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Table S1. Measured line frequencies (v/MHz) and observed-calculated values (Av/kHz)

of HCOOH-CBU.

N J K K | v J KK |V v/MHz Av/kHz
1 4 0 4 |1 ] 3 0 3 1 7279.7897 | 53
2 4 0 4 10| 3 0 3 0 72178.5599 34
3 4 1 4 |1 ] 3 1 3 1 7017.0642 1.8
4 4 1 4 10| 3 1 3 0 7026.9827 8.0
5 4 1 3 1] 3 1 2 1 7608.7788 | -1.4
6 4 1 3 10| 3 1 2 0 7619.3977 | -4.4
7 4 2 2 | 1] 3 2 1 1 7373.0216 | -6.4
8 4 2 2 10| 3 2 1 0 7371.8964 0.8
9 4 2 3 1] 3 2 2 1 73249138 | 55
10 4 2 3 10| 3 2 2 0 7323.7302 4.4
11 5 0 5 |1 4 0 4 1 9064.1524 | -2.4
12 5 0 5 | 0] 4 0 4 0 9062.5619 4.9
13 5 1 5 |1 4 1 4 1 8780.1124 | -74
14 5 1 5 | 0] 4 1 4 0 8775.0086 6.1
15 5 1 4 |1 4 1 3 1 9501.0683 | -2.7
16 5 1 4 10| 4 1 3 0 9496.8392 5.4
17 5 2 4 11| 4 2 3 1 9150.1847 | -48
18 5 2 4 |0 4 2 3 0 9148.5579 33
19 5 2 3 ]1| 4 2 2 1 9245.4086 | -4.0
20 5 2 3 10| 4 2 2 0 9243.9018 33
21 6 0 6 | 1] 5 0 5 1 |10826.8385 | -04
22 6 0 6 |0 | 5 0 5 0 | 10824.8584 31
23 6 1 6 | 1] 5 1 5 1 |10520.7594 | -54
24 6 1 6 | 0] 5 1 5 0 ]10517.8301 3.9
25 6 1 5 | 1|5 1 4 1 | 11386.1088 | -0.6
26 6 1 5 |0 ] 5 1 4 0 | 11384.2211 2.0
27 6 2 5 | 1|5 2 4 1 |10971.7377 | -6.1
28 6 2 5 |0 ] 5 2 4 0 | 10969.2396 6.3
29 6 2 4 10| 5 2 3 0 | 11132.9333 0.2
30 6 2 4 11| 5 2 3 1 |11135.2304 | -5.8
31 7 0 7 11] 6 0 6 1 | 12566.5864 25
32 7 0 7 10| 6 0 6 0 | 12564.1892 1.0
33 7 1 7 11] 6 1 6 1 | 12257.8812 1.1
34 7 1 7 10| 6 1 6 0 | 12254.9125 2.7
35 7 1 6 | 1] 6 1 5 1 |13261.8654 | -1.3
36 7 1 6 | 0] 6 1 5 0 |13260.1086 | -1.5
37 7 2 6 |1 | 6 2 5 1 |12789.9384 | -2.7
38 7 2 6 | 0] 6 2 5 0 | 12784.8966 4.4
39 7 2 5 0] 6 2 4 0 | 13038.2176 2.0
40 7 2 S |1] 6 2 4 1 | 13042.9435 0.9
41 8 1 8 | 1] 7 1 7 1 | 13989.2216 3.7
8 1 8 | 0] 7 1 7 0

