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Th-1. Introduction. The following tables present some of the more important data
on simple polyatomic molecules derived from infrared, Raman, and microwave
spectra. Tables 7h-1 through 7h-4 give the fundamental vibrational frequencies (in
em™!) of most triatomic and four-atomic molecules for which these quantities are
available and for a few important five- and six-atomic molecules. The point groups to
which the molecules belong are indicated in the last column. The numbering of the
vibrations is in accordance with the practice followed by many authors in recent
years! and now established by international agreement.?

For most molecules listed the fundamentals are active in both the infrared and the
Raman spectrum. However, for molecules of high symmetry, certain vibrations
cannot occur in the Raman spectrum, others cannot occur in the infrared spectrum,
and a few in neither one: for triatomic linear symmetric molecules (D.4), » is Raman
active and »: and »; infrared active; for four-atomic linear symmetric molecules
(Dar), vy, v, and », are Raman active and »; and »s infrared active; for four-atomic
planar molecules with a threefold axis (D), » is Raman active, », infrared active,
and »; and » are both Raman and infrared active; for five-atomic tetrahedral mole-
cules (74) all vibrations are Raman active but only »; and », are infrared active; for
linear symmetric six-atomic molecules, the vibrations vj, vs, »3, »5, »1 are Raman active
and the remaining ones are infrared active; for six-atomic molecules with three
mutually perpendicular planes of symmetry (V,), the vibrations v, »s, v16, ¥11, »12 are
infrared active and all others, except »,, are Raman active; for six-atomic molecules of
Ca symmetry, vy, »3, »3, ¥4, »s, and v are Raman active, and the others are infrared
active.

Tables 7h-5 through 7h-15 give the rotational constants 4 o, B(o}, C(o; of selected tri-
atomic, four-atomic, five-atomic, and six-atomic molecules, These rotational con-
stants are, apart from the factor h/8=%, the reciprocal moments of inertia, and there-
fore from them the geometrical parameters of the molecule can be determined if a
sufficient number of isotopes have been investigated. The geometrical parameters
thus obtained are also listed in Tables 7h-5 through 7h-15.

The constants A (g, Bjg;, Cio refer to the lowest vibrational level which still includes
the zero-point vibration. In .ne few cases in which these constants have been deter-
mined for the true equilibrium positions, the equilibrium contants 4., B., C. are also
listed.

Microwave spectra give the constants in megahertz while infrared and Raman

! G. Herzberg. ‘““Molecular Spectra and Molecular Structure. II. Infrared and Raman

Spectra of Polyatomic Molecules,” D. Van Nostrand Coinpany, Inc., Princeton, N.J., 1945.
* R. 8. Mulliken, JCP 23, 1997 (1955).
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7-186 ATOMIC AND MOLECULAR PHYSICS

spectra give them in cm~!.  Here all microwave values have been converted to em™!
by dividing by ¢ = 2.997925 X 10! em/sec.

In the alphabetical order used, I is counted as an H in order to have the deuterated
molecules appear with the corresponding nondecuterated ones. Element symbols
without mass numbers refer to the most abundant isotope.

Many of the data have been taken from the books by Herzberg!; by Gordy, Smith,
and Trambarulo?; by Townes and Schawlow?; and the more recent compilations of
Shimanouchi® and Starck®. In addition, some of the literature up to 1968 has been
included. For detailed tables of microwave data reference should be made to the
Microwave Spectral Tables prepared by Cord, Petersen, Lojko, and Haas.*

7h-2. Fundamental Vibrations

TasLE Th-1. TriaTomic MoOLECULES

Molecule| » cm™! ysem™' | y3em™? :::::; Molecule| » em~! | »2em™!! »3em™? ;c::;
BO:..... 1070 464 1322 | D=a HPO....| «oonvnn. 1187 e85 |C.
BO.-....I 1070% 6107 | 1970% | Da HsS..... 2614.6 | 1182.7 | 2627 | C:
B:CN... 575 341.5 | 2198.3 | Cay HDS. ...} ........ 1090 (2684) | C.
Ciovnnee (1230)% 63.1 | 2040 | Dea D:S..... 1896.4 855.5 | 1910 | C2
CFs..... 1102 667 (1222) | Caw H:Se..... 2344.5 | 1034.2 | 2357.8 | C=:
CICN.... 714 378.4 | 2215.6 | Cev HDSe...| 1691 912 2352 | C.
ChLO..... 840 (300) 686 | Cs DsSe..... 1686.7 741.4 | 1697.4 | Cs,
Cl10:..... 945.5 447. 1110.5 | Cz» HSiBr...| 1547.s 7714 408.0 | C»
CNC....] «ievnnn. 321 | ...... Dwi HSiCl...| ........ 805.; 522.4 | Cs
1388.2 - ICN..... 470+ 321% | 2158+ .| Cw.
CO:..... {xzss.st 667.4 | 2349.2 Der {lgep, .| 449 232.6 | 588 |D=r
COs*....] 1280 | ...... (1469) | Dwa Ni~o.oon- 1350* 630* | 2080* | Dxa
CS:...... 658.0 396.7 | 1533 | Dea NF:..... 1074.3 | (573)8 | (931)% | C=»
FCN....| (2294) 451.3 | 1076.5 | Cws NH:.....| . P 1497.2 | ...... Ca
F:O..... 928 461 831 | Cuw N:O..... 1284.9 588.8 | 2223.8 | Cu»
HCF....| «eevnnn. 1403 | ...... 1 C. N.O*....| 1736.6 461.2 | 1126.4 | Cx:
HCN....| 2096.9 712.0 | 3311.5 | Cas NO:..... 1318 749.8 | 1617.8| Cs
DCN....| 1925.3 569.0 | 2630.3 | Cwo NO:~....| 1345% 816+ 1236* | C1
HCO. .. (2700) 1820.: 1083.0 | C NO:+. ... 1400% R3R* 2358+ (D<)
HCP....| 3216.9 674.3 | 1278.2 | Cux NOCL....| 1799 596 332 |C.
HFs....| (5951 | 12407 | 1500¢ | Cwe(?) |{NOF....[ 1844.0 765.9 | 521 |C.
HgBr:. .. 225 41 203 | Der {105 .... 1110 . 705 1042.2 | Cae
HgCls. . . 360 70 413 i Des  IOCN-...| 2180+ 870% | ...... C=-
Hgls..... 156 33 (235; | Dwma OCS..... 2052.2 520.% | 859.0: Cxs
HNO....i 3598 1562 1110 i ¢, SCN-....] 2086=* 483% | 750* | Caxc
HO..... 3656.7 | 1594.8 | 3755.8 | Ca SeCN-...| 2051.5%| 5875* | ...... Cuxs
HDO.. 2726.7 | 1402.2 | 3707.5 | C, SiCC....| 1me2 | ...... 591 | Cx»
D:O..... 2671.5 | 1178.3 | 2788.0 | Cs. SOs.... ..| 1151.4 517.7 | 1361.8 ! C:
HOCI.. 3609.2 | 1242 739 | C. UO0.**... 8603 (252)t | 930% | Cx
DOCL.. 2666.0 911 739 | C. XeFs. ... 515 213.2 | 558 | Dex

( ) Values in parentheses are uncertain or have been obtained indirectly.
* Observed in liquid.

