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1 MV-water complex
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Figure 1: Geometry optimisations for the four starting geometries of MV-water that converged to the
observed MV-W complex. On the left we show the electronic energy (lower panel), dihedral angle 7
reflecting the relative orientation of the OH group with respect to the methyl group (middle panel) and
endocyclic torsion a (upper panel) during the geometry optimisation at the B3LYP-D3/def2-TZVP level
of theory. On the right we show the structures of the four relevant species and of the observed MV-W
complex. We note that the starting position of the water molecule differs for all four species, in particular
for the starting complex mv-w[lI], where we find the water in an equatorial position. In all four cases,
the energy is minimised when the trends in the evolution of the coordinates a and 7 reach the ones for
MV-W.

2 MV-1 isotopologues

Table 1: Rotational constants for singly substituted *C isotopologues of MV-1. The errors given here
for the measured values are standard errors. N is the number of lines included in the fit and ¢ is the
standard deviation of the fit. The centrifugal distortion constants were kept fixed to the values of the
parent MV-1.

A/MHz B/MHz C/MHz N o/kHz
Cl 2626.522(46) 1396.8965(12)  1133.0258(12) 8 5.7
C2 2604.000(65) 1397.6830(20)  1130.8698(20) 6 7.9
C3 2586.457(58) 1401.3514(19)  1128.3927(19) 6 7.5
C5 2624.364(39) 1394.25567(75) 1130.90703(74) 5 2.8
7
6

C6  2609.444(28) 1401.46367(83) 1133.56140(77) 35
C8 2614.102(29) 1377.91352(82) 1119.89217(82) 33




3 MV-W(H,'®0)

Table 2: Rotational constants for the %0 isotopologue of MV-W. The errors given here for the measured
values are standard errors. N is the number of lines included in the fit and ¢ is the standard deviation
of the fit. The centrifugal distortion constants were kept fixed to the values of the parent MV-W.
A/MHz B/MHz C/MHz N o/kHz
MV-W(H,®0) 1456.8495(24) 1192.76392(46) 834.18497(33) 16 6.2

4 Kraitchman calculations

41 MV-1

Table 3: Calculated (B3LYP-D3) carbon atom coordinates in the principal axis frame.
X Y Z
Cl -1.152183 -0.216699 -0.030236
C2 -0.887532 1.184642 -0.568945
C3 0.375862  1.752835  0.041541
C5 1418509 -0.456890 -0.074293
C6 0.064089 -1.079253 -0.363499
C8 -2.432224 -0.817462 -0.595799

Table 4: Carbon atom coordinates obtained from the Kraitchman calculation.
X Y Z

Cl -1.144 -0.185 0.001
C2 -0.887 1.188 -0.559
C3 0384 1744 0.008
C5 1410 -0450 -0.064
Cé6 0.001 -1.078 -0.386
C8 -2438 -0.805 -0.588

42 MV-W

Table 5: Calculated (B3LYP-D3) vs Kraitchman atom coordinates for the oxygen atom of water in MV-W.

X Y Z
Calculated
O 2131288 1.885141 -0.573103
Kraitchman
(@) 2.18025 1.86917 -0.57291




