(9) 3846  19.61 [[1,1]1,2]30 X15(9)
47-55 19.22 [[1, 1o, 2]20 Xi15(9) 47-55 19.95 [[1, 1]o, 3]30 X12(9)
56-64 1931 [[1,1]1,2)20 Xi5(9)  56-64  20.00 [[1,1]1,3]30 X12(9)
6573 19.80 [[1,1]2,2]20 Xi5(9) 6573 20.57 [[1,1]2,3]50 X12(9)
7482 19.92 [[1,1]1,3]20 X12(9) 7482 20.58 [[1,1]2,4]30 X15(9)
8391  20.27 [[1,1]2,3]20 X12(9) 8391 2116 [[1,1]1,4] X15(9)
92-100 2050 [[1,1]2,4]20 Xi5(9) 92100 21.58 [[1,1]2,5]30 X12(9)
101-104 2298 [[2,0]2, L)oo (L =0,1,2,3,4) X¢(2) 101-104 23.66 [[2,0]2, L]so (L =1,2,4) Xg(2)
105-108  26.68 [[2,0]2, L]ao (L =0,1,2,3,4) X¢(2) 105-108  27.40 [[2,0]2, L]so (L = 2,3) Xo(2)
109-114  29.86 [[2,0],0]20 X11(6) 109-114  30.46 [[2,0], 1]30 X10(6)
115-120  29.87 [[2,0],1]20 Xi0(6) 115-120  30.50 [[2,0]2,2]30 X11(6)
121-126  31.54 [[2,0]2,2]20 X11(6) 121-126  32.03 [[2,0]2,3]30 X10(6)
127138 31.93 [[2,1];, Alao (mixed) Xi6(12)  127-138  32.40 [[2,1];,Also (mixed) X16(12)
139-144  32.38 [[2,0]2,3]20 Xy0(6) 139-142  33.14 [[2,0]2, L]30 (L =1,3,5) Xo(2)
145-148  32.42 [[2,0]2,4]20 Xo(2) 143-148  33.20 [[2,0]2, 4]30 X11(6)
149-160  32.54 [[2,1];, Alao (mixed) Xi6(12)  149-160  33.27 [[2,1];, Al (mixed) Xi6(12)
161172 33.04 [[2,1];, Alao (mixed) X16(12) 161 33.85 [[0,0]o,3]30 Xy (1)
173178 33.06 [[2,0]2,4]20 X11(6) 162-173  33.87 [[2,1];, Al (mixed) Xi6(12)
179 33.19 [[0,0]o,2]20 Xi(1) 174179 34.13 [[2,0]2,5]30 X10(6)
180-191  35.72 [[2,1];, Alao (mixed) Xi6(12)  180-191  36.12 [[2,1];, Al (mixed) X16(12)
192-195  36.02 [[2,0]2, L]ao (L =0,1,2) Xo(2) 192-195  36.75 [[2,0]2, L]so (L =1,2,3) Xo(2)
196207 36.74 [[2,1];, Alao (mixed) Xi6(12) 196207  36.81 [[2,1];, Al (mixed) X16(12)
208216 38.44 [[2,1];,Alzo (mixed) Xi5(9) 208219  37.59 [[2,1];, Al (mixed) X16(12)
217-225 3846 [[2,1];,Alzo (mixed) Xi2(9) 220228  38.84 [[2,1];, Al (mixed) X12(9)
226-234 3853 [[2,1];,Alzo (mixed) Xi5(9) 229237 38.84 [[2,1];, Al (mixed) X12(9)
235243 38.60 [[2,1];, A]2o (mixed) X12(9) 238246  38.92 [[2,1];,Alz0 (mixed) X15(9)
244-252  38.84 [[2,1];, A]2o (mixed) Xi5(9) 247255 3897 [[2,1];, Also (mixed) X15(9)
253-261  39.22 [[2,1];, A]oo (mixed) X15(9) 259264  39.38 [[2,1];, A]3o (mixed) X12(9)
262270 39.32 [[2,1];,Alzo (mixed) Xi5(9) 265273 39.55 [[2,1];,Als0 (mixed) X12(9)
