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Abstract

The nz—M(NC)—CH3, CH;-MNC, and CH,=M(H)NC complexes are observed in the matrix IR spectra from reactions of laser ablated Th and U
atoms with acetonitrile. These actinide products are in line with those from reactions of Group 4-6 metals with acetonitrile, and they are again the
most stable steps in the previously proposed reaction path. The N-coordination and methylidyne products (M«<—NCCH; and HCM(H),NC) are not
observed probably due to their high energies. The actinide methylidenes show agostic distortion, and the nitrile m-complexes (n>-M(NC)-CH;)

reveal evidence of strong back-donations to the n*-orbitals, and NBO analysis reveals single M-N and M-C bonds with full ¢ and = bonds in the

N=C subunit. The unidentified N-coordinated-acetonitrile complexes show strong calculated interactions with the actinide



Table S1: Calculated Vibrational Frequencies (cm'l) and Infrared Intensities (km/mol) of Th«—NCCH3; Isotopomers in the Ground A
State®

Approximate CH3sCN—Th CDsCN— Th 3CH3'°CN— Th

Description Freg(cm™)® IR int’ Fre(cm™)® IR int° Fre(cm™)° IR int® Fre(cm™)® IR int° Fre(cm™)° IR int® Fre(cm™)® IR int°®

A” CHj as. str. 3068.3 2 3012.7 1 2266.4 1 22238 1 30579 2 3002.6 1

A’ CHj as. str.  3060.0 16 30069 23 2262.0 18 22241 22 30504 14 29971 21
A’ CHys.str. 29575 83 29015 95 2128.6 28 2087.0 32 29529 86 2897.3 98
A’ CH3 bend 1464.9 33 1423.1 40 13576 39 1356.6 34 1461.7 35 1419.8 43
A”CHsbend  1451.3 6 14003 6 11052 7 10739 8 1448.7 6 13978 6

A’ CH3 deform 1368.4 3 13504 18 1049.7 2 10127 3 1365.1 6 13499 20
A’ CN str. 1334.6 48 12955 31 1023.8 27 985.2 39 1328.6 43 1286.2 27

A’ CHj rock 1061.3 57 10185 73 904.4 98 872.0 117 10528 55 10103 70

A’ C-C str. 940.6 28 928.5 40 856.8 3 840.3 5 928.1 27 916.1 39
A” CHj; rock 923.3 1 887.8 1 728.1 3 702.1 2 917.2 1 881.8 1
A’ Th-N str. 621.9 63 599.8 63 559.9 34 539.3 32 621.9 63 599.8 64
A’ CCN bend 3785 4 366.3 4 364.9 6 353.1 5 374.2 5 362.3 4
A”CCN bend 1625 0 153.0 1 160.4 0 150.5 0 162.4 0 152.9 1
A’ ThNC bend 135.2 14 127.2 14 124.7 12 117.4 12 133.4 14 125.6 14
A” ThNC bend 79.1 3 84.4 4 58.4 3 62.6 4 79.1 3 84.4 4

* Frequencies and intensities are computed with 6-311++G(3df, 3pd) for harmonic calculations, and the SDD pseudo potential and
basis set are used for Th. Frequencies and intensities are in cm ™ and km/mol. ® Computed with B3LYP. ¢ Computed with BPW91. The
symmetry notations are based on the C; structure.



Table S2: Observed Matrix Infrared and Calculated Vibrational Frequencies of 1>-Th(NC)-CHj Isotopomers in the Ground 'A’ State®

Approximate n*-Th(NC)-CHs n>-Th(NC)-CDs N?-Th(N'3C)-"*CHs
Description Obs®  Freq(cm™)® IR Int® Fre(cm™)® IRInt® Obs® Fre(cm™)® IR Int® Fre(cm')® IR Int  Obs®  Fre(cm™)° IR Int® Fre(cm™)® IR Int®
A’ CHj; as. str. 30864 20 30364 27 22887 10 22513 14 30751 20 30253 26