5 Line lists

51 MV-1

Table 6: Observed and calculated rotational transitions (MHz) for

MV-1.
Observed  Calculated Obs-Calc J° K, K. J” K,” K.
2024.5076  2024.5088 -0.0012 6 2 4 6 2 5
2289.5928  2289.5996 -0.0068 5 2 4 5 1 4
2316.3297  2316.3187 0.0110 3 1 2 3 0 3
2538.3775  2538.3783 -0.0008 1 O 1 0 0 0
2630.1810  2630.1735 0.0075 4 1 3 4 1 4
2831.2313 2831.2316 -0.0003 4 2 3 4 1 3
3103.9844  3103.9760 0.0084 4 1 3 4 0 4
3180.3676 ~ 3180.3787 -0.0111 7 2 5 7 2 6
3303.5782  3303.5805 -0.0023 3 2 2 3 1 2
3364.6114  3364.6054 00060 4 2 2 4 1 3
3427.6284  3427.6229 00055 5 2 3 5 1 4
3491.7041  3491.6975 0.0066 3 2 1 3 1 2
3675.6177  3675.6157 00020 2 2 1 2 1 1
3714.2683  3714.2671 00012 2 2 0o 2 1 1
3751.7844  3751.7876 -0.0032 6 2 4 6 1 5
3886.0598  3886.0701 -0.0103 5 1 4 5 1 5
3999.9283  3999.9387 -0.0104 4 O 4 3 2 1
4029.0739  4029.0641 00098 1 1 0 0 O 0
4510.7159  4510.7088 0.0071 2 2 0 2 1 2
4811.2763  4811.2731 00032 2 1 2 1 1 1
5038.1076  5038.1023 0.0053 2 0 2 1 0 1
5342.2423  5342.2342 00081 2 1 1 1 1 0
5370.8400  5370.8479 -0.0079 6 3 4 6 2 4
5461.4018  5461.4050 -0.00322 4 2 3 4 1 4
5616.4484  5616.4466 00018 5 0 5 4 2 2
5619.9056  5619.8991 0.0065 3 2 2 3 0 3
5935.2039  5935.2076 -0.0037 4 2 3 4 0 4
5957.7525  5957.7656 -0.0131 5 3 3 5 2 3
5994.7881  5994.7789 0.0092 4 2 2 4 1 4
6376.9584  6376.9595 -0.0011 4 3 2 4 2 2



6456.2761
6832.9228
6934.9736
7103.9008
7194.2726
7465.6528
7491.6384
7615.1248
7671.1270
7764.5870
7987.1630
8192.6617
8981.0630
9017.8461
9056.5025
9080.9708
9283.3386
9321.9927
9554.7558
9741.5529
9781.9835
9783.1257
10123.2690
10221.2350
10242.2998
10468.5177
10595.5954
11290.7291
11478.8480
11891.8366

6456.2773
6832.9200
6934.9656
7103.9147
7194.2788
7465.6573
7491.6362
7615.1230
7671.1264
7764.5887
7987.1582
8192.6549
8981.0520
9017.8499
9056.5013
9080.9573
9283.3305
9321.9819
9554.7598
9741.5649
9781.9760
9783.1242
10123.2633
10221.2458
10242.3157
10468.5201
10595.6122
11290.7387
11478.8558
11891.8330

-0.0012
0.0028
0.0080
-0.0139
-0.0062
-0.0045
0.0022
0.0018
0.0006
-0.0017
0.0048
0.0068
0.0110
-0.0038
0.0012
0.0135
0.0081
0.0108
-0.0040
-0.0120
0.0075
0.0015
0.0057
-0.0108
-0.0159
-0.0024
-0.0168
-0.0096
-0.0078
0.0036
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52 MV-2

53 MV-W

Table 7: Observed and calculated rotational transitions (MHz) for

MV-2.
Observed  Calculated Obs-Calc J° K, K. J” K,” K.
4781.1946  4781.1844 0.0102 2 1 2 1 1 1
4994.7881  4994.7773 00108 2 0 2 1 0 1
5278.0625  5278.0593 00032 2 1 1 1 1 0
7151.3504  7151.3374 00130 3 1 3 2 1 2
7409.3751  7409.3729 00022 3 0 3 2 0 2
7544.4256  7544.4328 -0.0072 3 2 2 2 2 1
7679.4967  7679.4927 0.0040 3 2 1 2 2 0
7893.5515  7893.5588 -0.0073 3 1 2 2 1 1
9500.9905  9500.9965 -0.0060 4 1 4 3 1 3
97455040  9745.5059 -0.0019 4 0 4 3 0 3
10032.0082 10032.0103 -0.0021 4 2 3 3 2 2
10345.5178 10345.5212  -0.0034 4 2 2 3 2 1
10476.4500 10476.4449  0.0051 4 1 3 3 1 2
11829.1375 11829.1434  -0.0059 5 1 5 4 1 4