4 Fermi resonance between » and 2i:.

$ Obeerved in crystal or solid matrix.

1 G. Herzberg, *“Molecular Spectra and Molecular Structure,” vol. II, “Infrared and
Raman Spectra of Polyatomic Molecules,” 1945, vol. IIL. “Electronic Spectra and Flec-
tronic Structure of Polyatomic Molecules,” D. Van Nostrand Company, Inc., Princeton,
N.J., 1945, 1966.

s W. Cordy, W. V. Smith. and R. F. Trambarulo, “Microwave Spectroscopy,’” John
Wiley & Sons, Inc., New York. 1933.

3C. H. Townes and A. L. Schawlow, ‘“Microwave Spectroscupy,’’ McGraw-Hill Book
Company, New York, 1955.

« T. Shimanouchi, Tables of Molecular Vibrational Frequencies, parts 1-3, Nat!. Standard
Ref. Data Ser. NBS 6, pp. 11, 17, 1967-1968. : :

s B. Starck, in Landolt-Bornstein New Series Group II, vol. 4, 1967.

¢ M. S. Cord, J. D. Petersen, M. S. Lojko. and R. H. Haas, Microwave Spectral Tables,
NBS Monograph 70, vols. 3, 4, and 5, 1068,




CONSTANTS OF POLYATOMIC MOLECULES

TapLE 7Th-2. Four-AtoMic MoLECULES

T7-187

Molecule yi cm™! vy em™! vsem=! | vaem™1| ysem™}| vecm™! Point
group

AsCls. 410 193 370 S %1 I AP AP Canr
AsTFs. 740.3 336.5 702.2 262.3 | ...... (o
AsHia ..o oot 2116.1 906 2123 1 1003 | ... eeeennn Cs.
AsDs. ...t 1523.1 660.0 15203 714 Cs.
BBrs. ... 279 372 802 151 | ...... Das
BCly........... 471 460 956 243 | ...... D3y,
Bls............. 189* 305* 692* e D:y,
BFs.. 8]88 691.4 1453.7 480.4 Dsy
BiCls. 288 130 242 96 | ... | e Ci,
BrOs™.......... 803* 428* 828* 35* | ...... Cs,
[0} : TP VPN 6111 D
CDs.. 4633 Dax
(0F) ; P TN 3372.7 1973.7 32904.9 611.7 729.2 1 ....... Den
C:HD 3335.6 1853.8 2583.6 518.4 77.8 Cor
C.D... 2703.8 1763.8 2439.2 510.7 536.4 Dey
Cala.. 2113 191 718 307 (115) o Dan
CNo.. 2329.9 854.2 2157.8 507.2 233.1 Dos
Cl,CO 1827 567 285 580 849 440 Ca
ClCS. . oot 1139 503 288 471 818 292 Ca
Clty. . 752 527 326 703 434 364 C,
Cl10s™ 940%* 617* 98S* 4790%* R e Cs»
COs ™ 1063* 878* 1415%* 680* Dy,
.BO.. 1369 856.0 491.0 ...... Ca
I'C1co 1868 1005 776 501 415 667 C,
F.CO 1942 965 584 774 1249 626 Ci
HC.Br 3325 2085 618 618 295 R Cer
HC.Cl 3340 2110 756 604 326 Cer
DC.Cl 2612 1880 742 472 (312) Cor
HC.F.......... 3355 2255 1055 578 367 e Cev
HCO~ ..ot 2825* 1584* 1386* 1352* 773% 1069* Ca
H.CO 2766.4 1746.1 1500.6 | 2843.4 | 1251.2 1167 Ca
HDCO......... 2845 2120.5 1723.3 | 13990 1041 1074 C,
DO 2055.8 1700 1105.7 | 2159.7 990 938 Cz\-
HFCO 2981.0 1836.9 1342.5 | 1064.8 662.5 | (1175) C,
HNs. o 3335.6 2139.8 1263.7 | 1150.5 534.2 607.0 C,
HNCO 43531 2274 1527 777.1 650 R 577.5 C,
HNCS ....1 3337.9 1973 999 615 467 834 C,
cis-HNO:. .. ....1 3426 1639 (1370) 856 620 638 C,
trans-HNO.. ... 3390 1698 1264 793 598 544 C,
cis-DNOg. ......| 2530 816 (591) 508 C,
trans-DNOs. .. .. 2650 1690 1018 739 591 416 C,
HOq . ........| 3599 (1380) 880 309 3608 1266 C.
DO2...........| 2510% 1009* 878* 229 2482* 1004* C:
HaS2. .. 0.0 | 2513* 882%* 510* 416 2577 886 Cs
) (0 PR 779* 390% 826% 330* | ...... | . ... Cio
NCly. .......... 535% 347* 637* 254% | ... ceeeeen Cir
NFs.....oovoi i 1032 647 905 493 | ...... Cs.
trans-Na2Fa.. .. .. (1636) (1010) (592) 360 989 421 Cu
NHs...........| 3336.7 950.4 3443.8 | 1626.8 | ...... | ... Ci,
NHoD. oo e b e 1592 884 C,
NHDoa. ... b oo 2418 1234 813 2556 1464 C,
NDis...........| 2420.4 T47.5 2564.0 | 1191.2 Cs,
NoHoe oo oo 1481* ... 1 3120.1 ] 1286* Ca
NOy oot 1048* 824* 1357* 720* | ... oo D
) S 606 363 465 R T4
PBrs...ooovvnn. 380 162 400 116 | .o e Cav
) 01 P 507 260 403 1890 | ...... Cie
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TABLE 7h-2.‘ Forr-AToMIic MOLFECULES (Continued)

|
Molecule yiem=! | vpem™t | paem™ | peem™! " ysem=!| vecm™! Point
| group
PFs. .o 892 487 860 344 | ...... Cs,
PFBrs..........| 817 421 | 303 C
PFCla. ... .. 827 524 e 496 C.
PF.Cl. ... ....... 860 527 | ... 833 | ....... C,
PFCIBr...... ... 822 503 415 AU IR SN C
PH:. ... ..o 2322.9 992.0 2327.7 1 1118.3 ! ... ...} i Cio
PH:D e 1700 1097 892 | ...} el C,
PHD:. 2320 RN 006 | ......f c.e..n 980 C.
PDs.veeve e e 1694 730 1700 806 | ...... ] cecenen Cs»
SbCls. 360 165 320 134 | ...... Cs»
SbHai. 1890.9 781.5 1894.2 830.9 | ...... Cie
SbDs 1358.8 561.1 1362.0 592.5 R [ Cie
S:Cle.. v vo v 448 438 206 102 538 242 (C:
SOs. . 1067 498 1391.2 531 e e Dy,
SOBr: 1121 4035 267 120 379 223 C,
SOCls. . ..ot 1230 © 490 344 194 445 284 C,
SOF: 1333 808 530 (410) 748 390 C,

