FUNDAMENTAL VIBRATIONAL FREQUENCIES OF SMALL MOLECULES

This table lists the fundamental vibrational frequencies of se-
lected three-, four-, and five-atom molecules. Both stable mole-
cules and transient free radicals are included. The data have been
taken from evaluated sources. In general, the selected values are
based on gas-phase infrared, Raman, or ultraviolet spectra; when
these were not available, liquid-phase or matrix-isolation spectra
were used.

Molecules are grouped by structural type. Within each group,
related molecules appear together for convenient comparison.

The vibrational modes are described by their approximate char-
acter in terms of stretching, bending, deformation, etc. However,
it should be emphasized that most such descriptions are only ap-
proximate, and that the true normal mode usually involves a mix-
ture of motions. Abbreviations are:

sym. symmetric
antisym. antisymmetric
str. stretch
deform. deformation
scis. scissors
rock. rocking
deg. degenerate

In the case of free radicals, strong interactions may exist be-
tween the electronic and bending vibrational motions. Details can
be found in References 3 and 4. The references should be consulted
for information on the accuracy of the data and for data on other
molecules not listed here.

All fundamental frequencies (more precisely, wavenumbers) are
given in units of cm™.

XY, Molecules XY, Molecules
Point groups D_, (linear) and C, (bent) Point groups D_, (linear) and C, (bent)
Molecule  Structure Sym.str. Bend Antisym. str. Molecule  Structure Sym.str. Bend Antisym. str.
CO2 Linear 1333 667 2349 NI—[2 Bent 3219 1497 3301
CS2 Linear 658 397 1535 NO2 Bent 1318 750 1618
C3 Linear 1224 63 2040 NF2 Bent 1075 573 942
CNC Linear 321 1453 ClO2 Bent 945 445 1111
NCN Linear 1197 423 1476 CH2 Bent 963
BO2 Linear 1056 447 1278 CD2 Bent 752
BS2 Linear 510 120 1015 CF2 Bent 1225 667 1114
KrF, Linear 449 233 590 CCl2 Bent 721 333 748
XeF, Linear 515 213 555 CBr, Bent 595 196 641
XeCl2 Linear 316 481 Si]—[2 Bent 2032 990 2022
H2O Bent 3657 1595 3756 SiD2 Bent 1472 729 1468
D,0 Bent 2671 1178 2788 SiF, Bent 855 345 870
FZO Bent 928 461 831 SiCl2 Bent 515 505
C120 Bent 639 296 686 SiBr2 Bent 403 400
o, Bent 1103 701 1042 GeH, Bent 1887 920 1864
HZS Bent 2615 1183 2626 GeCl2 Bent 399 159 374
DZS Bent 1896 855 1999 SnF2 Bent 593 197 571
SF, Bent 838 357 813 SnCl, Bent 352 120 334
SCl2 Bent 525 208 535 SnBr2 Bent 244 80 231
SO2 Bent 1151 518 1362 PbF2 Bent 531 165 507
H,Se Bent 2345 1034 2358 PbCl, Bent 314 99 299
DZSe Bent 1630 745 1696 Cll:2 Bent 500 576
XYZ Molecules XYZ Molecules
Point Groups C_ | (linear) and Cs(bent) Point Groups C_ | (linear) and Cs(bent)
Molecule  Structure XY str. Bend YZ str. Molecule  Structure XY str. Bend YZ str.
HCN Linear 3311 712 2097 NNO Linear 2224 589 1285
DCN Linear 2630 569 1925 HNB Linear 3675 2035
FCN Linear 1077 451 2323 HNC Linear 3653 2032
CICN Linear 744 378 2216 HNSi Linear 3583 523 1198
BrCN Linear 575 342 2198 HBO Linear 754 1817
ICN Linear 486 305 2188 FBO Linear 500 2075
CCN Linear 1060 230 1917 CIBO Linear 676 404 1958
CCO Linear 1063 379 1967 BrBO Linear 535 374 1937
HCO Bent 2485 1081 1868 FNO Bent 766 520 1844
HCC Linear 3612 1848 CINO Bent 596 332 1800
OCS Linear 2062 520 859 BrNO Bent 542 266 1799
NCO Linear 1270 535 1921 HNF Bent 1419 1000
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XYZ Molecules XYZ Molecules

