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Fig. S1 Geometries of twelve isomers of the pyruvic acid monohydrate, calculated at the B3LYP-D3BJ/6-
311++G(d,p) level of theory and arranged in order of increasing relative energy. Zero-point- and 
counterpoise-corrected energies relative to Tc1 are given in parentheses. At this level of theory, each of Tt2 
and Ct2 exhibits a single imaginary frequency corresponding to a large-amplitude motion with a negligible 
effect on the zero-point energy, likely due to the choice of integration grid ("Grid=FineGrid" in Gaussian); at 
the MP2/6-311++G(d,p) level of theory, neither isomer exhibits an imaginary frequency.
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Fig. S2 Molecular graph of the observed pyruvic acid monohydrate, based on a topological atoms-in-
molecules analysis of the wavefunction calculated at the MP2/aug-cc-pVTZ level of theory. Intermolecular 
bond critical points are shown in blue, the ring critical point is shown in red, and the intermolecular bond 
paths are shown in green. For clarity, the paths between the ring critical point and the surrounding bond 
critical points are omitted.
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Table S1 Cartesian coordinates of the three most stable isomers of pyruvic acid-water complex, optimized at 
the MP2/aug-cc-pVTZ level of theory

Tc1 Tt1 Ct1

x y z x y z x y z
C -0.61162 -0.73801 -0.01182 1.434583 0.109984 0.00019 1.440862 -0.07826 0.000772
C -0.56543 0.803584 -0.00724 -0.095443 -0.049291 -0.009293 -0.10109 -0.14527 0.005739
O 0.416108 -1.39375 -0.08243 1.936954 1.215204 -0.020309 2.060761 -1.12109 0.031844
O 0.631976 1.36834 -0.0051 -0.737182 1.104399 0.012975 -0.65157 1.06958 0.053158
O -1.59938 1.436586 -0.01427 -0.616104 -1.156148 -0.036999 -0.71285 -1.19413 -0.02944
C -1.97682 -1.33604 0.062974 2.201098 -1.17624 0.030554 2.072549 1.280262 -0.04297
H -1.90372 -2.41872 0.055481 3.264591 -0.960563 0.038411 3.152554 1.172117 -0.05624
H -2.57424 -0.97861 -0.77502 1.937196 -1.782282 -0.835574 1.756637 1.862962 0.821738
H 1.373847 0.717066 0.012745 -1.706569 0.900194 0.004628 -1.63546 0.946281 0.056483
H -2.47661 -0.98501 0.965326 1.918392 -1.752499 0.91108 1.730381 1.819647 -0.92572
O 2.888984 -0.16043 0.094662 -3.173494 -0.041446 0.062552 -3.16137 0.127647 -0.05944
H 2.449407 -0.99762 -0.10486 -2.622399 -0.835551 -0.036034 -2.67182 -0.71156 -0.01994
H 3.583142 -0.06015 -0.56342 -3.841797 -0.093763 -0.627076 -3.84045 0.071487 0.619251



S5

Table S2 Measured transition frequencies of the 0- and 0+ states of the pyruvic acid-water complex

0- 0+

J’ Ka’ Kc’ J” Ka” Kc” Sym. Frequency/MHz Residuala/MHz J’ Ka’ Kc’ J” Ka” Kc” Sym. Frequency/
MHz