{ ) Valuesin parentheses are uncertain or have been obtained indirectly.
* Obscrved in liquid or solution.
{ Observed in crystal or solid matrix.




CONSTANTS OF POLYATOMIC MOLECULES 7-189

TasLe 7h-3. SoMeE Five-Atomic MOLECULES

Molecule yviem™! | y2em™! vy cm™! yeem™! ysemT! | peem”TH Point

group
CHe............| 2016.7 | 1533.6 | 3018.9 1306.2 | ...... | ...... Ta
CDue.oevevev 2108.9 | 1091.9 | 2259.3 995.6 | ...... 0 ...... T,
CHiD . ggﬁ } 1| 2200.0 | 1300 3016.9 | 1471 1155 Ca
CHDs...........| 2993 2142 1003 2263 1291 1036 Ci
CFe............| 908.5 435.0 | 1283.0 631.7( ...... T
CCle...........| 4s0.0 | 221 | I43kt) m00| ... || 7
CBre...oovvvu..l 267 122% 671% | E 21 R T
Cle.............| 178¢ 901 555% 1238 | ... (Ta)
.. ... 2187.0 974.6 | 2190.6 914.2 ¢ ... ... | ...... T4
SiFe.............| 800 268 1031.8 38.4 | ...... ] ...... T4
SiCla............| 425 149 619.0 221,31 ... . ... T4
SiBre............| 249% 90* 487* 137*% | ...... e Ty
Sile . ...........01 168 63 4053 94 Ty
GeH.............| 2106 930.9 | 2113.6 819.3 | ...... | ...... T4
GeFu............l (740) (200) 800 260 Ty
GeCle...........| 396% 134% 453% 172% | ..., Ty
GeBr. .. ........| 235 79% 397* M2 |t T,
Gela............1 159 60 264 80 T4
SnHe.oooooooo oo, 758 1901.1 677 T,
SnCle....o o0l 366 104 403 134 P I, Ta
SnBre ..........1 220 64 79 88 | ... .. T,
CH:F...........| 2964.5 | 1460.5 | 104S.6 3005.8 | 1466.5 ; 1182.4 | (s,
CHiCl...........] 2966.7 | 1354.9 | 732.1 3042.4 | 1452.1 | 1017.3 | Cy,
CHBr..........| 2972 1305.9 | 611.1 3056.6 | 1442.7 | 954.7 | Ca,
CHal............| 2953.2 | 1250.8 | 533.2 3060.3 | 1437.4 | 882.4 ! (i
CHF:. .......... 3034.5 | 1139.5 | 697.0 1377.5 | 1152 508 Cs.
CHCl...........| 3032.0 671.1 | 364.8 1218 768 256 Ci
CHBrs...........| 3042 541 222 1149 669 155 Ciy
CHI, .. .. . .... .| (3040)* 3R5* 145% 1064% BR1* Q2% Ci,
CFiCl...........| 1104 782 475 1217 559 351 Ci.
CFyBr...........| 1083 762 350 1208 549 305 Ca
CFil............| 1073 741 285 1185 540 267* Ci
SiHsF . . ......1 2206 990 872 2196 (956) 7281 | Cs,
SiHiCl..........| 2201 949 551 2195 954.4 | 664.0 |, Ci,
SiHiBr.......... 2200 930 430 2196 950.4 | 632.6 | Cs,
SiHaI............| 2191.8 903 (353) 2205.6 | 941.0 | 592.4 | Cs,
SiHCl;. ... ......] 2274 497 250* R10 600 179% Cs,
SiHBr:..........| 2232% 358+ 169* 769* 473* 111%* Ca,
GéH;F..........| 2120.6 859.0 | 689.1 2131.8 | 874.2 | 642.5| Cs.
GeHCl..........| 2121 848 423 2129.1 | 874.7| 603.9 | Ca,
GeHsBr. . . . ..... 2116 833 305 2127.0 | 871.4 578.1 Ci.
GeH;l...........|] 2112 812 248 2120.6 | 853.0 | 558.7 | Ca

( ) Values in parentheses are uncertain or have been obtained indirectly.
* Observed in liquid or solution.

1 Fermi resonance.

$ Observed in crystal or solid matrix.
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Th-3. Rotational Constants and Geometrical Parameters

