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Tables of Molecular Vibrational Frequencies 

Part 10 

T akehiko Shimanouchi, * Hiroatsu Matsuura, **y oshiki Ogawa, 
and Isc~i Harada 

Department of Chemistry, Faculty of Science. UniIJersity of Tokyo. Hongo. Bunkyo.ku, Tokyo 113, Japan 

Fundamental vibrational frequencies of 94 molecular forms of 23 polyatomic 
chain molecules of halogenoalkanes and halogenoalkyl ethers consisting of the CHg, 

CH2, 0, F, CI, Br, and I groups are given as an extension of tables of molecular 
vibrational frequencies published in the NSRDS·NBS publication series and in this 
journal. On preparing the tables in this part, an approach, similar to that in Part 9 
but different from that in earlier parts, based on the calculations of normal vibration 
frequencies was adopted. A set of force constants which explains all the frequencies 
of small molecules for which the assignments had been established was ohtained and 
then the frequencies of larger molecules were calculated and compared with the 
frequencies observed in the infrared and Raman spectra. The tables provide a 
convenient source of information for those who require vibrational energy levels and 
related properties in molecular spectroscopy, thermodynamics, analytical chcmiatry, 

and other fields of physics and chemistry. 

Key words: Force constants; fundamental frequencies; infrared spectra; normal vibrations; polyatomic 
moleculec; Roman spcctro; vibrational frequeneics. 
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Establishing the assignment of molecular vibrational 
frequencies l has fundamental importance in elucidating 
various problems in physics and chemistry. The information 

concerning the force field and the motion of atoms in a 
molecule can be most directly derived from its vibrational 
frequencies. If all the vibrational frequencies of a molecule 
are known as well as the molecular structure, thermodynamic 
quantities can be easily computed on the ideal gas model. 
Thus the need for a tabulation of evaluated reference data on 
mo]eclllar vibr~tion!l] frequencies has often been felt by 

many investigators. 

*Deceased May 19, 1980. 

**Present address: Department of Chemistry, Faculty of Science, 
Hiroshima University, Higashisenda.machi, Hiroshima 730, Japan. 

I Following common usage, the term "vibrational frequencies" is used in 
this series, even though numerical values are given for the equivalent 
wavenumbers in units of em-I. 

© 1981 by the U.S. Secretary of Commerce on behalf of the United States. 
This copyright is assigned to the American Institute of Physics and the 
American Chemical Society. 

0047-2689180/041149-991$07.50 

A project for producing such tables was initiated in 1964 
at the University of Tokyo in cooperation with the National 
Standard Reference Data System of the National Bureau of 
Standards. The evaluated data resulting from this project 
have been puhlished as Tables of Molecular Vibrational 
Frequencies, Part 1 [If, Part 2 [2], Part 3 [3], Part 4, Part 5 

2 Figures in brackets indicate literature references in section 6. 
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1150 SHIMANOUCHI ET AL. 

[4], Part 6 [5], Part 7 [6], and Part 8 [7], and as the 
Consolidated Volumes I [8] and IJ[9]. 

Succeeding these tables, we adopted in Part 9 [10] and 
this part a different approach for preparing the further 
extension of such tables. In the new approach, first we tried 
to determine a set of force constants which explains all the 
frequencies of a group of small molecules for which the 
assignments had already been established. Then we 
calculated the frequencies of larger molecules and compared 
them with the observed when they were available. We chose 
the chain ,molecules consisting of the CH3, CD3, CH2, CD2, 

CHD, 0, S, F, Cl, Br, and I groups. The result was 
successful as shown in a series of papers entitled "Vibration 
Spectra and Rotational Isomerism of Chain Molecules" 
[11-18]. The tables of vibrational frequencies thus compiled 
for 109 molecular forms of 38 polyatomic chain molecules of 
alkanes, alkyl ethers, and alkyl sulfides have been published 
as Part 9 [10]. 

In the present article, which is the second of the new 
series, we give the tables of force constants used and 'tables 
of the calculated and observed frequencies of basic 
halogenoalkane and halogenoalkyl ether molecules. We have 
suitable computer programs for calculating the frequencies of 
larger molecules, and we are prepared to perform the 
calculations and make the results available for any molecule 
upon request, provided that this is within the capacity of our 
programs. 

2. Molecules Selected 

The present part contains tables of fundamental 
vibrational frequencies for 94 molecular forms of 23 chain 
molecules of halogenoalkanes and halogenoalkyl ethers 
consisting of the CH3, CH2 , 0, F, Cl, Br, and I groups. The 
molecules are limited to those with four to six atomic groups 
and the rotational isomers included have been confirmed to 
exist. 

A list of the molecules covered here is given at the 
beginning of the tables. The molecules are numbered starting 
with number 110 succeeding those in Part 9 of the tables. 

3. Calculation of Vibrational Frequencies 

3.1. Computer Programs and Calculation 

To prepare the tables of molecular vibrational frequencies 
in Part 9 and this part (Part 10), the computer program 
system MVIB [10,19] was utilized. The MVIB system uses 
the structure and force constant data stored in the computer 
files and calculates the frequencies and other data from the 
molecular formula with the conformation. The details of the 
normal coordinate treatment will be found in reference [20]. 

The calculations were made by the HITAC 8800/8700 
Computing System at the Computer Center of the University 
of Tokyo. 

3.2. Atomic Ma5~e5 and Structural Parameters 

The atomic masses and the structural parameters listed in 
table 1 were used in common in the calculations of 
vibrational frequencies of the molecules treated in this work. 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 

The structural parameters were taken from butane [21], ethyl 
methyl ether [22], fluoroethane [23], chloroethane [24], 
bromoethane [25], and iodoethane [26]. 

The dihedral angles were assumed to be 1800 (trans), 600 

(gauche+), and _600 (gauche-). The symbols t, g+, and g- are 
used for the trans, gauche +, and gauche- conformat.ions, 
respectively, in the notation of the force constants (section 
3.4). The conformations of molecules, as given at the top of 
each . of the tables of vibrational frequencies, are denoted 
generically by the symbols T, G, and GO. The details will be 
found in reference [11]. The definition of the dihedral angles 
will be found in references [27,28]. 

3.3. Local Symmetry Coordinates 

The local symmetry coordinates defined in table 2 were 
adopted as basis coordinates in the calculations. For the 
coordinate systems of the CH3 and CH2 groups, the 
redundant coordinates have been eliminated in accordance 
with the bond angles given in table 1 (see Appendix of Part 
9 [10]). The definition of the coordinates is based on the 
conventions recommended by IUPAC [28]. It should be 
noted that the signs of some of the coordinates depend on 
thE' nirection of t1lkine; 1Itomir grol1pS~ The sign!'; of the 

coordinates are important since they are directly related to 
the signs of the off-diagonal force constants associated with 
these and other coordinates. 

The local symmetry coordinates in a whole molecule are 
defined on the basis of the following conventions. (1) The 
signs of the coordinates for aU of the non-terminal groups, 
e.g., C:H 2 ann 0, in the molecule are positive. when 'one 
views the successive atomic groups constituting the molecule, 
in accordance with the molecular formula given in the tables 
of vibrational frequencies, from the left to the right. (2) The 
coordinates of the terminal groups, e.g., CH3, can be defined 
uniquely, independent of the position of the groups (left-hand 
terminal or right-hand terminal) in the molecular formula, on 
the basis of the definition given in table 2. (3) The symmetry 
of the whole molecule is not taken into account in defining 
the basis coordinates for the normal coordinate calculations. 
The symmetry species of the vibrations are determined from 
the relative phase relations among the coordinates concerned. 

3.4. Force Constants 

The force constants are given in terms of the local 
symmetry coordinates [20]. Their values were determined by 
the least-squares procedure from experimental vibrational 
frequencies observed in infrared and Raman spectra, except 
the force constants characteristic of the halogeilOalkyl ethers 
whose values were all assumed to be equivalent to those for 
the corresponding halogenoalkanes. The force constants for 
the alkyl and ether groups, not directly associated with the 
halogen groups, are the same as those given in -tables 3 and 
4 of Part 9 [10]. Detailed procedures of the" least-squares 
calculations will be found in reference [17]. The force 
constants which are characteristic of halogenoalkanes and 
halogenoalkyl ethers are listed in tables 3-7. In these tables 
only the force constants with non-zero values are given and 
force constants not found in the tables have zero values. For 
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the force constants determined by the least-squares 
procedure, the errors are given in parentheses which apply to 
the last significant figure(s}. Other force constants w~re 

TABLE ). Relative atomic masses and structural parameters 
used in the calculations 

Property Quantity 

Relative atomic masses: u 
Hydrogen (protium) 1.007825 
Hydrogen (deuterium) 2.014102 
Carbon 12.011 
Oxygen 15.9994 
Fluorine 18.998403 
Chlorine 35.453 
Bromine 79.904 
Iodine 126.9045 

R~n,:l If!ngth;., A 
r(C-H) 1.100 
r(C-C) 1.539 
r(C-O) 1.410 
r(C-F) 1.398 
r(C-Cl) 1.788 
r(C-Br) 1.950 
r(C-I) 2.139 

Bond nnslee, degree 

L(C-C-C) 112.2 
L(C-C-O) 108.1 
L(C-O-C) 111.8 
L(C-C-F) 109.7 
L(C-C-Cl) 111.0 
L(C-C-Br) 111.0 
L(C-C-I) 112.2 
L(C-C-H) 110.4 
L(O-C-H) 109.8 
L(F-C-H) 106.1 
L(CI-C-H) 106.6 
L(Br-C-H) 105.4 
L(l-t.:-H) W:>.U 

Dihedral angles, degree 
Trans conformation 180 
Gauche + conformation 60 
Gauche- conformation -60 

Ii The mean relative atomic mass, i.e., atomic weight (isotope abundance 
weighted) was used for the atoms ~ther than hydrogen, since the isotopic 
frequency shifts in these atoms are not considered in this article. 

y 

x 

(0) 

r 

constrained to the values given inihe tables or assumed to 
be equal to the corresponding force constants of similar 
groups. 

Each of the force constants is given by the symbol 
consisting of four to seven characters which are grouped into 
the following three ports. The ports are divided by:.. hyphens 

in the notation of the symbol. (1) The characters denoting the 
atomic groups to which the coordinates belong, (2) the 
character(s) denoting the coordinate(s), and (3) the character 
denoting the skeletal conformation. The symbols of the local 
symmetry coordinates and of the atomic groups are listed in 
table 2. The force constants are divided into two categories, 
the intragroup force constants and the intergroup force 
constants. 

General descriptions of the force constant symbols have 
been given in Part 9 [l0]. Some examples for the molecules 
treated in this article are given below. 

012-2: the diagonal intragroup force constant for the 
CH3 symmetrical deformation in the CH3 group of the 
CIIaCII2 pal-to 

225-46: the off-diagonal intragroup force constant for 
the CH2 rocking and the CH2 twisting within the CbH2 group 
of the caH2C

bH2C1 part. 
226-5S: the off-diagonal intragroup force constant for 

the CO _Ch stretching and the Cb -Br stretching of the 
COH2CbH2Br part. 

2250-6: the diagonal intergroup force constant for the 

Cb -CI stretching of CaH2CbH2CI part. 
0123-25: the off-diagonal intergroup force constant for 

the CHa symmetrical deformation and the CH2 wagging of 
the CHaCH20 part. 

2260-5S: the off-diagonal intergroup force constant for 
the CbH2 wagging and the Cb-Br stretching of the 
caH2C

bH2Br part. 
2227-46-g+: the off-diagonal intergroup force constant 

for the CbH2 rocking and the CCH2 twisting of the 
COH2CbH2CCH21 part in the gauche + conformation. 

It should be noted that the signs of some of the force 
constants are reversed if the force constants are defined by 
ordering the atomic groups in an opposite direction. Of the 
force con5tant5 li5ted in table5 3-7, onlr the following force 

constants have such sign reverse character: the off-diagonal 
intragroup or intergroup force constants for which one of the 
two coordinates is the CH2 antisymmetrical stretching, the 
CH2 rocking or the CH2 wagging and the other coordinate is 

OorS 

y ~ X Y 

(b) (c) 

FIGURE 1. Parameters of atomic groups. (a) CH~-(X). (b) (X)-CH?-(Y), (c) (X)-O-(Y) or (X)-S-(Y). Arrows in 
(b) and (c) indicate the direction of viewing the atomic groups (see text). 

J. Phys. Chem. Ref. Data, Val. 9, No.4, 1980 
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TABLE 2. Definition and symbolism of local symmetry coordinates 

Coordinate 

(a) CHa-(X) group' (see figure l(a» 
CHa symmetrical stretching 
CH:~ symmetrical deformation 
CHg degenerate stretching 
Cf:la degenerate deformation 
CHg rocking 
CHa degenerate stretching 
CH3 degenerate deformation 
CHa rocking 

(b) (X)-CH2-(Y) group' (see figure l(b» 
CH2 symmetrical stretching 
CH'}. scissors 
CH2 antisymmetrical stretchingb 

CH2 rockingb 

CH'}. waggingb 

CH2 twisting 
X-CH2- Y deformation 

(c) (X)-O-(Y) group' (see figure l(e)) 
X o-y bending 

(d) Skeleton -X-Y-
Stretching 
Torsion< 

Symbol Definition 

(~rl + ~r2 + ~r3)/V3 
2 a(~a2g + ~a31 + ~aI2) - beM" + IlfJ2 + ~fJ3) 
3 (21l'1 - 1l'2 - ll'a)/Y6 
4 (21la23 - ~aa) - ~ad/V6 
5 (2M3, 11/32 -llfJ3)Jv6 
6 (1l'2 Ilr3)/Y2 
7 (Ilng l - ~ad/Y2 
8 (M'2 - IlfJg}/Y2 

1 (11'1 + 1l'2)/Y2 
2 ella - d(~fJl'X + IlI3?x~ - e(lll3\y + 1l132Y) 
3 (11'1 - 1l'2)/Y2 
4 (llfJ)X - IlfJ2X + 1l/31Y - 1l/32Y)/2 
5 f(1l/31X + 1l/3?y.) - g(~/31V + 1l/37V) 
6 (llfJ l x - IlfJ2X - IlI3\y + 1l/32y)/2 
D hlly - illa - j(Il/3)X + 1l/32X) - k(~/31Y + 1l/32Y) 

B t:.:y 

a 0.414957 and 0.401428 for X C; a 0.410693 and b 0.405789 for X O. e 0.906922, d 0.210650, / = g 112, h 
0.893737, 0.188991 and j k 0.203418 for X Y C; c 0.891960, d 0.227321, 0.224785, /= 0.497188, = 0.502797, II, = 
0.911899, i 0.185554, j 0.184061 and k = 0.182007 for X = C and Y = 0; c 0.890837. d 0.236949. e = 0.216935. 0.477488. g = 
0.521541, II, = 0.923376, i = 0.174413, j = 0.178361 and k = 0.163296 for X = C and Y = F; e = 0.895960, d = 0.229861, e = 0.213993, / = 
0.481817, g = 0.517544, h = 0.916937, i 0.177225, j = 0.185030 and k 0.172258 for X C and Y = CI; c = 0.893813, d = 0.235095, e = 
0.212793, /= 0.474515, g = 0.524248, II, = 0.922575, i 0.173017, j = 0.180786 and k 0.163636 for X C and Y Br; c 0.896985, d 

0.232153, e = 0.209319, /= 0.473504, g 0.525161, II, = 0.920673, i 0.172553, j 0.183872 and k 0.165786 for X C and Y I. For 
redundant co~rdinates, see Appendix of Part 9 [10]. 

• Symbols of atomic groups are 1 for CHa, l' for CD3, 2 for CH2, 2' for CD2, 2" for CRD, 3 for 0,4 for S, 5 for Cl, 6 lor Sr, 7 for I, and 8 for F. The group 

CHD (2") is defined in such a way that Hi and H2 in figure l(b) are protium (H) and deuterium (D), respectively. 

b The signs of the CH2 antisymmetrieal stretching, CH2 rocking and CH2 wagging coordinates of the(Y)-CH2",(X) group (viewing the Y -CH2-X group from 
the direction perpendicular to the HCH plane with the atom Y nearer to the observer) are opposite to those of the corresponding coordinates of the 
(X)-CH2-(Y) group (viewing the X-CH2- Y group with the atom X nearer to the observer) [28]. The signs of the other coordinates are independent of the 
direction of viewing the atomic groups. 

< The definition of the torsional coordinate will be found in references [27,28]. 

J. Phy •. Chem. Ref. Data, Vol. 9, No.4, 1980 
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Table 3. Force constants of fluoroalkanes 

Constant" Value It Constant" Valueh 

228-1 4.840 1228-DD-t 2228-DD-t 
228-2 0.523(16) 1228-44-g+= 2228-44-g+ 
228-3 4.752 *1228-45-g+= 2222-45-g+ 
228-4 0.787(101) 1228-46-g+= 2222-46-g+ 
228-5 0.716(58) *1228-4D-g+= 2222-4D-g+ 
228-6 0.744(124) *1228-54-g+= 2222-45-g+ 
228-D 1.373(84) 1228-55-g+= 2228-55-g+ 
228-25 0.056(38) *1228-56-g+= 2222-56-g+ 
228-2D 222-2D 1228-5D-g+= 2222-5D-g+ 
228-46 -0.024(53) 1228-64-g+=-2222-46-g+ 
228-5D 0.341(91) *1228-65-g+=-2222-56-g+ 
228-SS 0.316(69) 1228-66-g+= 2228-66-g+ 

·1~~B-oD-g+= ~~22-oD-g" 

1228-S = 2228-S * 1228-D4-g+=-2222-4D-g+ 
1228-T = 2228-T 1228-D5-g+=-2222-5D-g+ 
122R-fiS =·2222-5S, *122R-D6-g+= 2222-6D~g+ 
1228-DS = 2222-DS 1228-DD-g+= 2228-DD-g+ 
1228-S5 =-2222-55 
1228-5D = 2225-5D 2228-5 4.399(72) 
1228-2D-t = 2222-2D-t 2228-T 0.150 
1228-44-t = 2228-44-t 2228-5S = 2222:-5S 
1228-46-t = 2222-46-t 2228-DS = 2222-DS 
1228-55-t = 2228-55-t 2228-S5 =-2222-5S 
1228-5D-t = 2222-5D-t 2228-SD 0.016(24) 
1228-64-t =-2222-46-t 2228-2D-t = 22~2-2D-t 
1228-66-t . = 2228-66- t 2228-44-t 0.093(89) 
1228-D2-t = 2222-2D-t 2228-46-t = 2222-46-t 
1228-D5-t =-2222-5D-t 

Constanta 

2228-55-t -0.077(53) 
2228-5D-t = 2222-5D-t 
2228-64-t =-2222-46-t 
2228-66-t -0.045(118) 
2228-D2-t = 2222-2D-t 
2228-D5-t =-2222-5D-t 
2228-DD-t 0.217(38) 
2228-44-g+ -0.051(60) 

*2228-45-g+= 2222-45-g+ 
2228-46-g+= 2222-46-g+ 

*2228-4D-g+= 2222-4D-g+ 
*2228-54-g+= 2222-45-g+ 
222B-55-g+ 0.023(41) 

*2228-56-g+= 2222-56-g+ 
2228-5D-g+= 2222-5D-g+ 
222R-64-g+:-2222-46-e+ 

*2228-65-g+=-2222-56-g+ 
2228-66-g+ -0.014(35) 

*2228-6D-g+: 2222-6D-g+ 
+2228-D4-g ' :-2222-4D-g ' 
2228-D5-g+:-2222-5D-g+ 

*2228-D6-g+: 2222-6D-g+ 
2228-DD-g+ 0.014(49) 

2280-5 
2280-5S 
2280-DS 

4.781(81) 
-0.282(86) 
0.261(92) 

a The values of the g- interaction constants ate the same as those of the 
corresponding g+ interaction constants, unless they are marked with *. For 
those marked with *, the absolute values of the g+ and g- interaction constants 
are the same but their signs are op~osite to each other. 

b Units are aJ A -2 = mdyn A-I for the stretching and stretching-stretching 
constants, aJ A -I. = mdyn for the stretching-bending constants, and aJ = mdyn A 
for the bending, bending-bending and torsional constants. Errors in the force 
constants, given in parentheses. apply to the last significant figure(s). 

1153 
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Constanta 

225-1 
225-2 
225-3 
225-4 
225-5 
225-6 
225-D 
225-25 
225-2D 
225-46 
225-5D 
225-SS 

1225-S 
1225-T 
1225-5S 

Value!' 

4.905 
0.537(8) 
4.787 
0.756(16) 
0.662(18) 
0.649(26) 
0.984(44) 
0.049(5) 

= 222-2D 
-0.031(16) 

0.059(58) 
0.388(25) 

= 2225-S 
= 2225-T 
= 2222-5S 

1225-DS = 2222-DS 
1225-S5 =-2222-5S 
1225-SD = 2225-SD 
1225-2D-t = 2222-2D-t 
1225-44-t = 2225-44-t 
1225-46-t = 2222-46-t 
1225-55-t = 2225-55-t 
1225-5D-t = 2222-5D-t 
1225-64-t =-2222-46-t 
1225-66-t = 2225-66-t 
1225-D2-t 2222-2D-t 
1225-D5-t =-2222-5D-t 

SHIMANOUCHI ET AL. 

Table 4. Force constants of chloroalkanes 

Constanta Value!' 

1225-DD-t = 2225-DD-t 
1225-44-g+= 2225-44-g+ 
·1225-45-g+~ 2222-45-g+ 
1225-46-g+= 2222-46-g+ 

*1225-4D-g+= 2222-4D-g+ 
*1225-54-g+= 2222-45-g+ 
1225-55-g+= 2225-55-g+ 

*1225-56-g+= 2222-56-g+ 
1225-5D-g+= 2222-5D-g+ 
1225-64-g+=-2222-46-g+ 

* 1225-65-g+=-2222-56-g+ 
1225-66-g+= 2225-66-g+ 

*1225-6D-g+= 2222-6D-g+ 
* 1225-D4-g+=-2222-4D-g+ 
1225-D5-g+=-2222-5D-g+ 

*1225-D6-g+= 2222-6D-g+ 
1225-DD-g+= 2225-DD-g+ 

2225-S 
2225-T 
2225-5S 
2225-DS 
2225-S5 

4.314(31) 
0.146(15) 

= 2222-5S 
= 2222-DS 
=-2222-5S 

2225-SD -0.071(46) 
2225-2D-t = 2222-2D-t 
2225-44-t 0.068(9) 
2225-46-t 2222-46-t 

Constane Value!' 

2225-55-t -0.049(4) 
2225-5D-t = 2222-5D-t 
2225-64-t =-2222-46-t 
2225-66-t -0.075(8) 
2225-D2-t = 2222-2D-t 
2225-D5-t =-2222-5D-t 
2225-DD-t 0.112(40) 
2225-44-g+ 0.005(13) 

*2225-45-g+= 2222-45-g+ 
2225-46-g+: 2222-46-g+ 

*2225-4D-g+: 2222-4D-g+ 
*2225-54-g+= 2222-45-g+ 
2225-55-g+ 0.005(14) 

*2225-56-g+= 2222-56-g+ 
2225-5D-g+= 2222-5D-g+ 
2225-64-g+:-2222-46-g+ 

+2225-65-g+=-2222-56-g+ 
2225-66-g+ 0.039(21) 

*2225-6D-g+: 2222-6D-g+ 
*2225-D4-g+:-2222-4D-g+ 
2225-D5-g+:-2222-5D-g+ 

*2225-D6-g+: 2222-6D-g+ 
2225-DD-g+ 0.025(22) 

2250-S 
2250-5S 
2250-DS 

2.983(22) 
-0.177(56) 

0.333(21) 

• The values of the g- interaction constants are the same as those of the 
corresponding g+ interaction constants, unless they are marked with •. For 
those marked with *. the absolute values of the g+ and g- interaction constants 
are the same but their signs are op~osite to each other. 

b Units are aJ A-2 = mdyn A -I for the stretching and stretching-stretching 
constants, aJ A -I = mdyn for the stretching-bending constants, and aJ = mdyn A 
for the bending, bending-bending and torsional constants. Errors in the force 
constants, given in parentheses, apply to the last significant figure(s). 
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Constanta 

226-1 4.920 
226-2 0.S3S(2) 
226-3 4.770 
226-4 0.700(30) 
226-5 0.621 (ll) 
226-6 0.613(22) 
226-D 0.977(19) 
226-25 0.038(9) 
226-2D = 222-2D 
226-46 0.002(20) 
226-SD 0.132(16) 
226-SS 0.541(34) 

1226-S = 2226-S 
1226-T = 2226-T 
1226-55 = 2222-5S 
1226-0S = 2222-DS 
1226-S5 =-2222-55 
1226-S0 = 2226-5D 
1ZZ6-ZD-t = ZZZZ-2D-t 
1226-44-t = 2226-44-t 
1226-46-t = 2222-46-t 
1226-55-t = 2226-5S-t 
1226-5D-t = 2222-5D-t 
1226-64-t =-2222-46-t 
1226-66-t = 2226-66-t 
1226-D2-t = 2222-2D-t 
1226-D5-t =-2222-SD-t 

MOLECULAR VIBRATIONAL TABLES 

Table S. Force constants of hromoalkanes 

Constanta 

1226-DD-t = 2226-DD-t 
1226-44-g+= 2226-44-g+ 

*1226-45-g·= 2222-4S-g+ 
1226-46-g+= 2222-46-g+ 

*1226-4D-g+= 2222-4D-g+ 
·1226-S4-g+= 2222-45-g+ 
1226-55-g+= 2226-55-g+ 

*1226-56-g+= 2222-S6-g+ 
1226-5D-g+= 2222-SD-g+ 
1226-64-g+ =-2222-46-g + 

* 1226-6S-g+ =-2222-S6-g + 
1226-66-g+= 2226-66-g+ 

*1226-6D-g+= 2222-6D-g+ 
* 1226-D4-g+=-2222-4D-g+ 

1226-D5-g+=-2222-5D-g+ 
*1226-D6-g+= 2222-6D-g+ 
1226-DD-g+= 2226-DD-g + 

2226-S 4.314(34) 
222b-T U.147(2U) 
2226-5S = 2222-5S 
2226-DS =. 2222-DS 
2226-S5 =-2222-SS 
2226-SD -0.098(34) 
2226-2D-t = 2222-2D-t 
2226-44-t 0.066(22) 
2226-46-t = 22ZZ-46-t 

Constanta 

2226-SS-t -0.052(6) 
2226-S0-t = 2222-5D-t 
2226-64-t =-2222-46-t 
2226-66-t -0.070(15) 
2226-D2-t = 2222-2D-t 
2226-D5-t =-2222-5D-t 
2226-DD-t 0.022(19) 
2226-44-g+ 0.002(44) 
*2226~45-g+= 2222-45-g+ 
2226-46-g+= 2222-46-g+ 

*2226-40-g+= 2222-4D-g+ 
*2226-54-g+= 2222-45-g+ 
2226-55-g+ -0.004(21) 

*2226-56-g+= 2222-56-g+ 
2226-5D-g+= 2222-S0-g+ 
2226-64-g+=-2222-46-g+ 

*2226-65-g+=-2222-S6-g+ 
2226-66-g+ 0.04S(13) 

*2226-6D-g+= 2222-6D-g+ 
~2226-U4-g+=-2222-4D-g+ 

2226-DS-g+=-2222-5D-g+ 
*2226-D6-g+= 2222-60-g+ 
2226-DD-g+ 0.04S(16) 

2260-S 
2260-SS 
ZZ60-DS 

2.609(47) 
-0.171(37) 

U.:i28(25) 

a The values of the g- interaction constants are the same as those of the 
corresponding g+ interaction constants, unless they are marked with *. For 
those marked with *, the absolute values of the g+ and g- interaction constants 
are the same but their signs are op,\?osite to each other. 

b Units are aJ A-2 = mdyn A-I for the stretching and stretching-stretching 
constants. aJ A-I = mdyn for the stretching-bending constants. and aJ = mdyn A 
for the bending. bending-bending and torsional constants. Errors in the force 
constants, given in parentheses, apply to the last significant figure(s). 
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Table 7. Force constants of halogenoalkyl ethers 

Constanta 

3225-S 
3225-T 
3225-5S 
3225-0S 
3225-S5-
3225-S0 
3225-2D-t 

2225-S 
2225-T 
2222-5S 

= 2222-0S 
=-2222-5S 
= 2225-S0 

2222-20-t 
3225-44-t 2225-44-t 
3225-46-t 2222-46-t 
3225-55-t 2225-55-t 
3225-50-t 2222-50-t 
3225-64-t =-2222-46-t 
3225-66-t = 2225-66-t 
3225-02-t = 2222-20-t 
3225-05-t =-2222-50-t 
3225-00-t = 2225-DO-t 
3225-44-g~= 2225-44-g+ 

*3225-45-g+= 2222-45-g+ 
3225-46-g+= 2222-46-g+ 

*3225-40-g+= 2222-40-g+ 
*3225-54-g+= 2222-45-g+ 
3225-55-g+= 2225-55-g+ 
*3225~56-g+= 2222-56-g+ 
3225-5D-g+= 2222-5D-g+ 
3225-64-g+=-2222-46-g+ 

*3225-65-g+=-2222-56-gT 

3225-66-g+= 2225-66-g+ 
*3225-60-g+= 2222-6D-g+ 
*3225-04-g+=-2222-40-g+ 
3225-D5-g+=-2222-5D~+ 

*3225-06-g+= 2222-60-g-
3225-DD-g+= 2225-0D-g+ 

Constant" 

3226-S 
3226-T 
3226-5S 
3226-0S 
3226-S5 
3226-S0 
3226-20-t 

Value" 

2226-S 
2226-T 
2222-5S 
2222-0S 

=-2222-5S 
= 2226-SD 

2222-20-t -
3226-44-t = 2226-44-t 
3226-46-t = 2222-46-t 
3226-55-t = 2226-55-t 
3226-5D-t = 2222-50-t 
3226-64-t =-2222-46-t 
3226-66-t = 2226-66-t 
3226-D2-t = 2222-2D-t 
3226-05-t =-2222-5D-t 
3226-DO-t = 2226-DO-t 
3226-44-g+= 2226-44-g+ 

*3226-45-g+= 2222-45-g+ 
3226-46-g+= 2222-46-g+ 

*3226-4D-g+= 2222-40-g+ 
*3226-54-g+= 2222-45-g+ 
3226-55-g+= 2226-55-g+ 

*3226-56-g+= 2222-56-g+ 
3226-5D-g+= 2222-50-g~ 
3226-64-g+=-2222-46-g+ 

*3226-65-g+=-2222-56-g+ 
3226-66-g+= 2226-66-g+ 

*3226-6D-g+= 2222-6D-g+ 
* 3226-D4-g+=-2222-40-g+ 
3226-D5-g+--2222-5D-g+ 

*3226-06-g+= 2222-6D-g+ 
3226-00-g+= 2226-DD-g+ 

Constant" 

3227-S 
3227-T 
3227-5S 
3227-DS 
3227-S5 
3227-SD 
3227-20-t 

2227-S 
2227-T 
2222-5S 
2222-DS 

=-2222-5S 
= 2227-SD 

2222-20-t 
3227-44-t = 2227-44-t 
3227-46-t = 2222-46-t 
3227-55-t = 2227-55-t 
3227-50-t = 2222-50-t 
3227-64-t =-2222-46-t 
3227-66-t = 2227-66-t 
3227-02-t = 2222-2D-t 
3227-05-t =-2222-50-t 
3227-DD-t 2227-DD-t 
3227-44-g+= 2227-44-g+ 

*3227-45-g+= 2222-45-g T 

3227-46-g+= 2222-46-g~ 
*3227-40-g+= 2222-4D-g+ 
*3227-54-g+= 2222-45-g+ 
3227-55-g+= 2227-55-g+ 

*3227-56-g+= 2222-56-g+ 
3227-50-g+= 2222-5D-g+ 
3227-64-g+=-2222-46-g+ 

*3227-65-g+=-2222-56-g+ 
3227-66-g+= 2227-66-g+ 

*3227-60-g+= 2222-6D-g+ 
*3227-D4-g+=-2222-40-g+ 
3227-D5-g+--2222-5~g+ 

*3227-06-g+= 2222-6D-g+ 
3227-DD-g+: 2227-DO-g+ 

a The values of the g- interaction constants are the same as those of the 
corresponding g+ interaction constants, unless they are marked with *. For 
those marked with *, the absolute values of the g+ and g- interaction constants 
are the same but their signs are op'C0site to each other. 

b Units are aJ A-2 = mdyn A-I for the stretching and stretching-stretching 
constants, aJ A-I = mdyn for the stretching-bending constants, and aJ = mdyn A 
for the bending, bending-bending and torsional constants. Errors in the force 
constants, given in parentheses, apply to the last significant figure(s). 
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not any of these three coordinates. Thus, for example, 
225-5D = -522-5D, 0123-S5 = -3210-5S, 2226-46-t = 
-6222-64-t, 2227 -S5 = -7222-5S, etc. 