Residuala/MHz

3 0 3 2 1 2 A 7096.4221 0.0041 3 0 3 2 1 2 A 7096.4221 -0.0052
3 0 3 2 1 2 E 7096.6807 0.0053 3 0 3 2 1 2 E 7096.6807 0.0086
2 1 2 1 0 1 E 7147.1684 -0.0010 2 1 2 1 0 1 E 7147.1684 -0.0022
2 1 2 1 0 1 A 7147.5695 -0.0072 2 1 2 1 0 1 A 7147.5695 -0.0015
3 1 3 2 1 2 A 7951.2362 -0.0082 3 1 3 2 1 2 A 7951.2362 -0.0082
3 1 3 2 1 2 E 7951.2362 0.0014 3 1 3 2 1 2 E 7951.2362 0.0044
3 2 2 3 1 3 E 8055.5030 0.0030 3 2 2 3 1 3 E 8055.5779 0.0026
3 2 2 3 1 3 A 8057.2079 0.0180 3 2 2 3 1 3 A 8057.2239 -0.0206
3 0 3 2 0 2 E 8441.0548 0.0037 3 0 3 2 0 2 E 8441.0548 0.0024
3 0 3 2 0 2 A 8441.1454 -0.0018 3 0 3 2 0 2 A 8441.1454 -0.0054
3 2 2 2 2 1 A 8879.3144 -0.0079 3 2 2 2 2 1 A 8879.3275 0.0002
3 2 2 2 2 1 E 8881.7144 0.0053 3 2 2 2 2 1 E 8881.6989 0.0161
3 1 3 2 0 2 E 9295.6272 0.0167 3 1 3 2 0 2 E 9295.6076 -0.0045
3 1 3 2 0 2 A 9295.9819 0.0082 3 1 3 2 0 2 A 9295.9622 -0.0057
4 2 3 4 1 4 E 9307.3108 0.0022 4 2 3 4 1 4 E 9307.3966 0.0023
4 2 3 4 1 4 A 9308.6183 -0.0054 4 2 3 4 1 4 A 9308.7011 0.0029
3 2 1 2 2 0 E 9315.0265 -0.0001 3 2 1 2 2 0 E 9315.0500 0.0029
3 2 1 2 2 0 A 9317.4843 -0.0131 3 2 1 2 2 0 A 9317.5037 -0.0003
4 0 4 3 1 3 A 10025.9509 0.0020 4 0 4 3 1 3 A 10025.9509 -0.0113
4 0 4 3 1 3 E 10026.0907 0.0059 4 0 4 3 1 3 E 10026.0907 0.0025
4 0 4 3 0 3 E 10880.6474 0.0031 4 0 4 3 0 3 E 10880.6474 -0.0005
4 0 4 3 0 3 A 10880.7725 -0.0029 4 0 4 3 0 3 A 10880.7725 -0.0070
4 1 4 3 0 3 E 11350.4252 0.0097 4 1 4 3 0 3 E 11350.4119 -0.0020
4 1 4 3 0 3 A 11350.7254 -0.0011 4 1 4 3 0 3 A 11350.7141 -0.0040
2 2 1 1 1 0 A 11900.3030 -0.0090 2 2 1 1 1 0 A 11900.3650 0.0033
5 0 5 4 1 4 A 12752.1617 0.0026 5 0 5 4 1 4 A 12752.1617 -0.0086
5 0 5 4 1 4 E 12752.2033 0.0048 5 0 5 4 1 4 E 12752.2033 0.0003
5 1 5 4 1 4 E 12983.7041 0.0040 5 1 5 4 1 4 E 12983.7041 0.0080
5 1 5 4 1 4 A 12983.7563 -0.0107 5 1 5 4 1 4 A 12983.7563 -0.0089
5 0 5 4 0 4 E 13221.9726 0.0028 5 0 5 4 0 4 E 13221.9726 0.0036
5 0 5 4 0 4 A 13222.1066 -0.0037 5 0 5 4 0 4 A 13222.1066 -0.0025
5 1 5 4 0 4 E 13453.4724 0.0011 5 1 5 4 0 4 E 13453.4724 0.0104
5 1 5 4 0 4 A 13453.7093 -0.0089 5 1 5 4 0 4 A 13453.7093 0.0054
3 2 2 2 1 1 E 14284.1384 0.0029 3 2 2 2 1 1 E 14284.2379 0.0225
3 2 2 2 1 1 A 14285.8726 -0.0139 3 2 2 2 1 1 A 14285.9307 -0.0106

a (Measured transition frequency) – (Fit transition frequency).
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