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Table S1 Frequencies for MoOs(H-0) and frequency ratios for the ®Mo and Mo
isotopomers in the gas phase. Calculations with B3LY P theory and the LANL2DZ ECP
basis set for Mo and the 6-311+G(2df,p) basis set for O and H

By vy Assignment

69 1.000255 ptH20

113 1.001013 prH20 + 8M0oO
135 1.000868 pwH20 + M0O
233 1.001177 dMoO

317 1.000357 pwH20 + 8MoO
330 1.000962 0asM 00O

340 1.00065 pwH20 + 6MoO
395 1.002567 vMoO(agqua)
610 1.00003 prH20

964 1.002142 VasM0O(0x0)
969 1.002031 VasM 0O(0x0)
985 1.000598 vsM0oO(0x0)
1628 1.000000 oH>0

3775 1.000000 vsOH

3864 1.000000 VasOH




Table S2 Frequencies for MoOs(H-0), and frequency ratios for the ®Mo and *’Mo
isotopomers in the gas phase. Calculations with B3LY P theory and the LANL2DZ ECP
basis set for Mo and the 6-311+G(2df,p) basis set for O and H

By Syly Assignment

57 1.001409 prH20 + 6MoO

73 1.00028 prH20

123 1.001108 prH20 + pyH20

162 1.000547 pwH20 + dMoO(aqua)
224 1.000042 OMoO(agua)

248 1.00016 pwH20 + p:H20

265 1.000588 vMoO(aqua) + pH20
289 1.000159 piH20

331 1.000831 dMo0O(0ox0)

335 1.000927 ptH20 + M 0oO(0x0)
389 1.002796 vMoO(aqua)

420 1.000169 piH20

497 1.000069 pwH20

528 1.000042 pwH20

633 1.000028 piH20

952 1.002075 VasM0O(0x0)

962 1.001837 VasM0O(0x0)

979 1.00091 vsM0oO(0x0)

1561 1.000000 oH0

1649 1.000000 SH,0

3740 1.000000 v:OH

3759 1.000000 v<OH

3829 1.000000 VasOH

3879 1.000000 VasOH
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Table $4. Frequencies for MoO,(OH), and frequency ratios for the *Mo and Mo
isotopomers in the gas phase. Calculations with B3LY P theory and the LANL2DZ ECP
basis set for Mo and the 6-311+G(2df,p) basis set for O and H

By PyPfy Assignment

196 1.000790 oM oO(hydroxo) + p:OH

226 1.000215 ptOH + 3M0O

228 1.001981 piOH + 8M0oO

265 1.001733 oMoO

278 1.000134 ptOH + 3M0O

305 1.000348 p:OH

358 1.000853 M oO(oxo) + pOH

655 1.000226 VasM 0O(hydroxo) + SMoOH
667 1.000102 vsMoO(hydroxo) + M oOH
726 1.001025 vsMoO(hydroxo) + SMoOH
743 1.002123 vasM 00(hydroxo) + M oOH
1010 1.002085 vasM 00(0X0)

1019 1.001135 vsM0oO(0x0)

3833 1.000000 VasOH

3838 1.000000 vsOH




Table S5 Frequencies for MoO,(OH),(H»0) and frequency ratios for the ®Mo and *Mo
isotopomers in the gas phase. Calculations with B3LY P theory and the LANL2DZ ECP
basis set for Mo and the 6-311+G(2df,p) basis set for O and H

95

v PyPly Assignment
102 1.000576 pwH20 + 3MoO
127 1.000835 dM o0 + vMoO(aqua)
156 1.000954 dMoO(agua’hydroxo)
202 1.001200 OMoO(agua’hydroxo)
233 1.000146 pH20
253 1.000641 dMoO
266 1.000320 prH20 + 3MoO
273 1.001554 dMoO + pH,0O
325 1.000410 ptOH + dM0oO(0ox0)
368 1.000637 ptOH + dM0oO(0ox0)
426 1.000031 ptOH + pH,O
461 1.000080 pwH20
487 1.000003 ptH20 + piOH
679 1.001460 vMoO(hydroxo) + 6MoOH
712 1.001388 vMoO(hydroxo) + oM oOH
747 1.000486 OMoOH + vMoO(hydroxo)
785 1.000154 OMoOH
995 1.001743 VasM 00O(0x0)
1018 1.001471 vsM0oO(0x0)
1633 1.000000 oH:0
3774 1.000000 v{OH(aqua)
3798 1.000000 vOH(hydroxo)
3837 1.000000 vOH(hydroxo)
3870 1.000000 vaOH(agua)
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Table S7 Frequencies for MoO(OH)4 and frequency ratios for the ®Mo and ¥Mo
isotopomers in the gas phase. Calculations with B3LY P theory and the LANL2DZ ECP
basis set for Mo and the 6-311+G(2df,p) basis set for O and H

