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Table S1: Observed and Calculated Fundamental Frequencies of CH;-SnH isotopomers in the Ground 'A” state®

Approximate CHs3-SnH CDs-SnH *CH3-SnH

Description Obs®  B3LYP® Int® BPW91? Int’ Obs®  B3LYP® int® BPW91* Int° Obs®  B3LYP® int® BPW91? Int’
A’ CH; as. str. 31246 14  3081.0 13 23145 5 2282.2 5 31133 14  3069.8 13
A’ CH; as. str. 20856 21 30414 17 22806 11 22475 9 30749 21 30308 17
A’ CHjs. str. 30184 17  2967.5 13 21623 6 21254 4 30154 18  2964.6 14
A’ Sn-H str. 1627.3 1626.6 535 1577.4 482 1169.4 11555 271 11206 244 16273 16266 535 1577.4 482
A” CHs bend 14540 7 1405.8 7 1055.7 4 10209 4 14507 7 1402.6 7
A’ CH; bend 14472 3 1400.6 3 10476 3 1013.6 3 14444 3 1397.9 3
A’ CH; deform 11957 3 1145.1 2 9179 8 878.7 7 11880 2 1137.9 2
A’ CHjs rock 775.7 7938 48  764.3 39 5825 599.0 24  577.0 20 7700 789.0 48  759.6 40
A” CHjs rock 563.0 3 543.9 2 4180 2 403.7 1 560.5 3 541.5 1
A’ CSnH bend 516.8 25  499.0 22 3669 11  354.1 9 516.8 25  499.0 22
A’ C-Sn str. 4453 46 436.1 42 409.7 40 4015 38 4326 43 4236 40
A” CHj; tort 1424 2 129.5 2 1013 1 92.0 1 1424 2 129.4 2

*Frequencies and intensities are in cm ' and km/mol. ® Observed in an argon matrix. ° Computed with B3LYP/6-311++G(3df, 3pd)/SDD. *

Computed with BPW91/6-311++G(3df,3pd)/SDD.



Table S2: Calculated Fundamental Frequencies of CH,=SnH,; isotopomers in the Ground 1A1 state®

Approximate CH,=SnH; CD,=SnD> ®CH,=SnH,
Description B3LYP® Int® BPW91° Int® B3LYP® Int® BPW91° Int® B3LYP® Int® BPW91°® Int®
B, CH, str. 32681 0 3214.0 0 24333 1 23934 1 32546 0 32007 0
A; CH, str. 3159.9 1 3100.9 1 22874 0 22438 0 31545 2 30957 1
B, SnH, str. 19304 173 18712 159 13728 90 13307 82 19304 173 18712 159
A; SnHj str. 19251 57 18575 52 13651 30 13173 28 19250 57 18575 52
A; CH; scis. 13729 0 13217 0 10386 1 999.4 0 1366.9 0 13159 0
B, CH, rock 7583 62 7367 54 5820 42 5650 37 7530 60 731.6 53
A; C-Sn str. 7386 7 7115 5 666.7 4 6447 3 7268 23 6986 18
A; SnH, scis. 698.3 64 6717 58 506.2 34 4855 31 6885 45  663.7 45
B; CH, wag 691.8 21  655.4 21 5202 16 4920 16 6884 23  652.3 21
A, CH, twist 6480 O 629.3 0 4584 0 4451 0 6480 0 629.3 0
B, SnH, rock 3879 34 3719 28 2780 17 2666 14 3877 34 3717 28
B; SnH, wag 2253 21 1726 16 169.5 13 1297 10 2243 21 1719 16

? Frequencies and intensities are in cm ' and km/mol. ° Computed with B3LYP/6-311++G(3df, 3pd)/SDD.

311++G(3df,3pd)/SDD. CH,=SnHj is not identified in the product spectra while it has a C,, structure.

¢ Computed with BPW91/6-



Table S3: Observed and Calculated Fundamental Frequencies of CH;-PbH isotopomers in the Ground 'A” state®