271-279  39.35 [[2,1];,Alzo (mixed) X12(9) 274282 39.56 [[2,1];, Al (mixed) X15(9)
280288 39.80 [[2,1];,Alzo (mixed) X12(9) 283291  39.75 [[2,1];, Also (mixed) X12(9)
289-297 39.99 [[2,1]j,A]2[) (mixcd) Xlz(g) 292-300 40.01 [[2,1]], }5() (n’llXCd) X12(9)
298306 40.13 [[2,1];,A]zo (mixed) X15(9) 301309  40.04 [[2,1];, Al (mixed) X15(9)
307-315  40.21 [[2,1];,Alzo (mixed) Xi5(9) 310318  40.06 [[2,1];, Al (mixed) X12(9)
316-324  40.43 [[2,1];, A]zo (mixed) X12(9) 319327  40.14 [[2,1];, Alzo (mixed) X15(9)
325-333  40.64 [[2,1];,A]zo (mixed) Xi5(9) 328336 40.57 [[2,1];, Al (mixed) X15(9)
334-345 40.96 [[2,1];, Al2o (mixed) Xi6(12) 337-345  40.58 [[2,1];, A]so (mixed) X15(9)
346-349  41.15 [[2,0]2, L)oo (L = 3,4) Xo(2) 346-354  40.80 [[2,1];,Also (mixed) X12(9)
350-358  41.20 [[2,1];, Alao (mixed) X12(9) 355363 40.97 [[2,1];,A]so (mixed) X15(9)
364-372  41.12 [[2,1];, Also (mixed) X12(9)
373-381 41.38 [[2, 1]J, }30 (mlxed) X12(9)




TABLE VII. Computed J = 4,5, and 6 rovibrational states of the (CHy4)2. The energies
are referenced to the ZPVE (94.25 cm™1).

Label #[cm™!] Assignment Symm. Label #[cm™] Assignment Symm.
Jan Jb.n
1 2.43 [[0,0]o, 4]0 Xi(1) 1 3.65 [[0,0]o,5]50 Xa(1)
2-7 10.79 [[1,0]1, 310 X11(6) 2-7 11.82 [[1,0]1,4]s0 X10(6)
813 12.00 [[1,0]1,4]40 X10(6) 813 13.21 [[1,0]1,5]50 X11(6)
14-19 12,61 [[1,0]1, 540 X11(6) 14-19  14.01 [[1,0]1,6]s0 X10(6)
2028 19.25 [[1,1]2,2]40 X15(9) 2028 20.09 [[1,1]2,3]50 X12(9)
29-37  20.38 [[1,1]1,3]10 X12(9)  29-37 2139 [[1,1]1,4]50 X15(9)
3846 20.38 [[1,1]2,3]10 X12(9) 3846 21.42 [[1,1]s,4]50 X15(9)
4755 20.92 [[1,1]o, 410 X15(9) 4755 2213 [[1,1]o,5]s0 X12(9)
56-64  20.95 [[1,1]1,4]10 X15(9)  56-64 22.15 [[1,1]1,5]50 X12(9)
65-73 2157 [[1,1]2,4la0 Xi5(9)  65-73  22.80 [[1,1]2,5]50 X12(9)
74-82  22.05 [[1,1],5]40 X12(9)  74-82 2347 [[1,1]2,6]50 X15(9)
83-91  22.30 [[1,1)1,5s0 X12(9) 8391 2370 [[1,1]1,6]50 X15(9)
92-100  22.92 [[1,1]2,6]s0 X15(9)  92-100 2451 [[1, 1], 7]s0 X12(9)
101-104 2456 [[2,0]5, L]so (L =2,3,4,5,6) Xo(2) 101-104 25.69 [[2,0]5, L]so (L =3,6) Xo(2)
105-108  28.36 [[2,0]2, L]ao (L =2,3,4,5,6) Xo(2) 105-108 29.56 [[2,0]5, L]so (L =4,5) Xo(2)
109-114  31.25 [[2,0]2, 240 X11(6)  109-114  32.22 [[2,0]2,3]50 X10(6)
115-120  31.34 [[2,0]2, 340 Xi0(6) 115-120 32.41 [[2,0]5,4]50 X11(6)