A” CHj; as. str. 30737 6 30230 3 22723 3 22337 2 30631 6 3012.7 4

A’ CHs s. str. 30102 28 29535 30 2160.7 11 21198 11 3007.1 29 29504 31

A’ CCN as. str. 15141 1577.5 28 1524.5 29 1505.7 15714 40 15176 43 1481.6 1541.6 23 1489.7 22
A” CH3; bend covered 1468.1 10 1418.7 10 1059.2 5 1023.0 5 covered 1465.8 10 1416.6 10
A’ CH; bend 14252 14591 23 1410.8 27 1128.4 1144.0 26 1111.6 26 covered 14554 27 1406.8 31

A’ CH; deform 1345.1  1382.9 10 1330.6 14 covered 1049.6 12 10148 15 covered 13723 10 1320.3 13

A’ CHj rock 1118.3 1143.5 40 1110.5 37 982.9 10029 21 969.6 15 1093.0 11166 39 1083.4 36
A” CHj; rock 995.4 0 954.7 0 805.9 0 775.4 0 982.8 0 942.3 0
A’ CCN s. str. 948.6 2 922.9 1 709.6 802.0 10 778.7 11 931.3 2 907.1 1
A’ N-Th str. 604.8 610.6 109 597.4 105 5725 575.6 110 565.4 105 601.2 607.0 113  594.4 108
A’ C-Th str. 441.8 29 437.9 26 417.3 16 411.7 14 431.8 25 427.6 22
A” CCNTh deform 295.4 1 284.7 1 265.4 0 255.0 1 286.9 1 276.6 1
A’ CCTh bend 219.6 7 216.7 6 201.6 6 198.7 5 215.1 7 212.3 6
A” CHj tort 95.0 0 93.9 0 69.0 0 67.5 0 94.9 0 93.8 0

*Frequencies and intensities are computed with 6-311++G(3df, 3pd) for harmonic calculations, and the SDD pseudo potential and
basis set are used for Th. Frequencies and intensities are in cm ™' and km/mol. "Observed in an argon matrix. ‘Computed with B3LYP. ¢
BPWOI1. T]Z-Th(NC)-CH3 has a C; structure.



Table S3: Observed and Calculated Fundamental Frequencies of CH3-ThNC Isotopomers in the Ground 'A” State®

Approximate CHs-ThNC CDs-ThNC 3CH,-ThN'*C

Description Obs®  Freq(cm™)°® IR int® Freem™)? IR int® Obs® Fre(cm™° IR int® Fre(cm™)? IRint® Obs® Fre(cm™)° IR int® Fre(cm™)° IR int°
A’ CHj; as. str. 3128.2 1 3090.6 3 23074 3 22799 5 31182 1 3080.7 3
A” CHj; as. str. 2929.1 2 2839.7 3 21623 1 20954 1 29192 2 28302 3
A’ CHs s. str. 2869.0 3 27728 8 2063.1 35 19951 18 2865.0 3 27689 8
A’ NC str. 20346 2068.4 447 19782 363 20350 20689 412 1977.8 347 1989.3 20265 443 1938.1 359
A” CH; bend 1413.8 16 13649 21 10254 8 989.0 10 14106 16 13620 21
A’ CH; bend 1383.7 1 13263 4 1008.1 3 9696 6 1380.4 1 13229 3
A’ CH; deform 1094.0 1155.0 44 11075 46 8765 9077 46 8680 40 11451 40  1098.2 43
A’ C-Th str. 538.0 41 5461 38 4653 22 4719 20 5258 39 5336 37
A’ N-Th str. 395.7 91 3985 70 3948 95 3970 73 3895 88 3926 67
A” CH; rock 344.9 0 363.4 1 256.7 0 271.1 1 3433 0 3616 1

A’ CH; rock 283.0 2 2642 1 2283 0 2126 0 2793 2 2609 1
A’ ThNC ip bend 144.8 1 135.9 1 138.8 1 1294 1 1438 1 1348 1
A” ThNC oop bend 114.6 0 1116 0 94.3 1 85.0 0 1145 0 1116 0
A” CHj; tort 80.4 1 66.2 1 70.5 1 62.4 1 79.2 1 65.0 1

A’ CThN bend 60.3 2 60.9 2 55.6 2 56.4 2 58.5 2 59.2 2

* Frequencies and intensities are computed with 6-311++G(3df, 3pd) for harmonic calculations, and the SDD pseudo potential and
basis set are used for Th. Frequencies and intensities are in cm™' and km/mol. ®Observed in an argon matrix. ¢ Computed with B3LYP. ¢

Computed with BPW91. CH;-ThNC has a C; structure.