Approximate CHa-PbH CDs-PbH 3CH3-PbH

Description Obs®  B3LYP® Int® BPW91? Int’ Obs®  B3LYP® int® BPW91? Int’ Obs®  B3LYP® int® BPW91? Int’
A’ CH; as. str. 31269 16  3083.2 15 23169 6 2284 .4 6 31155 17 3071.9 15
A’ CH; as. str. 30957 24 30504 20 2289.0 12  2255.1 10 3084.8 24 30397 20
A CHjs. str. 30244 25 29729 19 21651 9 2128.0 7 30216 25  2970.1 19
A’ Pb-H str. 1505.0 15474 600 15125 530 1079.6 1097.3 302 10725 267  1505.1 15474 600 1512.5 530
A” CH; bend 14539 5 1406.4 5 1056.4 3 1021.9 3 14505 5 1403.1 5
A’ CH; bend 14495 3 1403.5 3 1050.3 2 1016.7 2 14465 3 1400.7 3
A’ CHs deform 11758 2 1128.3 2 8994 2 862.5 1 11686 3 1121.4 3
A’ CHj rock 766.3 29 7406 24 5759 15  556.9 12 7618 29  736.2 24
A” CHj rock 5759 0 559.7 0 4266 0 4146 0 5734 0 557.2 0
A’ CPbH bend 4953 24  480.0 21 3743 39  368.2 36 4953 24  480.0 20
A’ C-Pb str. 4069 42  399.9 38 3510 9 340.1 7 3945 39 3877 36
A” CHj; tort 108.8 6 103.3 6 77.2 3 73.3 3 108.8 6 103.3 6

*Frequencies and intensities are in cm ' and km/mol. ® Observed in an argon matrix. ¢ Computed with B3LYP/6-311++G(3df, 3pd)/SDD. *

Computed with BPW91/6-311++G(3df,3pd)/SDD.



Table S4: Calculated Fundamental Frequencies of CH,=PbH,; isotopomers in the Ground 'A’ state?

Approximate CHz=PbH CD2=PbD 13CH2=PbH;
Description B3LYP® Int® BPW91° Int® B3LYP® Int® BPW91°® Int® B3LYP® Int® BPW91°® Int®
A’ CH, str. 32556 0 3194.2 0 24241 1 23782 0 32421 0 31810 0
A’ CH, str. 31436 4 3079.0 4 22739 1 22266 1 31384 4 30739 4
A’ PbH; str. 1859.2 212  1794.1 197  1319.0 107 12728 100 1859.1 212 17940 197
A’ PbH; str. 1839.8 80 17630 80 13041 42 12499 41 18397 80 17629 80
A’ CH, scis. 13789 2 13316 3 10318 0 995.8 1 13736 2 13265 3
A’ CH, rock 8053 48  780.7 42 6056 33  586.1 29 8011 46  776.8 41
A’ PbH;, scis. 7457 63 719.3 62 5402 46 5234 45 7420 67 7158 65
A’ C-Pb str. 653.4 41 6283 3 6111 5 586.2 4 636.4 43  612.1 37
A’ CH, twist 6183 3 596.6 3 4411 1 426.0 1 6177 3 595.9 3
A’ CH, wag 6120 35 5807 36 4448 27 4236 27 6091 28 577.6 30
A’ PbH, rock 3599 35  343.0 28 2579 18 2458 15 3596 35 3427 28
A’ PbH, wag 2521 45 2749 35 1891 27  205.1 20 2507 45 2735 35

? Frequencies and intensities are in cm ' and km/mol. ° Computed with B3LYP/6-311++G(3df, 3pd)/SDD.

311++G(3df,3pd)/SDD. CH,=PbH, is not identified in the product spectra while it has a Cs structure.

¢ Computed with BPW91/6-



Table S5: Observed and Calculated Fundamental Frequencies of CH;-SbH isotopomers in the Ground *A” state®

Approximate CHa-SbH CDs-SbD "3CH;-SbH

Description Obs®  B3LYP® Int® BPW91? Int’ Obs®  B3LYP® int® BPW91? Int’ Obs®  B3LYP® int® BPW91? Int’
A’ CH; as. str. 31405 7 3095.0 6 23276 3 2293.9 2 31289 7 3084.1 6
A’ CH; as. str. 31308 7 3084.6 5 23190 3 2284 .4 2 31194 7 3073.3 5
A CHjs. str. 3047.8 15 29956 12 21811 6 21435 5 30451 15  2993.0 12
A’ Sb-H str. 1842.0 1924.2 244 1870.1 212 1323.1 1366.7 123 13284 108  1842.0 19242 244 1870.1 212
A’ CHs bend 14635 4 14178 4 1059.7 3 1026.4 3 1460.7 4 1415.0 4
A” CH; bend 1413.9 14627 4 14163 4 10606 2 1027.0 2 1410.3 14595 4 1413.3 4
A’ CH; deform 1199.4 12393 2 1190.9 2 9479 0 910.6 0 1192.9 12319 3 1183.9 3
A’ CHjs rock 828.2 862.2 31 8333 27 6277 649.6 17 6280 14 817.1 8571 31 8284 27
A” CHj rock 7197 1 698.8 2 5351 0 519.5 1 716.4 1 695.5 2
A’ CSbH bend 555.8 568.7 7 551.7 5 4015 8 389.4 6 568.3 8 551.3 6
A’ C-Sb str. 505.2 4881 21 4797 20 4706 4536 13 446.0 13 488.4 4742 19 466.0 18
A” CHj; tort 154.4 1 144.6 1 1095 0 102.5 0 154.4 1 144.6 1

*Frequencies and intensities are in cm ' and km/mol. ® Observed in an argon matrix. ¢ Computed with B3LYP/6-311++G(3df, 3pd)/SDD. *

Computed with BPW91/6-311++G(3df,3pd)/SDD.