Table 8: Observed and calculated rotational transitions (MHz) for

MV-W.
Observed  Calculated Obs-Calc J° K, K. J” K,” K.
3796.1917  3796.1957 -0.0040 2 1 2 1 1 1
3959.3728  3959.3736 -0.0008 2 0 2 1 0 1
5588.3249  5588.3280 -0.0031 3 1 3 2 1 2
5661.3428  5661.3423 00005 3 O 3 2 0 2
6244.6027  6244.6088 -0.0061 3 2 2 2 2 1
6604.2596  6604.2591 00005 3 1 2 2 1 1
6827.8680  6827.8753 -0.0073 3 2 1 2 2 0
7330.2469  7330.2501 -0.0032 4 1 4 3 1 3
7350.0350  7350.0301 00049 4 O 4 3 0 3



8155.0356
8420.2281
8588.2422
8965.7832
9051.9323
9056.1841
9102.0897
10082.1500
10627.2634
10767.9445
10768.7613
10847.6373
11130.4596
11422.5003
11752.3504

8155.0279
8420.2205
8588.2375
8965.7856
9051.9322
9056.1847
9102.0823
10082.1595
10627.2603
10767.9461
10768.7596
10847.6290
11130.4646
11422.5070
11752.3502

0.0077
0.0076
0.0047
-0.0024
0.0001
-0.0006
0.0074
-0.0095
0.0031
-0.0016
0.0017
0.0083
-0.0050
-0.0067
0.0002
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5.4 MV-1 Isotopologues

Table 9: Observed and calculated rotational transitions (MHz) for

singly substituted *C(1).

Observed  Calculated Obs-Calc J° K, K. J” K,” K.
7171.6350  7171.6154 00196 3 1 3 2 1 2
7442.3845 7442 .3825 0.0020 3 0 3 2 0 2
7589.7402  7589.7353 00049 3 2 2 2 2 1
7737.0887  7737.0880 0.0007 3 2 1 2 2 0
7959.7719  7959.7717 0.0002 3 1 2 2 1 1
9525.0496  9525.0541 -0.0045 4 1 4 3 1 3
9778.6179  9778.6137 00042 4 O 4 3 0 3
10089.8627 10089.8778  -0.0151 4 2 3 3 2 2
10430.6565 10430.6522  0.0043 4 2 2 3 2 1
10559.9873 10559.9870  0.0003 4 1 3 3 1 2
11855.3393 11855.3356  0.0037 5 1 5 4 1 4

Table 10: Observed and calculated rotational transitions (MHz) for

singly substituted *C(2).

Observed  Calculated Obs-Calc J° K, K. J” K,” K.
7162.2817  7162.2841 -0.0024 3 1 3 2 1 2
7432.8409  7432.8383 00026 3 0 3 2 0 2
7585.6369  7585.6414 -0.0045 3 2 2 2 2 1
7738.4500  7738.4446 00054 3 2 1 2 2 0
7959.0166  7959.0209 -0.0043 3 1 2 2 1 1
9511.3504  9511.3442 0.0062 4 1 4 3 1 3
9761.8027  9761.7999 00028 4 0 4 3 0 3
10083.2256 10083.2385 -0.0129 4 2 3 3 2 2
10435.3289 10435.3265  0.0024 4 2 2 3 2 1
10556.6573 10556.6516 ~ 0.0057 4 1 3 3 1 2
11836.6830 11836.6845 -0.0015 5 1 5 4 1 4




Table 11: Observed and calculated rotational transitions (MHz) for

singly substituted 3C(3).

Observed  Calculated Obs-Calc J° K, K. J” K,” K.
7155.3063  7155.3051 00012 3 1 3 2 1 2
7427.5858  7427.5858 00000 3 0 3 2 0 2
7589.2096  7589.2129 -0.0033 3 2 2 2 2 1
7750.8380  7750.8401 -0.0021 3 2 1 2 2 0
7970.0881  7970.0835 00046 3 1 2 2 1 1
9499.9960  9499.9945 0.0015 4 1 4 3 1 3
9748.0786  9748.0767 00019 4 0 4 3 0 3
10086.1121 10086.1186  -0.0065 4 2 3 3 2 2
10456.6536 10456.6503  0.0033 4 2 2 3 2 1
10567.6801 10567.6810  -0.0009 4 1 3 3 1 2
11820.0344 11820.0342 0.0002 5 1 5 4 1 4

Table 12: Observed and calculated rotational transitions (MHz) for

singly substituted 3C(5).