95

v PyPfy Assignment
72 1.000075 ptOH + 6M 0O
100 1.000123 ptOH + 8MoO
217 1.000788 ptOH + 8M 0O
239 1.001656 ptOH + 8MoO
251 1.000683 dMoO
266 1.002172 dMoO
294 1.00108 dMoO + p:OH
330 1.000509 ptOH + 8MoO
402 1.000224 ptOH + 8MoO
470 1.000057 ptOH
561 1.000151 VasM 0O(hydroxo)
601 1.000031 ptOH
647 1.000912 vMoO(hydroxo) + 6MoOH
662 1.001163 vMoO(hydroxo) + M oOH
706 1.00079 vsMoO(hydroxo) + SM oOH
735 1.001484 vMoO(hydroxo) + M oOH
792 1.000363 dMoOH
804 1.000465 dMoOH
979 1.000152 dMoOH
1020 1.001659 vMoO(0x0)
3796 1.000000 vOH
3805 1.000000 vOH
3824 1.000000 vOH
3831 1.000000 vOH

10



Table S8 Frequencies for MoO(OH)4(H»0) and frequency ratios for the *Mo and Mo
isotopomers in the gas phase. Calculations with B3LY P theory and the LANL2DZ ECP
basis set for Mo and the 6-311+G(2df,p) basis set for O and H

95

v PyPly Assignment
65 1.000898 ptOH + 3MoO
97 1.000072 ptOH + 8MoO
127 1.000306 oM o0 + vMoO(agua)
156 1.000754 dMoO
162 1.001092 vMoO(agqua) + 6MoO
244 1.001115 prH20 + 8MoO
247 1.000043 prH20 + p{OH
263 1.001052 dMaO + pH0
281 1.001333 dMaoO + p:OH
293 1.001115 dMoO
319 1.000227 dMoO + p:OH
369 1.000082 ptOH
391 1.000288 ptOH + pH0
476 1.000064 ptOH + pH0
519 1.000018 dMoOH + p;OH
538 1.000163 VasM 0O(hydroxo)
569 1.000027 ptOH
579 1.000085 ptOH + pH0
635 1.001571 vsMoO(hydroxo)
679 1.001601 vMoO(hydroxo) + SMoOH
709 1.001042 vMoO(hydroxo) + M oOH
760 1.000152 dMoOH
794 1.000372 SMOoOH
829 1.000317 dMoOH
940 1.000140 SMoOH
1027 1.001658 vMoO(oxo0)
1639 1.000000 oH-0
3756 1.000000 v:OH(agua)
3789 1.000000 vOH (hydroxo)
3811 1.000000 vOH (hydroxo)
3814 1.000000 vOH(hydroxo)
3816 1.000000 vOH (hydroxo)
3863 1.000000 VasOH(agqua)

11



Table S9 Frequencies for Mo(OH)s and frequency ratios for the Mo and Mo
isotopomers in the gas phase. Calculations with B3LY P theory and the LANL2DZ ECP
basis set for Mo and the 6-311+G(2df,p) basis set for O and H

95

v PyPly Assignment
137 1.000056 oMoO
142 1.000146 dMoO
143 1.000146 dMoO
221 1.002771 dMoO
241 1.001998 oMoO
242 1.002002 dMoO
314 1.000574 dMoO
315 1.000568 oMoO
368 1.000047 dMoO
480 1.000041 ptOH
483 1.000036 ptOH
534 1.000064 ptOH
535 1.000062 ptOH
550 1.000022 ptOH
557 1.000107 ptOH
559 1.000099 vMoO(hydroxo) + p:OH
618 1.000091 ptOH + vMoO(hydroxo)
642 1.001686 vMoO(hydroxo) + p{OH
701 1.001309 vMoO(hydroxo) + 6MoOH
702 1.001325 vMoO(hydroxo) + SMoOH
722 1.000355 vMoO(hydroxo)
779 1.000063 SMoOH
817 1.000871 SMOoOH
818 1.000828 dMoOH
894 1.000366 SMoOH
899 1.000236 SMOoOH
968 1.000295 SMoOH
3791 1.000000 vOH
3792 1.000000 vOH
3796 1.000000 vOH
3805 1.000000 vOH
3806 1.000000 vOH
3807 1.000000 vOH
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