Most of the intergroup force constants for the gauche­
conformation are equiv~lent to the corresponding force 
constants for the gauche + conformation. For some of the 
force constants, however, the absolute values of the gauche+ 
and gauche- constants are the same but their signs are 
opposite to each other. These force constants are marked 
with * in tables 3-7. 

4. Description of Tables 

4.1. Symmetry 

The symmetry (poi~t group) of each molecule is given by 
the Schoenflies notation. Detailed discussions of symmetry 
properties will be found in references [29,30]. 

4.2. Symmetry Number 

The symmetry number, fT, is used in the calculation of 
thermodynamic quantities. It is the number of 
indistinguishable positions into which the molecule can be 
transformed by simple rigid rotations. A general discussion 
and pertinent formulas may be found in reference [30], page 
508. 

4.3. Symmetry Species 

In the tables the normal modes are divided into the 
symmetry species of the point group to which the molecule 
belongs. The ordering of species in each point group is given 
in table I of reference [8], which is a summary of tables 
12-30 of referenr.e [30]. When ~ molecule has two or three 

planes of symmetry, the relationship between the vibrational 
modes and symmetry species cannot be defined uniquely. In 
such cases we generally fol~ow the notation adopted in 
reference [30]. 

4.4. Observed Frequencies 

The sources of the observed frequencies are given at the 
bottom of each of the tables. The infrared and Raman 
spectra of most of the molecules covered in this part were 
remeasured or newly measured in our laboratory. The 
abbreviations IR and R stand for infrared and Raman, 
respectively. 

The observed frequenr.ies llseil in the refinement of the 

force field are, as a general rule, those observed in the liquid 
state or in solution. For the cases where the bands of the 
liquid state or solution are not well resolved, the frequencies 
observed in the solId state, or in rarer cases, in the gaseous 
state are used. The following abbreviations are used in the 
column for observed frequency to indicate the state of 
aggregation in which the freqllPnry is ohgprved. 1f no 

indication is given, the frequency is that observed in the 
liquid state or in solution. ' 

(s) Observed in the solid state. 
(g) Observed in the gaseous state. 

J. Phys. Chern. Ref. Data, Vol. 9, No.4, 1980 

4.5. Vibrational Assignment 

Assignments of the vibrations are given by the calculated 
potential-energy distributions (P.E.D.) [31,32] in terms of the 
local symmetry coordinates. The values in parentheses are 
the potential-energy distributions given by percent, and the 
signs denote relative phase relations among the coordiiiates 
associated with the' normal vibration. In the tables, the 
potential-energy distributions more than 10 percent are given 
with a maximum of four coordinates, but, if the total of these 
distributions is less than 70 percent and if the number of the 
coordinates so far listed is smaller than four, additional 
distributions are also given until the total exceeds 70 

percent. 
The coordinates are given by the symbols which have the 

same format as that of the corresponding diagonal force 
constants. The arranging order of the atomic groups in the 
coordinate symbols is in accordance with the molecular 
formulas given in the tables. The symbols of the deuterated 
atomic groups are not distinguished from those of the 
corresponding undeuterated atomic groups. Thus the symbol 
1 is used for the 'CH3 and CD3 groups in common and the 
symbol 2 for the CH2, CD2, and CHD groups. 
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No. 110 
Molecule: 1228-T 

Symmetry Ce 

MOLECULAR VIBRATIONAL TABLES 

CHsCH2CH2F (trans form) 
Symmetry number u = 1 

5ym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

em-I em-I 

a 
, 

1474* 1479 122-2 (58+) 012-4 (26+) 
1456* 1453 012-4 (56+) 122-2 (35-) 
1441* 1428 228-2 (87+) 
1397* 1397 228-5 (62-) 122-5 (26+) 1228-5 (17 + ) 
1377* 1378 012-2 (102+) 
1290 1290 122-5 (60+) 228-5 (30+) 
1156* 1139 012-5 (27+) 122-D (12+) 1228.-S(12-) 
1037 1045 0122-5(45+) 1228-8(35-) 2280-5 (17 + ) 
1002 999 2280-5(63+) 0122-5(33-) 
894 891 012-5 (48-) 1228-8(25-) 122-5 (13-) 
452 457 228-D (39+) 122-D (16+) 122B-5(12+) 

272 122-D (80+) 228-D (62-) 228-5 (20+) 
a " 1469* 1463 012-7 (80+) 012-8 (14+) 

1308 1307 228-6 (11+) 122-6 (14-) 
1277 1270 122-6 (57+) 012-8 (11-) 228-6 ( 9+) 
1127 1138 228-4 (31-) 122-4 (20-) 012-8 (18+) 
894 897 012-8 (43+) 228-4 (42+) 122-6 (27+) 

746 122-4 (65+) 228-4 (21-) 012-8 (17+) 
227 0122-T(96+) 
152 1228-T(89+} 

Calculated frequencies higher than 2000 em-I 

3000 2962 2962 2934 2905 2880 2869 
All the observed frequencies given are those in the unannealed solid state . 
... Not used in the force constant determination. 

Reference 
[1] IR.R. G. A. Crowder and H.-K. Mao, J. Mol. Struct., 18,33 (1973). 

1161 

2.2.2.-D (11+) 

0122.-S( 10+ ) 

228-6 (15+) 
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No. III 
Molecule: 122S-G CH3CH2CH2F (gauche form) 

Symmetry C) Symmetry number CT = I 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

cm- I cm- I 

a 1474 1480 122-2 (69+) 012-4 (l7+ ) 
1469 1464 Oi2-7 (79+) 012-8 (14+) 
1456 1457 012-4 (65+) 122-2 (17-) 
1441 1437 228-2 (74+) 
1397 1392 228-5 (53+) 122-5 (16+ ) 012-2 (11-) 
1377 1378 012-2 (93+) 
1331 1334 122-5 (36+) 228-5 (27-) 228-6 (17+) 
1277* 1283 228-6 (37+) 122-6 (26-) 122-5 (10-) . 
1252 1250 122-6 (39+) 228-6 (30+) 122-5 ( 5-) 
1156 ll51 122-4 (23-) 228-4 (l7+) 012-8 (15+) 
ll02 ll04 012-5 (24+) 2280-S(15+) 228-4 (10+) 
1059 .1063 0122-5(42-) 1228-5(27+) 2280-5( 8-) 
948 948 2280-S(57-) 012-5 (l7+) 
911 908 228-4 (37-) 012-8 (24+) 012-5 (18+) 
868 862 0122-5(38-) 1228-S(26-) 228-4 ( 9-) 
764 766 122-4 (52+) 012-8 (26+) 228-4 (10+) 
482 475 228-D (60+) 122-D (31-) 228-5. (16-) 
324 320 122-D (52-) 228-D (24-) 1228-T(13+) 

213 0122-T(81+) 228-D 01-) 
148 1228-T(78+) 

Calculated frequencies higher than 2000 cm- I 

3000 2962 2962 2934 2905 2880 2868 
All the observed frequencies given are those in the unannealed solid state. 
* Not used in the force constant determination. 

Reference 
[1] IR.R. G. A. CrowdeI: and H.-K. Mao, J. Mol. Struct., IS, 33 (1973). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 
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122-6 ( 6+) 
122-D ( 9+) 
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122-4 (lOt) 
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No. 112 
Molecule: .12228-TT 

Symmetry Cs 

CHaCH2CH2CH2F (tran8-trans form) 
Symmetry number (T = 1 

Sym. Observed Calculated 
species Jrequency ,frequency 

cm-) em:") 

a 
, 1480* 1484 

1457* 1462 
1457* 1453 
1433* 1428 
1394* 1395 
1387* 1379 
1344* 1340 
1255* 1259 
1150* 1142 
1064* 1056 
1037 1029 

989 988 

. 122-2 (42-) 
222":'2(59+) 
012-4 (51-) 
228.:...2 (85+) 
228-5 (.59+) 
012...;2 (l05+) 
122-5(63+) 
222-5 (63+) 
012-5 (20+) 
1222.:...5(32+) 
2280-5(35-) 
22RO-S(44-) 

Assignment 
(P.E.D. %) 

222-2 (32+) 012-4 (16-) 
012-4 (18+) 122-2 (12+) 
122-2 (37+) 

222-5 (27-) 2228-5(15-) 

·228-5 (19-) 1222.:...5 (12+ ) 
122-5 (15+) 228-5 (14+) 
1222-5(18-) 222-D (11+) 
2228.:...5(28 .... ) 0122~5(24-) 

2228-5(31+) 0122-5(24-) 
0122-5(29+) 012-5 (11-) 

904 905 012-5 (40+) ,1222-5(28+) 0122-:S( 9+) 
442 446 228....;D (62+) 122-D (32-) 228-5 (13-) 
394 395 222-D (28+) 122-D (26+) 2228-5( 9+) 
187 187 222-D (64+) 228-D (41-) 122-D (36-) 

a" 1467* 1463 012-1'(81+ ) 012-8 (14+) 
1309* 1310 228-6 (67-) 122-6 (14+) 
12<)6* 1298 222-6 (42+) 122-6(35-) 
1229* 1236 222-6 (28-) 122-6 (18-)· 012-8 (15+) 
1150* . 1142 228-4 (26-) 222~ (17-) 228-6.(14+) 
949* 947 228-4 (30+) 012-8 (29+) 122-6 (27+) 
795 798 228-4 ,( 29- ) 122-4 (26+) 012-8 (25+) 
740* 734 122-4 (42+) 222-4 (40-) 

234 0122-T(88-) 
147 2228~T(66+) 1222-T(20+) 
113 1222-T(70+ ) 2228-T(14-) 

352 
Calculated frequencies higher than' 2000 cm-) 

3000 2962 2962 2935 2909 2901 2880 2873 2865 
* Not used in the force constant determination. 

Reference 
[1] IR.R. G. A. Crowder and H.-K. Mao, J. Mol. Struct., 23, 161 (1974), 

1163 

122-D (10+) 

0122-S( 7+) 
228~S (12+) 

122-4 (10-) 
122-4 (13-) 
222-6 (20+) 
222-4 (21+) 
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"U. J t:l 
Mule-n.I.,: I 2228-TG CH3CH2CH2CH2F (trans-gauche form) 

Symmetry C. Symmetry number (T = 1 

5ym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

cm- I -I cm 

a 1480 1486 222-2 (40+) 122-2 (36-) 012-4 (12-) 
1467 1464 222-2 (46+) 012-4 (24+) 122-2 (17+) 
1457 1463 012-7 (81+) 012-8 (14+) 
1457 1452 012-4 (49-) 122-2 (41+) 
1433 1436 228-2 (73+) 
1394 1395 228-5 (49-) 222-5 (24-) 228-2 (11+ ) 
1387 1379 012-2 (lOSt) 
1344 1352 122-5 (35+) 228-5 (30t) 222-5 (16-) 2228-5(14-) 
1309 1313 228-6 (33-) 122-5 (25-) 122-6 (11-) 228-5 ( 5+) 
1296 1295 122-6 (36-) 222-6 (22+) 122-5 (12+) 222-5 (10+) 
1255 1252 228-6 (33+) 222-5 (21-) 122-6 (14-) 012-8 (5+) 
1229 1232 222-6 (37+) 228-6 (12+) 012-8 ( 9-) 122-6 ( 7+) 
1150 1151 222-4 (22-) 122-4 (13-) 228-4 (12+) 012-8 (11+) 
1122 1117 012-5 (21+) 1222-5(20-) 228-4 ( 9+) 222-0 ( 8+) 
1064 1069 2228-5(31+) 1222-5(18-) 2280-5(17-) 0122-5(13+ ) 
1025 1020 0122-5(65-) 2228-5(17+) 2280-5(11-) 
970 963 228-4 (32-) 012-8 (15+) 012-5 (15+) 122-6 (15+) 
949 952 2280-5(36+) 012-5 (15-) 012-8 ( 7+) 222-6 ( 7+) 
841 845 2280-5(21-) 222-4 (18+) 012-8 (15+) 2228-5(11-) 
832 820 1222-5(30-) 228-4 (25-) 012-8 (11-) 012-5 ( 9-) 
740 740 122-4 (55+) 222-4 (23-) 012-8 (14+ ) 
513 514 228-D (48+) 222-D (21~) 228-5 (13-) 122-D (11-) 
350 343 228-D (38+) 122-0 (36+) 2228-5(15+ ) 
265 265 222-0 (44-) 122-0 (38+) 2228-T(18+) 

227 0122-T(83+) 
134 2228-T(67+) 222-D (12+) 
99 1222-T(06+) 

Calculated frequencies higher than 2000 cm- I 

3000 2962 2962 2934 2909 2901 2880 2873 2865 
Reference 
[1] IR.R. G. A. Crowder and H.-K. Mao, J. Mol. 5truct .• 23. 161 (1974). 

J. PhYi. Chem. Ref. pala, Vol. 9, No.4, 1980 
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No. 114 
Molecule: 12228-GT CHaCH2CH2CH2F (gauche-trans form) 

Symmetry number u = 1 Symmetry C) 

5ym. Observed Calculated Assignment 
species frequency frequency (p.E.D. %) 

cm -I cm -I 

a 1480* 1484 122-2 (48+) 222-2 (36+) 
1467* 1471 222-2 (44-) 012-4 (25+) 122-2 (14+) 
1457* 1463 012-7 (77+) 012-8 (13+) 
1457* 1453 012-4 (51-) 122-2 (30+) 
1433* 1429 228-2 (90+) 
1394* 1396 228-5 (58-) 222-5 (26+) 2228-5(14+) 
1387* 1379 012-2 (103+) 
1344* 1347 i22-5 (68+) 1222-5( 9+) 
1309* 1306 228-6 (63+) 222-6 (19-) 
1296* 1299 222-5 (41+) 228-5 (28+) 122-6 (21-) 
1255* 1264 122-6 (38+) 222-5 (18+) 012-8 ( 8-) 
1229* 1232 . 222-6 (46+) 228-6 (14+) 122-6 ( 5-) 
1150* 1144 228-4 (13+) 122-4 (13-) 012-8 (10+) 
1122* 1121 012-5 (16+) . 2228-S(12+) 228-4 ( 8+) 
1064* 1079 0122-S(31-) 1222-S(29+) 2228-S(14~) 
1004 1010 2280-5(67+) 2228-S(15-) 
970* 970 012-5 (24-) 2228-S(16+) 122-5 (13-) 
949* 952 012-8 (21-) 122-6 (20-) 228-4 (19+) 
880 889 0122-5(31-) 1222-S(28-) 012-5 (20-) 
795* 793 222-4 (26-) 122-4 (25+) 228-4 (23+) 
740* 749 122-4 (37+) 222-4 (29+) 012-8 (15+) 
483 483 122-D (26+) 228-D(19-) 222-D (17-) 
350* 355 122-D (49+) 228-D (40+) 

285 222-D (40-) 0122-T(33-) 228-D (27+) 
194 0122-T(62+) 222-D (27-j 228-D (11+) 
124 2228-T(73-) 1222-T(15-) 
115 1222-T(66+) 222-4 ( 8-) 

Calculated frequencies higher than 2000 em-I 
3000 2962 2962 2935 2907 2903 2880 2871 2867 

* Not used in the force constant determination. 
Reference 
(1] IR.R. G. A. Crowder and H.-K. Mao, J. Mol. Struct.; 23, 161 (1974). 

1165 

012-7 ( 6+) 
012-5 ( 5+) 
1222-5( 9-) 
122-D ( 7+) 

228-4 (11+) 
222-6 (13+) 

012-8 (17+) 
228-4 (13-) 
2228-5(10-) 

J. PhYI. Chem. Ref. Data, Vol. 9, No.4, 1980 



1166 SHIMANOUCHI 1;1 AL. 

No. 115 
Molecule: 12228-GG CH3CH2CH2CH2F (gauche-gauche form) 

Symmetry C) Symmetry number u = I 

5ym. Observed Calculated Assignment 
species frequency frequency (p.E.D. %) 

-I -I cm cm 

a 1480* 1486 222-2 (46+) 122-2 (38+) 
1467* 1472 222-2 (32-) 012-4 (26+) 122-2 (24+) 
1457* 1463 012-7 (78+) 012-8 (14+) 
1457* 1453 012-4 (52+) 122-2 (30-) 
1433* 1436 228-2 (71+) 
1394* 1395 228-5 (51+) 222-5 (24+) 228-2 (12-) 
1387* 1380 012-2 (102+ ) 
1344* 1349 122-5 (62-) 1222-S(12-) 
1344* 1340 222-5 (32-) 228-5 (29+) 2228-S(17-) 228-6 (10-) 

1272 122-6 (52+) ,228-6 (18+) 222-6 ( 6+) 
1255* 1254 228-6 (48+) 222-5 (16-) 222-6 ( 7-) 
1220* 1230 222-6 (541 ) 012-8 ( 7+) 122-4 ( 5-) 122-6 ( 5-) 
1150* 1147 222-4 (20-) 012-5 (15-) 1222-S(15+) 122-D ( 7-) 
1122* 1110 228-4 (16-) 122-4 (15+) 012-8 (14-) 222-D ( 9-) 

1083 0122-S(25-) 1222-S(18+ ) 2228-S(11-) 2280-5(11+) 
989* 989 2228-5(22-) 2280-5(21+) 012-5 (14+) 012-8 (11-) 
970* 973 0122-5(35+) 228-4 (17-) 2280-5(17+) 222-6 (13+) 
949* 940 2280-S(16-:-) 0122-S(16+) 228-4 (15-) 012-5 (14+) 
841* 848 012-8 (23-) 2280-S(19-) 222-4 (19+) 122-4 (10-) 
813 813 1222-S(41-) 228-4 (13-) 0122-S(12-) 012-5' ( 7-) 
740* 743 122-4 (45+) 222-4 (22+) 012-8 (16+) 228-4 (11+) 

502 228-D (43+) 222-D (36-) 122-D (13+) 228-5 (11-) 
394* 402 122-D (48-) 228-D (28+) 2228-T(12-) 
265* 263 222-D (28+) 0122-T(27+) 228-D (21+) 122-D (18+) 

211 0122-T(56+) 222-D (16-) 122-D (11-) 2228-T(10+) 
155 2228-T(42-) 1222-T(24+) 0122-T( 11+) 222-4 (11-) 
79 1222-T(60-) 2228-T(29-) 

Calculated frequencies higher than 2000 em-I 
3000 2962 2962 2934 2907 2903 2880 2870 2867 

* Not used in the force constant determination. 
Reference 
[1] IR.R. G. A. Crowder and H.-K. Mao, J. Mol. Struct., 23, 161 (1974). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRATIONAL TABLES 1167 

No. 116 
Molecule: 122228-TTT CHaCH2CH2CH2CH2F (trans-trans-trans form) 

Symmetry C. Symmetry number u = 1 

5ym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I cm cm 

a 
, 

1484 122-2 (38-) 222-2 (34+) 012-4 (15-) 
1469* 1475 222-2 (67.;.) 122-2 (14-) 222-2 (10-) 
1463* 1458 012-4 (44-r- ) 222-2 (33+) 222-2 (11+ ) 
1446* 1449 122-2 (41+) 012-4 (23-) 222-2 (lS+) 222-2 (10+) 
143S* 1427 228-2 (83-'-) 
1394* 1396 228-5 (S7-) 222-5 (27+) 2228-5(15+) 
1385* 1379 012-2 (104+ ) 

1359 122-S (44-) 222-5 (3S+) 1222-S(16-) 228-S (10-) 
1303* 130S 122-S (33+) 222-5 (24-) 228-5 (19-) 222-S (18+) 
1243* 1244 222-5 (43+) 222-5 (34+) 
1151 * 1142 012-5 (16+) 1222-S(14-) 2222-S(10-) 222-D (10+) 
1075* 1061 2222-S(391) 1222-S(2S-) 0122-S (11+ ) 
10S1* 1047 2228-5(42-) 0122-S(20-) 2280-S(10+) 
1029* lOIS 0122-5(28-) 012-5 (17+) 2228-S(1S+ ) 2280-S(13+) 
100S 1002 2280-5(55-) 0122-S(20-) 2222-5(15+) 
886* 891 012-S (36+) 1222-S(34+) 0122-S( 9+) 
516 S12 228-D (39+) 122-D (22-) 222-D (16-) 
357 366 222-D (35-) 222-D (28-) 1222-S( 7-) 122-D ( S+) 
317 311 122-D (48+) 228-D (38+) 2222-S(12+) 

138 222-D (Sl+) 222-D (4S-) 228-D (23-) 122-D (18+) 
a " 1463* 1463 012-7 (81+) 012-8 (14-,-) 

1303* 1312 228-6 (S2-) 222-6 (23+) 
129S* 1301 222-6 (30-) 222-6 (26+ ) 228-6 (18+) 122-6 (10-) 
1278* 1283 122-6 (46+) 222-6 (23-) 222-4 ( 6-) 
1214* 1216 222-6 (18+) 222-6 (18+ ) 012-8 (16-) 122-4 (15+ ) 
l1S1* 1144 228-4 (24+) 222-4 (16+) 228-6 (13-) 222-4 (12+) 
979* 977 222-6 (26+) 228-4 (22+) 012-8 (20+) 122-6 (20+) 
841 8S0 222-4 (31-) 012-8 (2S-) 228-4 (2S+) 122-6 (12-) 
743 7S9 222-4 (40-) 122-4 (30+) 228-4 (18+) 012-8 (12+) 
733* 729 222-4 (39-) 122-4 (31+) 222-4 (19+) 

231 0122-T(91+) 
171 2228-T(63+) 1222-T(28-) 
121 2222-T(67+) 1222-T(21+) 
78 1222-T(42+) 2228-T(2lt ) 2222-T (19- ) 

Calculated frequencies higher than 2000 em -I 
;:SUUU 2962 2962 2935 2911 2905 2899 2880 287S 2869 
2864 

'" Not used in the force constant determination. 
Reference 
[1] IR.R. G. A. Crowder and H.-K. Mao, J. Mol. Struct., 23, 161 (1974). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1108 SHIMANOUCHI ET AL. 

No. 117 
Moh::cule; 122220-TTG CIIsCIl2CH2CII2CII2F (trane-trane-gauche form) 

Symmetry C} Symmetry number (J' = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

em-I cm- I 

a 1484 222-2 (37+) 122-2 (31-) 012-4 (13-) 222-2 (10~) 

1469 1478 222-2 (61+) 122-2 (21-) 
1463 1463 012-7 (81+) 012-8 (14+) 
1463 1457 012-4 (47-:-) 222-2 (36+) 
1446 1449 122-2 (42-) 222-2 (21-) 012-4 (21+) 
1435 1436 228-2 (71+) 
1394 1396 228-5 (47+) 222-5 (24+) 228-2 (11-) 
1385 1379 012-2 (104+) 

1360 222-5 (33+) 122-5 (32-) 228-5 (20+) 1222-5(13-) 
1346 1333 122-5 (28-) 222-5 (26+) 228-5 (17-) 228-6 (15+) 
1303 1307 222-6 (41+) 222-6 (13-) 122-6 (12-) 228-6 ( 8+) 
1278 1291 122-6 (34+) 228-6 (20+) 222-5 (11+) 122-5 ( 7+) 
1268 1275 222-6 (22-) 222-5 (20-) 122-6 (16+) 228-6 ( 9-) 
1243 1235 228-6 (29+) 222-5 (23-) 222-5 (18-) 222-6 ( 5-) 
1214 1217 222-6 (28+) 222-6 (14+) 012-8 (13-) 122-4 (12+) 
1151 1153 222-4 (20+) 222-4 (12+) 228-4 (11-) 122-4 ( 9+) 
1123 1123 012-5 (17-) 1222-S(16+ ) 122-D ( 7-) 222-D ( 7-) 
1075 1072 2222-5(35-) 2228-5(22+) 2280-5( 8-) 1222-5 ( 7+) 
1051 1050 0122-5(36+) 1222-S(25-) 2228-S(15+) 
1029 1015 0122-5(36-) 228-4 (15-) 2280-5(12-) 012-5 (10+) 
979 983 2280-S(22-) 222-6 (22-) 012-8 (16-) 122-6 (16-) 
911 922 012-5 (23-) 1222-5(16-) 0122-5(14-) 228-4 ( 9+) 
886 885 2280-S(33-) 012-8 (13+) 222-4 (12+) 2228-S(10-) 
863 859 228-4 (26+) 012-5 (14+) 2222-S(14+) 1222-5(12+) 
781 779 222-4 (31-) 122-4 (26+) 012-8 (16+) 
733 730 222-4 (40-) 122-4 (39+) 
501 503 228-D (54+) 222-0 (22-) 228-5 (14-) 222-4 (l0+) 
402 402 122-D (52-) 222-0 (14-) 222-0 ( 9+) 
322 321 228-0 (35-) 222-:-0 (19-) 222-D (15-) 2228-S(11-) 

230 0122-T(93+) 
203 222-D (35+) 2228-T(33+) 122-D (23-) 222-D (ll-) 
141 1222-T(33+) 222-D (22-) 2228-T(19-) 222-D (14+) 
94 2222-T(51+) 1222-T(22+) 2228-T(19+ ) 
87 2222-T(32-) 1222-T(30+) 2228-T(10+) 

Calculated frequencies higher than 2000 em-I 

3000 2962 2962 2934 2911 2905 2899 2880 2875 2869 
2864 

Reference 
[I] IR.R. G. A. Crowder and H.-K. Mao, J. Mol. Struct., 23, 161 (1974). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRATIONAL TABLES 

No. 118 
Mob~e1JJp.~ 122228-TG T CHaCH2CH2CH2CH2F (trans-gauche-trans form) 

Symmetry C1 Symmetry number (J' = 1 

Sym. 
species 

a 

Observed 
frequency 

cm- I 

1469* 
1463* 
1463* 
1446* 
1435* 
1394* 
1385* 

1303* 
1303* 
1303* 
1303* 
1243* 
1214* 
1151* 
1123* 
1075* 
l02Q* 

1005* 
995 
979* 
863* 
841* 
774 
733* 

344 
290* 

Calculated 
fn::qut:lIcy 

cm- I 

1489 
1474 
1463 
1459 
1452 
1429 
1396 
1379 
1364 
13i3 
1301 
1297 
1293 
1239 
1218 
1144 

1128 
1082 
1027 
1009 
997 
980 
867 
843 
769 
733 
535 
347 
304 
261 
225 
120 

222-2 (38+) 
222-2 (50+) 
012-7 (81+) 
222-2 (50+) 
122-2 (44+) 
228-2 (90+) 

Assignment 
(P.E.D. %) 

122-2 (24-) 222-2 (21+) 
122-2 (25+) 012-4 (14+) 
012-8 (14+) 
012-4 (22+) 222-2 (18-) 
Ol?-4. (41-) 

228-5 (58-) 222-5 (27+) 2228-S(14+) 
012-2 (103+) 
222-5 (4:1-) 

228-6 (52+) 
222-6 (31-) 
122-5 (19+) 
122-6 (40-) 
222-6 (20+) 
222-6 (31+) 
222-4(15-) 
012-5 (16+) 
2222-5(35-) 
0122-5(62-) 
2280-5(45+) 
2280-5(23+) 
222-6 (23-) 
1222-5(32-) 
222-4 (32+) 
222-4 (44-) 
122-4 (46+) 
228.:..D (17+) 
228-D (40-) 
122-D (45-) 
222-D (22-) 
0122-T(82-) 

122-5 (37+) 
122-5 (18+) 
222-5 (21+) 
222-6 (16+) 
222-5 (12+) 
222-5 (11+) 
228-6 (13+) 
122-4 (10-) 
1222-S (16-) 
2228-S(22+) 
2228-5(11':') 
012-5 (11-) 
012-5 (13+) 
2228-S(19-) 
012-5 (25-) 
012-8 (26+) 
228-4 (24+) 
222-4 (28-) 
222-D (17-) 
,222-0 (18-) 
222-0 (36-) 
222-D (lR-) 

2228-T(47+) 2222-T(41+) 

1222-3(16+) 
222-5 ( 7+) 
228-5 (17+) 
222-5 (16+) 
222-6 ( 8-) 
122-6 (10+) 
222-6 (10-) 
223-4 ( 81). 