Table S6: Calculated Fundamental Frequencies of CH,-SbH; isotopomers in the Ground 2N’ state?

Approximate CHo-SbH; CD-SbD; '3CH,-SbH,
Description B3LYP® Int® BPW91°® Int® B3LYP® Int® BPW91° Int® B3LYP® Int® BPW91° Int°
A’ CH, str. 32438 1 31933 1 24154 0 23780 0 32304 1 31800 1
A’ CH, str. 31302 10 30763 10 22630 5 22234 5 31251 10 30713 10
A’ SbH; str. 19421 209 1887.7 178 1379.9 106 13412 91 19421 209 18877 178
A’ SbH; str. 19331 173 18715 153 13725 89 13289 78 19331 173 18715 153
A’ CH, scis. 1366.9 9 13203 10  1019.8 2 984.9 3 13615 10 13152 10
A’ SbH; scis. 834.6 41 7975 34 5957 22 5704 18 8345 41 7973 34
A’ CH, rock 801.0 13 7772 11 6054 7 587.5 6 7964 13 7727 11
A’ CH, wag 643.0 24 6176 18 5180 1 505.9 1 6388 25 6129 19
A’ CH, twist 541.0 1 526.4 1 3834 1 372.9 0 540.9 1 526.3 0
A’ C-Sb str. 534.6 27 5213 25 4631 35 4443 30 5200 25 5075 23
A’ SbH, wag 438.4 28 4252 27 3291 13 3184 13 4359 28 4228 27
A” SbH, rock 106.6 0 1191 0 75.5 0 84.3 0 1066 0 119.1 0

? Frequencies and intensities are in cm ' and km/mol. ° Computed with B3LYP/6-311++G(3df, 3pd)/SDD.

311++G(3df,3pd)/SDD. CH,-SbH, is not identified in the product spectra while it has a C; structure.

¢ Computed with BPW91/6-



Table S7: Observed and Calculated Fundamental Frequencies of CH;-BiH isotopomers in the Ground *A” state®

Approximate CHs-BiH CDs-BiD "3CHs-BiH

Description Obs®  B3LYP® Int® BPW91? Int’ Obs®  B3LYP® int® BPW91? Int’ Obs®  B3LYP® int® BPW91? Int’
A’ CH; as. str. 31477 7 31023 6 23337 3 2299.7 2 31360 7 3090.8 6
A’ CH; as. str. 31444 6  3097.9 5 23301 2 22953 2 31328 6 3086.5 5
A CHjs. str. 30520 18  2999.9 14 21825 8 2145.0 6 30496 18 29975 14
A’ Bi-H str. 1664.0 18142 332 17728 282 1194.1 12865 167 1257.1 142 1664.0 18142 332 1772.8 282
A’ CH; bend 1459.0 4 14137 4 10580 3 1024.9 3 1456.0 3 1410.7 3
A” CH; bend 14559 3 1410.0 3 10571 2 1023.7 2 14526 3 1406.8 3
A’ CH; deform 11505 12029 8 1155.6 7 9229 1 886.4 1 1144.1 11954 9 1148.5 8
A’ CHjs rock 796.6 8106 20  784.9 17 5945 6080 11 5889 9 806.1 20 7805 17
A” CHj rock 6928 4 673.4 4 5130 2 498.7 2 689.8 4 670.5 4
A’ CBiH bend 5168 7 501.6 5 3645 8 353.6 7 516.4 8 501.1 6
A’ C-Bi str. 448.7 4601 25 4519 23 4245 16 4174 14 4262 4464 22 4385 21
A” CHj; tort 1303 4 124.4 4 92.3 2 88.1 2 1303 4 124.4 4

*Frequencies and intensities are in cm ' and km/mol. ® Observed in an argon matrix. ¢ Computed with B3LYP/6-311++G(3df, 3pd)/SDD. *

Computed with BPW91/6-311++G(3df,3pd)/SDD.