TaBLe 7h-5. TrIaToMIC Linkar MoLkcULEs

Molecule | By em™! :r%l:; Geometrical parameters
BrisCuNu. 17 0.1374348
BrisCuNw .. .1 0.1358729 .
BrisCuNw, ' 0.1315857 ¢ {ro(C‘Br) =1.790 i
Bre!CuNI. ... .| 0.1366539 = lre(CN) = 1,159 &
BriCuNN, . .| 0.1350802
Bre:C1:Nts. ] 0.1308165
ClsCEN. ... .. .. 0.199164s .
CleCuN....... .| 0.198129, Fo(CCl) = 1.631 &
CI3sCuN.. .. .. .| 0.19707 Coe [{rofeSy 2 18812
CB'CnN. ... ... .1 0.195043; i POV
CI"CBN.........| 0.193957¢
(C0n G308 H Da [e(CO) = 1.1621 &; ri(CO) = 1. 1601 A
C1B0, ...........| 0.30025 : Dzp  [To(CO) = 1.1618 &
COs*............1 0.3804 Doy |ro(CO) = 1.177 &
CSz.....oo.oi. i 0.1092 Doy |ro(CS) = 1.554 A
FCuNU. ... .1 0.3520502 ro(CF) = 1.969 &
FCBNw, ... i 0.3518367 Cx. ro(CN) = 1.159 A
FCuNw», .. | 0.3397823 :
i 29
HOBN. ... {po782 ,
HCBN . o] 143000 c {ro(CH) = 1.064 A; r(CH) = 1.0657 &
DCiN { 1.20775 " [lro(CN) = 1.156 4; r,(CN) = 30 A
N B s
DCuN . ... . ] 1.18707
HCuP. ... ....] 0.6663292 .
HCWP...........| 0.6384179 } ¢ ro(CH) = 1.0667 &
DC:P...........| 0.5665385 = |ro(CP) = 1.542 &
DCUP...........| 0.5479633 .
DrceN. ] 0.1075931 } c {ro(CI) = 1.995 A
ICuN. ... ... .| 0.105974 = lro(CN) = 1.159 X
NaO. ... {?3',298%118. ° “
NUNBO, ..., 0.4189823 C {ro(Nl\') =1.126 A; r(NN) = 1.126 A
NUNIHO ‘,{0.4048567 1 lre(NO) = 1.191 &; - (NO) = 1.186 &
SO UB, = 0406035
Na2O. ... 0.404859,
QuCuss, ©0.202857
OwCugs, ©0.2022025
0MC18%. | ... | 0.2003016
OCuSs, i 0.1978974
OtCugss, ... .| 0.19504 .
OuCHsse, 0.193456 c {ro(CO) =1.1637 4
OMCH§. ... .| 0.197104 “ J1re(CS) = 1.5584 X
OCu1S%, ... . .| 0.201581
QuCngs, 0.196258
onCus, 0.190292
onCuss, 0.185458
ouCw18s:. ... | 0.189829 '
OnCuSer, . .. 0.1366207
OmC1Se’s, .. 0.1357085
0'C8e’”. . ... ..| 0.1352681
OlCizge™s . | 0.1343404 ro(CO) = 1.1588 &
OeCige™, ., .. 1 0.1344213 Cear {, (CSe) = 1.7090 &
O1C118e®o. ... ... .| 0.1340143 ° ' :
OuCigesz . 0.1332276
OtCuigers 0.1335960
QieCugero 0.1327598
Tet22Cregsz, 0.05284063
TessCugas . . .1 0.05273401
Te!¢C1832. ... ..| 0.052620940 5
Tewscusu. |1 5 05252608 ! Co. {:zfg%? = igg"f i‘
Te!26C118%2, . .| 0.05242467 i SO0
Te!sC138%. .. ... .| 0.05222620 ||
TeloC1183, ... .| 0.05203367 !

T-19
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TanLe 7h-6. Triatomic, AsymmeTric ToP MOLECULES

Molecule | A(oj(ecm™?) | Bjoj(em™!) | Cpoj(cm™1) ;‘2:; Geometrical parameters
H:O...... 27.8778 | 14.5002 |9.2869 C,,} 1o (OH o5 2008 A Le(HOH)
HDO..... 23.3786 9.1020 |6.4173 C. : -

D:O...... 15.3846 | 7.2716 [4.8458 | Ca ",(_0{34;,9'95'2 A; L«HOH)
H.S»..... 10.3599 9.0156 |4.7315 C: )| |r.(HS) = 1.335, &; X.HSH =
HDS. 9.683 4.843 3.140 C. } 92.1° .
H.iSeto 8.1703 7.7272 | 3.9013 } c re(HSe) = 1.460s A; < . HSeH =
D,Seto 4.19055 | 3.8662, |1.9861, i 90.9°
HiTe.....| 6.248, | 6.0970 |3.036 C:  |ro(HTe) = 1,653 &; XHTeH =
90.25°
BH,...... 41.64 7.24s 6.00s C:. |ro(BH) = 1.18 A; XHBH = 131°
NHs...... 23.72s 12.94, 8.16s Ca | ro(NH) = 1.024 A; <XHNH =
103.4° :
HCO.....| 22.36s 1.494, | 1,400, ro(CH) = 1.08 A(assumed);
DCO..... 13. 64, 1.281, 1,171,} G {{HCO = 119.5°
ro(CO) = 1.19s A
. - , - NH) = 1.063 A
HNO..... 18.4792 | 1.4115 1.3041} c ro(® £
DNO..... 10.5222 | 1.2920 |1.1462 T |ENO) = 1.212 A; LHNO =
HPO .| 8.855 0.7024 |0.6488 C.
HCF..... 15.55 1.221 1.126 C,
HCCI 15.75 0.6054¢ |0.5882 C. .
NOs...... 8.00251 | 0.433665|0 410493 | Co. rol(ém) = 1.103 4; XONO =
4.1°
CFi...... 2.94736 | 0.41719 {0.36469 C: | 7o(CF) = 1.300 A; XFCF =
104.94°
SiF,. 1.02076 | 0.29433 [0.22784 | Cz |ro(SiF) = 1.591 &; FSiF =
101.0°
Os.unnnn. 3.55345 | 0.445276[0.394749 | C1 | ro(0’0) = 1.278 &; 00’0 =
116.8°
SOs...... 2 02736 | 0.34417 [0.203535 | Ca | 70(SO) = 1.432 &; ¥0OSO =
119.5¢° .
S:0...... 1.39811 | 0.16875; |0.15034. | C, ro(SO) = 1.465 A; r(SS) = 1.88;
£SSO = 118.0°
- o ro(NO) = 1.13 A; ro(NF) =
NOF 3.175189 | 0.395077 | 0.350519 | C, {52 %, XONF = 110°
NOCIs: 2.8493 0.19138310.179343)) . ro(NCI) = 1.975 A; ro(NO) =
NOC.* 2.8486 0.186825 0.175327} : 1.139 A; SCINO = 113.3°
NOBr?; 2.7799 0.12499 0.11962 C ro(NBr) = 2.14 A; ro(NO) =
NOBr#! 2.7799 0.12417 |0.11886 . 1.15 A; LBrNQ = 114°
NS#F. 1.65841 | 0.290615 | 0.246607)| . 7o(SF) = 1.646 A; ro(SN) =
NS#F. 1.61101 | 0.290245 { 0.245262 ' 1.446 A; INSF = 116.9°
Cl330,. 1.73718 0.331971 | 0.277992 Ca ro(ClO) = 1.473 A; <LOCI0 =
117.6°
FiO...... 1.960777| 0.363466{0.305792 | C3 |ro(OF) = 1.409 X; XFOF =
103.3°

W A e ams -
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TaBLE Th-7. FovrRr-atoMic Lixkar MoLrcuLEs

Molecule By em™t “ ;%i:; Geometrical parameters

1.1766 '
CoyH,......... . .. {B. = 1.1817 | D= . .