13985.9480 0.3




43 8 1 7 117 1 6 1 | 15126.0221 2.7
44 8 1 7 10| 7 1 6 0 | 151241189 | -41
45 8 2 6 | 1] 7 2 5 1 | 14966.6261 0.8
46 8 2 6 |0 | 7 2 5 0 |14944.1480 | -45
47 8 2 7 10| 7 2 6 0 |14594.7261 2.2
48 8 2 7 117 2 6 1 | 14617.6611 2.3
49 9 0 9 /11| 8 0 8 1 | 15983.5382 5.0
50 9 0 9 10| 8 0 8 0 ]15980.2385 | -6.1
51 9 1 9 /11| 8 1 8 1 | 15714.5178 4.8
52 9 1 9 10| 8 1 8 0 ]15710.8593 | -75
53 9 1 8 |1 8 1 7 1 | 16975.9494 4.8
54 9 1 8 | 0] 8 1 7 0 ]16973.8181 | -5.7
55 9 2 8 |1 8 2 7 1 | 16350.4797 0.7
56 9 2 8 10| 8 2 7 0 |16398.0087 | -2.4
57 9 2 7 10| 8 2 6 0 ]16950.2037 | -15
58 9 2 7 118 2 6 1 | 16902.0546 4.9
59 |10 0 J10 | 1] 9 0 9 1 |17668.7085 | 12.0
60 |10 | 0 |10 [ O | 9 0 9 0 |17664.9263 | -10.7
61 |10 | 1 |10 | 1] 9 1 9 1 | 17433.8730 9.5
62 |10 | 1 |10 ] 0| 9 1 9 0 | 17429.7979 |-12.0
63 3 1 3 11| 2 0 2 1 8302.5384 | -10.6
64 3 1 3 10| 2 0 2 0 8297.6474 3.7
65 4 1 4 |1 ] 3 0 3 1 9842.7974 | -3.0
66 4 1 4 10| 3 0 3 0 9848.7145 35
67 5 1 5 |1 4 0 4 1 | 11343.1152 | -9.9
68 5 1 5 |0 4 0 4 0 | 11345.1613 4.3
69 6 1 6 | 1] 5 0 5 1 |12799.7275 | -7.6
70 6 1 6 |0 | 5 0 5 0 |12800.4374 | 111
71 6 0 6 | 1] 5 1 5 1 8547.8685 | -0.1
72 6 0 6 |0 | 5 1 5 0 8542.2551 | -0.2
73 7 0 7 11] 6 1 6 1 | 10593.6900 2.3
74 7 0 7 10| 6 1 6 0 | 10588.6119 | -5.4
75 3 1 2 |1 | 2 0 2 0 ]10292.3525 | -4.3
76 3 1 2 | 0] 2 0 2 1 8041.2570 | -0.7
77 4 1 3 11| 3 0 3 0 | 12425.2303 0.8
78 4 1 3 10| 3 0 3 1 | 10183.8584 9.6
79 2 2 1 1]0]1 1 0 0 | 13299.2176 3.9
80 2 2 1 1)1 1 0 1 | 13297.3366 3.2
81 2 2 0 |01 1 1 0 |13449.1731 14
82 2 2 0|11 1 1 1 | 13447.1083 4.4
83 2 2 1 101 1 1 1 | 12321.9640 | -57
84 2 2 0 |01 1 0 1 |12181.8855 | -7.2




Table S2. Measured line frequencies (vVMHz) and observed-calculated values (Av/ikHz)

of DCOOH-CBU.