228-4 (11+) 
1222-S(16+) 
2280-S (11 + ) 
228-4 (lOt) 
228-4 (12-) 
012-8 (18-) 
~28-4 (17-) 
122-6 (12+) 
122-4 (13-) 
012-8 (10+) 
l:l:l-D (13-) 
2222-5(13-) 
228-D (20+) 
122-0 07+) 

122-6 (lIt) 
222-5 (14+) 
122-5 ( 6-) 
222-6 ( 9+) 
012-8 ( 7+) 
012-B ( B+) 
222-4 ( 8+) 

0122-~( 7+) 
2222-S (11- ) 
122-6 (18-) 

122-4 ( 8+) 

222-D (13+) 
122-D (11-) 
222-D (14+) 
228-0 (16+) 

96 
86 

2222-T(37-) 2228-T(23+) 222-D (16-) 222-4 (11+) 
1222-T(75+) 222-D (11-) 

Calculated frequencies higher than 2000 cm- I 

3000 2962 2962 2QR5 2910 2905 2900 2880 2873 2870 
2865 

* Not used in the force constant determination. 
Reference 
[1] IR.R. G. A. Crowder and H.-K. Mao, J. Mol. Struct., 23, 161 (1974). 

1169 
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1170 SHIMANOUCHI E1 AL. 

No. 119 
Molecule: 122228-GTT CHsCH2CH2CH2CH2F (gauche-trane-trans form) 

Symmetry C) Symmetry number (T = I 

5ym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-1 -1 cm cm 

a 1485 122-2 (39+) 222-2 (38+) 222-2 (12-) 
1469* 1475 222-2 (35+) 122-2 (24+) 012-4 (18+) 222-2 (12-) 
1463* 1464 012-7 (48+) 222-2 (20+) 222-2 (10+) 
1463* 1461 012-7 (31+) 222-2 (23-) 222-2 (18-) 012-4 (14+) 
1446* 1453 012-4 (44-) 122-2 (29+) "222-2 (13-) 
1435* 1428 228-2 (86+) 
1394* 1396 228-5 (55-) 222-5 (27+) 2228-5(15+) 
1385* 1380 012-2 (103+) 
1346* 1350 122-5 (42+) 222-5 (32+) 228-5 (10-) 
1346* 1339 122-5 (32-) 222-5 (26+) 1222-5(16-) 228-5 (10-) 
1303* 1309 228-6 (72-) 
1303* 1296 222-6 (45-) 222-6 (31+ ) 
1268* 1273 122-6 (46-) 222-5 (23+) 228-5 ( 8+) 
1243* 1252 222-5 (37+) 222-5 (18+) 122-6 (12+) 012-8 ( 7-) 
1214* 1204 222-6 (27+) 222-6 (20+) 228-6 (1 It ) 012-5 ( 7+) 
1151* 1145 228-4 (14+) 122-4 ( 9-) 222-4 ( 9+) 228-6 ( 8-) 
1123* 1127 2222-5(15-) 012-5 (13-) 228-4 ( 6-) 122-D ( 6-) 
1075* 1083 1222-5(27+) 0122-5(24-) 2222-5(14-) 1~-5 ( 6-) 
1029* 1037 2228-5(52+) 2280-5(22-) 
1005* 1008 2280-5(39-) 0122-5(14-) 222-5 (10-) 012-8 ( 9-) 
979* 989 012-5 (23+) 222-6 (17-) 228-4 (16-) 122-5 (lIt) 
979* 968 2222-5(29-) 122-6 (16-) 012-8 (15-) 0122-5(11t) 
886* 880 1222-5(33-) 012-5 (23-) 0122-5(18-) 
841* 844 222-4 (36-) 228-4 (27+) 0122-5(12-) 222-6 (12+) 
774 775 122-4 (47-) 012-8 (26-) 222-4 (13-) 
733* 739 222-4 (44+) 222-4 (26-) 228-4 (10-) 
462 471 222-D (40+) 228-0 (34-) 122-0 (23-) 
425 423 228-D (25+) 122-0 (18-) 222-0 (13+) 2228-5 ( 11 + ) 
322* 319 122-D (41+) 222-0 (15+ ) 222-D (10+) 1222-T( 6-) 

237 0122-T(01+) 222-D (23-) 220-D (18+) 
176 2228-T(25+) 0122-T(25-) 1222-T(21-) 222-0 (16-) 
151 2228-T(42-) 222-0 (22+) 222-D (20-) 228-0 (12+) 
98 2222-T(66+) 1222-T(25+) 
85 1222-T(35+) 2222-T(18-) 2228-T(16+) 222-4 ( 9-) 

Calculated frequencies higher than 2000 cm -1 

3000 2963 2962 2935 2910 2905 2900 2000 2074 2869 
2865 

* Not used in the force constant determination. 
Reference 
[1] IR.R. G. A. Crowder and H.-K. Mao, J. Mol. 5truet., 23, 161 (1974). 
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MOLECULAR VIBRATIONAL TABLES 

No. 120 
Molecule: 1225-T CH3CH2CH2Cl (trans form) 

Symmetry number (T = 1 Symmetry C. 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

em -I cm- I 

a 1464 1478 122-2 (56+) 012-4 (28+) 
]457 ]452 012-4 (55+) 122-2 (37-) 
1442 1430 225-2 (86+) 
1381 1379 012-2 (105+) 
1339 1342 122-5 (59+) 225-5 (30-) 1225-S(15+) 
1266 1269 225-5 (67+) 122-5 (24+) 
1104 1101 012-5 (27+) 1225-S(27-) 122-5 (l4+) 
1027 1031 0122-S(79-) 1225-S(20+) 
899 899 012-5 (39+) 1225-S(39+) 
723 728 2250-5(80-) 225-D (l1+) 122-D (11+ ) 
364 364 122-D (35+) 2250-S(19+) 225-D (17+) 
248 230 22S-D (71t) 122-D (49-) 

a II 1457 1463 012-7 (81+) 012-8 (14+) 
1288 1295 122-6 (56-) 225-6 (23+) 
1217 1228 225-6 (40+) 012-8 (17-) 122-4 (14+ ) 
1078 1077 225-6 (32+) 225-4 (21-) 012-8 (l6+ ) 
863(s) 864 225-4 (45+) 012-8 (~1+) 122-6 (23+) 
746 743 122-4 (60+) 225-4 (26-) 012-8 (13+) 
231 227 0122-T(96+) 
140 129 1225-T(88+) 

Calculated frequencies higher than 2000 cm -I 

3005 2962 2962 2956 2905 2880 2869 
References 
[1] IR. K. Radcliffe and J. L. Wood, Trans. Faraday Soc., 62, 1678 (1966). 
[2] IR.R. Y. Ogawa, 5. Imazeki, H. Yamaguchi, H. Matsuura, I. Harada, and 

T. Shimanouchi, Bull. Chern. Soc. Jpn., 51, 748 (1978). 

1171 

122-D ( 9+) 

122-6 (11+ ) 
122-4 (14-) 
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1172 

No. 121 
Molecule: 1225-G 

SHIMANOUCHI ET AL. 

Symmetry C} 
CH3CH2CH2CI (gauche form) 

Symmetry Dumber 0" = I 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I cm cm 

a 1464* 1479 122-2 (68+) 012-4 (19+) 
1457* 1463 012-7 (80+) 012-8 (14+ ) 
1457* 1456 012-4 (62+) 122-2 (18-) 
1436 1439 225-2 (70+) 122-2 ( 6-) 
1381 1380 012-2 (105+) 
1347 1355 122-5 (56+) 225-5 (17:+) 225-2 (11-) 
1306 1307 225-5 (44+) 122-6 (26-) 1225-S( 9-) 
1260 1258 122-6 (35+) 225-5 (24+) 012-8 (10-) 
1209 1210 225-6 (571 ) 012-5 ( 8-1) 012-8 ( 61) 
1090 1092 1225-S(23+) 225-6 (14+ ) 122-4 (10+) 
1063 . 1067 o 122"':S (28-) 012 ... 5 (24+) 225-4 ( 9+) 
1038 1040 0122-S(23-) 1225":'S(16+) 012-8 (12+) 
895 884 012-5 (32+) 1225-S(28+) 225-4 (16-) 
856 854 225-4 (39-) 0122-S(31-) 1225-S(12-) 
789 792 122-4 (43+) 012-8 (31+) 225-4 (l1+) 
61·8 652 2250-S (89 1 ) 122-4 (10-) 
424 420 122-D (59-) 225-D (29+) 
292 292 225-D (32-) 122-D (23-) 0122-T(23-) 
214' 200 0122-T(71+) 225-D (20-) 
126 122 1225-T(74+) 

Calculated frequencies higher than 2000 cm- I 

3005 2962 2962 2956 2905 2880 2868 
* Not used in the force constant determination. 

~efereDce8 

Ll] IR. K. Radcliffe and J. L. Wood, Trans. Faraday Soc., 62, 1678 (1966). 
[2] IR.R. Y. Ogawa, S. Imazeki, H. Yamaguchi, H. Matsuura, I. Harada, and 

T. Shimanouchi, Bull. Chern. Soc. Jpn., 51, 748 (1978). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 

012-7 ( 7+) 

122-6 ( 9-) 
122-D ( 7+) 
122-6 (l1+ ) 

1225-T(16+) 



MOLECULAR VIBRATIONAL TABLES 1113 

No. 122 
Molecule: 12225-TT CHaCH2CH2CH2CI (trans-trans form) 

Symmetry C~ Symmetry number u = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D.%) 

cm- I -I cm 

a I 1476 1483 122-2 (45-) 222-2 (28+) 012-4 (16-) 
1460 1461 222-2 (62+) 012-4 (19+) 
1447 1453 012-4 (49-) 122-2 (36+) 
1434 1430 225-2 (81+) 
1383 1379 012-2 (105+) 
l358 1358 122-5 (42+) 222-5 (40-) 1222-5(16 ... ) 
1316 1315 225-5 (50-) 122-5 (3It ) 222-5 (10+) 
1248 1242 222-5 (46+) 225-5 (38+) 

Il07 Illl 1222-S(23-) 012-5 (22+) 122-D ( 9+) 122-5 ( 8+) 
1051 1052 0122-S(32-) 1222-S(29+) 2225-S(25-) 
1017 1012 0122-S(47+) 2225-S(46-) 

tlYb YOi:S 012-5 (44-) 1222-S(30-) 122-5 (Il-) 
727 728 2250-S(83-) 
401 406 122-D (63-) 225-D (24+) 
334 333 222-0 (28+) 225-D (20+) 2250-S(16+) 1222-S( 6+) 
161 159 222-0 (48-) 225-D (46+) 122-D (29+) 

a " 1467 1463 012-7 (81+) 012-8 (14+) 
1302 1303 222-6 (48+) 122-6 (26-) 
1280(s) 1278 122-6 (38-) 225-6 (28+) 222-6 ( 7-) 
1205(8) 1210 225-6 "(25-) 012-8 (17+ ) 122-4 (17-) 222-6 (12-) 
1084 1085 225-6 (33+) 225-4 (17-) 222-6 (15+) 222-4 (10-) 
920(8) 920 012-8 (31+) 225-4 (29+) 122-6 (26+) "222-4 (14+) 
783 784 225-4 (37-) 122-4 (29+) 012-8 (20+) 222-4 (12+) 
738 734 222-4 (41-) 122-4 (39+) 225-4 (10+) 
237(s) 232 0122-T(90-) 
125 132 1222-T(52+) 2225-T(40+) 

105 2225-T(42+ ) 1222-T(38-) 222-4 (lIt) 

Calculated frequencies higher than 2000 cm -I 

3005 2962 2962 2956 2909 2900 2880 2873 2865 
Reference 
[1] IR.R. Y. Ogawa, S. Imazeki, H. Yamaguchi, H. Matsuura, I. Harada, and 

T. Shimanouchi, Bull. Chern. Soc. Jpn., 51, 748 (1978). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1174 SHIMANOUCHI ET AL. 

No. 123 
Molecule: 12225-TG 

Symmetry. C) 

CH3CH2CH2CH2CI (trans-gauche form) 
Symmetry number u = 1 

5yrn. Observed Calculated Assignment 
species frequency frequency (p~F..n~ %) 

cm-1 crn- I 

a 1476* 1486 222-2 (38+) 122-2 (37-) 012-4 (13-) 
1467'" 1464 222-2 (44+) U12-4 (24+) 122-2 (15+) 
1460* 1463 012-7 (80+) 012-8 (14+) 
1447* 1452 012-4 (48-) 122-2 (42+) 
1434* 1438 225-2 (71+) 222-2 (10-) 
1383* 1380 012-2 (10lt) 
1369 1369 222-5 (42-) 122-5 (28+) 1222-5(14+ ) 
1319 1318 225-5 (49+) 122-5 (28+) 
1302* 1303 222-6 (29+) 122-6 (22-) 122-5 (15+) 
1291 1287 122-6 (36-) 222-5 (}~) 225-5 (13+) 
1234 1231 222-6 (23+) 225-5 (15+ ) 012-8 (13-) 
1198 1198 225-6 (48+) 222-5 (10-) 122-4 ( 5-) 
1107* 1102 1222-5(25+) 2225-S(12-) 012-5 (11-) 
1084* 1089 225-6 (22+) 225-4 (11-) 012-5 (10-) 
105}* 1050 0122-S(36+) 1222-S(16-) 2225-S(11+) 
1000 1006 0122-5(42-) 2225-5(37+) 
932 931 225-4 (35+) 012-5 (26-) 122-5 ( 9-) 
875 877 222-4 (31+) 012-8 (27+) 122-6 (17+ ) 
811 807 225-4 (36-) 1222-5(32-) 012-5 ( 9-) 
746 746 122-4 (60+) 012-8 (17+) 222-4 (16-) 
653 655 2250-S(92-) 
474 474 222-0 (29-) 225-0 (21+ ) 122-D (20-) 
302 302 225-D (41+) 122-D (40+) 2225-S(10+) 
265 260 222-0 (38-) 122-0 (26+) 2225-1(20t) 

222 0122-T(77-) 
107 2225-T(66+) 222-0 ( 8+) 
90 1222-T(74+) 225-D (12-) 

Calculated frequencies higher than 2000 em-I 
300::; 2962 2962 2956 2909 2901 2880 2873 2865 

* Not used in the force constant determination. 
Reference 
[1] IR.R. Y. Ogawa, 5. Imazeki, H. Yamaguchi, H. Matsuura, 1. Harada, and 

T. Shimanouchi, Bull. Chern. Soc. Jpn., 51, 748 (1978). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 

222-5 ( 8+) 
122-5 ( 9-) 
122-4 (l0+) 
012-8 ( 5+) 
122-5 ( 8-) 
222-6 (10-) 
222-6 ( 7+) 

222-5 ( 7-) 

0122-S( 6-) 

0122-T(I4-) 



MOLECULAR VIBRATIONAL TABLES 1175 

No. 124 
Molecule: 12225-GT CH3CH2CH2CH2CI (gauche-trans form) 

Symmetry C) Symmetry number u = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I cm cm 

a 1476* 1483 122-2 (54+) 222-2 (29+) 
1467* 1470 222-2 (49-) 012-4 (24+) 
1460* 1463 012-7 (75+) 012-8 (13+) 
1447* 1453 012-4 (49-) 122-2 (30+) 222-2 (11-) 
1434* 1432 225-2 (88+) 
1383* 1380 012-2 (104+ ) 
1349 1352 222-5 (38+) 122-5 (34+) 225-5 (13-) 
1344* 1340 122-5 (40+) 222-5 (19-) 1222-5(15+ ) 225-5 (14+) 
1291-- 1292 222-6 (39-) 225-6 (24+) 225-5 ( 9+) 
1285* 1278 225-5 (34+) 122-6 (31-) 225-6 (12-) 
1248* 1252 225-5 (26+) 122-6 (22+) 222-5 (20+) 012-8 (11-) 
1190 1193 225-6 (29+) 222-6 (21+) 012-5 01+) 222-4 ( 8+) 
1107* 1099 2225-5(20-) 122-4 (15-) 012-8 (14+) 222-5 (13+) 
1084* 1094 225-6 (20-) 1222-5(20-) 012-5 (12+) 225-4 ( 8+) 
1058* 1064 0122-5(45-) 1222-5(21+) 225-4 ( 7+) 
973'" 969 2225-5(47-) 012-5 (15+) 012-8 (11-) 122-6 (11-) 
927* 929 225-4 (29+) 222-4 (15+) 0122-5(13+) 222-6 (12+) 
896* 884 0122-5(32-) 1222-5(30-) 012-5 (16-) 
800* 792 122-4 (35-) 012-8 (25-) 225-4 (14-) 
755* 758 222-4 (33-) 225-4 (28+) 2250-5(16-) 
718 715 2250-5(57-) 122-4 (23+) 
437 435 122-D (52-) 222-D (19+) 2250-5(12+) 
302* 302 122-D (29-) 225-D (14-) 222-0 (11-) 0122-T( 7-) 
265* 264 225-D (52+) 0122-T(35-) 222-0 (15-) 

187 0122-T(53+) 222-0 (28-) 225-0 (17+ ) 
114 1222-T(79-) 
98 2225-T(79-) 

Calculated frequencies higher than 2000 cm -I 

3005 2962 2962 2956 2907 2903 2880 2870 2867 
* Not used in the force constant determination. 

Reference 
[1] IR.R. Y. Ogawa, 5. Imazeki, H. Yamaguchi, H. Matsuura, 1. Harada, and 

T. 5himanouchi, Bull. Chern. 50c. lpn., 51, 748 (1978). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 
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No. 125 
Molecule: 12225-GG 

SHIMANOUCHI ET Al. 

Symmetry C1 

CHaCH2CH2CH2Cl (gauche-g~uche form) 
Symmetry number u = 1 

Sym. Observed Calculated Assignment 
(P.E.D. %) species frequency frequency 

a 

cm- I cm- I 

1476* 
1467* 
1460* 
1447* 
1434* 
1383* . 
1360* 
1344 
1316'" 
1285* 
1230 
1178 
1107* 
1080 
1058 

973 

927 
875* 
800 
755 
653* 
458 
370 
243 

1486 
1472 
1463 
1454 
1437 
1381 
1362 
1342 
1307 

1274 
1232 
1177 
1121 
1084 
1052 

969 
927 
878 
806 
755 
655 
463 
372 
237 
208 
136 
65 

222-2 (43+) 122-2 (40+) 
222-2 (34-) 012-4 (27+) 122-2 (21+) 
012-7 (78;) 012-8 (14+) 
012-4 (50+) 122-2 (29-) 
225-2 (69+) 222-2 (11-) 
012-2 (l00+) 
222-5 (49+) 225-5 (12+) 122-5 (12+) 
122-5 (62-) 1222-S(14-) 
223-3 (34+) 222-6 (13-) 2225-5(10-) 

122-6 (51+) 222-6 (11+) 225-6 (6+) 012-8 ( 5-) 
222-6 (21-) 225-5 (15-) 012-8 (11-) 225-6 (10-) 
225-6 (51+) 222-6' (17-) 012-5 (10-) 
1222-S(25+) 2225-S(20-) 012-5 (8-) 222-6 ( 8~) 
012-8 (17-) 122-4 (16+) 122-6 (12-) 225-4 (10-) 
0122-S(35-) 222-6 (11-) 222-4 (10+) 1222-S( 9+) 
2223-5(30-) 012-3 (20t) 122-5 (15+) 

225-4 (39+) 0122-S(38-) 
222-4 (29-) 012-8 (23+) 122-6 (13+) 012-5 (12+) 
1222-S(39+) 225-4 (17+) 2225-S( 9+) 0122-S( 9+) 
122-4 (51+) 012-8 (20+) 225-4 (12+) 222-4 (11+) 
2250-S(88-) 
222-D (47-) 122-D (28+) 225-D (12+) 
122-D (39+) 225-D (29-) 1222-T( 9-) 
0122-T(38+) 225-D (32+) 222-D (13~) 122-D (10+) 
0122-T(46-) 222-D (20+) 122-D (13+) 
1222-T(36+) 2225-T(28-) 225-D (14-) 222-4 (12-) 
1222-T(46+) 2225-T(42~) 

Calculated frequencies higher than 2000 cm- I 

3005 2962 2962 2956 2907 2903 2880 2870 2867 
* Not used in the force constant determination. 

Reference 
[IJ IR.R. Y. Ogawa, S. Imazeki, H. Yamaguchi, H. Matsuura, I. Harada, and 

T. Shimanouchi, Bull. Chern. Soc. lpn., 51, 748 (1978). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRATIONAL TABLES 11" 

No. 126 
Molecule: 122225-TTT CHsCH2CH2CH2CH2CI (trans-trans-trans form) 

Symmetry C~ Symmetry number u = 1 

Sym; Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

em-I em-I 

e.' 1475 1484- 1222 (39--) 222-2 (31.+ ) 0121. (15) 

1467 1473 222-2 (65+) 122-2 (15-) 222-2 (13-) 
1455 1457 012-4 (45+) 222-2 (29+) 222-2 (12+) 
1447 1449 122-2 (40+) 012-4 (22-) 222-2 (15+) 222-2 (12+) 
1433 . 1429 225-2 (79+) 
1388(5) 1380 012-2 (103+) 
1368 1366 222-5 (42-) 122-5 (25+) 222-5 (21+) . 1222-5( 14+) 
1343 1337 222-5 (34+.) 122-5 (32-) 225-5 (26-) 
1293 1293 225-5 (44-) 222-5 (26+) 122-5 (22+) 
1228 1227 222-5 (39+) 222-5 (26+) 225-5 (24+) 
1112 1117 012-5 (l9t) 1222-S(16-) 222-D ( 9+) 122-D ( 8+) 
1057 1060 2222-5(35-) 1222-S(29+) 0122-S(18-) 
1037 1039 2225-5(44+) 2222-S(21-) 0122-S(17+) 
1006 1006 0122-5(43+) 2225-S(26-) 2222-5(14-) 

995 90J 012-5 (4.0-) 1?22-S(29-) 0122-S( 9-) 
727 726 2250-5(82-) 
452 462 122-D (32-) 222-D (21-) 225-D (19+) 
348 352 222-D (32-) 222-D (26-) 122-D (16+) 2250-S(11-) 
266 256 225-D (38+) 122-D (32+) 2222-S (11 + ) 

119 222-D (45+) 222-D (40-) 225-D (28-) 122-D (13+) 
a" 1460 1463 012-7 (81+) 012-8 (14+) 

1309 1305 222-6 (38+) 222-6 (30-) 122-6 (10-) 
1301 1296 122-6 (34-) 222-6 (25+) 225-6 (14-) 
1257(8) 1260 225-6 (27+) 122-6 (23-) 222-6 (17-) 222-4 ( 8+) 
1188 1198 122-4 (18-) 012-8 (16+) 225-6 (16-) 222-4 (13-) 
1090 1089 .. 225-0 (34+) 222-0 (10-\-) 225-4 (15-) 222-6 ( 8+) 
962 956 012-8 (23+) 122-6 (22+) 222-6 (22+) 225-4 (20+). 
838 833 225-4 (29+) 222-4 (29-) 012-8 (23-) 222-6 (13+) 
759(5) 755 222-4 (36-) 122-4 (27+) 225-4 (25+) 012-8 (lOt) 
731 729 222-4 (38-) 122-4 (31+) 222-4 (19+) 

231 0122-T(92+) 
157 2225-T(50-) 1222-T(42+} 
120 2222-T(74+) 1222-T( 12 + ) 
67 1222-T(37+) 2225-T(32+) 2222-T(12-) 

Calculated frequencies higher than 2000 em-I 
3005 2962 2962 2956 2911 2905 2899 2880 2875 2869 
2864 

Reference 
[1] IR.R. H. Mat~uura, S. Imaz.eki, Y. Ogawa. M. Sakakibara, 1. Harada, 

and T. Shimanouchi, Bull. Chern. Soc. Jpn., 52,2512 (1979),. 