121-126  32.80 [[2,0]2,4]40 X11(6) 121-126  33.87 [[2,0]2,5]50 X10(6)
127-138  33.10 [[2,1];, Also (mixed) X16(12) 127138 34.03 [[2,1];,Also (mixed) Xy6(12)
139-142  34.10 [[2,0]2, L4 (L = 2,4,6) Xo(2) 139-142 3531 [[2,0]2, 750 Xo(2)
143-154  34.20 [[2,1];, A]so (mixed) Xi16(12)
155-160  34.29 [[2,0]2, 5)40 X10(6) J6.n
161 34.74 [[0,0]o,4]40 Xy (1) 1 5.10 [[0,0]o,6]60 Xi(1)
162-173 34.94 [[2,1]]',/\}40 (mixed) X16(12) 2-7 13.08 [[1:0]175}60 XH(G)
174-179  35.42 [[2,0]a, 540 X11(6) 8-13  14.68 [[1,0]1,6]60 X10(6)
180-191  36.86 [[2,1];, Also (mixed) X1(12) 1419 15.65 [[1,0]1,7]eo X11(6)
192-195  37.73 [[2,0]2, L]ao (L = 3,4,5) Xo(2) 2028 21.16 [[1,1]2, 4]0 X15(9)
196-207  37.84 [[2,1];, Also (mixed) Xi6(12) 2937 22.65 [[1,1]1,5]60 X12(9)
208-219  38.71 [[2,1];,Also (mixed) Xi6(12) 3846 22.69 [[1,1]2,5]60 X12(9)
220-228  39.38 [[2,1]], Algo (mixed) X15(9) 47-55  23.58 [[1,1]1,6]60 X15(9)
229-237  39.43 [[2,1]], Also (mixed) X15(9) 56-64 23.60 [[1,1]o,6]60 X15(9)
238246 39.59 [[2,1];, Als (mixed) X12(9) 6573 24.27 [[1,1]2,660 X15(9)
247-255  39.61 [[2,1];,Als (mixed) X12(9) 74-82  25.13 [[1,1]2, 760 X12(9)
256-264  40.14 [[2,1];, Als (mixed) Xi5(9) 8391 2534 [[1,1]1,7)e0 X12(9)
265-273  40.42 [[2,1];, Also (mixed) Xi5(9)  92-100 26.35 [[1,1]2,8]60 X15(9)
274282 40.43 [[2,1];, Also (mixed) X12(9) 101-104  27.04 [[2,0]a, 2]6o Xo(2)
283291 40.52 [[2,1];, Also (mixed) X15(9)  105-108 31.00 [[2,0]5, Ljeo (L =3,4)  Xo(2)
292300  40.84 [[2,1];, Als (mixed) X15(9) 109-114  33.39 [[2,0],2] X11(6)
301-309  40.91 [[2,1];, Als (mixed) X19(9)  115-120  33.71 [[2,0]s, 3] X10(6)
310-318  41.03 [[2,1];, Als (mixed) X15(9) 121132 35.18 [[2,1];, Algo (mixed)  X;4(12)
319-327  41.07 [[2,1];, Also (mixed) X12(9) 133-138  35.22 [[2,0]a, 4]0 X11(6)
328-336  41.45 [[2,1];, Also (mixed) X12(9)  139-150 36.70 [[2,1];, Ao (mixed) Xy6(12)
337-345  41.54 [[2,1];, Also (mixed) X12(9) 151-154  36.75 [[2,0]2, Llgo (L =4,6) Xo(2)
346-354  41.72 [[2,1];, Also (mixed) X15(9) 155 37.17 [0,0]o, 6]60 X4(1)
355-363  41.84 [[2,1];, Also (mixed) X12(9) 156-161 37.21 [[2,0]2,5]60 X10(6)
162-173  37.78 [[2,1];, Algo (mixed)  X;4(12)
174-179  38.72 [[2,0]2, 660 X11(6)
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