Table S4: Observed and Calculated Fundamental Frequencies of CH,=Th(H)NC Isotopomers in the Ground 'A State®

Approximate CH2=Th(H)NC CD2=Th(D)NC SCH=Th(H)N'®C
Description Obs®  Freqcm™° IR int° Fre(cm™)? IRint®  Obs® Fre(cm™)® IR int® Frecm™® IRint® Obs®  Fre(cm™)° IR int® Fre(cm™)® IR int®
CH, as. str. 3147.8 1 3088.4 1 23253 2 22815 1 3137.4 1 30782 2
CH,s. str. 28440 11 27473 6 20724 2 20022 5 28371 11 27407 7
NC str. 20304 20932 455 20125 401 20306 20932 460 2012.6 401 19838 2050.8 453 19717 399
Th-H str. ff“l’gg)ad 14382 498 14177 436 10137 1026.6 187 1007.7 226 1408.1 14381 498 14176 436
CH, scis. 1340.6 23 13083 27 10123 90 987.1 19 13338 23 13023 28
C-Thstr. 682.7 684.7 137 689.7 131 6187 6221 103 6290 100 661.9 6641 132 6687 125
Th-H ip bend 647.9 655.2 163 6253 152 5120 511.8 117 4880 110 6409 6497 158 6201 147
CH, wag 495.4 76 5164 33 3827 128 3977 51 4927 76 5128 33
CH, rock 400.3 84 4021 124 2844 16 2781 25 3982 73 4004 113
Th-N str. 371.1 106 376.8 92 362.7 41 3761 90 367.8 112 3744 100
CH, twist 333.6 14 3375 10 2448 21 2504 20 3317 14 3358 9
Th-H oop bend 253.7 39 2284 19 1942 12 1779 4 2535 39 2280 19
CThN ip bend 122.9 16 1144 11 1134 12 1036 8 1217 15 1134 11
ThNC oop bend 86.7 3 77.4 3 83.8 4 75.1 4 85.4 3 76.0 3
ThNC ip bend 66.0 10  64.4 12 63.2 10 618 11 64.1 10 626 12

*Frequencies and intensities are computed with 6-311++G(3df, 3pd) for harmonic calculations, and the SDD pseudo potential and

basis set are used for Th. Frequencies and intensities are in cm™' and km/mol. ® Observed in an argon matrix. ‘ Computed with B3LYP.
Computed with BPW91. CH,=Th(H)NC has a planar C, structure.



Table S5: Calculated Fundamental Frequencies of HC=Th(H),NC Isotopomers in the Ground 3A1 State®

Approximate HC=Th(H).NC DC=Th(D).NC H'®C=Th(H).N"C
Description Freqem™® IRint® Frecm™)® IRint® Frecm™® IRint’
A’ C-H str. 3121.1 8 22972 5 31114 8

A’ N-C str. 2090.4 481  2090.3 484 20482 479

A’ ThH, s. str. 1424.1 283  1008.7 142 14240 283

A” ThH, as str. 1397.6 572 9924 294 13976 572

A” ThCH oop bend 693.1 14 5436 9 687.0 14

A’ ThH, scis. 630.3 145 4076 68 627.6 149

A’ C-Th str. 486.8 35 507.8 26 4747 M1

A’ ThCHipbend 4238 267 3222 78 4207 248

A’ Th-NC str. 382.3 154 3786 181 376.4 163

A’ ThH, wag 347.0 66 2572 71 3453 57

A ThH, twist 322.1 4 2322 1 3220 4

A” ThH, rock 156.7 56 1239 25 156.5 56

A’ CThN bend 142.3 3 1381 3 1405 3

A” ThNC oop bend 89.7 5 82.8 10 88.4 5

A’ ThNC ipbend  73.8 3 711 3 715 3

* Frequencies and intensities are computed with 6-311++G(3df, 3pd) for harmonic calculations, and the SDD pseudo potential and
basis set are used for Th. Frequencies and intensities are in cm™' and km/mol. ° Computed with B3LYP. Geometry optimization with
BPWO1 for HC=Th(H),NC did not converge. The symmetry notations are based on the C; structure.