J. Phys. Chem.Ref. Data, Val. 9, No.4, 1980 



1178 SHIMANOUCHI ET AL. 

No. 127 
Molecule: 122225-TTG CHaCH2CH2CH2CH2Cl (trans-trans-gauche form) 

Symmetry C1 Symmetry number (T = I 

Sym. Observed Calculated Assignment 
species frequency frequency (p.E.D. %) 

-I -I cm cm 

~ 1475* 1484 222-2 (36+) 122-2 (33-) 012-4 (13-) 
1467* 1478 222-2 (61+) 122-2 (20-) 
1460* 1463 012-7 (81+ ) 012-8 (14+) 
1455* 1457 012-4 (47+) 222-2 (35+) 
1447* 1449 122-2 (40+) 222-2 (21+) 012-4 (20-) 
1433* 1438 225-2 (68+) 222-2 (12-) 
1381 1380 012-2 (98+) 
1381 1373 222-5 (31-) 222-5 (31t) 122-5 (13+) 2222-S(12-) 
1343'" 1342 122-5 (46-) 222-5 (21+) 225-5 (13+) 
1313 1310 225-5 (37+) 222-6 (28-) 222-6 ( 7+) 
1301* 1302 222-6 (39-) 122-6 (28+) 225-5 (10+) 
127R 12Rl 122-6 (24+) 222-5 (18-) 222-6 (15-) 225-5 ( 9-) 
1268 1265 222-5 (28+) 122-6 (12+) 225 ..... 6 (12+) 122-5 ( 8+) 
1214 1214 222-6 (14+) 012-8 (12-) 122-4 (11+ ) 222-6 (11+ ) 
1188 1191 225-6 (40+) 222-5 ( 9-) 122-4 ( 6-) 012-8 ( 6+) 
llOH 1107 1222-~(19+) 012-5 (19-) 225-6 (10+) 122-5 ( 8-) 
1095 1100 222-6 (17-) 2225-S(17+) 222-4 (10+) 2222-S( 9-) 
1063 1061 2222-S(32-) 1222-S(15+ ) 0122-S( 7-) 225-6 ( 6-) 
1037* 1042 0122-S(50+) 2225-S(16+) 1222-S(12-) 
988 987 2225-5(25+) 0122-5(17-) 225-4 (15-) 2222-S(10+ ) 
927 928 222-4 (22+) 012-8 (2It) 122-6 (18+) 222-6 (1 It ) 
913 916 012-5 (32-) 1222-S(20-) 0122-S(10-) 225-4 ( 7+) 
838 838 225-4 (40-) 2222-5(13-) 222-4 (10-) 1222-S( 8-) 
788 791 222-4 (26-) 122-4 (2It) 012-8 (17+) 222-4 (ll+) 
731 732 122-4 (44+) 222-4 (38-) 
653 655 2250-5(92-) 
455 456 222-0 (36-) 225-0 (26+) 222-0 (10-) 
400 401 122-0 (51+) 222-0 (15+) 2222-S( 8+) 
280 282 225-0 (45-) 2225-T(13+ ) 222-0 ( 9-) 2225-S( 8-) 

229 0122-T(92-) 
196 222-0 (42-) 122-0 (27+) 2225-T(21-) 222-0 (17+ ) 
129 1222-T(51-) 2225-T(13+) 222-0 (12+) 
86 2222-T(64-) 222S-T(lS-) 1222-T( 12-) 
70 2225-T(27+) 1222-T(22+) 2222-T (15- ) 222-4 ( 9+) 

Calculated frequencies higher than 2000 cm- I 

3005 2963 2962 2956 2911 2905 2899 2880 2875 2869 
2864 

* Not used in the force constant determination. 
R,.ference 

[1] IR.R. H. Matsuura, S. Imazeki, Y. Ogawa, M. 5akakibara, I. Harada, 
and T. 5himanouchi, Bull. Chern. 5oc. lpn., 52,2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRATIONAL TABLES 1179 

No. 128 
Molecule: 122225-TGT CH3CH2CH2CH2CH2CI (trans-gauche-trans form) 

Symmetry C. Symmetry number u = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -1 cm cm 

a 1475* 1488 222-2 (39+) 122-2 (26-) 222-2 (17+) 
1467* 1472 222-2 (50+) 122-2 (24+) 012-4 (14+) 
1460* 1463 012-7 (81+ ) 012-8 (14+) 
1455* 1458 222-2 (46+) 222-2 (24-) 012-4 (21+) 
1447* 1452 122-2 (43+) 012-4 (41-) 
1433* 1432 225-2 (8S+) 
1381* 1380 012-2 (103+) 
1368* 1365 222-5 (44-) 122-5 (35+) 1222-S(16+) 
1346 1347 222-5 (54+) 225-5 (26-) 2225-S(13+ ) 
1301* 1302 122-5 (28+) 222-6 (19+) 222-5 (15+) 222-6 (14+) 
1293* 1295 122-6 (40-) 222-6 (16+ ) 122-5 ( 9-) 222-5 ( 8-) 
1285 1288 225-6 (28+) 222-6 (23-) 222-5 (1 It ) 225-5 ( 9+) 
1278* 1274 225-5 (50+) 222-5 (12+) 222-6 ( 9-) 
1228* 1228 222-6 (23+) 012-8 (14-) 222-5 (12+) 122-4 (12+) 
11 SO 1183 225-6 (26+) 222-6 (19+) 012-5 ( 7+) 222-5 ( 7-) 
1112* 1109 222-5 (12+) . 2225-S ( 11-) 222-4 (11-) 1222-S( S+) 
1095* 1093 225-6 (27-) 222-6 (14-) 012-5 (11+) 225-4 (11+) 
1074 1078 2222-S(40-) 1222-S(18+) 2225-S(17+) 
1023 1023 0122-S(69+) 2222-S(13-) 
974 980 2225-S(22+) 012-5 (15-) 225-4 ( 8+) 222-5 ( 8-) 
974 968 225-4 (16-) 222-6 (15+) 222-4 (14-) 012-8 (13+ ) 
855 856 1222-S(34-) 012-5 (21-) 225-4 (19-) 
855 852 222-4 (29+) 012-8 (25+) 122-6 (13+ ) 2225-S(13-) 
767 762 222-4 (37+) 225-4 (32-) 122-4 (12+) 
745 748 122-4 (35+) 2250-S(32-) 012-8 (11+ ) 
712 713 2250-S(43+) 222-4 (25-) 122-4 (14+) 
494 491 222-D (25-) 122-D (19-) 222-D (11: ) 2250-S ( 11- ) 
302 301 122-D (50-) 222-D (29-) 
280* 281 222-D (38+) 225-D (26+) 122-D ( 8-) 

243 225-D (42+) 0122-T(23-) 222-D (13-) 
218 222 0122-T(68-) 222-D ( 9+) 

110 2222-T(66+) 2225-T(17+) 1222-T(10+ ) 
82 1222-T(33+) 222-D (17-) 2225-T(l3·r) 222-D (12-) 
79 2225-T(45-) 1222-T(34+) 

Calculated frequencies higher than 2000 em -1 

3005 2962 2962 2956 2910 2905 2900 2880 2873 2869 
2865 

* Not used in the force constant determination. 
Reference 

[I] IR.R. H. Matsuura, S. Imazeki, Y. Ogawa, M. Sakakibara, I. Harada, 
and T. Shimanouchi, Bull. Chern. Soc. Jpn., 52, 2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 . 



1180 SHIMANOUCHI ET AL. 

No. 129 
Molecule: 122225-TGG CHaCH2CH2CH2CH2CI (trans-gauche-gauche form) 

Symmetry C1 Symmetry number (T = 1 

5ym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I cm cm 

a 1475* 1490 222-2 (36+) 222-2 (28+) 122-2 (19-) 
1467* 1476 222-2 (41+) 122-2 (30+) 012-4 (14+) 
1460* 1463 012-7 (81+) 012-8 (14+) 
1455* 1459 222-2 (50+) 012-4 (24+) .222-2 (13-) 
1447* 1451 122-2 (44+) 012-4 (40...;) 
1433* 1438 225-2 (71+) 222-2 (11-) 
1381* 1380 012-2 (102+) 
1368* 1368 222-5 (33-) 222-5 (24-) 122-5 (20+) 1222-5(10t) 
1358 1357 222-5 (33+) 122-5 (21+) 2222-S(12-) 222-5 (11-) 
1309* 1307 225-5 (51+) 222-6 (17-) 2225-5(10-) 
1301* 1301 122-5 (26t) 222-6 (19+) 222-5 (16+) 122-6 (13-) 
1293* 1293 122-6 (38-) 222-5 (13-) 122-5 (12-) 222-6 ( 8t) 
1263* 1255 222-6 (19+) 225-6 (13+) 222-6 (12+) 122-6 (12+) 
1215* 1216 012-8 (14+) 122-4 (14-) 222-6 (13-) 222-6 (10t) 
1174 1174 225-6 (41+) 222-6 (17-) 1222-S( 7t) 012-5 ( 7-) 
1112* 1112 2222-S(24-) 2225-S(21+) 012-5 ( 8+) 222-4 ( 7+) 
1095* 1097 225-6 (14-) 222-6 (10+) 222-4 (10-) 1222-S( 9+) 
1074 1075 1222-S (17 - ) 222-6 (15-) 2222-S( 9t) 2225-S( 7-) 
1027 1028 0122-S(75t) 1222-S(10-) 
974 979 225-4 (21-) 012-5 (17-) 222-4 (lIt) 2225-S(II+) 
927* 928 222-4 (21t) 012-8 (19-) 122-6 (17-) 2225-S(10-) 
878 886 225-4 (33+) 1222-S(20-) 2225-S(10t) 012-5 ( 8-) 
842 845 222-4 (16t) 2225-S(15-) 012-8 (14t) 012-5 (12-) 
788* 791 222-4 (21t) 225-4 (16+) 122-4 (15+) 012-8 (12t) 
731* 733 122-4 (47t) 222-4 (31-) 012-8 (lOt) 
653* 656 2250-5(88t) 
488 486 222-D (37t) 222-D (22-) 122-D ( 9-) 225-0 ( 7-) 
387 384 225-D (31t) 122-D (15-) 222-D (12-) 222-0 (10-) 
302 305 122-D (52+) 222-D (15-) 2225-T(13-) 225-0 (11+ ) 

233 0122-T(82-) 
201 222-D (28+) 225-D (24+) 222-D (21+) 0122-T(10-) 
138 2225-T(34+) 2222-T(17-) 1222-T(14t) 222-D (12-) 
90 1222-T(57-) 2222-T(32-) 
52 2225-T(39-) 2222-T(30-) 1222-T(12+) 

Calculated frequencies higher than 2000 cm- I 

3005 2963 2962 2956 2910 2905 2900 2880 2873 2869 
2865 

'" Not used in the force constant determination. 
Reference 
[1] IR.R. H. Matsuura, S. Imazeki, Y. Ogawa, M. Sakakibara, I. Harada, 

and T. Shimanouchi, Bull. Chern. Soc. Jpn., 52,2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRATIONAL TABLES 

No. 130 
Molecule: 122225-GTG CHaCH2CH2CH2CH2CI (gauche-trans-gauche form) 

Symmetry C) Symmetry number (T = 1 

5ym. 
species 

Observed 

frequency 
em-I 

Calculated 

frequency 
cm- I 

Assignment 

(P.E.D. %) 

a 1475* 
1467* 
1460* 
1455* 
1447* 
1433* 
1381* 
13(j8* 
1346 
1313* 
1308* 
1278* 
126iS 
1214* 
1174 
1106* 
1090* 
1090* 
1027 
974 
927* 
895* 
822 
788* 
745 
653* 
494 
3'72 
288 
266* 

1485 
1477 
1465 
1461 
1452 
1438 
1381 
1371 
1345 
1320 
1305 
1278 
1266 

1215 
1175 
11 OR 

1090 
1084 
1026 
981 
928 
900 
823 
794 
743 
655 
496 
369 
291 
264 
196 
127 
90 
55 

222-2 (38+) 122-2 (31+) 222-2 (20-) 
222-2 (34+) 122-2 (31+) 012-4 (17+) 
012-7 (45+) 222-2 (16+) 222-2 (15+) 
012-7 (35+) 222-2 (20-) 012-4 (16+) 222-2 (14-) 
012-4 (42+) 122-2 (29-) 222-2 (17+) 
225-2 (72+) 222-2 (10-) 
012-2 (90+) 
222-5 (35-) 222-5 (27+) 012-2 (15+) 2222-S(11+) 
122-5 (71+) 
225-5 (44+) 222-5 (27+) 
222-6 (32+) 222-6 (16-) 222-5 (10+) 225-6 ( 9+) 
222-6 (27-) 225-5 (15+) 222-5 (14-) 222-5 ( 8-) 
122-6 (49+) 012-8 (9-) 222-5 (8+) 012-7 ( 7+) 
225-6 (18+) 222-6 (13+) 225-5 (12+) 222-5 (10-) 
225-6 (34+) 222-6 (11-) 012-5 (11-) 222-6 ( 8-) 
2222-S(16+) 122-4 (11+) 012-S (10-) 222-6 ( 9+) 
1222-S(14-) 225-6 (13+) 222-6 (11-) 012-5 (10+) 
0122-S(26-) 1222-S(17+) 2225-S(13+) 225-4 ( 4-) 
2225-S(37-) 0122-5(18-) 1222-S( 7+) 2222-S( 6+) 
225-4 (21-) 012-5 (16-) 2222-S(12+) 0122-S( 9+) 
222-4 (19+) 012-8 (18-) 122-6 (14-) 222-4 (10+) 
0122-S(26+) 012-5 (23+) 1222-S(20+) 225-4 ( 9-) 
225-4 (41-) 2222-S(14-) 1222-S(10-) 0122-S( 8-) 
222-4 (23-) 122-4 (23+) 222-4 (21+) 012-8 (15+) 
122-4 (34+) 222-4 (21+) 012-8 (13+) 2222-S(II-) 
2250-S(92-) 
222-0 (21+) 122-0 (19-) 222-0 (18+) 225-0 (13-) 
122-0 (50-) 225-0 (24+) 222-0 (15-) 
222-D (29+) 0122-T(26+) 122-0 (13+) 225-0 (10+) 
222-0 (31+) 225-0 (26+) 2225-T(23-) 
0122-T(65-) 222-0 (20+) 
1222-T(40+) 2225-T(21-) 222-0 (12-) 222-0 (11+) 
2225-T(39+) 1222-T(29+) 222-4 ( 8+) 
2222-T(7iS-) 

Calculated frequencies higher than 2000 em-I 
3005 2963 2962 2956 2910 2905 ?900 2SS0 2873 2869 
2865 

* Not used in the force constant determination. 
Reference 
{I] IR.R. H. Matsuura, S. Imazeki, Y. Ogawa, M. Sakakibara, 1. Harada, 

and T. Shimanouchi, Bull. Chern. Soc. lpn., 52, 2512 (1979). 
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1182 SHIMANOUCHI ET AL. 

No. 131 
Molecule: 122225-GTG' CHaCH2CH2CH2CH2CI (gauche-trans-gauche' form) 

Symmetry C] Symmetry number u = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (p.E.D. %) 

cm- I cm -I 

a 1475* 1485 222-2 (38+) 122-2 (31f) 222-2 (20-) 
1467* 1477 222-2 (34+) 122-2 (31+) 012-4 (17+ ) 
1460* 1465 012-7 (45+) 222-2 (15+) 222-2 (15+) 
1455* 1461 012-7 (34+) 222-2 (20-) 012-4 (16+ ) 222-2 (14.-) 
1447* 1452 012-4 (42+) 122-2 (29-) 222-2 (17+) 
1433* 1438 225-2 (72+) 
1381* 1381 012-2 (89+) 
1368* 1371 222-5 (34-) 222-5 (26+) 012-2 (10+) ~~~~-;:'\llt) 

1346 1345 122-5 (71+) 
1313* 1319 225-5 (43+) 222-5 (25+) 122-6 ( 7-) 
1301* 1302 222-6 (30+) 222-5 (15-) 222-5 (14-) 225-6 (13+ ) 
1285 1287 222-6 (36-) 225-5 (19-) 122-6 ( 9-) "222-5 ( 8+) 
1263* 1261 122-6 (44+) 012-8 (10-) 222-5 ( 9+) 012-7 ( 8+) 
1205 1202 225-6 (34+) 222-5 (18+) 225-5 (13-) 222-6 ( 9+) 
1188* 1189 222-6 (16+) 225-6 (14-) 222-6 (12+) 222~4 ( 9+) 
1108* 1109 2222-S(17+) 1222-5(13-) 222-6 (12-) 2225-S(11-) 
1095* 1094 225-6 (20+) 012-8 (11+) 122-4 (11-) 2222-S(10-) 
1063* 1065 0122-S(42-) 1222-S(22+) 222-4 ( 6+) 222-4 ( 6+) 
1037* 1036 2225-5(42-) 012-5 (10-) 2222-S( 9+) 122-5 ( 7-) 
962* 968 225-4 (23-) 012-8 (20-) 122-6 (19-) 2222-5(12-) 
938 938 222-4 (23+) 012-5 (20-) 122-5 (12-) 2225-S(10+) 
895* 897 0122-5(36-) 1222-S(20-) 012-5 (15-) 
842 839 225-4 (31-) 012-8 (18+) 222-4 (11-) 122-4 ( 9+) 
767* 774 222-4 (21-) 222-4 (18+) 225-4 (15-) 2222-S(12+) 
745 750 122-4 (40+) 222-4 (23+) 012-8 (16+) 
653* 651· 2250- 5(91+) 
488 486 222-D (23-) 222-D (21-) 122-D (16+) 225-D (12+) 
400* 393 122-0 (49-) 225-0 (26+) 222-0 (10-) 
288 283 0122-T(28-) 222-0 (26-) 122-0 (13-) 1222-T(13+) 
266* 260 222-D (31+) 2225-T(25+} 225-D (24+) 

194 0122-T(61+) 222-D (24-) 
126 1222-T(40-) 2225-T(23+) 225-D (11-) 
83 2225-T(26+) 2222-T(19-} 1222-T(17+) 222-4 (10+) 
57 2222-T(59+) 1222-T(19+) 2225-T(14+) 

Calculated frequencies higher than 2000 cm- I 

3005 2963 2962 2956 2910 2905 2900 2880 2873 2869 
2865 

* Not used in the force constant determination. 
Reference 

[1] IR.R. H. Matsuura, S.' Imazeki, Y. Ogawa, M. Sakakibara, I. Harada, 
and T.Shimanouchi, Bull. Chern. Soc. lpn., 52, 2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRATIONAL TABLES 

No. 132 
Molecule: 52225-TT CICH2CH2CH2CI (trans-trans form) 

Symmetry number u = 2 Symmetry C2v 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D.%) 

-I -I cm cm 

a l 1455* 1468 222-2 (93+) 
1421* 1424 225-2 (44+ ) 522-2 (44+) 
1305 1300 225-5 (49+) 522-5 (49-) 
1064 1054 5222-S(34-) 2225-S(34-) 222-D (11+) 
784 778 0522-S(36-) 2250-S(36-) 222-D (14+) 
300 298 222-D (35+) 2250-5(15+) 0522-S(15t) 
138 132 222-D (44-) 225-D (41+) 522-D (41+) 

a2 1305 1302 222-6 (57-) 522-6 (13t) 225-6 (13+ ) 
1136 1128 225-6 (36+) 522-6 (36+) 222-6 (27t) 

827 225-4 (45+) 522-4 (45-) 222-6 (20+) 
146 2225-T(48+) 5222-T(48+) 

hi 1443* 1438 522-2 (45-) 225-2 (45+) 
1352 1343 222-5 (51+) 522-5 (23-) 225-5 (23-) 
1227 1217 222-5 (52+) 225-5 (29+) 522-5 (29+) 
1035 1027 2225-5(47,.) 5222-5(47-) 
679* 679 2250-5(51+) 0522-5(51-) 
372 380 522-D (48-) 225-D (48+) 

b2 1270 1262 225-6 (37-) 522-6 (37+) 222-4 (12-) 
1035 1033 522-4 (25+) 225-4 (25+) 222-4 (24+) 

747 222-4 (55-) 522-4 (19+) 225-4 (19+) 
108 5222-T(40+) 2225-T(40-) 222-4 (12-) 

Calculated frequencies higher than 2000 em -I 

3005 3005 2956 2956 2905 2870 
* Not used in the force constant determination. 

References 
[lJ IR.R. J. Thorbj¢rnsrud, O. H. Ellestad, P. Klaboe, and T. Torgrimsen, 

J. Mol. Struct., 15, 61 (1973). 
[2] IR.R. .1. E. Gustaysen. P. Klaboe, and R. St¢levik, J. Mo1. Stm~t., 50, 

285 (1978). 
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1184 SHIMANOUCHI ET AL. 

No. 133 
Molecule: 52225-TG 

Symmetry C) 
C]CH2CH2CH2C] (trans-gauche form) 

Symmetry number 0' = 1 

5ym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

cm-' cm -I 

a 1455* 1474 222-2 (85+) 
1443" 1438 ZZ5-Z (7Z+) 
1421* 1431 522-2 (85+) 
1352 1357 222-5 (51+) 522-5 (17-) 225-5 (16+ ) 
1316* 1311 225-5 (45+) 222-6 (25-) 522-5 ( 9+) 
1280* 1289 522-5 (32+) 222-6 (20+) 522-6 (20-) 
1270 1269 522-5 (33+) 522-6 (19+) 225-6 (15+) 
II 94 1190 225-6 (38+) 222-5 (25-) 225-5 (13+) 
1136 1139 5ZZ-6 (34+> ZZZ-6 (34+) 225-6 (21-) 
1064 1060 5222-5(36-) 2225-5(35+) 
1035 1034 225-4 (23-) 5222-5(18+) 222-4 (11+ ) 
967* 980 2225-5(27-) 522-4 (22+) 222-4 (19+) 
861 857 225-4 (49-) 5222-5(25-) 
784 779 522-4 (46+) 222-4 (30-) 
727 721 0522-5(69-) 225-4 (13-) 522-D (10+) 
657 656 2250-5(92-) 
431 431 225-D (34+) 222-D (23-) 0522-S(15-) 
271 270 225-D (36+) 522-D (22+) 2225-T (10- ) 
220* 239 522-D (56+) 222-D (41-) 2225-T(15+ ) 

112 2225-T(60+) 5222-T(22+) 
79 84 5222-T(56-) 225-D (17+) 222-4 (12+) 

Calculated frequencies higher than 2000 cm- I 

3005 3005 2956 2956 2905 2869 
* Not used in the force constant determination. 

References 
[I] IR.R. J. Thorbj¢rnsrud, O. H. Ellestad, P. Klaboe, and T. Torgrimsen, 

J. Mol. 5truct., 15, 61 (1973). 
[2] IR.R. J. E. Gustavsen, P. Klaboe, and R. 5t¢levik, J. Mol. Struct., 50, 

285 (1978). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 
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MOLECULAR VIBRATIONAL TABLES 

No. 134 
Molecule: 52225-GG 

Symmetry C2 

CICH2CH2CH2CI (gauche-gauche form) 
Symmetry number (J" = 2 

Sym. Observed Calculated Assignment 
apeciea frequency frequency (P.E.D.%) 

cm-' cm-' 

a 1455 1480 222-2 (78+) 
1421 1433 225-2 (37+) 522-2 (37+) 222-2 (17-) 
1316 1315 522-5 (31+) 225-5 (31-) 222-6 (25+) 
1258 1254 522-6 (22+ )' 225-6 (22+) 222-6 (17+ ) 
1148 ( s) 1143 222-6 (48-) 225-6 (22+) 522-6 (22+) 
1001 1005 225-4 (27~) 522-4 (27+) 222-0 (12-) 
867 857 2225-5(32+) 5222-S(32+) 225-4 (11+ ) 
679 674 0522-5(46-) 2250-5(46-) 
460 452 222-D (52-) 522-0 (15+) 225-0 (15+) 
220 204 222-0 (31-) 225-0 (30-) 522-0 (30-) 

65 55 2225-T(43+) 5222-T(43+) 
b 1443 1444 522-2 (37-) 225-2 (37+) 

1357 1368 222-5 (49+) 225-2 (11-) 522-2 (il+ ) 
1280 1296 225-5 (29+) 522-5 (29+) 222-5 (15-) 
1156(s) 1163 225-6 (37+) 522-6 (37-) 222-5 (18-) 
1077 1092 5222-5(37+) 2225-5(37-) 
967 971 222-4 (41-) 522-4 (12+) 225-4 (12+) 
793 798 225-4 (32+) 522-4 (32+) 222-4 (18+) 
641 645 2250-S(45+) 0522-S(45-) 222-4 (10-) 
354 353 522-D (33+) 225-0 (33-) 5222-T (12- ) 
138* 144 2225-T(32+) 5222-T(32-) 222-4 (16+) 

Calculated frequencies higher than 2000 em ~I 

3006 3004 2956 2956 2905 2869 
• Not used in the force constant determination. 

References 
[1] IR.R. J. Thorbj,-Drnsrud, O. H. Ellestad, P. Klaboe, and T. Torgrimsen, 

J. Mol. Struet., IS, 61 (1973). 
[2] IR.R. J. E. Gustavsen, P. Klaboe, and R. 5t,-Dlevik, J. Mol. 5truct., 50, 

285 (1978). 
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225-5 (13+) 

2225-S( 9+) 
522-4 01-) 

522-5 (10+) 

222-5 ( 7-) 
222-5 (l1-) 

2225-T( 12+) 
522-0 (12-) 
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1186 SHIMANOUCHI ET AL. 

No. 135 
Molecule: 522225-TTT CICH2CH2CH2CH2CI (trans-trans-trans form) 

Symmetry C2h Symmetry number 0' = 2 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I cm em 

al! 1444* 1461 222-2 (41+) 222-2 (41+) 
1434· 1427 225-2 (38t) 522-2 (30t) 
1363 1357 222-5 (39-) 222-5 (39+) 2222-S(14+) 
1272* 1279 225-5 (40+) 522-5 (40-) 
1067 1069 5222-S(23-) 2225-S(23-) 2222-S(I4-) 222-D (11+) 
1043 1047 2222-S(66-) 5222-S ( ll+ ) 2225-S (11 + ) 

743 739 0522-S(41-) 2250-S(41-) 
340 345 222-D (30-) 222-D (30-) 522-D (12+) 225-D (12+) 
230 214 225-D (34+) 522-D (34+) 2222-S(10+) 

a" 1291* 1290 522-6 (20-) 225-6 (20-) 222-6 (20+) 222-6 (20t) 
1113 1118 522-6 (28+) 225-6 (28+ ) 222-6 (21+) 222-6 (21+) 
888 888 522-4 (32-) 225-4 (32+) 222-6 (16+ ) 222-6 (16t) 
730 738 222-4 (37+) 222-4 (37-) 225-4 (10-) 522-4 (lOt) 

129 2222-T(79+) 
61 5222-T(34+) 2225-T(34+) 2222-T(12-) 

L~ 1305 1305 222-6 (37+) 222-6 (37-) 
1241 1240 225-6 (30-) 522-6 (30+) 222-4 (11-) 222-4 (11-) 
1052* 1054 522-4 (17+) 225-4 (17+) 222-4 (16+) 222-4 (16+) 
768 771 225-4 (29-) 522-4 (29-) ~22-4 (18+) 222-4 (18+) 

164 2225-T(46+) 5222-T(46-) 
bu 1458* 1476 222-2 (49-) 222-2 (49+) 

1433 1432 522-2 (45+) 225-2 (45-) 
1323* 1324 522-5 (33-) 225-5 (33-) 222-5 (16+) 222-5 (16+) 
1193* 1207 222-5 (36+) 222-5 (36+) 225-5 (18+) 522-5 (18+) 
1022 1012 2225-S(45+) 5222-S(45-) 
724 723 2250-S(41-) 0522-5(41+) 
414 428 522-D (22-) 225-D (22+). 222-D (10-) 222-D (10+) 

105 222-D (43+) 222-D (43-) 225-D (22-) 522-D (22+) 

Calculated frequencies higher than 2000 cm-1 

3005 3005 2956 2956 2909 2900 2873 2866 
* Not used in the force constant determination. 

Reference 
[1] IR.R. H. Matsuura, S. Imazeki, Y. Ogawa, M. Sakakibara, I. Harada, 

and T. 5himanouchi, Bull. Chern. Soc. Jpn., 52, 2512 (1979). 

J. PhYI. Chem. Ref. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRATIONAL TABLES 1187 

No. 136 
Molecule: 522225-TTG C)CH2CH2CH2CHzCJ (trans-trans-gauche form) 

Symmetry C} Symmetry number (T = 1 

Sym. Observed Calculated Assignment 
:;p~ci~:; fr~lju~Ilcy freljuency (P.E.D.%) 

-I -I em em 

a 1480 222-2 (59+ ) 222-2 (32-) 
1458* 1462 222-2 (61+) 222-2 (24+) 
1444* 1439 225-2 (70+) 522-2 ( 6+) 
1434~ 1429 522-2 (78-) 
1370 1368 222-5 (45-) 222-5 (27+) 2222-S(13+) 
1323* 1325 522-5 (39-) 222-5 (24+) 225-5 (22+) 
1305 1309 222-6 (31-) 225-5 (20+) 222-6 (14+) 225-6 ( 7-) 
1291 1298 222-6 (42+) 225-5 (16-) 522-6 (14-) 
1266 1266 522-6 (22+) 222-6 (18-) 522-5 (16-) 225-5 02-) 
1250 1246 222-5 (25+) 522-5 (22+) 225-6 (16+) 522-6 03+ ) 
1190 1184 225-6 (39+) 222-5 (21-) 222-5 (15-) 
1126 1127 222-6 (28+) 522-6 (27+) 222-6 (21+) 225-6 (12-) 
1067 1073 2225-5(28+) 2222-5(28-) 522-6 ( 8+) 522-4 ( 6+) 
1052* 1058 5222-5(31-) 225-4 (15+) 2222-5(13-) 225-6 (10-) 
1043 1036 5222-S(27-) 222-4 (12+) 222-4 (11+) 522-4 (11+ ) 
974 988 2225-5(39+) 5222-5(18-) 2222-5( 8+) 522-4 ( 5-) 
885 872 225-4 (34+) 522-4 (18+) 222-4 (12-) 222-6 00-) 
822 823 225-4 (28+) 222-4 (24+) '522-4 (23-) 
740 747 222-4 (54+) 522-4 (25-) 222-4 (10-) . 
730 729 0522-5(81+) 
652* 655 2250-5(91-) 
452 456 222-D (43+) 225-D (24-) 522-D (12-) 
340 339 522-D (33-) 222-D (16-) 0522-S ( 11- ) 222-D ( 8t) 
274 279 225-D (41+) 2225-T (14- ) 222-D (12+) 2225-S( 9+) 
175 181 222-D (32+) 522-D (30-) 2225-T(29+) 
135 127 5222-T(49+) 222-D (15-) 522-D (11-) 222-D (11+) 

95 2222-T(71+) 2225-T (14+ ) 
62 2225-T(30+) 5222-T(l9+ ) 222-D (11+) 2222-T(10-) 

Calculated frequencies higher than 2000 em -I 

3005 3005 2956 2956 2909 2901 2873 2866 
* Not used in the force constant determination. 

Reference 

[1] IR.R. H. Matsuura, S. Imazeki, Y. Ogawa, M. Sakakibara, I. Harada, 
and T. Shimanouchi, Bull. Chern. 50c. Jpn., 52, 2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1188 SHIMANOUCHI ET AL. 