0.9910 ro(CC) = 1.208 A;7,(CC) = 1.204 &
CHD...o {‘1)9¢8= 0. 9948 Cur {ro(CH) = 1.057 4; r(CH) = 1.059 4

847
CiDa........ ..., {B. = 0.8507s D, ) .
CaNato oo 0.1571, D ro(C—C) = 1.389 &; ro(C=N) = 1.154 &
CaNats, ] 0l1477, } =h (assumed)
HC:Clss ... | 0 159606 :
= 1.052 %

HC.uCl., . . 0.185874 c ::Egg)) —l211 %
DCa2Clss.. 1 0.173020 = (CCl) = 1.632 &
DC,ueCls, 0.169592 To Rt
FCCH....,. . .. . 0.323764
FCBCH.. .. . | 0 323579 o 3
FCCoH. | .|| 0.312681 c e = o
FCCD.......... .| 0 291403 = ’°§CF) Tl
FCuCD. . ... . 0.291332 rolCE) = 1.279 .
FCCuD..... .. .| 0 283071

TABLE 7h-8. Four-aromic SYMMETRIC Top MoLecuLes

Molecule C‘;;”&gil Bio cm™1 ;%':; Geometrical parameters
AsCle | . |0.071623 . _
AsCliw, | 0 0.068204} Ca ("’(ASC” = 216135 LClASCL = 9540
AsFs. ... coeee. 10.1961013 | Cy, iTo(AsF) = 1,712 A LFAsF = 102° (assumed)
ASHJ.... 375154 - i - 2. — -3
AsDs...| 0 [ 1glra3) | Ca (ro(AsH) = 1517 &; SHASH = 915
BF; ..... 0.17635 ! 0.3527 Du | ro(BF) = 1.205 4

NuF, 00 | 0356261 , _ ;. e o
NUF, 0334557} | Cs ro(NF) = 1371 &; ¥FNF = 102.1,
NHs.....| 6.196 |9 9443 - , 'H = 107 g0
NDs |5 1re 5.1423} Cs» |ro(NH) = 1.017 A; HNH = 107.8
PClyss.. [ . . 0.087305 . _ o
PCLy. .| 0082974} | Co [7o(PCl) = 2.043 &; ¥C1pCl = 1004
PFs...... 0.260847 | Ciy |7o(PF) = 1.535 A; LFPF = 100.1° (assumed)
PH,. .... 4.45236 - . - 03 30
PDy.....| .. .. " 2.31728} Cio [7o(PH) = 1.419 A; XHPH = 93.3
Sb2:Cy,, | ce-.... 1 0.05850 ) - 3. - o
Sbischy | 0'05840} Ci: | ro(SbCl) = 2.325 &; X CISbCI = 99.5
Sbi*iH,. .| ... . |2 93643

SbizsH,. | ... ... | 2. 93588 ) - 0110
SbinD, | 1T Aee) Civ | ro(SbH) = 1.704 A; ¥ HSbH = 1.1
Sb'Ds. .| ... . . | 140027

- o B == = = - - - T
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TaipL: Th-0. Four-atomic AsymmrTric Top MoLrcrLEs

Molecule Apyem~! | Biopem™t{ Cpojem™? :ro‘;:; Geometrical parameters
CClye0. . ... 0.264141 | 0.115913 | 0.0804639 | C:» {r.(cm = 1.166 X; ro(CCl) = 1.746 A
CCInCI¥0. .| 0.262440 | 0.112743 | 0.0787704 | C, XCICCt = 111.3°
CupyQis, .. 0.394034 | 0.392037 | 0.196186 ro(CF) = 1.312 ,i
CuF:O....| 0.394095 | 0.391847 0.198129} C1 {ro(CO) =1174 &

CHuF,0' . ...| 0.394055 | 0.362869 | 0.188574 L FCF = 108:0° 5.
CH:O.......| 9.4083 |1.2053 |[1.1342 Cn '2)(:(1:{‘?:)1{-1 11:125 re(CO) = 1.210
.CHHFOM. ..|  3.04056 |0.39227 |0.34680 3 g
CHUHFOM. ..| 2.95221 [0.39211 |0.34548 c "(gfl) = 11:::’;85‘: ro(CO) = 1.181 A
CHDFO. . .| 2.17117 }0.39233 |0.33162 : ':éFC:)'_ 122.8° LHCO = 127.3°
CuHHFO"...| 2.99439 |0.37035 | 0.32901 s ‘"
ro(C'lF) = 1,698 ‘\ FCIF =
CIWFs.......| 0.458573!10.153830:0.115039 c . 0°
CIv'Fy....... 0.455421 | 0.153836 | 0.114840 + | CIF:F": n(cu-') = 1.508 A; LI'CIF =
87.5°
H‘NVI\’I)NN'
HN#e....... 20.34 0.401416 | 0392988 ro(N‘H) = 1.00 &; L N'N"N"" =
HNUuNe . . .1 (20.58) 0.389187 | 0.381192 c (180°) (assumed)
HN:UN, | .| (20.58) 0.388327 | 0.380432 . ro(N'N") = 1.237 &
DNat....... 11.47 0.378603 | 0.365769 ro(N"N"") = 1.133 &; LHN'N" =
114.1°
HNCO...... 30.5s 0.369289 0.363938} c ro(HN) = 0.987 3; S HNC = g B
DNCO......{ 17.3, 0.344025 ;| 0.336221 : ”E{\'S()JO- l%?s‘oA ro(CO) E L1711 A
= °) (assumed)
HNCH1S#=, | ) 44.90 0.196250 | 0.194989 NH) = 0.989 A; ro(NC) = 1.216
HNCS¢ ... 0.191624 0.190423} C, ::EC‘))’ 1.561 3; ’QHV(): = ‘1351 ooA
DNC1S# . . | 23.5s 0.183477 | 0.181634 INCS = 180° (sssumed)
Hi04 10.068 | 0.8740 | 0.8384 c: {'é"gg;_";’f‘;}d;g‘,ﬁg’, adee ,‘;9 g
cis NsFs..... 0.856682 | 0.265075 0.188510} c { o(NF) = 1.384 A; ro(NN) = 1.214 4
cis NUNUFs.| 0.643874 | 0.263556 | 0.186677 s FNN = 114.5°

TagLE Th-10. Five-aToMmic LiNeaR MoLrcULEs

Molecule Byoj, em™! Point Geometrical parameters
group

HC1C1C1NY, . .......] 0.151740

HCuC1HCBNW, ... ... 0.151112

HC1CI3CIENM, . ..., 0.151099

HC1C1C1N», ... .....] 0.147050

HCHC1C1BN®, . ,......] 0.147332 c ro(CH) = 1,057 A ro(C=C) = 1.203 A
DC1C1C1NM, ... .....| 0.140817 = {rn(C—C) = 1.382 A ro(CN) = 1.157 A
DCuCHCINM, ... ... 0.140181