Table S6: Calculated Fundamental Frequencies of U«NCCH; Isotopomers in the Ground °A; State®

Approximate U—NGCCHs U<—NCCDs; U—N"’C"*CHjs

Description Fregqicm™)® IR int® Fre(cm™)® IR int° Fre(cm™)° IR int® Fre(cm™)® IR int° Fre(cm™)° IR int® Fre(cm™)° IR int°

A” CHj as. str. 3100.0 1 3039.3 1 22931 1 22474 A1 3089.2 1 3028.7 1

A’ CHj as. str. 3083.9 9 30223 8 22792 9 22329 9 30743 7 30129 6

A’ CHj s. str. 2991.8 62 29294 80 2151.8 22 2107.0 31 20873 64 2925.0 82
A’ CN str. 1867.4 15 18159 32 1865.8 17 18139 30 18669 15 18151 32
A’ CH3 bend 1462.8 36 1416.7 35 1049.2 16 1016.0 17 1461.0 37 14151 36
A” CH3 bend 1458.7 7 14094 8 1095.8 2 1065.0 4 14566 8 14075 8

A’ CHj deform 1381.0 2 13354 1 10516 3 10151 4 13716 2 1326.2 2

A’ CHj rock 1038.4 70 983.4 57 865.7 68 837.0 75 1030.3 68 975.7 54
A” CHj; rock 1000.9 0 972.5 0 792.4 0 771.2 0 993.6 1 965.2 0
A’ C-C str. 922.5 14 907.3 46 830.2 40 784.1 38 907.6 13 892.1 45
A’ CCN bend 464.9 107 413.2 66 433.5 79 391.4 48 464.8 107 4131 66
A’ N-U str. 279.2 1 246.4 15 268.1 1 237.5 13 276.0 1 243.8 14
A” CCN bend 183.2 0 151.5 0 176.9 0 144.5 0 183.3 0 151.5 0
A’ UNC bend 99.7 7 102.4 9 93.3 6 95.9 8 98.8 7 101.5 9
A” CHj; tort 92.6 4 84.1 3 76.6 3 75.0 3 92.5 4 83.9 3

* Frequencies and intensities are computed with 6-311++G(3df, 3pd) for harmonic calculations, and the SDD pseudo potential and
basis set are used for U. Frequencies and intensities are in cm' and km/mol. ° Computed with B3LYP. ¢ Computed with BPW91. The
symmetry notations are based on the C; structure.



Table S7: Observed and Calculated Fundamental Frequencies of n°-U(NC)-CHj3 Isotopomers in the Ground A’ State®

Approximate n>-U(NC)-CHjs n>-U(NC)-CDs n>-U(N'3C)-"3CHs

Description Obs® Freﬁ)ccm IRint® Frecm™)? IRint® Obs® Fre(cm™)® IR int° Fre(cm™)? IRint®  Obs®  Fre(cm™° IR int® Fre(cm™® IR int®
A’ CH, as. str. 30756 28 30256 28 22796 16 22425 16 30645 27 30146 27

A” CH, as. str. 30701 8 30167 7 22701 4 22296 3 30595 8 30063 7

A’ CHg s. str. 30017 63 29460 57 21548 24 21144 23 29985 65 29429 58.0
A’ CN str. 1503.6  1560.0 29  1480.6 13 14968 15537 39 14708 27 covered 15244 25 14501 7

A” CH, bend covered 14675 9 14199 9 10255 10592 5 10246 5 14397 14652 9 14177 9

A’ CH, bend 14215  1460.0 24 14107 29 covered 1119.8 43 10855 34 14157 14558 29 14026 35

A’ CH; deform 1342.3 13778 7 13282 6 1032.8 1050.5 12 1016.2 16 1331.4 1367.0 6 13179 6