N J I KE | K | v K" K" |V v/MHz Av/kHz
1 4 1014 1|3 0 3 1 7096.5666 | -3.0
2 4 1040|383 0 3 0 70954035 | 6.0
3 4 1 |4 ]1]3 1 3 1 6844.4701 | -1.4
4 4 114 ]0] 3 1 3 0 6853.8341 | 238
5 4 1 13 ]1]3 1 2 1 7408.2407 | 41
6 4 1 |3 [0]3 1 2 0 7418.2460 | -3.4
7 5| 0|51 4 0 4 1 8838.3997 | -2.2
8 S| 0| 5]0] 4 0 4 0 8836.8973 | 4.9
9 5 1 ] 5]1] 4 1 4 1 8564.4200 | -7.1
10 | 5 1 | 5[0] 4 1 4 0 8559.3704 | 5.2
11 | 5 1 |4 ]1] 4 1 3 1 9251.3639 | -1.1
12 | 5 114 ]0] 4 1 3 0 9247.1122 | -0.4
13 | 5 2 |4 11 4 2 3 1 8916.3803 | -4.9
14 | 5 2 |4 10| 4 2 3 0 8914.8548 | 3.7
15 | 5 2 13 |1 4 2 2 1 9002.7076 | -2.9
16 | 5 2 | 3]0 4 2 2 0 9001.2854 | 25
17 | 6 | 0 ] 6 | 1] 5 0 5 1 | 10560.3784 | -4.1
18| 6 | 0| 6 |[0]5 0 5 0 | 10558.5161 | 44
19 | 6 116 | 1]5 1 5 1 | 10262.9303 | -6.2
20 | 6 1|6 [0]5 1 5 0 | 10260.1505 | 6.1
21 | 6 1 | 5]1]5 1 4 1 ]11087.9781 | 1.7
22 | 6 1 | 5[]0]5 1 4 0 | 11086.1464 | -2.1
23 | 7 | 0|7 |1]|6 0 6 1 |12261.1035 | 0.2
24 | 7 1 0[] 7 ]0]| 6 0 6 0 | 12258.8492 | 16
25 | 7 1 | 7]1]6 1 6 1 ]11958.4514 | -7.4
26 | 7 1 ] 7]0]6 1 6 0 | 11955.6587 | 3.9
27 | 7 1 |6 [1]6 1 5 1 ]12916.2732 | 3.0
28 | 7 1 16 | 0] 6 1 5 0 | 129145808 | -1.8
29 1 9101918 0 8 1 | 15603.0404 | 7.2
30 91 0[]9 0] 8 0 8 0 | 15599.9425 | -2.3
31 | 9 119 ]1]8 1 8 1 | 15333.2655 | 7.6
32 |9 11 9]0] 8 1 8 0 | 15329.8211 | -4.8
33 | 9 1 18 ]1]8 1 7 1 ]16539.4154 | 7.7
34 |19 1 |8 [0] 8 1 7 0 | 16537.3740 | -7.8
35 |10 0 |10 1] 9 0 9 1 |17250.8947 | 2.6
36 |10 0 |10 0 | 9 0 9 0 | 17247.3539 | -10.1
37 |10 1 101 ]9 1 9 1 ]17012.2929 | 11.0
38 |10 1 |10 0| 9 1 9 0 | 17008.4604 | -8.4
39 | 3 1 3 ]1] 2 0 2 1 8192.4925 | 0.9
40 | 3 1 3]0 2 0 2 0 8188.1869 | -4.3
41 | 4 1 |4 ]1]3 0 3 1 9699.1692 | 3.3
42 | 4 114 ]0] 3 0 3 0 9705.0794 | -2.3




43 | 5 1 | 5]1] 4 0 4 1 | 11167.0127 | -10.6
44 | 5 1 | 5[0] 4 0 4 0 | 11169.0557 | 6.3
45 | 6 1 16 |1]5 0 5 1 | 12591.5526 | -5.3
46 | 6 1 |6 [0]5 0 5 0 | 12592.3098 | 84
47 | 6 | 0 | 6 |1]5 1 5 1 8231.7545 | -6.6
48 | 6 | 0 [ 6 | 0] 5 1 5 0 8226.3572 | 25
49 |7 1 0|7 |1]6 1 6 1 | 10229.9241 | -3.8
50 | 7] 0] 7 ]10]6 1 6 0 | 10225.0630 | 5.0
51 | 3 1 |2 ]1)]2 0 2 0 | 10103.5147 | 43
52 | 3 112 ]0) 2 0 2 1 7929.4514 | -43
53 | 4 1 |3 [1]3 0 3 0 | 12174.8025 | -3.8
54 | 4 1 13 ]0] 3 0 3 1 ]10009.9125 | 4.7




Table S3. Measured line frequencies (vVMHz) and observed-calculated values (Av/IkHZz)

of HCOOD-CBU.