DCuC1CuIENM, ... ... 0.140350

DC1CuCuNM, .. ......| 0.137002

DCuBC1C1N», ... ... 0.136775

N ro(CO) = 1.160 A (assumed)

CiOs.oooooveee ... 0.07321 Den {MCC) o
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TansLe 7h-11. Five-atomic SymMMmeTric axp SpHericAL Top MoLecuLes

Molecule C;’:)"’L;’_‘ Bjo), em~! :rf:; Geometrical parameters
CFaBrit . oo oot 0.069984 c ro(CF) = 133 i; X (FCF) = 108° (assumed)
CFiBrst......| ool 0.069331 } ¥ {ro(CBr) = 1.908 A
CriCiss. ... oL 0.111262 } ¢ {ro(CF) = 1.328 A; L (FCF) = 108° (assumed)
(o) 2ol L LI 0.108458 ¥ ro(CCH = 1.740 &

7o(CF) = 1.33 X (assumed); X FCF = 108°
CFal.......... 0.1910 0.050809 Cae { (assumed) :
o .o ro(CI) = 2.134 A
(PR .2412 T, -
CH.D........ 5.243 [3.878 el [[00SH) 1“32;0‘;&
CHDys...ooo| e 3.2795 Ci ¢ : 1
CDuvee| i, 2.6329 re) | D) = 1091
CHBr™......| «.ooiin.. 0.041616
CHBra*'.......l w0 0.040605 } c, {ro(GH) = 1.06y ;’}; X (BrCBr) = 110°48’
CDBri™.......| «ooiii, 0.041344 : (CBr) = 1.930 A
CDBrast. | 0.040345 ro 3
CH,Brr. . .., }5 129{ 0.319160 .
gug;grm ..... ' 0.317947 c {rn(CBr) = 1.939 : L(HCH) = 110°58’
1 L 0.304194 ¥ = 3
CuHBm .| L 0.302971 rlCH) = 1.096 Ao
CHuD;Bros. . ... 2 591 0.257332 ro(CBr) = 1.9391 1; X (DCD) = 111°2¢’
CUDBr. . ... : 0.256218 | | € |1r(CD) = 1.104 4
Sﬁgijii S g.110145 c {n(cm = 1073 4; (cicey = 110°2¢
CDClas .| .0 10108414 " Lre(CCh = 1.767 A
CuH,Cls, . .. (5.14) 0.443402 .
g::g.g::: ........ RS 8.::;2;:73; } c. {ro:ggl)) - 11.17:3310{‘; <X (HCH) = 110°31’
Cl3s . . . v r = 1. E
CuH,Clv7, .| ... ... ... 0.419957 ° .
g:g.gi:s ............... ggg;g;g } c {m(&C)l) = 1.78!01‘.%: <L (DCD) = 110°43°
) L . T = 1.104 /
CuHsCle | L 0.439892 Ci r(Ch)
P R 031016 ¢ {ro(CH) = 1.008 A; X (FCF) = 108°48’
F T T U AT . r °
Cunp, 0.347640 Y[ UrelCF) = 1332 4
g;:gxg ------- 5.08: gggég; c {ro(CH) = 1.10y A; L(HCN) = 110°%’
£ S . . 1
CHMDF. .| o, 0.682132 ' ro(CF) = 1.385 4
CuH,I........ 5.134 0.250215 } c {ro(CH) = 1.106 &; L(HCH) = 111°10
cud,r L 0 237465 : ~(CI) = 2.1306 A
CuDul. ... .0 .. 0.201482 Ci. | re(CD = 21392 &; ry(CD) = 1.104; < (DCD)
= 111°37'
Ge?0FyuCIs . | .. ... ... 0.072334
GePoF ¢l L 0.070320
GeltF ¢, | ... ... 0.072301 c {ra(GeF) = 1.688 X: < (FGeF) = 107°42’
GeF0ClV ., .| ... ..., 0.070283 - ro(GeCl) = 2.067 A
GeMFyClss, .| ... ..., 0.072270
Ge™Fy0Cl3T. .| ... ..... 0.070248
GeHaovvvvvn| veveeiins 2.70, Ta
GeRDs L  eee 35} r(GeHD) = 1.524 4
GeHD.....| coevinnnn, 1.969 Cie
Ge™HBr*....| .......... 0.081342
Ge™H,;Brdt, . ..| .......... 0.080395
GeH,;Br™, . ..| .......... 0.080269
Ge™HBrdi. . .| ... ....... 0.079322 c {ro(GeH) = 155 3; J(HGeH) = 112°0’
Ge™H.Bro. . .| ... ..., 10.079251 i ro(GeBr) = 2.297 A
GCeH,Bert, ... ... ... .. 0.078303
Ge™H,;Br™s....| .......... 0.078282 ’
GeH Brst, ...\ ... ...... 0.077332
Ge®HCla. .. .| .......... 0.072475
Ge™HCla®. .. .| .......... 0.0723586 .
GeMHCL. . ..| .......... 0.07224451 | . {rn(GeCl) = 2.1139 A; X(CIGeCl) = 108°17’
Ge®HCI. . ..| .......... 0.0688389 o ro(GeH) = 1.55 A
GeHCI#. .| .......... 0.0887284
Ge™HClsd?7. ... ..ol 0.0688207
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TasLE 7h-11. Five-atomic SYMMETRIC AND SpHERICAL Tor MoLECULES

(Continued)
Ay or -y | Point .

Molecule Cron, em=! By, em group Geometrical parameters
GePHCI3. . ..| ooonn... 0.146825 .
Ge™H,Cl®s . . .. 2.603 0.144563 ¢ {ro(GeH) = 1.52 A'; X (HGeH) = 111°¢
GeMHiCld1. .. | .......... 0.139359 b ro(GeCl) = 2,147 A
GeH,CIT . . ..f ..o 0.13831 . .