A’ CH; rock 1091.2 1096.2 106 1072.0 63 955.4 957.9 102 941.4 55 1069 10745 95 1049.0 56
A” CHj; rock 989.6 0 948.7 0 797.2 1 761.8 0 977.5 0 937.3 0
A’ C-C str. 928.3 19 897.7 21 795.9 7 760.9 4 908.9 22 881.0 24
A’ N-U str. 584.6 602.9 136 582.2 62 5562.7 570.3 115  550.0 55 581.1 599.8 137 578.0 63
A’ C-U str. 388.9 7 357.6 7 367.5 3 339.3 4 379.7 6 349.7 6
A” CCN oop bend 281.3 1 233.4 2 253.7 1 208.4 1 273.1 1 226.6 1
A’ CCU ip bend 222.5 12 218.4 11 205.2 11 200.9 10 218.0 12 213.9 11
A” CHj tort 86.3 0 69.6 0 62.2 1 51.0 0 86.2 0 69.6 0

* Frequencies and intensities are computed with 6-311++G(3df, 3pd) for harmonic calculations, and the SDD pseudo potential and
basis set are used for U. Frequencies and intensities are in cm™' and km/mol. ° Observed in an argon matrix. ¢ Computed with B3LYP. ¢
Computed with BPWO1. nZ-U(NC)—CH3 has a C; structure.



Table S8: Observed and Calculated Fundamental Frequencies of CH3-UNC Isotopomers in the Ground *A” State®

Approximate

CH3-UNC

CDs-UNC

8CHs-UN'C

Description Obs®  Freg(cm™)° IRint° Frecm™)? IR int® Obs® Fre(cm™)® IRint® Frecm™)® IRint® Obs®  Fre(cm™)° IR int° Fre(cm™)® IR int®
A’ CHj; as. str. 3054.3 7 30114 5 22557 3 22243 2 30440 8 30012 5
A” CHj; as. str. 3015.8 14 29773 13 22278 6 21995 5 30055 15 2967.0 13
A’ CHs s. str. 29515 9 2903.1 13 21174 2 2082.0 1 29482 10 29000 7
A’ NC str. 2029.7  2091.6 380 1991.8 245 2029.7 2091.6 380 1991.8 245 19886 2049.1 378 1951.0 244
A” CH; bend covered 14223 10 13725 11 10324 6 9964 7 covered 14191 10 13693 11
A’ CH; bend 14115 1 13615 1 1024.3 1 987.8 1 14084 1 13584 1
A’ CH; deform 1108.9 11505 18 1102.0 18 8745 899.2 29 8645 30 1099.2 11413 15 10929 16
A’ C-U str. 438.9 40 4336 45 390.7 30 3861 32 4284 36 4224 43
A’ CH; rock 369.2 40 3411 13 2843 1 2684 0 3646 33 3368 17
A’ N-U str. 357.2 59 3549 51 3581 95 349.7 63 3517 64 350.1 45
A” CH; rock 323.0 2 303.6 1 2412 2 2254 0 3213 2 3024 0
A’ UNC ip bend 136.2 0 1485 0 1320 0 1436 0 1354 0 1478 0
A” UNC oop bend 112.5 0 1140 0 1114 0 1088 1 117 0 1133 0
A” CHj; tort 102.0 0 58.7 1 73.6 1 44.2 1 101.8 0 58.3 0
A’ CUN bend 58.7 4 63.1 4 53.5 4 58.0 4 57.0 4 61.2 3

* Frequencies and intensities are computed with 6-311++G(3df, 3pd) for harmonic calculations, and the SDD pseudo potential and
basis set are used for U. Frequencies and intensities are in cm™' and km/mol. ® Observed in an argon matrix. ¢ Computed with B3LYP. ¢
Computed with BPW91. CH;-UNC has a C; structure.