N J K | K" | v | 0" K" | K" | v v/MHz Av/kHz
1 410 |4 ]1]3 0 3 1 7240.6720 | -6.0
2 41011410 3 0 3 0 7239.3814 | 0.7
3 411 |4 ]1]3 1 3 1 6977.1175 | 5.2
4 4 111410 3 1 3 0 6988.0793 | 6.7
5 4 1113 ]1]3 1 2 1 7570.0873 | -1.7
6 411 |3 ]0]3 1 2 0 7581.7734 | -6.6
7 4 1212 |1] 3 2 1 1 7334.7673 | 3.8
8 4 12 |2 ]10]3 2 1 0 7333.5878 | 10.4
9 4 12 |13 |1] 3 2 2 1 7286.2186 | 1.3
10 |41 2 | 3 0] 3 2 2 0 7284.9803 | 10.4
11 [ 5] 0 [ 5|1 4 0 4 1 9014.9450 | -5.2
12 | 5] 0] 5|0 4 0 4 0 9013.2831 | 45
13| 5] 1[5 |1 4 1 4 1 8732.8518 | -6.6
14 |5 1|5 ]0] 4 1 4 0 8726.3019 | 3.0
15 [ 5] 1[4 |1 4 1 3 1 9452.6176 | 2.7
16 | 5| 1] 4]0 4 1 3 0 9446.9658 | 4.1
17 |51 2 | 4 |1 4 2 3 1 9101.7470 | -94
18 | 5] 2[4 |0 4 2 3 0 9100.0595 | -0.3
19 |52 3|1 4 2 2 1 9197.8209 | -9.6
20 5| 2|1 3]0 4 2 2 0 9196.2569 | 15
21 | 6| 0| 6 | 1] 5 0 5 1 ]10767.3934 | -1.0
22 |61 0] 6 |0]5 0 5 0 | 10765.3254 | 3.6
23 | 6| 1|6 |1]5 1 5 1 | 10462.4631 | -4.3
24 16| 1|6 0] 5 1 5 0 110459.2894 | 71
25 |61 ]5]1]5 1 4 1 1113278150 | 1.4
26 | 6| 1|5 |0]5 1 4 0 | 11325.7118 | 33
27 |6 | 2 |5 ]1]5 2 4 1 ]10913.5231 | -55
28 | 6| 2|5 |0]5 2 4 0 | 109109671 | 14
29 |6 | 2|4 ]10]5 2 3 0 | 11076.0979 | 25
30 |62 |4 ]1]5 2 3 1 |11078.4445 | -5.3
31 | 7,10 ] 7 ]1]6 0 6 1 | 12496.7878 | -0.9
32 |71 0| 7]0] 6 0 6 0 |12494.2924 | 41
33 |71 ] 7 ]1]6 1 6 1 ]12189.6260 | 2.0
34 | 711 |7 ]0] 6 1 6 0 | 12186.4884 | 0.0
35 |71 ]6 |1]6 1 5 1 ]13193.6314 | 1.0
36 | 7] 1] 6 | 0] 6 1 5 0 | 13191.7407 | -4.8
37 | 712 |6 |1]6 2 5 1 ]12721.7689 | -0.7
38 | 7|2 |6 | 0] 6 2 5 0 | 12716.8082 | -0.4
39 |71 2 | 5]0] 6 2 4 0 | 12972.3787 | -2.1
40 | 7| 2 | 5 ]1] 6 2 4 1 ]12977.0177 | -0.1
41 |8 |1 | 8 |1]7 1 7 1 ]13911.0488 | 45
8118 0] 7 1 7 0