Ge®™H F. . ....| .eovvinnns 0.33699 - | Ca

MnOsF.......l covivinen. 0.137732 Csv

POCI®. ......| voiiinann 0.067220 c {ro(PCl) = 1.99 1. J(CIPCl) = 103°36’
POCI. oo i 0.064457 } i ro(PO) = 145 4
POUF,........0 ... ..., 0.153248 } Can {ro(PF) = 1523; <(FPF) = 102°30' :
POSFs ..o o| ot 0.146610 ro(PO) = 1.45 A
PSaClgs. ...} .o 0.046787 ro(PCl) = 2,02 A; {(CIPCI) = 100°30’ 1
PSCI". .. ) 0.045222 Ca {ro(PS) - 1.85 1

PSMCES . .. e 0.045702

PS2F,. .......| ... ... 0.0886350 ro(PF) = 1.33 A; X (FPF) = 100°18’
PSuF, B 0.087218 Cav {"o(PS) - 1.87 &

PSMFi. ..ol e 0.086032 v

Re‘“C;;Cl". I S 0.069856 ]

RetO,Clor. .0 .......... 0.067547 Cs {ro(ReO) = 1.761 A; <(ORe0) = 108°20
Re?0,CI13s. . ..1 ... ...... 0.089834 * ro(ReCl) = 2.230 4

Re!#70:C17 ... .1 Lo 0.067525 R .
SiFsBr™. ... oo 0.051702 c {ro(SiF) = 1.560 1; ro(SiBr) = 2.153 A
SiFaBrét.......| oot 0.051173 b X (FSiF) = 108°30" (assumed) .
SFsCI. ... oo 0.0826350 ¢ {ra(SiF) = 1.560 i; ro(SiCl) = 1.989 A
SiFsCIF e e 0.080401 b X (FSiF) = 108°30’ (assumed)
s ISOSRREENN 2 To |}rosim = 1480 &

1 F S . I
SittHBr. .. . 0.144159
SittHBr*t. .| 0.143187 .
SittHBr™t. ... Ll 0.141196 ¢ ro(SiH) = 1.57 A; ((HSiH) = 111°20
SiHBre. ... L. 0.140220 i ro(SiBr) = 2.209 A

SivH,Br™. ... .| .......... 0.138409

SiHBrs .. L 0.137431 .

SIHCI . ... o, 0.0824732y | ro(SiH) = 1.47 Ai & (CISICly = 108°22’
SIHCI . oooeot| oo 0.0782564} g {n(SiCl) = 2.021

SinHCIs. ... 0.22261

SiHCIS. ... ... 0.21634

SittHL L. 0.21723 rofSICH = 2.048 &; L (HSIH) = 110°57
SisDClas . . o) L 0.19739 Cuw TO(SIH) = 1.50 _'\

SinDChs. L 0.19515 :

Si®DClss. ... 0.19303

SinDCI3 . ... 0.19256
gg::gl;; ................. g.g:gaﬁ } cr {ro(SiF) = 1.565 ?i J(FSiF) = 108°17°
1 F R . s v . -

SiOHFs. .| o 0230622 ro(SiH) = 1.455 A (assumed)
SiHGF ...oooi] coiiennt 0.477927
SIMHF. ... | o 0.473550

SioHF.......0 .......... 0.469411 s {ro(SiH) = 1.503 A; ro(SiF) = 1.5034
SiMDyF....... o 0.408732 ° L (HSiH) = (111°) (assumed)
SIDF. . e 0.406120
Si®D,F.......0 ... 0.403678
SiHal. ..o et 0.10726 Civ

SnHe. .. ... ) oo, 2.18,4 Ta -

HoSDs .. .....| o 1.3573 c..} re(Sai) = 1701 A
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TasrLe 7h-12. Five-atomic AsymmeTrIc Top MoLecuLes

Molecule A}, cm™? | Bioj, em™ | Cloj, em™? ;‘::; Geometrical parameters
. B+C . _
CH:Brs........u.. [,4 - T] =0.821 C» | ro(CBr) = 1.907 A: <X (HCH) = 112° (elec. diffr.)
CH:CO......oe..e. 9.37 0.343347 | 0.330758 | Cw || ~py Ly s k. X (HCH) = 122.0°
CHDCO.....vvveeis| ceeenn 0.321780 | 0.306032 | C. ~{'(C0) TII8 K Gmamedy: WlCC) = 131 A
CDCO. . ovveni| e, 0.304237 | 0.285286 | Cue o : umed); ro ol
CH:Cl . ............ 1.06746 | 0.11076 | 0.10224 | Cse
CH:CIBCI?........... 1.083344 | 0.10779 | 0.099677 | C.
CH:Cls¥ . ............ 1.0502 | 0.1048 | 0.00713 | Ca [ | ro(CC = 1.7724 &; X (CICCYH = 111%7
CHDCLS. ........... 0.9072 | 0.1102 | 0.1010 C. {ro(cn) = 1.068 X; < (HCH) = 112°0
CHDCISCI .. ........ 0.90364 | 0.10732 | 0.09845 |G
CD:Cls ..., 0.78976 | 0.1095 | 0.09985 | Cie
CD:CInCl. . ..., 0.78661 | 0.10666 | 0.09740 |C. : A
B+C o 76(CBr) = 1,911 A; ro(CCl) = 1.766 A (assumed)
CH:Cl.BY ............. [A - ) ] = 0.89!5 Ca { {(HCH) - 112° (elec‘ diﬂ'r.)
. ro(CH) = 1.09 A; < (HCH) = 112°
CH:F: oo 1.6301 |0.3537 |0.3085 | Cu {ro(CF) 1363 $FCP = 108°
CH:sNs...ooi 9.112 0.377109 | 0.361759 ro(NN) = 112 &; ra(CN) = 1.32 4;
CDN:t e i 0.334984 | 0.311764 } Cu {m<cu> -1.08A; XHCH = 127
HCO:H.............. 2.58548 | 0.402112 04347447\ ro(CH) = 1.097 {\; ro(CO) = 1.202, 1.343 A
DCO:H.............. 1.9250 | 0.402138 { 0.332057 | | CW ro(OH) = 0,972 A; S 0CO = 124.9%;
HCO:D ............. 2.2052 | 0.392356 | 0.3325685 < HCO = 124.1°; < COH = 106.3°
HNOs. ..o 0.434005 | 0.403610 | 0.208S31 C. ro(NO) = 1.199, 1.211, 1.406 :\; ro(OH) = 0.964 A;
DNOs. oo 0.432656 | 0.377355 0.201301} ‘ { L ONO = 130.3°, 113.8,°; < NOH = 102.1,°
§310:Fs. .o 0.171261 | 0.169218 | 0.168685 | . ro(30) = 1405 A; 080 = 124.0°
SHOF: .. 0.171243 | 0.169117 | 0. 168586} * {m(sn = 1.530 A; < FSF = 96.1°
SitsH:Fa | 0.82359 | 0.26024 | 0.21272 ||, ro(SiH) = 1.470 & ; ro(SiF) = 1.577 &;
SiBDFa . 0.62992; | 0.24842 | 0.20435 } b L FSiF = 107.9°
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TasLe 7h-13. Six-atoMic LiNEAR MOLECULES

B, Point .