No. 137 
Molecule: 522225-TGG CICH2CH2CH2CH2CI (trans-gauche-gauche form) 

Symmetry C1 Symmetry number CT = I 

5ym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

cm- I -I cm 

a 1486 222-2 (53+) 222-2 (34+) 
1458* 1463 222-2 (57+) 222-2 (29-) 
1444* 1438 225-2 (69+) 222-2 (12-) 
1434* 1431 522-2 (87+) 
1370 1364 222-5 (51+) 222-5 (13+) 225-5 (12+) 225-2 (10-) 
1349 1345 222-5 (46-) 522-5 (26+) 5222-5(11+) 2222-5(11-) 
1311 1307 225-5 (54+) 222-6 (14-) 2225-5(10-) 
1288 1291 222-6 (40+) 522-6 (22-) 522-5 (10+) 
1266 1273 522-5 (47+) 522-6 (12+) 222-5 (11+) 222-6 ( 9+) 
1241* 1240 225-6 (24+) 225-5 (13+) 222-6 (1 It ) 522-5 (11-) 
1161 1157 225-6 (47+) 222-6 (22-) 222-5 (14+) 
1142 1142 522-6 (37-) 222-6 (31-) 222-6 (12+) 
1083* 1094 2222-5(43+) 2225-5(32-) 
1055 1053 5222-5(35-) 225-4 (12-) 225-6 ( 8+) 222-4 ( 8+) 
1024 1027 222-4 (23-) 522-4 (21-) 222-4 ( 9+) 5222-5( 8-) 
925 932 225-4 (32+) 5222-S(29-) 222-4 (11-) 
888 891 2225-5(38-) 2222-5(17-) 522-4 (13+) 222-4 ( 8+) 
822 825 225-4 (+5+) 222-4 (20+) 522-4 (19+) 2222-5(13+) 
748'" 754 222-4 (38-) 522-4 (28+) 0522-5 ( 11 + ) 
730 728 0522-S(65-) 222-D ( 9+) 
652'" 654 2250-5(86+) 
467 464 222-D (49-) 225-D (14+ ) 222-D (11+) 
347 357 225-D (33+) 222-D (20-) 0522-5 ( 9-) 2225-T( 8-) 
274 273 522-D (63+) 2225-T(11-) 222-D (10+) 

198 225-D (31+) 222-D (28+) 222-D (19+) 522-D (12-) 
135'" 137 2225-T(32-) 222-D (19+) 2222-T(17+ ) 222-4 (11-) 

96 5222-T(51+) 2222-T(39+) 
46 2225-T(38-) 2222-T(23-) 5222-T(17+ ) 

Calculated frequencies higher than 2000 cm -I 

3005 3005 2956 2956 2907 2903 2871 2868 
'" Not used in the force constant determination. 

Reference 
[1] IR.R. H. Matsuura, 5. Imazeki, Y. Ogawa, M. 5akakibara, I. Harada, 

and T. Shimanouchi, Bull. Chern. Soc. Jpn., 52, 2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRATIONAL TABLES '1)9 

No. 138 
Molecule: 522225-GTG CICH2CH2CH2CH2CI (gauche-traos-gauche form) 

Symmetry C2 Symmetry number u = 2 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I cm cm 

a 1458* 1464 222-2 (41+) 222-2 (41+) 
1434* 1439 522-2 (33+) 225-2 (33+) 222-2 ( 6-) 
1383 1375 222-5 (34+) 222-5 (34-) 2222-S(12+ ) 
1316* 1308 522-5 (29+) 225-5 (29-) 222-6 ( 9+) 222-6 ( 9+) 
1220 1230 522-6 (23+) 225-6 (23+) 522-5 ( 9-) 225-5 ( 9+) 
1133 1140 222-6 (28-) 222-6 (28-) 522-6 (10+) 225-6 (10+) 
1067 1067 2222-S(34+) 2225-S(14-) 5222-S(14-) 522-6 ( 4+) 
1024 1033 225-4 (16-) 522-4 (16+) 2225-S (11 t) 5222-S (11 + ) 
821 828 222-4 (16+) 222-4 (16-) 2222-S(16-) 225-4 (12-) 
768 771 222-4 (20+) 222-4 (20-) 2222-S(20+) 225-4 (12+) 
652* 653 2250-S(44-) 0522-S(44-) 
505 504 222-D (22-) 222-D (22-) 522-D (13+) 225-D (13+) 
256* 258 225-D (22-) 522-D (22-) 2222-T(14-) 222-D ( 8-) 

87 5222-T(35+) 2225-T(35+} 222-4 ( 7+) 
46 2222-T(74+) 

b 1482 222-2 (44+) 222-2 (44-) 
1434* 1437 225-2 (39-) 522-2 (39+) 
1323* 1330 522-5 (27+) 225-5 (27+) 222-5 (15+) 222-5 (15+) 
1311 1307 222-6 (27+) 222-6 (27-) 222-5 ( 6+) 222-5 ( 6+) 
1266 1268 522-5 (12+) 225-5 (12+) 222-5 (12-) 222-5 (12-) 
1161 1164 225-6 (33-) 522-6 (33+) 222-5 (12+) 222-5 (12+) 
1055 1053 5222-S(21-) 2225-S(21+) 222-4 (15+ ) 222-4 (15+) 
985 984 5222-S(20-) 2225-S(20+) 222-4 (11-) 222-4 (11-) 
870 864 522-4 (35+) 225-4 (35+) 222-5 ( 7-) 
652* 657 0522-S(48+) 2250-S(48-) 
347 344 522-0 (35-) 225-0 (35+) 222-D (11-) 222-D (11+) 
256* 261 222-0 (31+) 222-D (31-) 5222-T (19- ) 2225-T(19+) 

121 2225-T(27-) 5222-T(27+) 222-0 (14+) 222-0 (14-) 

Calculated frequencies higher than 2000 cm -J 

3005 3005 2956 2956 2909 2901 2873 2865 
* Not used in the force constant determination. 

Reference 
[I] IR.R. H. Matsuura, S. Imazeki, Y. Ogawa, M. Sakakibara, I. Harada, 

and T. Shimanouchi, Bull. Chern. Soc. Jpn., 52, 2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1190 SHIMANOUCHI ET AL. 

No. 139 
Molecule: 522225-GTG' CICH2CH2CH2CH2CI (gauche-trans-gauche' form) 

Symmetry Cj Symmetry number u = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

em J cm- 1 

ag 1444 1464 222-2 (41+) 222-2 (41+ ) 
1434 1439 225-2 (33+) 522-2 (33+) 222-2 ( 6-) 
1383 1376 222-5 (33+) 222-5 (33-) 2222-S(12+) 
1316 1312 222-6 (20-) 222-6 (20+) 522-5 (18-) 225-5 (18+) 
1272 1281 225-5 (19-) 522-5 (19+) 222-6 (17-) 222-6 (17+) 
1220 1215 522-6 (33-) 225-6 (33+) 222-5 ( 4+) 222-5 ( 4-) 
1083 1089 2222-S(28-) 5222-S(20+) 2225-S(20+) 222-4 ( 5-) 
1052 1046 2222-S(21+) 522-4 (17+) 225-4 (17+) 522-6 ( 9+) 
974 984 222-4 (20+) 222-4 (20+) 2225-S( 9+) 5222-S( 9+) 
803 795 2222-S(35-) 522-4 (24+) 225-4 (24+) 
652 652 2250-S(49+) 0522-S(49+) 
494 495 222-D (24-) 222-D (24-) 225-D (11+ ) 522-D (11+ ) 
256 261 5222-T(22-) 2225-T(22+) 522-D (19+) 225-D (19+) 

III 5222-T(25+) 2225-T(25-) 225-D (15+) 522-D (15+) 
au 1482 222-2 (44+) 222-2 (44-) 

1443 1437 522-2. (39-) 225-2 (39+) 
1323 1330 522-5 (27+) 225-5 (27+) 222-5 (15+) 222-5 (15+) 
1291 1296 222-5 (16-) 222-5 (16-) 225-6 (12+) 522-6 (12+) 
1193 1181 222-5 (15+ ) 222-5 (15+) 225-6 (13+) 522-6 (13+) 
1127 1128 222-6 (24-) 222-6 (24-) 522-6 (22+) 225-6 (22+) 
1008 1012 2225-S(39-) 5222-S(39+) 
897 897 522-4 (36+) 225-4 (36-) 
777 785 222-4 (32-) 222-4 (32+) 0522-S( 6-) 2250-S( 6+) 
652 656 0522-S(43+) 2250-S(43-) 
368 369 522-D (35-) 225-D (35+) 222-D ( 8-) 
247 249 222-D (40-) 222-D (40+) 

77 2225-T(21-) 5222-T(21-) 2222-T(18+) 222-4 ( 8-) 
51 2222-T(61+) 2225-T(15+ ) 5222-T(15+) 

Calculated frequencies higher than 2000 em -I 

3005 3005 2956 2956 2909 2901 2873 2865 
Reference 
[1] IR.R. H. Matsuura, S. Imazeki, Y. Ogawa, M. Sakakibara, I. Harada, 

and T. Shimanouchi, Bull. Chern. Soc. Jpn., 52, 2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRATIONAL TA.LES 1191 

No. 140 
Molecule: 522225-GGG CICH2CH2~H2CH2CI (gauche-gauche-gauche form) 

Symmetry C2 Symmetry number u = 2 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-) -I em cm 

a 1489 222-2 (42+) 222-2 (42+) 
1444* 1438 225-2 (38+) 522-2 (38+) 
1349 1352 222-5 (26+) 222-5 (26-) 2222-S(13-) 225-5 ( 8+) 
1305 1303 225-5 (27-) 522-5 (27+) 222-5 ( 6+) 222-5 ( 6-) 
1266 1269 222-6 (24+) 222-6 (24+) 225-5 (10+) 522-5 (10-) 
1161 1153 522-6 (24+) 225-6 (24+) 222-5 (10-) 222-5 (10+) 
1113 1104 2222-S(37+) 2225-S(16-) 5222-S(16-) 225-6 ( 9+) 
985 984 222-4 (27-) 222-4 (27+) 225-5 ( 6-) 522-5 ( 6+) 
909 923 522-4 (24-) 225-4 (24+) 2225-S(13-) 5222-S(13-) 
797 798 2222-S(42+) 225-4 (17+) 522-4 (17-) 
652* 660 0522-S(48+) 2250-S(48+) 
393 400 522-D (20-) 225-0 (20-) 222-0 (14+) 222-D (l4+) 

204 222-D (24+) 222-0 (24+) 2225-T(15-) 5222-T(15-) 
135 138 225-D (22+) 522-D (22+) 2225-T(14+ ) 5222-T( 14+) 

41 2222-T(64-) 5222-T (14- ) 2225-T (14-) 
b 1458* 1466 222-2 (40-) 222-2 (40+) 

1433* 1437 522-2 (33-) 225-2 (33+) 222-2 ( 9+) 
1370 1369 222-5 (32+) 222-5 (32+) 522-5 ( 7+) 
1311 1309 522-5 (27+) 225-5 (27+) 222-6 (12+ ) 222-6 (12-) 
1221* 1209 225-6 (33+) 522-6 (33-) 225-5 ( 6+) 
1142 1149 222-6 (34+) 222-6 (34-) 225-5 ( 9+) 
1055 1056 5222-S(15+) 2225-S(15-) 522-4 (l1+ ) 225-4 (l1+) 
939 933 5222-S(20+) 2225-S(20-) 225-4 (17-) 522-4 (17-) 
777* 783 222-4 (25+) 222-4 (25+) 522-4 (l1+) 225-4 (11+) 
652* 649 2250-S(41-) 0522-S(41+) 
494 487 222-0 (35+) 222-0 (35-) 522-0 ( 8-) 

301 225-D (35+) 522-0 (35-) 222-D ( 6-) 
75 2225-T(37-) 5222-T(37+) 

Calculated frequencies higher than 2000 em -I 

3005 3005 2956 2956 2907 2903 2871 2867 
* Not used in the force constant determination. 

Reference 
[1] IR.R. H. Matsuura, S. Imazeki, Y. Ogawa, M. Sakakibara, I. Harada, 

and T. Shimanouchi, Bull. Chern. Soc. lpn., 52,2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1192 SHIMANOUCHI ET ALI 

No. 141 
Molecule: 1226-T CH3CH2CH2Br (trans form) 

Symmetry number u = I Symmetry C. 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I cm cm 

a I 1464 1478 122-2 (55+) 012-4 (28+) 
1458 1452 012-4 (56+) 122-2 (37-) 
1435 1430 226-2 (91+) 
1368(8) 1379 012-2 (l05+ ) 
1330 1329 122-5 (79+) 1226-S(13+) 226-5 
1228 1227 226-5 (90+) 
1099 1092 012-5 (28+) 1226-S(26-) 122-5 
1025 1029 0122-S(80-) 1226-S(2lt ) 

897 892 1220-5(40-) 012-5 (39-) 

(11-) 

(14+) 

648 644 2260-S(77-) 122-D (18+) 226-D (14+) 
311 313 122-D (49+) 2260-S(31+) 
224 221 226-D (83+) 122-D (26-) 

a /I 1458 1463 012-7 (81 ... ) 012-8 (14+) 
1290 1289 122-6 (63-) 226-6 (15+) 
1213 1220 226-6 (37+) 012-8 (18-) 122-4 (18+) 
1041 1039 220-0 (45+) 012-8 (19+) 122-6 (16+) 
850 849 226-4 (46+) 012-8 (38+) 122-6 (19+) 
740 739 122-4 (56+) 226-4 (31-) 012-8 (11+) 
232(8} 227 0122-T(96+) 
133 122 1226-T(87+} 

Calculated frequencies higher than 2000 cm- I 

3003 2962 2962 2956 2905 2880 2868 
References 
[1] JR. K. Radcliffe and J. L. Wood, Trans. Faraday Soc., 62, 1678 (1966). 
[2] IR.R. Y. Ogawa, S. Imazeki, H. Yamaguchi, H. Matsuura, I. Harada, and 

T. Shimanouchi, Bull. Chern. Soc. Jpn., 51, 748 (1978). 

J. Phys. Chem. Ref. Dala, Vol. 9, No.4, 1980 

012-4 ( 9-) 

226-4 (13-) 

1226-T(10-) 



No. 142 
Molecule: 1226-G 

Symmetry C1 

MOLECULAR VIBRATIONAL TABLIlS 

CHaCH2CH2Br (gauche form) 
Symmetry number u = 1 

Syrn. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

cm -I cm- I 

a 1464* 1479 122-2 (68+) 012-4 (18+) 
1458* 1463 012-7 (80+) 012-8 (14+) 
1458* 1457 012-4 (61-) 122-2 (16+) 226-2 (l1+) 
1435* 1435 226-2 (77+) 
1382 1379 012-2 (105+) 
1343 1347 122-5 (72+) 
1283 1291 122-6 (52-) 226-5 (25+) 
1233 1235 226-5 (55+) 122-6 (l1+ ) 012-8 01-) 
1200 1194 226-6 (46+) 0"12-5 (12+) 226-5 ( 7+) 
1082 1080 1226-S(25+) 0122-S(25-) 122-6 (10-) 
1065 1055 012-5 (31+) 122-5 (12+) 226-6 (10-) 
1032 1025 0122-S(31-) 226-6 (23-) 122-6 (11+) 
888 878 1226-S(34+) 012-5 (28+) 0122-S(12+) 
840 842 226-4 (43-) 0122-S(22-) 012-8 (12+) 
778 781 122-4 (44+) 012-8 (26+) 226-4 (19+) 
563 562 2260-S(97-) 226-D (14+) 
402 398 122-D (70-) 226-D (16+) 
274 276 0122-T(34J) 226-D (31+) 1226-T(I6-) 
205 191 0122-T(61+) 226-D (28-) 
115(g) 109 1226-T(68+) 226-D (15+ ) 

Calculated frequencies higher than 2000 cm- I 

3004 2962 2962 2956 2905 2880 2868 
* Not used in the force constant determination. 

References 
[1] IR. 
[2] IR.R. 

K. Radcliffe and J. L. Wood, Trans. Faraday Soc., 62, 1678 (1966). 
Y. Ogawa, S. Irnazeki, H. Yamaguchi, H. Matsuura, I. Harada, and 

T. Shirnanouchi, Bull. Chern. Soc. Jpn., 51, 748 (1978). 

1193 

1226-S( 7-) 
122-4 (10+) 
012-4 ( 8-) 
012-8 ( 9+) 

122-D (11+) 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1194 

No. 143 
Molecule: 12"26-T 

Symmetry C1 

SHIMANOUCHI ET AL. 

CH3CHDCH2Br (trans form) 
Symmetry number (T = 1 

Sym. Observed Calculated Assignment 
I5pecie~ frequency frequency (P.E.D. %) 

em-I em 
-I 

a 1459 1462 012-4 (68+) 012-7 (l2+) 012-5 (11+) 
1459 1461 012-7 (70-) 012-4 (12+) 012-8 (11-) 
1437 1432 226-2 (91+) 
1379 1380 012-2 (104+) 
1319(8) 1323 122-2 (40+) 122-5 (25-) 122-6 (11-) 
1295 1306 122-2 (39+) 122-5 (24+) 122-6 (13+) 
1230 1229 226-5 (92+) 
1191 1195 226-6 (56+) 122-2 (10+) 1 226-S( 7+) 
1143 1148 012-8 (23-) 122-6 (16+) 012-5 (15+) 

1064 1068 0122-S(23-) 226-6 (16+) 012-5 (15+) 
1017 1022 0122-S(47-) 012-8 (13-) 1226-S(12+) 
948 938 226-4 (32-) 1226-S(19+) 122-5 (12-) 
886 883 012-5 (31-) 1226-S(30-) 0122-S(10-) 
780 779 122-6 (44-) 226-4 (28-) 012-8 (20-) 
659 657 122-4 (68-) 226-4 (17+) 012-8 (11-) 
641 641 2260-S(76+) 122-D (18-) 226-D (13-) 
310(8) 311 . 122-D (50+) 2260-S(30+) 

225 0122-T(96-) 
216 226-D (83+) 122-D (25-) 
119 1226-T(88+) 

Calculated frequencies higher than 2000 em -I 

3003 2962 2962 2956 2887 2879 2140 
Reference 
[1] JR. M. Hayashi, K. Ohno, and H. Murata, Bull. Chern. Soc. Jpn., 46, 

2332 (1973). 

J. Phys. Chem. Ref. Data, Val. 9, Na. 4, 1980 

1226-5(14-) 

122-5 (14+) 
226-6 (11-) 
122-6 ( 8+) 
122-5 (10-) 
122-5 (13+) 



MOLECULAR VIBRATIONAL TABLES 

No. 144 
Molecule: 12"26-G CHaCHDCH2Br (gauche form)8 

Symmetry C} Symmetry number u = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I cm em 

a 1459* 1462 012-7 (43+) 012-4 (39+) 
1459* 1461 012-4 (43+) 012-7 (39-) 
1437'" 1437 226-2 (93+) 
1379'" 1381 012-2 (103+) 

1346 122-5 (33+) 122 .... 2 (23-) 0122-S(12-) 
1295* 1299 122-2 (55+) 122-5 (17+) 
1235 1239 226-5 (88+) 
1191'" 1194 226-6 (46+) 012-5 (10+) 012-8 ( 8+) 
1143* 1150 1226-S(20-) 122-6 (19+) 012-8 (18-) 
1064* 1059 012-8 (23-) 1226-S(21+) 0122-S(12-) 
1036 1038 226-6 (30+) 0122-S(26+) 012-5 (23-) 
886· 877 012-5 (27-) 1226-S(21-) 0122-S(16-) 
862 863 122-6 (40-) 122-5 (10+) 1226-S(10-) 
830 829 226-4 (49-) 0122-S(21-) 1226-S(13-) 
703 701 122-4 (47+) 012-8 (23+) 122-6 (10+) 
535 539 2260-S(87-) 122-4 (13+) 226-0 (11+) 

395 122-D (71-) 226-D (15+) 
266 0122-T(39+) 226-0 (31+) 1226-T(15-) 
190 0122-T(56-) 226-0 (32+) 
108 1226-T(70+) 226-0 (13+) 

a The CH2Br group and the deuterium of the CHD group are in the trans 
conformation. 

Calculated frequencies higher than 2000 cm- I 

3004 2962 2962 2956 2888 2879 2138 
'" Not used in the force constant determination. 

Reference 
[1] IR. M. Hayashi, K. Ohno, and H. Murata, Bull. Chern. Soc. lpn., 46, 

2332 (1973). 

119S 

122-6 (11+) 

1226-S( 5-) 
012-5 (14+) 
226-6 ( 9+) 
226-4 (12-) 
122-5 (13-) 
226-4 ( 8+) 
122-5 (11+ ) 

J. Phys. Chem. R.f. Data, Vol. 9, No.4, 1980 



1196 

No. 145 
Molecule: 12//26-G' 

Symmetry C1 

SHIMANOUCHI ET AL. 

CH3CHDCH2Br (gauche' form)8 
Symmetry number U' = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (p.E.D. %) 

em-I ern-I 

a 1459* 1462 012-7 (62+) 012-4 (19+) 012-8 (10+) 
1IJ..59 * 11·61 012 1· (61. ) 012 7 (20+) 
1437* 1439 226-2 (90+) 
1379* 1381 012-2 004+ ) 

1336 122-2 (30-) 122-5 (30+) 0122-5(12-) 
1308 1311 122-2 (41+) 226-5 (21+) 122-5 (16+) 
1230* 1221 226-5 (72+) 1226-5(18-) 
1210 1202 226-6 (53+) 0122-5(12+ ) 122-6 (l0+ ) 
1143* 1147 012~8 (22~) 012~5 (15+) 226~6 (13~) 

1053 1053 012-5 (29+) 0122-5(12-) 226-6 (11+) 
1017* 1016 0122-5(29-) 012-8 (19-) 1226-5(18+) 
948* 941 226-4 (31-) 12~-6 (19-) 1226-5(11-) 
858 . 858 1226-5(36-) 0122-5(33-) 012-5 (16-) 
780* 783 226-4 (42+) 122-5 (33+) 122-6 (20-) 
718 722 122-4 (49+) 012-8 (28+) 122-6 (l1+ ) 
546 551 2260~S(95+) 122~1· (11+) 

390 122-D (74+) 226-D (13-) 
263 0122-T(43-) 226-D (30+) 1226-T(14+) 
188 0122-T(52-) 226-D (34-) 
108 1226-T(70-) 226-D (13+) 

a The CH2Br group and the protium of the CHD group are in the trans 
conformation _ 

Calculated frequencies higher than 2000 cm- I 

3003 2962 2962 2956 2887 2879 2141 
* Not used in the force constant determination. 

Reference 
[1] JR. M. Hayashi, K. Ohno, and H. Murata, Bull. Chern. Soc. Jpn., 46, 

2332 (1973). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 

1226-5(11-) 
012-8 (10+) 
226-6 (10+) 
122-4 ( 6+) 

012-5 (l0+) 



No. 146 
Moleeule: 122"6-T 

Symmetry C1 

MOLECULAR VIBRATIONAL TA.BLES 

CHaCH2CHDBr (trans form) 
Symmetry number 0" = 1 

Sym~ Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

cm~l crn~l 

a 1461 1476 122-2 (57+) 012-4 (30+) 
1455 1463 012-7 (81+) 012-8 (14+) 
1455 1452 012-4 (55+) l22-2 (38-) 
1381 1380 012-2 (l05·t) 
1341 1326 122-5 (78+) 1226-S(14+ ) 
1296 1298 226-2 (57+) 122-6 (19+) 
1260 1268 122-6 (46-) 226-2 (25+) 
1200· 1220 226-5 (35+) 226-6 (26+) 122-4 ( 9+) 
1118 1106 226-5 (32-) 122-4 (19+) 012-8 (18-) 

1085 012-5 (31+) 1226-5(16-) 122-5 (13+) 
1020 1022 0122-8(72-) 1226-5 ( UJ+) 
908 914 1226-8(26-) 226-6 (25-) 012-5 (17-) 
843 845 012-5 (19-) 226-6 (19+) 226-5 (16-) 
801 801 122-4 (30-) 012-8 (27-) ,226-4 (22-) 
671 671 226-4 (56-) 122-4 (291) 
616 611 2260-5(65-) 122-D (15+) 226-D (13+) 
311(s) 313 122-D (48+) 2260-5(31+) 

225 0122-T(92+> 
217 226-D (80+) 122-D (26-) 
120 1226-T(88+) 

Calculated frequencies higher than 2000 em-) 
2981 2962 2962 2905 2880 2868 2200 

* Not used in the foree constant determination. 
Reference 
[1] JR. M. Hayashi, K. Ohno, and H. Murata, BulL Chern. Soc. Jpn., 46, 

2332 (1973). 

1197 

012-8 ( 9-) 
122-6 (11-) 
0122-S(11-) 

012-8 (11-) 
1226-8(15-) 
226-6 (14+) 

J. Phy •• Chern. Ref. DatCl, Vol. 9, No.4, 1980 



1198 

No. 147 
Molecule: 122"6-G 

Symmetry C1 

SHIMANOUCHI ET AL. 

CHgCH2 CHDBr (gauche formt 
Symmetry number (T = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I cm cm 

a 1461* 1478 122-2 (66+) 012-4 (22+) 
1455* 1463 012-7 (81+) 012-8 (14+) 
1455* 1454 012-4 (63+) 122-2 (26-) 
1381* 1380 012-2 (105+) 
1341* 1347 122-5 (75+) 
1296* 1305 226-2 (61+) 122-6 (20-) 
1260* 1259 122-6 (48+ ) 226-2 (19+) 012-8 (10-) 
1200* 1206 226-5 (55+) 226-6 (22+) 1226-S(10-) 
1118* 1116 122-4 (23+) 012-8 (22-) 122-6 (11-) 
1068 1067 0122-S(47-) 1226-S(23+} 226-5 ( 7-) 

1046 012-5 (36+) 122-5 (19+) 1226-S(12-) 
886 880 0122-S(35+) 1226-S(25+) 226-6 (23+) 
843* 841 012-8 (28-) 226-6 (17+) 1226-S(13-) 
778 779 122-4 (34+) 226-5 (17-) 012-8 (16+) 
745 742 226-4 (56+) 012-5 ( 9-) 122-4 (,9+ ) 
545 540 2260-S(93-) 226-D (12+) 

379 122-D (63-) 226-D (21+) 226-4 (11+) 
271 0122-T(34-) 226-D (27-) 1226-T(l6+ ) 
191 0122-T(59+) 226-D (29-) 
107 1226-T(69+) 226-D (14+ ) 

a The CH2CH3 group and the protium of the CHD group are in the trans 
conformation. 

Calculated frequencies higher than 2000 cm-1 

2981 2962 2962 2905 2880 2868 2201 
* Not used in the force constant determination. 

Reference 
[1] IR. M. Hayashi, K. Ohno, and H. Murata, Bull. Chern. Soc. Jpn., 46, 

2332 (1973). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 

226-6 ( 9-) 

012-4 ( 9-) 

122-6 (12-) 
226-6 (15+) 

122-D (15-) 



MOLECULAR VIBRATIONAL TABlES 

No. 148 
Molecule: 122"6-G' CHaCH2CHDBr (gauche' formt 

Symmetry C} Symmetry number u = 1 

5ym. Observed Calculated Assignment 
species frequency frequency (p.E.D. %) 

cm- I cm -I 

a 1461* 1478 122-2 (65+) 012-4 (23+) 
1455* 1463 012-7 (81+) 012-8 (14+) 
1455* 1454 012-4 (62-) 122-2 (29+) 
1381* 1380 012-2 (105+) 
1341* 1349 122-5 (61+) 226-2 (18+ ) 1226-5(12+) 
1289 1295 122-6 (52+) 226-5 (10+) 226-6 ( 7+) 
1272 1269 226-2 (60+) 122-5 (18-) 226-5 (10-) 
1200* 1219 226-5 (26-) 012-8 (16-) 226-6 (16-) 
1118* 1114 012-5 (29-) 1226-5(28+) 226-5 (15-) 
1068 1072 0122-8(31-) 122-6 (14+) 122-4 (12-) 
1027 1025 0122-8(39-) 122-6 (12-) 012-8 (12-) 
912 910 012-5 '( 34+ ) 1226-5(26+) 226-6 (25+) 
820* 839 012-8 (29+) 122-4 (20+) 226-6 (15+ ) 
778 775 122-4 (23-) 226-6 (18+) 226-5 (17-) 
710 704 226-4 (62-) 122-4 (10-) 
550 548 2260-8(94-) 226-D (15+) 

389 122-D (64-) 226-D (18+) 
270 0122-T(35+) 226-D (28-) 1226-T(16-) 
190 0122-T(58+) 226-D (30+) 
108 1226-T(69-) 226-D (14+) 

• The CH2CH3 group and the deuterium of the CRD group are in the trans 
conformation. 

Calculated frequencies higher than 2000 cm- I 

2981 2962 2962 2905 2880 2868 2201 
* Not used in the force constant determination. 

Reference 
[lJ JR. M. Hayashi, K. Ohno, and H. Murata, Bull. Chern. Soc. lpn., 46, 

2332 (1973). 

1199 

226-2 ( 7+) 

122-4 (13+) 

012-8 (12+) 
1226-5(10+) 
122-:::; (11+ ) 
226-4 (10-) 
012-8 (15-) 

122-D (13-) 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1200 SHIMANOUCHI ET AL. 