Point Groups C__ (linear) and C (bent) Point Groups C__ (linear) and C (bent)
Molecule Structure XY str. Bend YZ str. Molecule Structure XY str. Bend YZ str.
HNO Bent 2684 1501 1565 NSF Bent 1372 366 640
HPO Bent 2095 983 1179 NSCl Bent 1325 273 414
HOF Bent 3537 886 1393 HCF Bent 1407 1181
HOCI Bent 3609 1242 725 HCCl Bent 1201 815
HOO Bent 3436 1392 1098 HSiF Bent 1913 860 834
FOO Bent 579 376 1490 HSICl Bent 808 522
ClOO Bent 407 373 1443 HSiBr Bent 1548 774 408
BrOO Bent 1487
HSO Bent 1063 1009

Symmetric XY, Molecules

Point Groups D, (planar) and C,, (pyramidal)

Molecule  Structure Sym. str. Sym. deform.  Deg. str. Deg. deform.
NH, Pyram. 3337 950 3444 1627
ND, Pyram. 2420 748 2564 1191
PH, Pyram. 2323 992 2328 1118
AsH, Pyram. 2116 906 2123 1003
SbH3 Pyram. 1891 782 1894 831
NF, Pyram. 1032 647 907 492
PF, Pyram. 892 487 860 344
AsF, Pyram. 741 337 702 262
PCl3 Pyram. 504 252 482 198
PI, Pyram. 303 111 325 79
Asl, Pyram. 219 94 224 71
AlCl3 Pyram. 375 183 595 150
SO, Planar 1065 498 1391 530
BEF, Planar 888 691 1449 480
BH, Planar 1125 2808 1640
CH, Planar 606 3161 1396
CD, Planar 453 2369 1029
CF, Pyram. 1090 701 1260 510
SiF, Pyram. 830 427 937 290
Linear XYYX Molecules Planar X,YZ Molecules
Point Group D_ Point Group C, |
Molecule Sym.  Antisym. XY YY Bend Bend Molecule  Sym.XY YZ YX, Antisym. YX, YX,
XY str. str. str. str. str. scis. XY str. rock wag
CH, 3374 3289 1974 612 730 H,CO 2783 1746 1500 2843 1249 1167
CpD, 2701 2439 1762 505 537 D,CO 2056 1700 1106 2160 990 938
CN, 2330 2158 851 507 233 F,CO 965 1928 584 1249 626 774
ClzCO 567 1827 285 849 440 580
O,NF 1310 822 568 1792 560 742
OzNCl 1286 793 370 1685 408 652
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Tetrahedral XY, Molecules References

1. T. Shimanouchi, Tables of Molecular Vibrational Frequencies,

Point Group T d c .
onsolidated Volume I, Natl. Stand. Ref. Data Ser. Natl. Bur. Stand.
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Molecule  Sym. str. deform.(e) str.(f) deform.(f) 2. T. Shimanouchi, Tables of Molecular Vibrational Frequencies,
CH, 2917 1534 3019 1306 Consolidated Volume II, J. Phys. Chem. Ref. Data, 6, 993, 1977.
CD, 2109 1092 2959 996 3. G.Herzberg, Electronic Spectra and‘Electronic Structure of Polyatomic
CF, 909 435 1281 632 Molecules, D. Van Nostranfi COZ’ Princeton, NJ, 1966. ‘
cal 459 917 776 314 4. M E. Jacox, Ground state vibrational energy levels of polyatomic tran-
4 sient molecules, J. Phys. Chem. Ref. Data, 13, 945, 1984.
CBr, 267 122 672 182
CI, 178 90 555 125
SiH, 2187 975 2191 914
SiD, 1558 700 1597 681
SiF, 800 268 1032 389
SiCl, 424 150 621 221
GeH, 2106 931 2114 819
GeD, 1504 665 1522 596
GeCl, 396 134 453 172
SnCl, 366 104 403 134
TiCl, 389 114 498 136
ZrCl, 377 98 418 113
HfCI, 382 102 390 112
RuO 885 322 921 336

OsO 965 333 960 329