Molecule crrlm‘l‘l g::::p Geometrical parameters
CHaoovvvvo i 0.14689 ro(C—C) = 1. 376 A , assuming ro(C==C) = 1.205 i
CDs oo o 12767 |} D= {7oCH) = 1.046 & ’ ‘
CH,Y.......... 0.14013 | Dua

TapLE Th-14. Six-aTomic SymMeTRIC ToP MOLECULES
B Point .

Molecule crz“‘ A gt Ol:p Geometrical parameters

B1eH;CO....... 0.299544 :
BUHICO. . ..o 0.288773 ro(BH) = 1.194 4
EWD:CO. ... ... O oa118s |1 Cor  {re(BO) = 1.540 A L(HBH) = 11352’
BUDyCO....... 0.244721 . ro(CO) = 1.131 .ﬁ.g
ro(CF) = 1.335 1}
CF.CN, . ...... 0.09%‘2523 }Cp ,.,(c\,) = 1.158 A (assumed);
CFsCN¥B........ 0.0952611 K X (FCF) = 108° (assumed)
CtH,CHN'. .. .|0.306842 ro(CO) = 1.464 &
C12H,;C1N. ... 0.297599
CuH,GHN . | | .|0.306686 ro(CH) = 1.002 A
SeHICHN . . |0.297e77 | O |}ro(CO) = 1.460 A: LHCH) = 109°8'
CuD,CiNM..... 0.262119 ro(CN) = 1.158 A
CHBD;CUNM. ... 0.261798
CH,HgmBrtt . |0.03754 ro(HgBr) = 2.406 2
CH.:Hg**Br™. .. 0.03802 Cs ro(CH) = 1.092 A (assumed);
CH:Hg’”Br". lo.03743 } ) Y (HCH) = 109°7’ (assumed)
ro(CHg) = 2.07 A

CH,HgCl3s. . ..|0.069296 :
CH,Hg!"*Cl37....{0.066918
CH, Hg!*Cl3s. ... 0.069286 .
CH:Hg“’Cl”. ...10.066906 ro(CH) = 1.092 A (assumed); {(HCH) = 109°7’
gg;ggmg".... 0.069275 |\ . ro(CHg) = 2.059 A

200C]37, . .10.066895 | °F 3
CHIHgio:Clss . |0.069255 ro(HgCl) = 2.282 4
CH;HgCl1%....|0.066872
CH3Hg?4Cl%. ... |0. 069234
CH,Hg?‘Cl?7....{0.066849
CHNC». . ..... 0.335328
CHWNCv . ... 0.323420 ro(CH) = 1004 4
GDINGu .. lo.ose266 (€ [)oCN) = 1427 &; L(HCH) = 109°46’
CDNC». . ..... 0.276150 ro(N=C) = 1.167 A
SiH:CN 0. 16581 }c {rn((SlH) -d)l .47 A (assumed); X HSIiC = 108°

b S ' . e assume

SiD:CN........[0.1812; ro(SIC) = 1.848, ro(CN) = 1. 156 A

ey

e
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TasLE 7Th-15. Six-aToMmic AsymMMmeTRIC Top MoOLECULES

Molecule Apyem™ | Bpyem=t | Cioy cmm™? :;tf; Geometrical parameters
CHaoooovvn 4.828 1.0012 | 0.8282 v {ro(CH) = 1.086 A; LHCH = 117.6°
CDe.oovenn. 2.432 0.7369 | 0.5630 A 11re(C=C) = 1.339 A
CH:CFr......... 0.367003 | 0.347873 | 0.17830, } e ‘::Eg?,) - 3 252 é; fﬁ?gf -1:;195
CD:«CFs......... 0.35324 | 0.20998 | 0.16199 nCC) = (1313 &)

CH:CFCis ... ... 0.35630 | 0.17019 | 0.11503 y|
CH.CFCl»_ ... .. 0.35629 | 0.18528 | 0.11276 ‘
CHiCHBr......{ ........ 0.13886 | 0.12885 ) | .
CH:CHBest......[ ........ 0.13804 | 0.12816 ‘ N 1
ro(CH) = 1. on A - ro(CH’) = 1.080 A; ro(CC) = 1.33:
gg:gggf; """"""" pogroviod beheped A { r(CCl) = 1.72¢ A; X CCH = 1195, 123.5°, 121.0%
W] 196922 | 0. XCCCL = 12230
CH:CHI........| ........ 0.10870 | 0.10229 | Cs¢
CHiOH.........| voooo... 0 82209 | 0.79263 ro(C—0) = “ﬁ"‘ L COH = 108.5°
CDOH. ... | v, 0.66186 | 0.64272 | C. ;:Egg; o ¥ HCH = 1086
CHIOD........| voveuit. 0.78273 | 0 73309 methyl tlt 3.3°
CH.\SH (5.88) 0.4305¢ | 0.4130s ro(CH) = 1.104 A: ro(SH) = 1.329 A
CHsSD......... (3.04) 0.4222; | 0 3911 C. |{r(CS) =1818 4; <HCH = 110.3°
CDSH......... (4.03) 0.3516, | 0.3398, & CSH = 100.3°
2
HC,CHO 2.26912 | 0.160985) 0.150091 ro(C=C) = 1.215 &; ro(C=C) = 1.209 &
DC:CHO........ 2.22715 0_148895 | 0 139359 A A &
HC:CDO 1.72668 | 0.150825 | 0.146060 | ©* ':)(:Cc_cg):lf,;*; {'E(gg ):118'2.6 1.033
DC:CDO. ... 1.70368 | 0.147739 | 0.135747 = ' )
ro(NH) = 1.02 A (assumed); ro(NN) = 1.45 A (assumed)
N:He ..ol 3.9814 Bo+ Co = 1.60633 | C: Y HNH = 106°; LHNN = 112°
Dihedral angle = 90.0°
ro(NH) = 1.014 &:ro(NH"} = 1.002 4;
ra(CN) = 1.376 X; ro(CH) = 1.102 4
NH:CHO. ...... 2.42555 | 0.3793) | 0.32802 ] ':ﬁ’.k,'cli iﬁm’&g,{}{ NH" = 1189
NH:.CDO....... 1.83288 | 0.37938 | 0.31421 C X g :
H'NC = 117.1°; < NCO = 123.8°;
ND:CHO ....... 1.99191 | 0.34002 | 0.29055 XNCH = 13.2°
X OCH = 1230°; LH'NC — NCO = T°;
Y H'NC = NCH = 12°