No. 149 
Molecule: 12226-TT CH3CH2CH2CH2Br (trans-trans form) 

Symmetry C" Symmetry number u = I 

5ym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

cm-1 cm 1 

a f 1473 1483 122-2 (46-) 222-2 (27+) 012-4 (17-) 
1456 1461 222-2 (63+) 012-4 (18+) 
1448 1453 012-4 (50+) 122-2 (35-) 
1430 1429 226-2 (84-) 
1382 1379 012-2 (105+) 
1360 1355 122-5 (53+) 222-5 (36-) 1222-5(16+ ) 
1295 1292 222-5 (41+) 122-5 (27+) 226-5 (27-) 
1215 1214 226-5 (72+) 222-5 (19+) 
1l0~ 110f) 1 222-S(25-) 0l2-f) (23+) 122-5 (l0+) 122-D ( 9+) 
1057 1051 0122-5(35-) 1222-S(27+) 2226-5(25-) 
1013 1009 2226-5(49-) 0122-S(45+) 
893 898 012-5 (44-) 1222-S(32-) 122-5 (10-) 
643 642 2260-S(79-) 222-D (Ust) 22b-D (lOt) 
393 401 122-D (64-) 226-D (22+) 
279 279 222-D (35+) 2260-5(24+) 226-D (17+ ) 
143 144 226-D (54+) 222-D (35-) 122-D (26+) 

a II 1465 1463 012-7 (81+) 012-8 (14+ ) 
1305 1301 222-6 (44+) 122-6 (34-) 
1273 1272 122-6 (32+) 226-6 (23-) 222-6 (16t) 
1198 1204 226-6 (24+) 122-4 (19t) 012-8 (18-) 222-4 (12t) 
1048 1051 226-6 (44+) 222-6 (19+) 012-8 (10+) 122-6 (lOt) 
907 906 012-8 (31t) 226-4 (28t) 122-6 (23+) 222-4 (19+) 
777 777 22h-4. (4.1+) 122-4. (~~-) 0l2-R (19-) 
732 733 222-4 (42-) 122-4 (35t) 226-4 (12+) 
224* 232 0122-T(91-) 
115* 129 1222-T(64+) 2226-T(29t} 

101 2226-T(53+) 1222-T(27-) 222-4 (11+) 

Calculated frequencies higher than 2000 em-I 
~OO~ ?9h? ?96? ?C)56 ?90c) 9.900 ?RRO ?R7~ ?RhS 

* Not used in the force constant determination. 
Reference 
[1] IR.R. Y. Ogawa, S. Imazeki, H. Yamaguchi, H. Matsuura, I. Harada, and 

T. ~himanouchi, Hull. Chern. ~oc. Jpn., 51, 748 (1978). 

J. Phys. Chem. R.f. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRATIONAL TABLES 1201 

No. ISO 
Molecule: 12226-TG CH3CH2CH2CH2Br (trans-gauche form) 

Symmetry C] Symmetry number U' = I 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I crn cm 

a 1473* 1486 222-2 (38+) 122-2 (36-) 012-4 (12-) 
1465* 1464 222-2 (43+) 012-4 (24+) 122-2 (16+) 
1465* 1463 012-7 (80+) 012-8 (14+ ) 
1448* 1452 012-4 (48+ ) 122-2 (42-) 
1437 1434 226-2 (81+) 222-2 (12-) 
1382* 1380 012-2 (103+) 
1370 1365 222-5 (45-) 122-5 (36+) 1222-5(16+) 
1305* 1304 222-6 (33+) 122-6 (24-) 122-5 (12+) 226-6 ( 6+) 
1295* 1298 122-5 (34+) 222-5 (24+) 226-5 (12+) 122-6 ( 8+) 
1267 1272 226-5 (35+) 122-6 (32-) 222-6 ( 8-) 
1220 1219 226-5 (35+) 222-6 (15+) 012-8 (13-) 122-4 (12+) 
1186 1183 226-6 (38+) 222-5 ( 9-) 012-5 ( 8+) 226-5 ( 6+) 
1100 1099 1222-S(22-) 2~26-S(14+) 222-6 ( 9-) 012-5 ( 8+) 
1057* 1063 226-6 (29-) 0122-S(19-) 012-5 (16+ ) 2226-S( 8-) 
1048* 1045 0122-S(27+) 1222-S(18-) 222-6 (12+) 226-6 (11-) 
996 1003 2226-S(40+) 0122-S(38-) 
915 917 226-4 (31+) 012-5 (23-) 012-8 ( 9-) 122-6 ( 7-) 
868 873 222-4 (29+) 012-8 (25+) 122-6 (16+) 012-5 (11-) 
799 797 226-4 (43-) 1222-S(27-) 012-5 ( 7-) 
742 743 122-4 (58+) 222-4 (20-) 012-8 (15+) 
562 563 2260-S(98+) 226-D (15-) 
463 459 222-D (29-) 122-D (25-) 226-0 (lIt) 0122-S( 6-) 
279* 280 122-D (SOt) 226-0 (30+) 222-D (14-) 
267 257 222-D (26-) 0122-T(23-) 2226-T(23+) 226-D (13-) 
224 218 0122-T(67+) 226-D (12-) 

99 2226-T(52t) 1222-T(33t) 
80 1222-T(46+) 226-D (23-) 2226-T (13- ) 222-4 (12-) 

Calculated frequencies higher than 2000 em- I 

3004 2962 2962 2956 2909 2901 2880 2873 2865 
... Not used in the force constant determination. 

Reference 
[1] IR.R. Y. Ogawa, S. Imazcki, H. Yamaguchi, H. Ma~uura, 1. Harada, and 

T. Shimanouchi, Bull. Chern. Soc. lpn., 51, 748 (1978). 

J. Phy~. Chem. R.f. Data, Vol. 9, No.4, 1980 



1202 SHIMANOUCHI ET AL. 

No. 151 
Molecule: 12226-GT CHaCH2CH2 CH2Br (gauche-trans form) 

Symmetry C} Symmetry number cr = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I cm -I cm 

a 1473* 1483 122-2 (55+) 222-2 (27+) 
1465* 1469 222-2 (50-) 012-4 (24t) 
1465* 1463 012-7 (74+) 012-8 (13+) 
1448* 1452 012-4 (49-) 122-2 (30+) 222-2 (12-) 
1437* 1432 226-2 (93+) 
1382* 1380 012-2 (105+ ) 
1347 1348 122-5 (61+) 222-5 (19+ ) 
1340* 1331 222-5 (53-) 122-5 (13+) 1222-S(12+) 122-6 (l1+ ) 
1288* 1282 222-6 (45t) 226-6 (21-) 122-6 ( 4+) 226-4 ( 3-) 
1267* 1265 122-6 (50+) 012-8 ( 9-) 226-5 ( 9-), 012-7 ( 7+) 
1220* 1224 226-5 (78+) 
1186* 1186 226-6 (25-) 222-6 (14-) 012-5 (13-) 222-4 (11-) 
1100* 1093 2226-S(25+) 222-5 (15-) 012-8 (12-) 122-4 (11+ ) 
1080 1080 1222-S(35-) 0122-S(18+ ) 226-6 (13-) 122-5 ( 8+) 
1048* 1047 0122-S(32-) 226-6 (28-) 012-5 (l1+ ) 222-6 (11-) 
970* 964 2226-5(49+) 012-5 (14-) 012-8 (12+) 122-6 (12t) 
907* 913 226-4 (29+) 222-4 (21+) 012-5 (13-) 012-8 (10-) 
868* 880 0122-S(33+) 1222-S(31+) 012-5 (14+ ) 
777* 784 122-4 (40-) 012-8 (25-) 226-4 (18-) 
740* 746 222-4 (35-) 226-4 (32+) 122-4 (14-) 
643* 642 2260-S(72-) 222-D (16+) 226-D (13+) 
417 417 122-D (64+) 2260-S(15-) 222-D (13-) 
279* 281 0122-T(30-) 222-D (25-) 122-D (13-) 2260-5(12-) 
238 237 226-D (63-) 0122-T(18+ ) 

183 0122-T(47+) 222-D (25-) 226-D (23+) 
113 1222-T(77-) 
89 2226-T(78-) 

Calculated frequencies higher than 2000 cm- I 

3003 2962 2962 2956 2907 2903 2880 2870 2867 
* Not used in the force constant determination. 

Reference 
[1] IR.R. Y. Ogawa, S. Imazeki, H. Yamaguchi, H. Matsuura, I. Harada, and 

T. Shimanouchi, Bull. Chern. Soc. Jpn., 51, 748 (1978). 

J~ Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



MOL~CULAR VI8RATIONAL TA8US 

No. 152 
Molecule: 12226-GG CHaCH2CH2CH2Br (gauche-gauche form) 

Symmetry number u = 1 Symmetry C1 

Sym. 
species 

Observed Calculated 
frequency frequency 

Assignment 
(P.E.D. %) 

a 

cm- I ern-I 

1473* 
1465* 
1465* 
1448* 
1437* 
1382* 
1355 
1340 
1288 
1267* 
1215* 
1160 

1064 
1048* 
970 
915* 
868* 
799* 
740* 
562* 
448 
353 
224* 

1486 
1472 
1463 
1453 
1434 
1380 
1356 

.1341 
1286 
1266 
1218 
1158 
1116 
1073 
1039 
966 
912 
874 
800 
747 
567 
449 
355 
222 
206 
126 
57 

222-2 (44+) 122-2 (39+) 
222-2 (32-) 012-4 (27t) 
012-7 (78t) 012-8 (14t) 
012-4 (51+) 122-2 (30-) 
226-2 (80t) 222-2 (12-) 
012-2 (102+) 
222-5 (55t) 122-5 (20+) 
122-5 (54-) 1222-S(16-) 
222-6 (38-) 226-5 (25t) 
122-6 (52+) 226-5 (19+) 
226-5 (41t) 222-6 (14t) 
226-6 (43t) 012-5 (13-) 
1222-S(27t) 2226-S(17-) 
012-8 (20-) 122-4 (17+) 
0122-5(40-) 226-6 (20~) 
2226-S(38-) 012-5 (28t) 
226-4 (36t) 0122-S(34-) 
012-8 (25+) 222-4 (24-) 
1222-S(35t) 226-4 (20t) 
122-4 (48t) 226-4 (18,) 
2260-S(93-) 226-D (16t) 
222-D (42-) 122-D (35t) 
122-D (34t) 226-D (24-) 
0122-T(56+) 226-D (30+) 
0122-T(27-) 222-D (24~) 

1222-T(40t) 226-D (22-) 
2226-T(47t) 1222-T(40t) 

Calculated frequencies higher than 2000 cm-1 

122-2 (23+) 

222-5 (13+) 
226-6 (11-) 

122-4 (8-) 012-8 ( 8t) 
222-6 (10-) 0122-S( 6t) 
222-6 (9+) 122-5 ( 7-) 
222-5 (15-) 122-6 (14-) 
222-6 (12-) 1222-S(10+) 
122-5 (14t) 
222-4 (12-) 
122-6 (13t) 012-5 (11+) 
2226-S( 9+) 122-4 ( 7-) 
012-8 (17t) 222-4 (14t) 

1222-T(10-) 222-D (lOt) 

122-D (18t) 2226-T(13-) 
2226-T(19-) 222-4 (12-) 

3004 2Y62 2Y62 2956 2907 2903 2880 2870 2867 
* Not used in the force constant determination. 

Reference 
[1] IR.R. Y. Ogawa, S. Imazeki, H. Yamaguchi, H. Matsuura, I. Harada, and 

T. Shimanouchi, Bull. Chern. Soc. Jpn., 51, 748 (1978). 

1203 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1204 SHIMANOUCHI ET AL. 

No. 153 
Molecule: 122226-TTT CHgCH2CH2CH2CH2Br (trans":trans-trans form) 

Symmetry Ce Symmetry numher u = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

em- I em -I 

a 1474 1484 122-2 (39-) 222-2 (34+) 012-4 (15-) 
1465 1473 222-2 (63+) 122-2 (15-) 222-2 (14-) 
1454 1457 012-4 (44+) 222-2 (28+) 222-2 (13+ ) 
1437 1449 122-2 (40+) 012-4 (23-) 222-2 (14+ ) 222-2 (12+) 
1429 1429 226-2 (82+) 
1380 1380 012-2 (103+ ) 
1365 1365 222-5 (44-) 122-5 (29+) 222-5 (17+) 1222-S(15+ ) 
1337 1327 222-5 (46+) 122-5 (39-) 
1273 1268 222-5 (37+) 226-5 (34-) 122-5 (13+) 222-5 (11+) 
1210 1207 226-5 (59+) 222-5 (22+) 222-5 (1I+ ) 
n08 1112 012-5 (20+) 1222-S (16- ) 222-D (. 8+) 122-D ( 8+) 
1053 1059 2222-S(36-) 1222-S(28+) 0122-5(19-) 
1037 1038 2226-5(41+) 2222-S(21-) 0122-S(21+) 
999 1000 0122-S(37+) 2226-S(31-) 2222-S(15-) 
893 899 012-5 (40-) 1222-S(30-) 0122-S( 9-) 
641 642 2260-S(78-) 222-D (14+) 226-D (12+) 
437 446 122-D (33-) 222-D (24-) 226-D (15+) 
334 341 222-D (26-) 122-D (25+) 222-D (24-) 2260-S(16-) 
217 214 226-D (35+) 122-D (22+) 2260-5( 9+) 2222-S( 9+) 
115(8) 110 222-D (38+) 222-D (38-) 226-D (34-) 122-D (11+) 

a " 1459 1463 012-7 (81+) 012-8 (14+) 
1303 1304 222-6 (44+ ) 222-6 (22-) 122-6 (16-) 
1298 1292 222-6 (36+) 122-6 (33-) 226-6 ( 9-) 
1254 1254 226-6 (24+) 122-6 (19-) 222-6 (19-) 222-4 ( 9+) 
1188 ( s) 1195 122-4 (18-) 012-8 (16+ ) 226-6 (16-) 222-4 (14-) 
1053 1058 226-6 (43+) 222-6 (20+) 222-6 (13+) 

947 944 012-8 (23+) 122-6 (21+) 222-4 (19+) 226-4 (18+) 
828 825 226-4 (31+) 222-4 (26-) 012-8 (22-) 122-4 (12-) 
753(8) 751 222-4 (31-) 226-4 (30+) 122-4 (27+) 
729 729 222-4 (37--) 122--1· (29+) 222~1· (20+) 
244(8) 231 0122-T(92+) 

154 1222-T(47+) 2226-T(45-) 
119 2222-T(76+) 
62 2226-T(36+) 1222-T(35+) 2222-T(10-) 

Calculated frequencies higher than 2000 cm- I 

3003 2962 2962 2956 2911 2905 2899 2880 2875 2869 
2864 

Reference 
[1] IR.R. H. Matsuura, S. lmazeki, Y. Ogawa, M. Sak~kibara, 1. Harada, 

and T. Shimanouchi, Bull. Chern. Soc. Jpn., 52, 2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRATIONAL TABLES 1205 

No. 154 
Molecule: 122226-TTG CH3CH2CH2CH2CH2Br (trans-trans-gauche form) 

Symmetry C1 Symmetry number 0" = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I em em 

a. 1474 ·1484 222-2 (37+) 122-2 (31-) 012-4 (13-) 222-2 (10-) 
1465 1478 222-2 (59+) 122-2 (21-) 
1459 1463 012-7 (81+) 012-8 (14+) 
1454 1457 012-4 (47+) 222-2 (35+) 
1437 1449 122-2 (41+) 222-2 (22+) 012-4 (20-) 
1429 1434 226-2 (79+) 222-2 (13-) 
1380 1380 012-2 (101+) 
1373 1371 -222-5 (37-) 222-5 (30+) 122-5 (17+ ) 2222-S(14-) 
1337 1337 122-5 (47-) 222-5 (34+) 
1303 1305 222-6 (41+) 222-6 (24-) 122-6 (13-) 
1298 1292 122-6 (37+) 222-6 (25-) 226-5 (12+) 
1273 126H 222-!:> (!:>o-) 122-5 (16-) 226-5 (13-) 
1254 1258 226-5 (32+) 122-6 (17-) 222-6 (17-) 222-4 ( 7+) 
1210 1206 226-5 (22+) 122-4 (14+ ) 012-8 (13-) 222-6 (13+) 
1178 1177 226-6 (34+) 222-5 ( 8-) 012-5 ( 6+) 226-5 ( 6+) 
1103 1103 012-5 (13+ ) 1222-5(11-) 226-5 ( 8-) 2222-S( 8-} 
1078 1087 226-6 (15+) 1222-S(14+) 2222-S(14- ) 2226-S(12+) 
1053 1050 0122-5(32-) 1222-S (15+) 2222-S(15-) 226-6 (15-) 
1037 1038 0122-5(29+) 2226-S(20+) 2222-5( 9-) 222-6 ( 8+) 
975 976 2226-5(26+) 0122-"S (16-) 2222-5 (15 + ) 226-4 03-) 
921 926 222-4 (23-) 012-8 (23-) 122-6 (19-) 222-6 (11-) 
910 912 012-5 (35-) 1222-5(23-) 0122-500- ) 122-5 ( 8-) 
828 827 226-4 (39+) 222-4 (13-:-) 012-8 (10+) 2222-5 ( 9+) 
782 783 222-4 (25-) 122-4 (21+) 226-4 (18-) 012-8 (14+) 
729 731 122-4 (42-) 222-4 (40+) 
5G2 563 22GO-S(98-) 22G-D (15+) 
437 438 222-D (37+) 226-D (15-) 222-D (13+) 1222-S( 6+) 
398 400 122-D (52+) 222-D (14+) 222-D ( 8-) 
253 260 226-D (45+) 2226-T(17- ) 2222-T( 9+) 

228 0122-T(89-) 
193 222-D (46+) 122-D (29-) 222-D (19-) 2226-T(15+) 
123 1222-T(57-) 2226-T(10+) 222-D ( 8+) 
83 2222-T(61+) 2226-T(16+) 1222-1(13+ ) 
59 2226-T(30+) 1222-T(14+) 2222-T(14- ) 226-D (14+) 

Calculated frequencies higher than 2000 cm- I 

3004 2963 2962 2956 2911 2905 2899 2880 2875 2869 
2864 

Reference 
[1] IR.R. H. Matsuura, S. Imazeki, Y. Ogawa, M. Sakakibara, 1. Harada., 

and T. Shimanouchi, Bull. Chern. Soc. Jpn., 52, 2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1206 SHIMANOUCHI ET AL. 

No. 155 
Molecule: I 22226-TGT CHaCH2CH2CH2CH2Br (trans-gauche-trans form) 

Symmetry C) Symmetry number U' = I 

5ym. Observed Calculated Assignment 
species frequency frequency (P.E.D.%) 

cm-I em-I 

a 1474* 1488 222-2 (39+) 122-2 (27-) 222-2 (16+) 
1465* 14·72 222-2 (501) 122-2 (241 ) 012-4 (15+) 
1459* 1463 012-7 (81+) 012-8 (14+) 
1454* 1458 222-2 (46+) 222-2 (25-) 012-4 (21+) 
1437* 1452 122-2 (43+) 012-4 (41-) 
1429* 1432 226-2 (92+) 
1380* 1380 012-2 (103+) 
1365* 1365 222-5 (44-) 122-5 (36+) 1222-5 (16+ ) 
1337* 1335 222-5 (691 ) 2226-S( 10 1 ) 
1303* 1302 122-5 (30+) 222-5 (17+) 222-6 (15+) 222-6 (14+) 
1298* 1294 122-6 (44-) 222-6 (12+) 122-5 ( 9-) 222-5 ( 8-) 
1273* 1278 222-6 (33-) 226-6 (27+) 222-5 (10+) 222-4 ( 5+) 
1254* 1244 226-5 (37-) 222-6 (25+) 122-6 (11+) 
1218 1217 226-5 (51+) 012-8 ( 9-) 222-5 ( 9+) 122-4 ( 9+) 
1178* 1176 226-6 (22-) 222-6 (13-) 012-5 ( 9-) 222-4 ( 8-) 
110S* 1101 222 5 (121 ) 222-4. (10-) 1222-S( 9+) 2226-S( 9-) 
1078:!c 1078 2222-5(34-) 1222-5(22+) 2226-5(18+) 
1073 1068 226-6 (35-) 222-6 (17-) 012-:-5 (12+) 0122-5( 7-) 
1023 1023 0122-5(68+) 2222-5(14-) 
975* 971 2226-5(32-) 222-6 (10-) 012-8 ( 9-) 122-6 ( 9-) 
947* 953 222-4 (23+) 226-4 (20+) 012-5 (15-) 012-8 ( 8-) 
847 850 1222-5(29-) 012-5 (21-) 2222-5( 8-) 226-4 ( 7-) 
S47 S47 222-4 (27-) 012-S (21) 226-4. (15-) 122-6 (10-) 
759 757 226-4 (33-) 222-4 (30+) 122-4 (18+) 
742 735 122-4 (41+) 222-4 (19-) 222-4 (12-) 
641* 646 2260-5(68-) 222-D (17+) 226-D (14+) 
469 471 222-D (27-) 122-D (21-) 2260-5(17+) 222-D ( 7+) 
287 295 122-D (54-) 222-D (22-) 222-D (17+) 
253 260 222-D (22-) 222-D (17-) 2222-T(15+) 0122-T(15-) 

224 0122-T(73+) 
214 226-D (69+) 122-D ( 7+) 
108 2222-T(67-) 1222-T(l3- ) 2226-T(12-) 
78 1222-T(58+) 222-D (16-) 
71 2226-T(64+) 222-D (12--) 222-4 (10+) 

Calculated frequencies higher than 2000 cm-1 

3004 2962 2962 2956 2910 2905 ·2900 2880 2873 2869 
2865 

* Not used in the force constant determination. 
Reference 
llj jR.N. H. Matsuura, S. Imazeki, Y. Ogawa, M. Sakakibara, l. Harada, 

and T. 5himanouchi, Bull. Chern. 50c. Jpn., 52,2512 (1979). 

J. Phys. Chern. Ref. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRATIONAL TABLES 1207 

No. 156 
Molecule: 122226-TGG CH3CH2CH2CH2CH2Br (trans-gauche-gauche form) 

Symmetry C) Symmetry number u = I 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I em em 

a 1474* 1490 222-2 (36+) 222-2 (29+) 122-2 (18-) 
1465* 1476 222-2 (40+) 122-2 (31+) 012-4 (14+ ) 
1459* 1463 012-7 (81+) 012-8 (14.;.) 
1454* 1459 222-2 (50+) 012-4 (24+) 222-2 (13-) 
1437* 1451 122-2 (44+) 012-4 (40-) 
1429* 1434 226-2 (81+) 222-2 (12-) 
1380* 1380 012-2 (102+) 
1365* 1366 222-5 (41-) 122-5 (29+) 1222-S(14+) 222-5 (13-) 
1355 1352 222-5 (56+) 2222-S(12-) 122-5 (11+) 
1303* 1302 122-5 (28+) 222-6 (16+) 222-5 (16+) 222-6 (15+) 
1298* 1295 122-6 (45-) 222-6 (13+) 122-5 ( 8-) 222-5 ( 7-) 
1273* 1281 226-5 (34+) 222-6 (21-) 222-5 (11+ ) 226-6 (11-) 
1254* 1244 222-6 (28+) 226-5 (23+) 122-6 (13+ ) 012-8 ( 8-) 
1210* 1207 226-5 (28+) 122-4 (11-) 222-6 (11+ ) 012-8 (11+ ) 
1162 1159 226-6 (33+) 1222-S(11+ ) 222-6 (10-) 012-5 (10-) 
llO8* ll08 2222-5(30-) 2226-5(20+) 222-6 ( 7-) 222-4 ( 6+) 
1078* 1083 222-5 (16t) 222-6 (l5+) 226-6 (14-) 222-4 (11-) 
1073 1067 1222-S(23-) 226-6 (20+) 222-6 (17-) 012-5 (10+) 
1028 1028 0122-S(74-) 
967 967 012-5 (18+) 226-4 (16+) 222-4 (14-) 2226-5 (11- ) 
921* 925 012-8 (20-) 222-4 (19+) 122-6 (18-) 2226-S(13-) 
875 874 226-4 (35-) 1222-S(21+ ) 2226-S( 8-) 012-5 ( 8+) 
843 844 2220-S (17 - ) 222-4 (15+) 012-B (13+) 2222-5(13-) 
780* 783 226-4 (22+) 122-4 (20+) 222-4 (20+) 012-8 (13+) 
729* 730 122-4 (43-) 222-4 (32+) 
562* 568 2260-S(90-) 226-D (16+) 
469 475 222-D (30+) 222-D (23-) 2260-S ( 11- ) 122-D (11-) 
366 365 222-D (24+) 226-1) (22-) 122-D (18+) 2222-T( 6-) 
287 300 122-D (49+) 222--D (19-) 2226-T(14-) 226-D (13+) 

231 O122-T(89-) 
188 226-0 (31+) 222-0 (30+) 222-0 (18+) 
131 2226-T(26+) 1222-T(19+) 2222-T(18-) 226-D (15+) 
89 1222-T(54-) 2222-T(33-) 
43 2226-T(44-) 2222-T(27-) 1222-T(10+) 

Calculated frequencies higher than 2000 cm -I 

3004 2963 2962 2956 2910 2905 2900 2880 2873 2869 
2865 

* Not used in !he force constant determination. 
Reference 
[1] IR.R. H. Matsuura, 5. Imazeki, Y. Ogawa, M. Sakakibara, I. Harada, 

and T. Shimanouchi, Bull. Chern. Soc. Jpn., 52, 2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1208 SHIMANOUCHI ET AL. 

No. 157 
Molecule: 122226-GTG CH3 CH2CH2 CH2CH2Br (gauche-trans-gauche form) 

Symmetry C1 Symmetry number u = 1 

5ym. Observed Calculated Assignment 
"Pf"c1f"~ freqnency frp.qnp.nr.y (P.E-D. %) 

cm-1 ern-I 

a 1474* 1486 222-2 (38t) 122-2 (30t) 222-2 (21-) 
14()!:>'" 14T/ 222-2 (33+) 122-2 (33t) 012-4 (17+) 
1459* 1465 012-7 (43+) 222-2 (17+) 222-2 (15+ ) 
1454* 1461 012-7 (36+) 222-2 (20-) 012-4 (15t) 222-:-2 (13-) 
1437* 1452 012-4 (42-) 122-2 (29+) 222-2 (17-) 
1429* 1434 226-2 (81+) 222-2 (11-) 
1380* 1381 012-2 (95t) 
1365* 1368 222-5 (37-) 222-5 (35t) 2222-5(13+) 012-2 (10+) 
1345 1345 122-5 (71+) 1222-5(10+) 
1303* 1307 222-5 (21+) 222-5 (19+) 222-6 (14-) 222-6 (14+) 
1298* 1297 222-6 (34+) 226-5 (20-) 222-5· (l 0-) 222-5 ( 9-) 
1273* 1268 122-6 (24+) 222-6 (15+) 222-5 (12+) 226-6 ( 9+) 
1254* 1258 226-5 (34t) 122-6 (23+) 222-6 (14-) 
1210* 1203 226-5 (28t) 222-6 (10+) 222-6 (10+) 226-6 ( 8+) 
1162 1161 226-6 (32+) 012-5 (12-) 222-5 ( 8-) 222-4 ( 7-) 
1099'" 1100 2222-5(13+) 222-6 (11+) 122-4 (10+) 012-8 ( 9-) 
1078* 1086 1222-5(31-) 0122-5(20+) 2222-5(12+) 122-5 ( 8+) 
1073 1067 226-6 (28t) 012-5 (l0+) 2226-5 ( 7t) 222-6 ( 7-) 
1023 1021 2226-5(37+) 0122-5(20+) 2222-S( 7-) 1222-S( 6-) 
967 969 012-5 (17-) 226-4 (17-) 2222-5(15+) 222-4 (lOt) 
921* 924 012-8 (19-) 222-4 (l7+) 122-6 (15-) 2226-5 ( 11- ) 
906* 897 0122-5(27+) 1222-S(22+) 012-5 (22+) 
810 811 226-4 (46-) 2222-501- ) 222-4 (11-) 1222-S( 8-) 
780* 791 122-4 (27t) 222-4 (22+) 222-4 (19-) 012-8 (17+) 
742 741 122-4 (30+) 222-4 (21+) 222-4 (12-) 2222-S ( 11-) 
562* 563 2260-S(97t} 226-D (15-) 
487 485 222-D (24-) 122-D (23+) 222-D (16-) 2260-S( 6+) 
366 357 122-D (52+) 222-D (22+) 226-D (16-) 
268* 285 0122-T(32+) 222-D (31+) 222-D (12-) 
249 251 226-D (30+) 2226-T(2G-) 222-D (16+) 

194 0122-T(63+) 222-D (22-) 
122 1222-T(50t) 2226-T(12-) 222-D (lOt) 
80 2226-T(48+) 1222-T(21+) 226-D (lIt) 
49 2222-T(72-) 226-D (10+) 

Calculated frequencies higher than 2000 cm- I 

3004 2963 2962 2956 2910 2905 2900 2880 2873 2869 
2865 

* Not used in the force constant determination. 
Reference 
[1] IR.R. H. Matsuura, S. Irnazeki, Y. Ogawa, M. Sakakibara, 1. Harada, 

and T. Shimanouchi, Bull. Chern. 50c. Jpn., 52, 2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



MOLIiCULAR VIBRATIONAL TABLES 1209 

No. 158 
Molecule: 122226-GTG' CHaCH2CH2CH2CH2Br (gauche-traDs-gauche' form) 

Symmetry C) Symmetry Dumber u = 1 

Syrn. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

crn- I crn-I 

a 1474* 1486 222-2 (38+) 122-2 (30+) 222-2 (21-) 
1465* 1477 222-2 (33+) 122-2 (33+) 012-4 (17+ ) 
1459* 1465 012-7 (44+) 222-2 (16+ ) 222-2 (15+ ) 
1454* 1461 012-7 (35+) 222-2 (20-) 012-4 (16+) 222-2 (13-) 
1437* 1452 012-4 (42+) 122-2 (29-) 222-2 (17+ ) 
1429* 1434 226-2 (81+) 222-2 (11-) 
1380* 1381 012-2 (94+) 
1365* lRoR 222-;) (37-) 222-5 (34+) 2222-S(13+) 012-2 (11+) 
1345 1344 122-5 (71+) 1222-S ( 11 t ) 
1303* 1305 222-5 (32t) 222-5 (29t) 122-6 (17-) 
1298* 1301 222-6 (46+) 222-6 (21-) 226-5 (lOt) 
1273'" 1200 220-5 (00+) 122-6 (21t) 222-6 (12+) 222-5 ( 8+) 
1254* 1258 122-6 (26 ... ) 226-5 (18-) 222-6 (15-) 012-8 ( 7-) 
1178* 1189 226-5 (26-) 222-6 (15t) 222-6 (15+) 012-5 ( 9t) 
1178* 1181 220-6 U~1+) 122-4 (11 +) 012-3 ( B-) . 222-4 ( 6-) 
1108* 1106 2222-S(24t) 1222-S(11-) 2226-S( 9-) 222-6 ( 8-) 
1073 1074 0122-S(21+) 226-6 (19+) 1222-S(12-) 012-8 ( 9+) 
1053* 1060 0122-S(24-) 226-6 (16t) 1222-S(12t) 222-6 (10-) 
1031 1031 2226-S(40-) 2222-S(11+) 012-5 (11-) 122-5 ( 7-) 
957 956 226-4 (19t) 012-8 (19+) 122-6 (17+) 2222-S(17+) 
930 935 222-4 (22-) 012-5 (20+) 2226-S(13-) 122-5 (12+) 
906* 894 0122-S(36+) 1222~S(22t) 012-5 (15+) 
828* 831 226-4 (32-) 012-8 (18+) 222-4 (14-) 122-4 (12+) 
766 767 226-4 (23+) 222-4 (19+) 2222-S(15-) 122-4 (12+) 
742 747 122-4 (37+) 222-4 (26+) 012-8 (15+) 222-4 (ll-) 
562* 563 2260-S(98-) 226-D (15+) 
469 478 222-D (26+) 122-D (22-) 222-D (18+) 226-0 ( 5-) 
366 376 122-D (49-) 226-D (19+) 222-D (16-) 
268 280 0122-T(33-) 222-D (28-) 222-D (16+ ) 1222-T(11+ ) 
249 248 226-D (33+) 2226-T(30+) 2,22-D (17+ ) 

193 0122-T(61+) 222-D (24-) 
116 1222-T(46-) 2226-T( 12+) 226-D (11-) 122-D ( 9-) 
72 2226-T(34+) 226-D (16-) 2222-T(15-) 222-4 (1 It ) 
53 2222-T(59+) 1222-T(18+) 2226-T(l4+ ) 

Calculated frequencies higher than 2000 ern-I 
3004 2963 2962 2956 2910 2905 2900 2880 2873 2869 
2865 

* Not used in the force constant determination. 
Reference 

[1] IR.R. H. Matsuura, S. Irnazeki, Y. Ogawa, M. Sakakibara, I. Harada, 
and T. Shirnanouchi, Bull. Chern. Soc. Jpn., 52, 2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1210 SHIMANOUCHI ET AL. 