Observed  Calculated Obs-Calc J° K, K. J” K,” K.
7158.2383  7158.2356 00027 3 1 3 2 1 2
7428.6804  7428.6867 -0.0063 3 0 3 2 0 2
75754749 75754751 -0.0002 3 2 2 2 2 1
7722.2565 7722.2635 -0.0070 3 2 1 2 2 0
7944.8252  7944.8232 00020 3 1 2 2 1 1
9507.3387  9507.3287 00100 4 1 4 3 1 3
9760.7969  9760.8000 -0.0031 4 O 4 3 0 3
10540.2685 10540.2637  0.0048 4 1 3 3 1 2
11833.3116 11833.3157 -0.0041 5 1 5 4 1 4




Table 13: Observed and calculated rotational transitions (MHz) for

singly substituted 3C(6).

Observed  Calculated Obs-Calc J° K, K. J” K,” K.
7179.9291  7179.9165 00126 3 1 3 2 1 2
74512946  7451.2909 00037 3 0 3 2 0 2
7605.0495  7605.0524 -0.0029 3 2 2 2 2 1
7758.8177  7758.8139 0.0038 3 2 1 2 2 0
7979.8857  7979.8865 -0.0008 3 1 2 2 1 1
9534.6301  9534.6361 -0.0060 4 1 4 3 1 3
9785.5969  9785.5962 0.0007 4 0 4 3 0 3
10108.9306 10108.9321  -0.0015 4 2 3 3 2 2
10463.1123 10463.1137 -0.0014 4 2 2 3 2 1
11865.5210 11865.5243  -0.0033 5 1 5 4 1 4

Table 14: Observed and calculated rotational transitions (MHz) for

singly substituted *C(8).

Observed  Calculated Obs-Calc J° K, K. J” K,” K.

7085.0671  7085.0615 0.0056 3 1 3 2 1 2
7352.6170  7352.6000 0.0170 3 0 3 2 0 2
7493.4011  7493.3957 0.0054 3 2 2 2 2 1
7855.8793  7855.8786 0.0007 3 1 2 2 1 1
9411.1915  9411.1958 -0.0043 4 1 4 3 1 3
9664.2966  9664.2976 -0.0010 4 O 4 3 0 3
9962.7953  9962.7964 -0.0011 4 2 3 3 2 2
10289.4559 10289.4544 0.0015 4 2 2 3 2 1
10424.0988 10424.1075 -0.0087 4 1 3 3 1 2
11714.9390 117149453 -0.0063 5 1 5 4 1 4

10



5.5

MV-W Isotopologues

Table 15: Observed and calculated rotational transitions (MHz) for

MV-W(H,80).
Observed  Calculated Obs-Calc J° K, K. J” K,” K.
6436.9433  6436.9466 -0.0033 3 1 2 2 1 1
7137.0872 7137.0913 -0.0041 4 1 4 3 1 3
7157.9433  7157.9450 -0.0017 4 O 4 3 0 3
7943.6502  7943.6447 0.0055 4 2 3 3 2 2
8212.0669  8212.0770 -0.0101 4 1 3 3 1 2
8361.2481  8361.2563 -0.0082 4 3 2 3 3 1
8720.5630  8720.5599 0.0031 4 3 1 3 3 0
8812.8255  8812.8292 -0.0037 5 1 5 4 1 4
8817.4276  8817.4359 -0.0083 5 O 5 4 0 4
8866.7459  8866.7438 00021 4 2 2 3 2 1
10350.5547 10350.5543  0.0004 5 3 3 4 3 2
10482.6760 10482.6739  0.0021 6 1 6 5 1 5
10483.5841 10483.5788  0.0053 6 O 6 5 0 5
10733.2798 10733.2817 -0.0019 5 4 1 4 4 0
10853.2295 10853.2261  0.0034 5 2 3 4 2 2
114171759 11417.1642  0.0117 6 2 5 5 2 4
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