13907.6116 | -4.7




43 |8 |1 | 7|17 1 6 1 ]115047.7112 | 04
4 |8 |1 | 7 |07 1 6 0 | 15045.6991 | -0.1
45 | 8| 2 |6 |17 2 5 1 |14891.5405 | -2.9
46 |8 | 2 | 6 |0 ] 7 2 5 0 | 14872.5905 | -4.3
47 |8 | 2 | 7 0] 7 2 6 0 | 14516.7717 | 04
48 |8 | 2 | 7T | 1] 7 2 6 1 | 14536.1917 | 5.9
49 |91 0| 9|1 8 0 8 1 | 15893.0466 | 7.6
50 19,0119 0] 8 0 8 0 | 15889.6060 | -6.2
51 19111918 1 8 1 |15626.4200 | 7.4
2 191119 0] 8 1 8 0 | 156225911 | -94
53 |91 |18 ]1] 8 1 7 1 |16887.4043 | 6.0
%4 1911 ] 80| 8 1 7 0 | 16885.1519 | -7.5
55 1912 18|18 2 7 1 |16261.7211 | 2.6
56 |91 2 |1 8]0 8 2 7 0 | 16310.1263 | -3.2
57 1912 |7 ]0] 8 2 6 0 | 16866.7305 | 2.3
8 |91 2 |71 8 2 6 1 |16817.6915| 3.8
59 | 41114 11| 3 0 3 1 97744162 | -4.9
60 | 4,14 0] 3 0 3 0 9782.0535 | 0.5
61 | 5] 1 |5 |1] 4 0 4 1 ]11266.5972 | -4.3
62 | 5] 1|5 |0] 4 0 4 0 | 11268.9754 | 4.2
63 |6 | 1 |6 |1]5 0 5 1 1127141154 | -3.2
64 | 6 | 1 | 6 | 0] 5 0 5 0 | 127149757 | 08
65 |6 | 0| 6 |1]5 1 5 1 8515.7388 | -4.3
66 | 6 | 0 | 6 | O] 5 1 5 0 8509.6303 | 1.0
67 | 7,1 0 | 7 ]1]6 1 6 1 | 10550.0638 | -0.6
68 | 7, 0 | 7 10| 6 1 6 0 | 10544.6347 | -0.6
69 | 4] 1|3 1] 3 0 3 0 | 12416.6010 | 1.9
70|14, 1]3]0]3 0 3 1 | 10061.7668 | 0.8
71 12| 2 1 10]1 1 0 0 |13196.3426 | 1.6
72 | 2| 2 1 11]1 1 0 1 ]13194.4037 | 1.9
731212 ]10]0]1 1 1 0 |13346.3847 | -4.1
4 1212 01]1 1 1 1 ]13344.2574 | 0.7




Table S4. B3LYP-D3/6-311++G(d,p) cartesian coordinates of the HCOOH-CBU

cluster in the principal axes of inertia.

ATOM | al/A b/A cl/A

2.7146 0.3856 -0.0477
2.4242 -0.8644 0.2959
1.9302 1.2197 -0.4327
1.4554 -1.0366 0.1813
3.7927 0.5710 0.0684
-0.2479 -1.3883 -0.0700
-1.1143 -0.5510 0.0203
-1.1539 0.8774 0.5468
-2.6426 0.9556 0.0830
-2.5820 -0.5312 -0.3943
-2.7418 -0.7167 -1.4594
-3.1933 -1.2379 0.1738
-2.8133 1.6685 -0.7230
-3.3598 1.1446 0.8810
-0.4315 1.5322 0.0557
-0.9881 0.9368 1.6265
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Table S5. B3LYP-D3/6-311++G(d,p) cartesian coordinates of the transition state of the

cluster HCOOH-CBU in the principal axes of inertia.

ATOM | al/A b/A c/A

-2.7529 0.3591 0.0000
-2.4575 -0.9360 0.0000
-1.9581 1.2686 0.0000
-1.4748 -1.0601 0.0000
-3.8438 0.5014 0.0000
0.2567 -1.3701 0.0000
1.1238 -0.5285 0.0000
1.1311 0.9954 0.0000
2.6911 0.9411 0.0000
2.6463 -0.6206 0.0000
3.1543 1.3733 0.8865
3.1540 1.3732 -0.8866
3.0496 -1.1185 0.8859
3.0493 -1.1179 -0.8863
0.6467 1.4318 0.8758
0.6480 1.4302 -0.8773

I TT|TTT|OOO0O00TTO0n