No. 159 
Molecule: 62226-TT 

Symmetry C2v 

BrCH2CH2CH2Br (trans-trans form) 
Symmetry number u = 2 

Sym. Observed Calculated Assignment 
species frequency frequency (p.E.D. %) 

-l -l cm cm 

al 
. 1465* 1467 222-2 (93+) 

1417* 1422 226-2 (46+) 622-2 (46+) 
1240* 1243 622-5 (52-) 226-5 (52+) 
1031 1033 6222-S(35-) 2226-S(35-) 222-D (12+) 

701 696 0622-S(34-) 2260-S(34-) 222-D (22+) 
230 231 222-D (46+) 2260-S(20+) 0622-S(20+) 
105 97 226-D (43+) 622-D (43+) 222-D (22-) 

a2 1294* 1294 222-6 (62+) 622-6 (10-) 226-6 (10-) 
1073* 1089 226-6 (40+) 622-6 (40+) 222-6 (25+) 

804 226-4 (46+) 622-4 (46-) 222-6 (16+) 
138 2226-T(47+) 6222-T(47+) 

b l 1450 1440 622-2 (47-) 226-2 (47+) 
1327 1319 222-5 (74+) 622-5 (14-) 226-5 (14-) 
1193 1185 226-5 (40+) 622-5 (40+) 222-5 (31+) 
1031 1025 2226-S(48+) 6222-S(48-) 

591* 579 2260-5(54+) 0622-5(54-) 
324* 333 622-D (47-) 226-D (47 .r) 

b2 1232* 1247 622-6 (33+) 226-6 (33-) 222-4 (15-) 
982 222-4 (25+) 226-4 (22.;.) 622-4 (22+) 
743. 222-4 (51-) 622-4 (20+) 226-4 (20+) 

105* 100 6222-T(40+) 2226-T(40-) 222-4 (12-) 

Calculaletl fre'-luencie~ higher lhan 2000 cm- i 

3004 3003 2956 2955 2905 2869 
* Not used in the force constant determination. 

References 
[1] IR.R. J. Thorbj~rnsrud, O. H. Ellestad, P. Klaboe, and T. Torgrimsen, 

J. Mol. Struct., 15, 61 (1973). 
[2] IR.R. J. E. Gustavsen, P. Klaboe, and R. St~levik, J. Mol. Struct., 50, 

285 (1978). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 

226-6 (15-) 



MOLECULAR VIBRATIONAL TABLES 

No. 160 
Molecule: 62226-TG 

Symmetry C) 
BrCH2CH2CH2Br (trans-gauche form) 

Symmetry number U' = 1 

Sym~ Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

em -1 cm-1 

a 1465* 1474 222-2 (83+) 226-2 (lOt) 
1440 1434 226-2 (83+) 222-2 (10-) 
1417* 1432 622-2 (92+) 
1342 1339 222-5 (73+) 6222-S(10-) 
1294* 1295 222-6 (53-) 226-5 (18+) 
1240* 1252 226-5 (48+) 622-6 (25-) 222-4 (lIt ) 
1232* 1233 622-5 (80+) 226-6 (11+ ) 
1168 1165 226-6 (27+) 226-5 (22+) 222-5 (19-) 
1106* 1108 222-6 (27-) 622-6 (26-) 226-6 (24+) 
1053 1046 2226-S(37+) 6222-S(31-) 622-6 (11+ ) 
999 997 6222-S(20+) 226-4 (19-) 226-6 (16+) 
944* 954 222-4 (25+) 622-4 (23+) 2226-5(23-) 
834 833 226-4 (55-) 6222-S(20-) 
763* 764 622-4 (50+) 222-4 (32-) 
651 643 0622-S(70-) 222-D (17+) 622-D (13+) 
564 563 2260-S(99-) 226-D (13+) 
376 376 226-D (34+) 222-D (25-) 0622-S(22-) 
230* 238 2226-T(29+) 222-D (26-) 226-D (22-) 
213 213 622-D (78+) 
105* 101 2226-T(51+) 6222-T(33+) 
65 59 6222-T(43-) 226-D (26+) 222-4 (13+) 

Calculated frequencies higher than 2000 cm -I 

3004 3003 2956 2956 2905 2869 
* Not used in the force constant determination. 

References 
[1] IR.R. J. ThorbjflSrnsrud, O. H. Ellestad, P. Klaboe, and T. Torgrimsen, 

J. Mol. Struct., 15,61 (1973). 
[2] IR.R. 1. E. Gustavsen, P. Klaboe, and R. StflSlevik, J. Mol. Struct., 50, 

285 (1978). 

1211 

622-5 (14-) 
6222-S(10-) 

2226-S(13+ ) 

2226-T(10+) 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1212 

No. 161 
Molecule: 62226-GG 

SHIMANOUCHI ET AL. 

Symmetry C2 

BrCH2CH2CH2Br (gauche-gauche form) 
Symmetry number (T = 2 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I cm cm 

a 1465 1481 222-2 (76+) 
141"1 1430 226-2 (39+) 622-2 (39+) 222-2 (19-) 
1294 1297 222-6 (47+) 226-5 (15-) 622-5 (15+) 
1232 1221 622-5 (29-) 226-5 (29+) 622-6 (15+) 
1106 1115. 222-6 (44-) 226-6 (21+) 622-6 (21+) 
960 967 226-4 (23-) 622-4 (23+) 6222-S(13+ ) 
854 844 2226-S(29+) 6222-S(29+) 622-4 (15-) 
591 586 0622-S(45-) 2260-S(45-) 622-D (11+) 
424 417 222-D (56-) 622-D (.9+) 226-D ( 9+) 
185 176 622-D (35+) 226-D (35+) 222-D (20+) 
54 36 6222-T(42+) 2226-T(42+) 

b 1430 1439 622-2 (45-) 226-2 (45+) 
1349 1356 222-5 (69+) 2226-S( 4+) 
1240 1256 226-5 (39+) 622-5 (39+) 
1122 1127 622-6 (38-) 226-6 (38+) 222-5 (18-) 
1073 1086 6222-5(36+) 2226-5(36-) 
944 956 222-4 (43-) 622-4 (11+) 226-4 (l1+ ) 
763 772 226-4 (35+) 622-4 (35+) 222-4 (18+) 
549 553 2260-S(50-) 0622-S(50+) 
324 319 226-D (30-) 622-D (30+) 6222-T (15- ) 

128 2226-T(29+) 6222-T(29-) 222-4 (17+) 

Calculated frequencies higher than 2000 cm- I 

3005 3002 2956 2956 2905 2869 
References 
[lJ IR.R. J. Thorbj¢rnsrud, O. H. Ellestad, P. Klaboe, and T. Torgrimsen, 

J. Mol. Struct., 15, 61 (1973). 
[2] IR.R. J. E. Gustavsen, P. Klaboe, and R. St¢levik, J. Mol. Struct., 50, 

285 (1978). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 

226-6 (15+) 

2226-S(13+) 
226-4 (15+) 
226-D (11+) 

226-5 ( 5f) 
222-5 (ll-) 

2226-T(15+) 
622-D (16-) 



MOLECULAR VIBRATIONAL TABLES 1213 

No. 162 
Molecule: 622226-TTT BrCH2CH2CH2CH2Br (trans-trans-trans form) 

Symmetry C2h Symmetry number u = 2 

5ym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I cm -I cm 

al! 1453* 1461 222-2 (40~) 222-2 (40+) 
1428* 1426 226-2 (39+) 622-2 (39+) 
1353 1349 222-5 (46+) 222-5 (46-) 2222-5(13+) 
1233 1231 622-5 (48-) 226-5 (48+) 
1057 1053 6222-5(32-) 2226-S(32-) 222-0 (10+) 222-0 (10+) 
1042 1045 2222-5(82+) 
648 654 0622-5(38t) 2260-5(38t) 
325 331 222-0 (25-) 222-D (25-) 622-D (16t) 226-D (16+) 
148 142 226-D (31t) 622-D (31+) 2222-S( 9+) 

au 1273 1280 222-6 (23t) 222-6 (23t) 226-6 (16-) 622-6 (16-) 
1083 1084 622-6 (32+) 226-6 (32+) 222-6 (22+) 222-6 (22+) 
871 864 622-4 (32-) 226-4 (32+) 222-6 (12+ ) 222-6 (12+) 
743 736 222-4 (35+) 222-4 (35-) 226-4 (11-) 622-4 (1 It ) 

128 2222-T(82+) 
50 2226-T(35+) 6222-T(35+) 2222-T( 9-) 

bl! 130~ 1302 222-6 (3Y-) 222-6 (3Y+) 
1223 1228 622-6 (27+) 226-6 (27-) 222-4 (13-) 222-4 (13-) 
1010* 1009 226-6 (19-) 622-6 (19+ ) 222-4 (16+ ) 222-4 (16+ ) 
755 761 622-4 (31-) 226-4 (31-) 222-4 (16+ ) 222-4 (16+ ) 

158 2226-T(45+) 6222-T(45-) 
bu 1460* 1476 222-2 (49-) 222-2 (49t) 

1436* 1432 622-2 (48+) 226-2 (48-) 
1293 1290 222-5 (29+) 222-5 (29+) 622-5 (22-) 226-5 (22-) 
1196 1184 226-5 (30+) 622-5 (30t) 222-5 (24+) 222-5 (24+) 
1010* 1006 2226-5(45t) 6222-5(45-) 
638 636 2260-5(40-) 0622-5(40t) 226-0 (11+) 622-0 (11-) 
354 365 622-D (20-) 226-0 (20+) 0622-5(12-) 2260-5(12t) 

88 222-0 (38-) 222-0 (38t) 622-0 (22-) 226-D (22t) 

Calculated frequencies higher than 2000 cm _1 

3003 3003 2956 2956 2909 2900 2873 2865 
* Not used in the force constant determination. 

Reference 
[1] IR.R. H. Matsuura, 5. Imazeki, Y. Ogawa, M. Sakakibara, 1. Harada, 

and T. 5himanouchi, Bull. Chern. Soc. Jpn., 52, 2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1214 SHIMANOUCHI ET AL. 

No. 163 
Molecule: 622226-TTG BrCH2CH2 CH2CH2Br (trans-trans-gauche form) 

Symmetry C1 Symmetry number u = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P_KO- %) 

cm-1 cm-1 

a 1480 222-2 (60+) 222-2 (29-) 
1453'" 146:l 2:l2-:l (63t) :l:l:l-2 (:llt) 
1437* 1435 226-2 (74+) 622-2 (12t) 
1430* 1428 622-2 (75-) 
1368 1361 222-5 (54-) 222-5 (31t) 2222-S(14+) 
1303 1304 222-6 (35-) 222-6 (33+) 226-5 (·4+) 
1296* 1295 222-5 (42+) 622-5 (23-) 222-5 (17+) 
1273* 1279 226-5 (26+) 222-6 (24-) 622-6 (15+) 222-6 (14-) 
1236* 1239 226-5 (40t) 622-6 (22-) 222-4 (10+) 
1224 1219 622-5 (63+) 222-5 (13+) 226-6 (12+) 
1169 1163 226-6 (30+) 222-5 (18-) 226-5 (14+) 622-5 (12-) 
1100 ~104 222-6 (24-) 62~-6 (19-) 222-6 (14-) 2222-S(13-) 
1058 1060 2226-S(25-) 2222-S(24+) 622-6 (13-) 6222-5 ( 11-) 
1043 1034 6222-5(53-) 226-6 (12-) 222-D ( 7+) 
1010* 1011 2222-S(15-) 222-4 (15-) 622-6 (13-) 226-6 (13-) 

968 976 2226-5(39-) 6222-5(10+) 2222-5( 9-) 222-4 ( 7+) 
846 854 226.::.4 (3It) 622-4 (22+) 222-4 (15-) 222-6 ( 9-) 
802 804 226-4 (36t) 622-4 (22-) 222-4 (21+) 
737 743 222-4 (51t) 622-4 (28-) 222-4 (11-) 
648 643 0622-5(78+) 222-D (13-) 622-D (10-) 
563* 564 2260-S(98-) 226-D (15+) 
428 433 222-D (47-) 622-D (15+) 226-D (14+) 
289 289 622-D (23-) 222-D (16-) 226-D (15+) 0622-5(13-) 
237* 251 226-D (32-) 222-D (17-) 2226-T (14+ ) 0622-S( 9-) 
173 166 622-D (35-) 222-D (25t) 2226-T(24+) 

115 6222-1(46+} 622-D 01-) 222-D (11-) 2222-T( 9-) 
90 2222-T(64-) 6222-T(14-) 2226-T( 11-) 
42 2226-T(31+} 6222-T(15t) 222-D (12+) 226-D (lIt) 

Cakuliileu fceyuende:; hil:;hec lhan 2000 t:Ill-
1 

3004 3003 2956 2956 2909 2901 2873 2865 
* Not used in the force constant determination. 

Reference. 
[1] IR.R. H. Matsuura, 5. Imazeki, Y. Ogawa, M. Sakakibara, I. Harada, 

and T. Shimanouchi, Bun. Chern. Soc. Jpn., 52,2512 (1979). 

J. Phys. Chern. Ref. Doto, vor. 9, No.4, 198' 



MOLEcuiAR VIBRATIONAL TABlES 1215 

No. 164 
Molecule! 622226-TCT BrCH:I\CUzCHzCHzBr (trans-gauche-trans form) 

Symmetry C2 Symmetry number u = 2 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.V.%) 

-1 crn-1 em 

a 1481 222-2 (46+) 222-2 (46+) 
1437* 1433 622-2 (47+) 226-2 (47+) 
1337 1328 222-5 (31-) 222-5 (31+) 2222-5(12+) 222-6 (10+) 
1273* 1282 222-6 (22+) 222-6 (22+) 226-6 (10-) 622-6 (10-) 
1236" 1232 622-5 (35-) 226-5 (35t) 226-6 ( 7-) 
1169 1159 226-6 (15+) 622-6 (15+). 222-5 (l3-) 222-5 (13+) 
1067 1068 2222-S(51+) 6222-5(20-) 2226-5(20-) 
1010* 1017 226-6 (15+) 622-6 (15+) 222-4 (11-) 222-4 (11+) 
902 909 2226-S (17-) 6222-S (17 - ) 2222-S(14-) 622-4 ( 9+) 

770 622-4 (28+) 226-4 (28-) 222-4 (16-) 222-4 (16+) 
638 634 2260-S(42-) 0622-S(42-) 
237* 245 222-D (21-) 222-D (21-) 2222-T07+ ) 6222-T( 11-) 
173 169 226-D (36+) 622-D (36+) 

112 2222-T(67+) 2226-T(13+) 6222-T(13+) 
57 6222-T(20-) 2226-T(20-) 222-D (16+) 222-D (16+) 

b 1453* 1460 222-2 (46-) 222-2 (46+) 
1430* 1430 226-2 (47+) 622-2 (47-) 
1341 1344 222-5 (41+) 222-5 (41+) 
1273* 1277 222-6 (23-) 222-6 (23+) 622-6 (15+) 226-6 (15-) 
1224 1230 226-5 (46-) 622-5 (46-) 
1120 1113 622-6 (21-) 226-6 (21+) 222-6 (16-) 222-6 (16+) 
1024 1031 2226-S(23+) 6222-5(23-) 622-6 ( 9+) 226-6 ( 9-) 
898 895 226-4 (20+) 622-4 (20+) 6222-S(13+) 2226-S(13-) 
755 748 226-4 (21+) 622-4 (21+) 222-4 (19-) 222-4 (19-) 
648 656 0622-S(30-) 2260-5(30+) 222-D (11+) 222-D (11-) 
391 398 2260-S(21+) 0622-S(21-) 222-D (19-) 222-D (19+) 

260 622-D (41-) 226-D (41+) 222-D (12+ ) 222-D (12-) 
63 2226-T(39-) 6222-T(39+) 

Calculated frequencies higher than 2000 ern-I 

3003 3003 2956 2956 2907 2903 2871 2867 
* Not used in the force constant determination. 

Reference 
[1] IR.R. H. Matsuura, 5. Imazeki, Y. Ogawa, M. 5akakibara, I. Harada, 

and T. 5himanouchi, Bull. Chern. 5oc. lpn., 52, 2512 (1979). 

J. Phys. Che",. Ref. Data, Vol. 9, No.4, 1980 



1216 SHIMANOUCHI ET AL. 

No. 165 
Molecule: 622226-TGG BrCH2 CH2CH2CH2Br (trans-gauche-gauche form) 

Symmetry C] Symmetry number u = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D.%) 

-I -I cm cm 

a 1486 222-2 (55t) 222-2 (32t) 
1460'" 1463 222-2 (60+) 222-2 (27-) 
1437* 1434 226-2 (73+) 222-2 (12-) 
1430* 1431 622-2 (85t) 
1355 1358 222-5 (63+) 222-5 (13t) 
1337 1332 222-5 (59-) 2222-S(11-) 222-6 (10-) 
1293 1285 222-6 (27-) 226-5 (18t) 222-6 (14-) 226-6 (10-) 
1273* 1278 222-6 (33-) 622-6 (21+ ) 226-5 (19-) 
1236* 1236 622-5 (51+) 226-5 (25+) 
1207* 1215 622-5 (35-) 226-5 (21t) 226-6 (14t) 222-5 ( 7-) 
1141 1134 222-6 (28-) 226-6 (24+) 222-5 (12t) 6222-S( 9+) 
1120 1119 622-6 (33+) 222-6 (23+) 226-6 (22-) 222-5 (14+) 
1083 1088 2222-S(41+) 2226-S ( 33- ). 
1024 1031 6222-S(43-) 226-6 (17+) 222-4 (lIt) 
1010* 998 222-4 (25t) 622-6 (21t) 622-4 (19t) 2226-S( 7t) 

918 915 226-4 (29-) 6222-5(28+) 222-4 (15+) 
873 878 2226-S(39-) 2222-S (17- ) 622-4 (14+) 222-4 ( 7+) 
802 808 226-4 (30-) 622-4 (24-) 222-4 (17-) 2222-S(10-) 
737 743 222-4 (41-) 622-4 (31+) 226-4 ( 11-) 
648 649 0622-S (71+ ) 222-0 (18-) 622-0 (13-) 
563* 564 2260-S(93-) 226-0 (15+) 
443 435 222-0 (54-) 0622-S(12+) 2260-S( 9+) 
318 322 226-D (30+) 222-D (23-) 2226-T(13-) 0622-5(13-) 
237* 235 622-0 (72+) 
173 179 226..,.0 (38-) 222-0 (26-) 222-0 (16-) 622-0 (lOt) 

128 2226-T(26+) 2222-T(22-) 222-D (15-) 222-4 (12+ ) 
89 6222-T(49t) 2222-T(40+) 
31 2226-T(39-) 6222-T(20+) 2222-T(17-) 

Calculaleu frequencies higher lhan 2000 em-I 
3004 3003 2956 2956 2907 2903 2871 2867 

* Not used in the force constant determination. 
Reference 
[1]· IR.R. H. Matsuura, S. Imazeki, Y. Ogawa, M. Sakakibara, I. Harada, 

and T. Shimanouchi, Bull. Chern. Soc. Jpn., 52, 2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRATIONAL TABLES 1217 

No. 166 
Molecule: 622226-GTG BrCH2CH2CH2CH2Br (gauche-trans-gauche fo:"m) 

Symmetry C2 Symmetry number (]" = 2 

5ym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I em cm 

a 1460* 1464 222-2 (41+) 222-2 (41+) 
1437* 1435 226-2 (40+) 622-2 (40+) 
1375 1370 222-5 (40+) 222-5 (40-) 2222-5(15+) 
1273* 1280 226-5 (23-) 622-5 (23+) 222-6 (16+) 222-6 (16+) 
1196 1207 622-5 (20-) 226-5 (20+) 622-6 (16+) 226-6 (16+) 
1121 1124 222-6 (22-) 222-6 (22-) 2222-5(16-) 226-6 ( 9+) 
1057 1057 2222-S(22-) 6222-S(19+) 2226-S (19 + ) 222-6 ( 8+) 
1010* 1000 2222-5(16+) 622-4 (14+) 226-4 (14-) 226-6 (11+) 
817 820 222-4 (20+) 222-4 (20-) 2222-5(13-) 622-4 (11+) 
755 761 2222-S(19+) 222-4 (19+) 222-4 (19-) 226-4 (16+) 
558* 566 0622-5(45+) 2260-5(45+) 
404 401 222-D (23-) 222-D (23-) 622-D ( 7+) 226-D ( 7+) 
237* 234 226-D (22+) 622-D (.22+) 2222-T(17+) 2226-T( 6-) 

72 6222-T(36+) 2226-T(36+) 
31 2222-T(71-) 

b 1483 222-2 (43+) 222-2 (43-) 
1430* 1434 622-2 (43+) 226-2 (43-) 
1313* 1310 222-5 (18+) 222-5 (18+ ) 222-6 (17+) 222-6 (17-) 
1303 1300 222-6 (17-) 222-6 (17+ ) 222-5 (16-) 222-5 (16-) 
1236* 1244 226-5 (30+) 622-5 (30+) 222-4 ( 8+) 222-4 ( 8+) 
1144 1133 622-6 (31+) 226-6 (31-) .222-5 (11 + ) 222-5 (11+) 
1043 1042 2226-S(21+) 6222-~(21-) 222-4 (12+) 222-4 (12+) 
968 973 2226-S(20-) 6222-5(20+) 222-4 (13+) 222-4 (13+) 
846 838 226-4 (38+) 622~4 (38+) 
563* 561 2260-5(52-) 0622-5(52+) 
303 305 622-D (30-) 226-D (30+) 222-D (17- ) 222 D (17 \ ) 
240* 258 222-D (25+) 222-D (25-) 6222-T(21-) 2226-T(21+) 

106 2226-T(25-) 6222-T(25+) 222-D (12-) 222-D (12+) 

Calculated frequencies higher than 2000 em-I 
3004 3004 2956 2956 2909 2901 2873 2865 

* Not used in the force constant determination. 
Reference 
[1] IR.R. H. Matsuura, S. Imazeki. Y. Ogawa, M. Sakakibara, I. Harada, 

and T. Shimanouehi, Bull. Chern. Soc. Jpn., 52, 2512 (1979). 

J. PhY5. Chem. Ref. Data, Vol. 9, No.4, 1980 



1218 SHIMANOUCHI ET AL. 

No. 167 
Molecule: 622226-GTG' BrCH2CH2CH2CH2Br (gauche-trans-gauche' form) 

Symmetry Cj Symmetry number (T = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

cm- I cm- I 

ag 1464 222-2 (41+) 222-2 (41+) 
1437 1435 226-2 (39+) 622-2 (39+) 
1366 1370 222-5 (40+) 222-5 (40-) 2222-S(15+) 
1296 1305 222-6 (34-) 222-6 (34+) 226-5 ( 6+) 
1238 1245 226-5 (35+) 622-5 (35-) 222-4 ( 8-) 
1207 1196 622-6 (27-) 226-6 (27+) 622-5 ( 5+) 226-5 ( 5-) 
1078 1086 2222-S(31-) 6222-S (19+ ) 2226-S(19+) 222-4 ( 5-) 
1010 1007 2222-S(18-) 622-6 (15-) 226-6 (15+) 622-4 (12-) 
959 976 222-4 (17+) 222-4 (17+) 2226-S(11+) 6222-5 ( 11 + ) 
787 782 2222-S(31-) 622-4 (27+) 226-4 (27+) 
558 559 2260-5(49+) 0622-S(49+) 
481 475 222-D (25+) 222-D (25+) 622-D ( 6-) 226-D ( 6-) 
237 244 2226-T(27+) 6222-T(27-) 226-D . (17 + ) 622-D (17t) 

77 226-D (21+) 622-D (21+) 2226-T(20-) 6222-T(20+) 
au 1483 222-2 (43+) 222-2 (43-) 

1436 1433 622-2 (43+) 226-2 (43-) 
1313 1306 222-5 (35+) 222-5 (35+) 226-6 ( 7-) 
1263 1279 622-5 (26+) 226-5 (26+) 222-6 (16+) 222-6 (16+) 
1169 1164 226-5 (20-) 622-5 (20-) 222-6 (13+) 222-6 (13+) 
1092(8) 1092 226-6 (31+) 622-6 (31+) 222-6 . (16-) 222-6 (16-) 
1010 1005 6222-S(40+) 2226-S(40-) 
871 874 622-4 (34+) 226-4 (34-) 222-4 ( 7+) 
758 772 222-4 (33+) 222-4 (33-) 226-4 ( 8+) 
563 567 0622-S(49+) 2260-S(49-) 
322 326 622-D (32+) 226-D (32-) 222-D (11+) 222-D (11-) 
240 247 222-D (36-) 222-D (36+) 

63 6222-T( 19+) 2226-T(19+) 2222-T (19-) 222-4 ( 9-) 
42 2222-T(57+) 6222-T(17+) 2226-T(17+ ) 

Calculated frequencies higher than 2000 cm- I 

3004 3004 2956 2956 2909 2900 2873 2865 
Reference 
[1] IR.R. H. Matsuura, S. Imazeki, Y. Ogawa, M. Sakakibara, I. Harada, 

and T. Shimanouchi, Bull. Chern. Soc. Jpn., 52, 2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRA110NAL TABLES 1219 

No. 168 
Molecule: 622226-GGG BrCH2CH2CH2CH2Br (gauche-gauche-gauche form) 

Symmetry C2 Symmetry numberu = 2 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

em-I em-I 

1400 222-2 (42.).) 222-2 (42+) 
1436* 1435 226-2 (42+) 622-2 (42+) 
1341 1346 222-5 (32-) 222-5 (32+) 2222-S(16-) 
1293 1288 222-6 (23t) 222-6 (23+) 226-5 ( 9-) 622-5 ( 9+) 
12~6'" 12~S 622-5 (36-) 220-5 (30t) 
1121 1131 2222-S(16+) 622-6 (13-) 226-6 (13-) 222-5 ( 9-) 
1083 1081 2222-S(24+) 226-6 (23+) 622-6 (23t) 6222-5(11-) 
968 981 222-4 (28+) 222-4 (28-) 226-5 ( 6-) 622-5 ( 6+) 
902 904 622-4 (21-) 226-4 (21t) 2226-S(15-) 6222-S(15-) 
787 787 2222-S{38t) 622-4 (21-) 226-4 (21t) 
563* 566 2260-S(50t) 0622-S(50t) 
368 372 222-0 (17+) 222-D (17t) 622-D (15-) 226-D (15-) 
190 201 222-0 (2It) 222-0 (21+) 2226-T(17- ) 6222-T (17 - ) 

107 226-0 (28-) 622-D (28-) 2222-T( 10+) 2226-T( 9-) 
30 2222-T(61+) 6222-T(16+) 2226-T(16+) 

b 1460* 1466 222-2 (40+) 222-2 (40-) 
1430* 1433 622-2 (39-) 226-2 (39+) 
1368 1362 222-5 (38+) 222-5 (38+) 
1273+ 1280 226-5 (26+) 622-5 (26+) 222-6 (16-) 222-6 (16+) 
1170 1185 226-6 (25t) 622-6 (25-) 226-5 (13+) 622-5 (13+) 
1144 1139 222-6 (30-) 222-6 (30+) 226-5 (1 It ) 622-5 (11+ ) 
1024 1029 2226-S(17-) 6222-S(17+) 226-6 (12-) 622-6 (12+) 
918 915 226-4 (18+) 622-4 (18+) 6222-S(18-) 2226-S(18+ ) 
758* 764 222-4 (27+) 222-4 (27+) 226-4 (l5+) 622-4 (15+) 
563* 567 0622-S(42+) 2260-S(42-) 
474 464 222-D (33-) 222-D (33+) 2260-S( 9-) 
289 271 226-D (40+) 622-D (40-) 

62 2226-T(37-) 6222-T(37+) 

Calculated frequencies higher than 2000 cm -I 

3004 3004 2956 2956 2907 2903 2871 2867 
* Not used in the force constant determination. 