Table S9: Observed and Calculated Fundamental Frequencies of CH,=U(H)NC Isotopomers in the Ground *A State®

Approximate CHz=U(H)NC CD,=U(D)NC 3CHa=U(H)N"*C
Description Freqcm™° IR int® Freecm™)® IRint® Obs® Fre(cm™)® IRint® Frecm™)? IRint® Obs® Fre(cm™)° IR int° Fre(cm™)® IR int®
CH, as. str. 3146.4 1 30815 0 23242 1 22759 1 3136.0 1 30715 1
CH, s. str. 28220 6 2629.8 1 20548 1 19151 0 28153 7 26236 1
NC str. 2090.3 451 19957 338 20147 2090.3 4535 19957 340 19735 20479 449 19550 337
U-H str. 1464.7 498 1508.7 400 1050.8* 1038.8 256 1069.8 203 1458.0* 1464.7 498 1508.8 400
CH, scis. 1340.5 25 13385 21 1020.8 22 10058 18 13329 24 13327 21
CH, wag 633.5 117 650.1 94 484.9 87 4754 66 6242 121 6327 85
C-U str. 600.3 72 6087 47 556.3 52 5911 73 586.8 62 6023 48
CH, rock 507.9 73 599.0 94 393.0 84 4647 36 5045 74 5941 95
U-H ip bend 396.0 101 4280 84 2786 24 3003 35 3942 90 4273 81
U-N str. 366.3 101 3920 99 3625 74 3742 87 3627 108 390.3 95
U-H oop bend 3225 19 3518 12 2374 22 2684 10 3210 17 3482 15
CH, twist 161.9 13 1993 17 136.7 1 1572 5 1615 14 1989 17
CUN ip bend 109.6 5 95.4 5 107.0 1 86.9 4 108.7 5 94.6 5
UNC oop bend 97.0 20 623 9 82.1 18 58.0 9 95.9 20 604 9
UNC ip bend 63.6 7 -90.8 7 59.7 7 -88.6 6 61.7 6 -91.1 7

*Frequencies and intensities are computed with 6-311++G(3df, 3pd) for harmonic calculations, and the SDD pseudo potential and
basis set are used for U. Frequencies and intensities are in cm ' and km/mol. "Observed in an argon matrix. “Computed with B3LYP.
‘Computed with BPW. *Tentative assignment. CH,=U(H)NC has a planar C; structure.
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Table S10: Calculated Fundamental Frequencies of HC=U(H),NC Isotopomers in the Ground 'A’ State®

Approximate HC=U(H):NC DC=U(D).NC H'®C=U(H).N"C
Description Freqem™® IRint® Freem™® IRint® Frecm™® IRint® Freem™® IRint® Fre(cm™® IRint® Freem™® IRint®
A’ C-H str. 3096.5 1 30180 0 22903 5 2232.4 3 30859 1 3007.8 0
A’ N-C str. 2075.4 572 1989.1 495  2075.1 576  1988.9 499 20335 567  1949.0 490
A’ UH; s. str. 1575.8 492 15285 379 11156 249  1083.3 192 15738 492 15285 380
A” UH, as str. 1538.0 608  1511.0 478  1090.7 312  1071.8 246 15380 608  1511.0 478
A’ C-U str. 776.1 44 760.1 48 742.2 46 727.1 50 749.8 39 734.4 44
A” UCH oop bend  608.9 145  571.3 121 480.0 97 450.0 83 603.3 142 566.1 117
A’ UH;, scis. 586.5 107 564.1 68 4475 114 4300 91 583.4 103 561.4 65
A'UCHipbend 4356 148 4713 114 3186 34 3445 40 433.6 143 4695 113
A’ U-NC str. 402.1 180  389.8 157 387.1 116 381.8 88 398.2 186 3842 160
A’ UH, wag 352.9 13 329.9 40 269.2 42 251.9 35 350.3 8 328.9 35
A“ UH, twist 331.1 2 320.6 0 246.9 1 239.8 1 330.9 2 3205 0
A'UNCipbend 13856 12 131.2 18 131.5 11 122.8 18 137.3 11 129.9 18
A” UNC oop bend  108.1 41 164.1 54 74.7 37 125.7 24 107.8 46 163.7 55
A” UH, rock 99.2 28 90.5 5 99.5 0 83.8 8 98.2 23 89.2 5
A’ CUN bend 73.2 4 65.2 5 68.9 4 61.4 5 70.9 4 63.1 5

*Frequencies and intensities are computed with 6-311++G(3df, 3pd) for harmonic calculations, and the SDD pseudo potential and
basis set are used for U. Frequencies and intensities are in cm™' and km/mol. ° Computed with B3LYP. ¢ ” Computed with BPW91. The
symmetry notations are based on the C; structure
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