Table S8: Calculated Fundamental Frequencies of CH,-BiH; isotopomers in the Ground 2A’ state®

Approximate CHy-BiH; CD»-BiD; ®CH,-BiH,
Description B3LYP® Int® BPW91® Int® B3LYP® int® BPW91® Int® B3LYP® int® BPW91® Int’
A’ CH, str. 32452 2 3196.9 2 24174 0O 23818 0 32316 2 31834 2
A’ CH, str. 31231 14  3071.0 13 22564 6 2218.1 6 31182 14  3066.2 13
A’ BiH, str. 18136 309 1769.1 260 12862 156 12546 131 18136 309 1769.1 260
A’ BiH; str. 1801.2 283 17533 243 12770 143 1243.1 123 18012 283 17533 243
A’ CH, scis. 13473 31 13018 30 10068 9 9726 9 13417 32 12964 30
A’ BiH, scis. 7549 28 7230 22 5374 15 5157 12 7548 28 7228 21
A” CH, rock 7427 8 7227 7 5602 5 545.1 4 7384 8 7185 7
A’ CH, wag 579.8 24  557.3 16 4261 31 4082 26 5769 26  554.1 19
A’ C-Bi str. 5071 35 4953 32 4766 12 4665 9 4920 32 4809 27
A” CH, twist 4961 0 484.1 0 3512 0 3427 0 4960 0 484.1 0
A’ BiH, wag 3995 36  388.0 36 3006 19 2917 19 397.0 35 3856 35
A” BiH, rock 30.7 1 58.2 0 21.7 0 41.2 0 30.7 1 58.2 0

*Frequencies and intensities are in cm ' and km/mol. ® Computed with B3LYP/6-311++G(3df, 3pd)/SDD. ¢ Computed with BPW91/6-

311++G(3df,3pd)/SDD. CH,-BiH, is not identified in the product spectra while it has a C, structure.



Table S10: Natural Occupation Numbers and Effective C-M Bond Orders for Sn, Pb, Sb, and Bi Insertion and Methylidene

Complexes and Metal Contribution to the C-M and M-H bonds"

Compound oocc® o*occ® EBO(C-M)® q(C) q(M)? C-M (%M)® M-H (%M)®
CHa-SnH 1927 0096 0916 1174 0958  22.43,s(8.3), p(91.7) 29.05, 5(8.0), p(92.0)

) ] 34.62,5(0.0), p(100.0)  37.16, 5(30.5), p(69.5)
CH,=SnH, 3975 0027 1974 1083 1182 3000 SN P08 v ic s(305) Mol
CHa-PbH 1995 0002 0997 1127 0931 2363, 5(6.2), p(93.8) 29.25, 5(6.2), p(93.7)

) ] 33.77, 5(1.2), p(98.8) 38.75, 5(29.6), p(70.4)
CH,=PbH, 3920 0686  1.930 0061 1020 IS SEPUSON)  aars a2.6) Hrod)
CHa-SbH 1995 0002 0997 1023 0621  30.82, s(8.7), p(91.3) 38.3, 5(8.9), p(91.1)

] ] 40.75, s(10.4), p(89.6)
CHy-SbH, 1993  0.005 0994 0736 0756  3321,5(112),p(88.8) 4072 wi0.4) MBo.C)
CHy-BiH 1996  0.001 0998 11001 0636  30.94, 5(6.2), p(93.8) 37.37, 5(6.5), p(93.5)
CH,-BiH, 1994 0004 0995 0701 0781 32,52, s(7.5), p(92.5) 39.70, 5(7.1), p(92.9)

* Computed with B3LYP/6-311++G(3df, 3pd). The SDD core potentials and bases are used for Sn, Pb, Sb, and Bi. ° Occupation number. °

39.70, s(7.1), p(92.9)

Effective bond order [(o occ — o* occ)/2]. Natural charge. ©Metal contribution to the bonding orbital in %.
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Figure S1. Infrared spectra in the product absorption regions from reaction of the laser-ablated
antimony atom with *CH, in excess argon at 4 K. (a) Sb and *CH, (1.0% in argon) co-deposited
for 1 hr, (b) as (a) after annealing to 30 K, (¢) as (b) after full arc (A > 220 nm) irradiation, and (d)
as (c) after annealing to 35 K. The product absorptions are marked with “i”” while P designates the

precursor absorption in the "*CH, matrix spectra.
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Figure S2. Infrared spectra in the product absorption regions from reaction of the laser-ablated
antimony atom with CH,D, in excess argon at 4 K. (a) Sb and CH,D, (3.0% in argon) co-
deposited for 1 hr, (b) as (a) after annealing to 30 K, (c) as (b) after full arc (A > 220 nm)
irradiation, and (d) as (c¢) after annealing to 35 K. The product absorptions are marked with “i”

while P designates the precursor absorption in the CH, matrix spectra.
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