Reference 

[1J IR.R. H. Matsuura, S. Imazeki, Y. Ogawa, M. Sakakibara, I. Harada, 
and T. Shimanouchi, Bull. Chern. Soc. Jpn., 52, 2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1220 

No. 169 
Molecule: 1227-T 

SHIMANOUCHI ET AL. 

Symmetry C. 
CHaCH2CH21 (trans form) 

Symmetry number u = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I cm cm 

a 
, 

1460 1478 122-2 (55+) 012-4 (29+) 
14G6 14G2 012-4 (55t) 122-2 (38-) 
1428 1421 227-2 (86+) 
1380 1379 012-2 (104+ ) 
1328 1329 122-5 (79+) 1227-S(15+) 
1185 1187 227-5 (91+) 
1089 1092 1227-S(28-) 012-5 (28+) 122-5 (15+) 
1019 1028 0122-S(82-) 1227-S(19+ ) 

895 889 012-5 (38-) 1227-S(37-) 0122-S(10-) 
593 590 2270-S(69-) 122-D (26+) 227-D (18+) 
288 289 122-D (54-) 2270-S(37-) 
203 200 227-D (94+) 227-5 (14-) 122-D (14-) 

a " 1456 1463 012-7 (81+) 012-8 (14+) 
1285 1274 122-6 (72+) 
1185 1197 227-6 (39+) 122-4 (21+) 012-8 (15-) 
1012 1015 227-6 (54+) 012-8 (21+ ) 122-6 (14+) 
828 826 012-8 (39+) 227-4 (35+) 122-4 (20+) 
726 719 227-4 (47-) 122-4 (44+) 1227-:T( 11-) 
240(s) 227 0122-T(96+) 
130 117 . 1227-T{86+) 

Calculated frequencies higher than 2000 cm- I 

2998 ·2963 2962 2962 2904 2880 2868 
References 
[1] JR. K. Radcliffe and J. L. Wood, Trans. Faraday Soc .• 62, 1678 (1966). 
[2] IR.R. Y. Ogawa, S. Imazeki, H. Yamaguchi, H. Matsuura, 1. Harada, and 

T. Shimanouchi, Bull. Chern. Soc. lpn., 51, 748 (1978). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 

122-6 (14+) 



MOLECULAR VIBRATIONAL TA"·"'" 

No. 170 
Molecule: 1227-G CHaCH2CH21 (gauche form) 

Symmetry C1 Symmetry number u = I 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I em em 

a 1460* 1479 122-2 (67t) 012-4 (20-!-) 
1456* 1463 012-7 (80+) 012-8 (14+ ) 
1456* 1456 012-4 (62+) 122-2 (22-) 
1433 1431 227-2 (73+) 
1380* 1379 012-2 (106+) 
1344 1343 122-5 (72+) 
1279 1275 122-6 (64-) 227-5 ( 7+) 
1195 1206 227-5 (64+) 1227-S(13- ) 122-4 (lOt) 

1167 227-6 (36+) 012-5 (16+) 1227 -S (11-) 
.1075 1081 0122-S(33-) 1227-S(21+) 122-6 (10-) 
1036 1038 012-5 (23+) 122-5 (16+) 227-5 (16-) 
1U12'" 1003 227-6 (41-) 0122-5(26-) 122-6 ( 9+) 
880 875 1227-S(36+) 012-5 (25+) 0122-S(20t) 
816 817 227-4 (31-) 012-8 (26+) 122-4 (25+) 
764 767 227-4 (42+) 122-4 (29+) 012-8 (15+) 
503 505 2270-S(93-) 227-D (21+) 
390 383 122-D (76 .... ) 
263 265 0122-T(43+) 227-D (28+) 1227-T(16-) 
189(g) 184 0122-T(51+) 227-D (37-) 1227-T(11+) 
1l6(g) 101 1227-T(62+) 227-D (22+) 

Calculated frequencies higher than 2000 em-I 
2998 2963 2962 2962 2904 2880 2868 

* Not used in the force constant determination. 
References 
[1] IR. 
[2] IR.R. 

K. Radcliffe and J. L. Wood, Trans. Faraday Soc., 62, 1678 (1966). 
Y. Ogawa, S. Imazeki, H. Yamaguehi, H. Matsuura, I. Harada, and 

T. Shimanouchi, Bull. Chern. Soc. Jpn., 51, 748 (1978). 

1221 

227-5 ( 6+) 
122-4 ( 9+) 
012-8 ( 8-) 

J. Phys. Chern. Ref. Data, Vol. 9, No.4, 1980 



1222 SHIMANOUCHI ET AL. 

No. 171 
Molecule: 12227-TT CH3CH2CH2CH2 I (trans-trans form) 

Symmetry C~ Symmetry number (F = 1 

5ym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I cm em 

a' 1474 1483 122-2 (46-) 222-2 (27+) 012-4 (16-) 
11,53 1161 222 2 (63+) 012 1 (22-t) 
1446 1452 012-4 (46-) 122-2 (39+ ) 
1419 1420 227-2 (84+) 
1380 1379 012-2 (105+) 
1354 1355 122-5 (53+) 222-5 (35-) 1222-5(16+) 
1290 1285 222-5 (48+) 122-5 (29+) 227-5 (13-) 
1183 1180 227-5 (81+) 222-5 (11+ ) 
1093 1103 1222-5(24-) 012-5 (24+) 122-5 (10+) 122-D ( 9+) 
1049 1052 0122-5(33-) 1222-5(28+) 2227-5(26-) 
1008 1008 0122-5(46-) 2227-5(44;) 
889 894 012-5 (43-) 1222-5(34-) 122-5 (10-) 
593 591 2270-5(70-) 222-D (20+) 227-D (12+ ) 
388 392 122-D (65-) 227-D (23.1) 
251 252 222-D (39+) 2270-5(29+) 227-D (12+ ) 
132 132 227-D (65+) 222-D (26-) 122-D (22+) 227-5 (11-) 

a" 1463 1463 012-7 (81+) 012-8 (14-:) 
1303 1299 122-6 (47-) 222-6 (33+) 
1250 1251 222-6 (40-) 122-6 (20-) 227-6 ( 9+) 012-8 ( 8+) 
1175 1190 227-6 (30-) 222-4 (18-) 122-4 (16-) 012-8 (14+) 
1032 1031 227-6 (51+) 222-6 (17+ ) 122-6 (12+) 012-8 (12+) 
889 890 012-8 (31+) 222-4 (26+) 122-6 (21+ ) 227-4 (20+) 
772 759 122-4 (52;) 227-4 (28-) 012-8 (21+) 
726 720 222-4 (42-) 227-4 (37+) 122-4 (13+ ) 2227-T(10+) 
231* 232 0122-T(91-) 
132* 129 1222-T(69+) 2227-T(24+) 

y't lll7-T(b7+) 1222-'1'(22-) 222-4 (1lt) 

Calculated frequencies higher than 2000 em -I 

2998 29()3 29()2 29()2 2909 2900 2880 2872 286S 
* Not used in the force constant determination. 

Reference 
[lJ IR.R. Y. Ogawa, S. lmazeki, H. Yamaguchi, H. Matsuura, 1. Harada, and 

T. Shimanouchi, Bull. Chern. Soc. Jpn., 51, 748 (1978). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



No. 172 
Molecule: 

MOLECULAR VIBRATIONAL TABLES 

12227-TG 
Symmetry C1 

CH3CH2CH2CH2I (trans-gauche form) 
Symmetry number u = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-1 -1 em em 

a 1474* 1485 122-2 (39-) 222-2 (36+) 012-4 (13-) . 
1463* 1463 222-2 (43+) 012-4 (22+) 122-2 (12+ ) 
1463* 1463 012-7 (73+) 012-8 (13+) 
1446* 1452 012-4 (47-) 122-2 (42+) 
1429 1429 227-2 (74+) 
1380* 1379 012-2 (104+) 
1367 1363 222-5 (41-) 122-5 (39+) 1222-5(16+) 
1303* 1299 122-6 (41-) 222-6 (29+) 122-5 ( 5+) 
1295 1296 122-5 (38+) 222-5 (31+) 012-5 ( 7-) 
1250 1251 222-6 (29-) 122-6 (22-) 227-5 (15+ ) 
1192 1199 227-5 (48+) 122-4 (11t) 012-8 00-) 
1153 1159 227-6 (28+) 012-5 (12+) 227-5 (11+) 
1093* 1101 1222-S(21+) 2227-S(20-) 222-6 (lOt) 
1049* 1048 0122-S(47+) 012-5 ( 9-) 227-6 ( 9+) 
1032* 1031 227-6 (14-) 222-6 (12+) 1222-S( 9-) 
990 1000 2227-S(35t) 0122-S(32-) 227-5 ( 6t) 
896 898 012-5 (23t) 227-4 (20-) 1222-S(14t) 
863 871 222-4 (28+) 012-8 (24t) 122-6 (15t) 
779 773 227-4 (49-) 1222-5(18-) 122-4 (14-) 
735 740 122-4 (50t) 222-4 (21-) 012-8 (12t) 
506 505 2270-S(92+) 227-D (23-) 
4:;0 449 12~-n (29-) 222-D (27-) 2270-S( 9+) 
267 268 122-D (59+) 222-D (36-) 227-D (12+) 
251* 252 0122-T(39-) 227-D (24-) 2227-T(23+) 
212 213 0122-T( 54+) 227-D (21-) 

96 2227 - T ( 44t) 1222-T(43t) 
75* 72 1222-T(34t) 227-D (32-) 2227-T(18-) 

Calculated frequencies higher than 2000 em -J 

2999 2963 2962 2962 2909 2900 2880 2872 2865 
* Not used in the force constant determination. 

Reference 
[1] IR.R. Y. Ogawa, S. Imazeki, H. Yamaguchi, H. Matsuura, I. Harada, and 

T. Shimanouchi, Bull. Chern. Soc. Jpn., 51, 748 (1978). 

1223 

012-8 ( 8t) 
2227 -S (10- ) 
2227-S( 9-) 
222-4 ( 9-) 
222-5 ( 9-) 
012-5 ( B+) 

222-4 (lIt ) 
012-5 (11-) 

227-4 (11-) 

012?-S( 6-) 

222-4 (13-) 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1224 

No. 173 
Molecule: 12227-GT 

SHIMANOUCHI ET AL. 

Symmetry C1 

CH3 CH2CH2CH21 (gauche-trans form) 
Symmetry number u = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

crn- I ern-I 

a 1474* 1483 122-2 (55+) 222-2 (27+) 
1463* 1469 222-2 (50-) 012-4 (24+) 
1463* 1463 012-7 (74+) 012-8 (13+) 
1446* 1453 012-4 (48-) 122-2 (30+) 222-2 (12-) 
1425* 1421 227-2 (88+) 
1380* 1380 012-2 (l05+) 
1350 1349 122-5 (61+) 222-5 (18+) 
1333 1331 222-5 (53-) 122-6 (13+) 1222-S(12+ ) 
1272 1267 122-6 (39.;.) 222-6 (17+) 222-:3 ( 8+) 
1250* 1250 222-6 (47-) 122-6 (15+) 227-6 ( 9+) 
1183 1189 227-5 (73+) 
1153* 1174 227-6 (24-) 227-5 (15-) 222-4 (13-) 
1089 1093 2227-S(27+) 222-5 (15-) 012-8 (11-) 

1074 1222-S(37-) 0122-S(28+) 227-6 ( 8-) 
1037 1032 227-6 (39-) 0122-S(26-) 012-5 (15+) 
968* 962 2227-S(45.:.) 012-8 (13+) 122-6 (13+) 
896* 895 222-4 (26+) 227-4 (18+) 012-5 (18-) 
861 * 874 0122-S(36-) 1222-S(29-) 012-5 ( 8-) 
779* 777 122-4 (51+) 012-8 (29+) 
726* 724 227-4 (52+) 222-4 (32-) 
593* 592 2270-S(63-) 222-0 (25+) 227-0 (16+) 
407 407 122-0 (67-:-) 2270-S(18-) 
267'* 274 0122-T(37-) 222-D (23-) 2270-3(13-) 
212* 212 227-0 (47-) 0122-T(23+) 2270-S( 7-) 
190 177 227-0 (43+) 0122-T(35+) 222-0 (21-) 

III 1222-T(76-) 
84 2227-T(77-) 

Calculated frequencies higher than 2000 cm -I 
2990 2963 2962 2962 2907 2903 2880 2870 2867 

* Not used in the force constant determination. 
Reference 
[lJ IR.R. Y. Ogawa, S. Imazeki, H. Yamaguchi, H. Matsuura, 1. Harada, and 

T. Shimanouchi, Bull. Chern. Soc. Jpn., 51, 748 (1978). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 

122-5 (12+ ) 
012-8 ( 7-) 

012-5 (13-) 
122-4 (11+ ) 

222-6 (12-) 
012-5 (12-) 
012-8 (11-) 

1222-T( 11 +) 



MOLECULAR VIBRATIONAL TABLES 1225 

No. 174 
Molecule: 12227-GG CHaCH2CH2CH21 (gl:luche-gauche form) 

Symmetry C. Symmetry number (T = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

cm-I em-I 

a 1474'" 1485 122-2 (42+) 222-2 (41+) 
1463* 1471 222-2 (36-) 012-4 (26+) 122-2 (20+) 
1463* 1463 012-7 (78+) 012-8 (14+) 
1446* 1454 012-4 (51-) 122-2 (30+) 
1425 1429 227-2 (72+) 222-2 (10-) 
1380* 1380 012-2 (103+) 
1354* 1354 222-5 (47+) 122-5 (29+) 
1343 1339 122-5 (44-) 222-5 (21+) 1222-S(16-) 
1272 1270 122-6 (44+ ) 222-6 (17+) 012-8 (6-) 012-7 ( 5+) 
1264 1254 222-6 (35-) 227-5 (21+) 122-6 (15+) 
1191* 1194 227-5 (56+) 2227-S(12-) 122-4 ( 8-) 

1139 227-6 (31-) 012-5 (16+) 2227-S(11+ ) 222-4 ( 8+) 
1122 1118 1222-S(28-) 2227-S( 11+) 222-6 (10-) 0122-S( 9+) 
1059 1057 012-8 (18-) 222-5 (17-) 227-5 (14+) 122-6 (13-) 
1032* 1024 0122-S(39-) 227-6 (35+) 222-6 (10-) 
968 965 2227-S(35-) 012-5 (28+) 122-5 (14+) 
886 889 0122-S(30-) 222-4 (25-) 227-4 (24+) 
861* 871 012-8 (24+) 222-4 (17-) 1222-S(12+) 012-5 (12+) 
787 790 1222-5(26+) 227-4 (19+) 122-4 (17-) 012-8 (13-) 
736* 737 122-4 (38+) 227-4 (32+) 222-4 (13+) 012-8 (12+) 
515 512 2270-S(82+) 227-D (22-) 222-D (13+) 
438 440 122-D (38+) 222-D (34-) 2270-S(17+) 
339 342 122-D (30-) 227-D (19+ ) 222-D (17-) 1222-T(10+) 
223 214 0122-T(79+) 227-D (16+) 
203(g) 202 227-D (26+) 122-D (20+) 222-D (20+) 2227-T(18-) 

119 1222-T(41-) 227-D (33+) 2227-T( 14+) 222-4 (13+) 
54 2227-T(48+) 1222-T(36+) 

Calculated frequencies higher than 2000 em-I 
2999 2963 2962 2962 2907 2903 2880 2870 2867 

... Not used in the force constant determination. 
Reference 
[1] IR.R. Y. Ogawa, S. Imazeki, H. Yamaguchi, H. Matsuura, I. Harada, and 

T. Shimanouchi, Bull. Chern. Soc. Jpn., 51, 748 (1978). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1226 SHIMANQUCHI ET AL. 

No. 175 
Molecule: 122227-TTT CH3CH2CH2CH2CH2I (trans-trans-trans form) 

Symmetry C. Symmetry number u = 1 

Syrn. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I crn crn 

a 1481 1484 122-2 (39-) 222-2 (34+) 012-4 (15-) 
1474 1473 222-2 (62t) 122-2 (16-) 222-2 (14-) 
1460 1457 012-4 (47+) 222-2 (27+) 222-2 (13+) 
1443 1449 122-2 (39+) 012-4 (19-) 222-2 (18+) 222-2 (15+) 
1420 1419 227-2 . (83+ ) 
1380 1380 012-2 (103+) 
1365 1365 222-5 (44-) 122-5 (29+) 222-5 (17+ ) 1222-S(15+) 
-1331 1327 222-5 (44+) 122-5 (41-) 
1265 1258 222-5 (44t) 222-5 (20+) 227-5 (14-) 122-5 (12+) 
1188 1178 227-5 (75+) 222-5 (12+) 
1104 1111 012-5 (19+) 1222-S(15-) 222-5 ( 9+) 222-D ( 8+) 
1052 1058 2222-S(36-) 1222-S(27+) 0122-S(21-) 
1036 1038 2227-S(38+) 0122-S(21+) 2222-S(21-) 
998 998 0122-S(36+) 2227-S(28-) 2222-S (17 - ) 
893 898 012-5 (40-) 1222-S(31-) 
592 590 2270-3(69-) 222-D (21t) 227-D (15+) 
427 438 122-D (34-) 222-D (24-) 227-D (12+) 0122-S( 6-) 
326 332 122-D (27+) 222-D (25-) 2270-S(20-) 222-D (19-) 
194 191 227-D (31+) 122-D (20+) 222-D (13+) 2270-S(13+) 

102 227-D (43-) 222-D (34-) 222-D (32+) 
a " 1466 1463 012-7 (81+) 012-8 (14+ ) 

1303 1304 222-6 (47+) 122-6 (21-) 222-6 . (14- ) 
1296 1205 122-6 (30-) 222-6 (37+) 
1234 1234 222-6 (21-) 222-6 (19-) 227-6 (14+) 122-6 ( 9-) 
1175 1186 227-6 (23-) 122-4 (15-) 222-4 (15-) 222-4 (13-) 
1039(8) 1039 227-6 (48+) 222-6 (18+) 222-6 (16+ ) 
927 930 012-8 (24+) 222-4 (21+) 122-6 (21+) 222-6 (13+ ) 
808 811 222-4 (23-) 012-8 (22-) 227-4 (22+) 122-4 (17-) 
738 736 122-4 (47-) 222-4 (23+) 227-4 07-) 012-8 01-) 
727 720 222-4 (40+) 227-4 (35-) 222-4 (14-) 2227-T(10- ) 
235 231 0122-T(92+) 

152 1222-T(49+) 2227-T(41-) 
119 2222-T(76+) 
60 2227-T(38+) 1222-T(33+) 

Calculated frequencies higher than 2000 crn- I 

2998 2963 2962 2962 2911 2905 2899 2880 2875 2869 
2864 

Reference 
[1] IR.R. H. Matsuura, S. Imazeki, Y. Ogawa, M. Sakakibara, I. Harada, 

and T. Shirnanouchi, Bull. Chern. Soc. Jpn., 52,2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRATIONAL TABLES 1227 

No. 176 
Molecule: 122227-TTG CH3CH2CH2CH2CH21 (trans-trans-gauche form) 

Symmetry C1 Symmetry number IT = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. 'Yo) 

em -1 em -1 

a 14Rl * 14R4 222-2 (36+) 122-2 (34-) 012-4 04-) 
1474* 1477 222-2 (62+) 122-2 (19-) 
1466* 1463 012-7 (81+ ) 012-8 (14+ ) 
1460* 1457 012-4 (48+) 222-2 (33+) 
1443* 1449 122-2 (41+ ) 222-2 (23+) 012-4 (19-) 222-2 (10+) 
1433 1429 227-2 (73+) 
1380* 1380 012-2 (102+) 
1365* -1369 222-5 (38-) 222-5 (25+) 12~-~ (20+) ·2222-5(13-) 
1342 1335 122-5 (46-) 222-5 (37+) 
1303* 1304 222-6 (46+) 122-6 (21-) 222-6 (14-) 
1303* 1285 122-6 (38+) 222-6 (34-) 
1265>1< 1264 222-5 (53+) 122-5 (16+ ) 222-5 (12+) 
1234 1235 227-5 (24+) 222-6 (19-) 222-6 (12-) 122-6 ( 9-) 
1188 1194 227-5 (36+) 122-4 (12+) 012-8 (l1-) 222-4 (10+) 
1155 1157 227-6 (24+) 012-5 ( 9+) 227-5 ( 9+) 2227-5( 9-) 
1092 1102 2227-5(17+) 2222-5(14-) 222-6 (12-) 227-5 ( 8-) 
1076 1077 1222-S(24+) 2222-5 (17 - ) 227-6 (16+ ) 222-5 (11-) 
1047 1043 0122-S(61+) 1222-5(14-) 
1036 1029 227-6 (22+) 2227-5(15-) 222-6 (14-) 2222-S(12+ ) 
962 965 2227-S(24+) 2222-5(21+) 0122-S(16- ) 227-6 (12+) 
917 922 222-4 (25-) 012-8 (24-) 122-6 (20-) 222-6 (11-) 
904 908 012-5 (38-) 1222-5(26-) 0122-S( 9-) 
808 808 227-4 (22+) 222-4 (17+) 012-8 (17+) 222-4 (15-) 
769 769 227-4 (45+) 122-4 (l4-) 222-4 (13+) 
727* 731 222-4 (40+) 122-4 (39-) 
506 506 2270-8(93-) 227-D (221 } 
427 426 222-0 (35+) 222-0 (18+) 227-0 ( 9-) 2270,-5 ( 7-) 
395 399 122-0 (54+) 222-0 (l1+) 222-0 (10-) 
235 246 227-D (39+) 2227-T(17-) 0122-T(l5-) 2222-T( 11+) 
235* 227 0122-T(79-) 
194 191 222-D (49-) 122-D (30+) 222-D (20+) 2227-T(l0-) 

120 1222-T(57-) 227-0 ( 9+) 2227-T( 8+) 
82 2222-T(58+) 2227-T(17+) 1222-T (15+ ) 
52 2227-T(29+) 227-D (20+) 2222-T (14- ) 1222-T( 11+) 

Calculated frequencies higher than 2000 cm-' 
2999 2963 2963 2962 2911 2905 2899 2880 2875 2869 
2864 

'" Not used in the force constant determination. 
Rp.fp.ren~p. 

[1 ] IR.R. H. Matsuura, 5. Imazeki, Y. Ogawa, M. Sakakibara, I. Harada, 
and T. Shimanouchi, Bull. Chern. Soc. Jpn., 52, 2512 (1979). 

J. PhYI. Chem. Ref. Data, Vol. 9, No.4, 1980 



1228 SHIMANOUCHI ET AL. 

No. 177 
Molecule: 122227-TGT CHaCH2CH2CH2CH2I (trans-gauche-trans form) 

Symmetry C] Symmetry number u = 1 

5ym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

cm -I -I cm 

a 1481* 1488 222-2 (39+) 122-2 (27-) 222-2 (16+) 
1474* 1472 222-2 (50+) 122-2 (23+) 012-4 (14+) 
1466* 1463 012-7 (81+) 012-8 (14+) 
1460* 1458 222-2 (45+) 222-2 (25-) 012-4 (22+) 
1443* 1452 122-2 (44+) 012-4 (40-) 
1427 1422 227-2 (88+) 
1380* 1380 012-2 (103+) 
1365* 1365 222-5 (45-) 122-5 (36+) 1222-5(16+) 
1331* 1335 222-5 (68+) 2227-S(12+) 222 6 (10 ) 
1303* 1302 122-5 (31+ ) 222-5 (19+) 222-6 (14+) 222-6 (11+) 
1296 1294 122-6 (45-) 222-6 (lIt ) 122-5 ( 9-) 222-5 ( 9-) 
1251 1252 222-6 (46-) 222-5 (lIt ) 227-6 (10+) 227-4 ( 3+) 
1234* 1232 222-6 (30-) 012-8 (13+) 122-6 (11-) 122-4 (10-) 
1188* 1187 227-5 (77+) 
1155* 1166 227-6 (23-) 222-4 (11-) 012-5 (10-) 227-5 ( 6-) 
1104* 1103 222-5 (111.+ ) 2227S(12-) 2221 (10 ) 1222 S( 8+) 
1076* 1078 2222-5(38-) 1222-5(23+) 2227-5(16+) 
1052* 1054 227-6 (40-) 222-6 (15-) 012-5 (13+) 0122-5( 8-) 
1025 1022 0122-5(66+) 2222-5(15-) 
962* 968 2227-5(31+) 222-6 (13+) 012-8 (11+ ) 122-6 (11+) 
943 937 222-4 (25+) 012-5 (18-) 227-6 (15-) 227-4 (13+) 
850 848 222-4 (23+) 012-8 (20+) 2227 -5 (11-) 1222-5(11-) 
837 837 1222-5(27+) 227-4 (17+) 012-5 (11+) 222-4 ( 9+) 
752 744 122-4 (49+) 222-4 (17-) 012-8 (13+) 227-4 (13-) 
722 721 227-4 (43-) 222-4 (28+) 
602 598 2270-5(57-) 222-0 (27+) 227-0 (18+) 
453 457 222-0 (27-) 122-0 (22-) 2270-5(22+) 
282 292 122-0 (55+) 222-0 (22-) 222-0 (16+) 
253 255 0122-T(22-) 222-0 (18-) 2222-T (17 + ) 222-0 (16-) 

221 0122-T(71+) 
194* 188 227-0 (80+) 227-5 (11-) 

107 2222-T(67-) 1222-T(15-) 2227-T(10-) 
76 1222-T(58+) 222-0 (16-) 
66 2227-T(64+) 222-0 (13-) 222-4 (l1+) 

Calculated frequencies higher than 2000 cm-1 

2998 2963 2963 2962 2910 2905 2900 2880 2873 2869 
2865 

* Not used in the force constant determination. 
Referenc,e 
[1] IR.R. H. Matsuura, 5. Imazeki, Y. Ogawa, M. 5akakibara, I. Harada, 

and T. 5himanouchi, Bull. Chern. 50c. Jpn., 52, 2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRATIONAL TABLES 1229 

No. 178 
Molecule: 122227-GTT CH3CH2CH2CH2CH21 (gauche-trans-trans form) 

Symmetry C1 Symmetry number u = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I cm cm 

a 1481* 1485 122-2 (40+) 222-2 (38+) 222-2 (10-) 
1474* 1474 222-2 (28+) 122-2 (23+) 012-4 (20+) 222-2 (18-) 
1466* 1464 012-7 (65+) 222-2 (14+ ) 012-8 (12+ ) 
1460* 1460 222-2 (39-) 222-2 (17-) 012-4 (17+ ) 012-7 (14+) 
1443* 1452 012-4 (42-) 122-2 (28+) 222-2 (15-) 
1427 1420 227-2 (85+) 
1380* 1381 012-2 (101+) 
1365* 1361 222-5 (50+) 222-5 (28-) 2222-5(13+) 
1342* 1344 122-5 (67+) 1222-5(13+) 
1303* 1298 222-6 (29-) 222-6 (24+) 222-5 (14+) 122-6 (10-) 
1296 1289 222-5 (27-) 222-6 (22+) 122-6 (15+) 222-5 (11-) 
1251 1260 122-6 (36-) 222-5 (14-) 012-8 (l0+ ) 012-7 ( 7-) 
1234* 1233 222-6 (24+) 222-6 (23+) 227-6 (19-) 222-4 ( 8-) 
1188* 1183 227-5 (54.!.) 227-6 ( 6-) 222-5 ( 6+) 122-4 ( 6+) 
1155* 1165 227-5 (27+) 227-6 (12+) 012-5 (11+ ) 222-4 ( 9+) 
1104* ll05 2222-5(22+) 122-4 (11+) 012-8 (ll-) 222-5 (11-) 
1076* 1083 1222-5(30-) 0122-5(22+) 2227-5 ( 8-) 2222-5 ( 7+) 
1036* 1040 227-6 (38-) 222-6 (14-) 222-6 (12-) 0122-5(12-) 
1025 1021 2227-5(54+) 0122-5(15+ ) 2222-5( 9-) 
962* 967 2222-5(35+) 012-5 (15-) 012-8 (13+) 122-6 (12T) 
943 937 222-4 (20+) 0122-5 (12+ ) 227-6 (12-) 227-4 (12+) 
875 883 1222-5(31-) 0122-5(28-) 012-5 (19-) 
808* 805 222-4 (30-) 227-4 (20+) 122-4 (15+) 012-8 (12-1-) 
752 759 122-4 (44-) 012-8 (20-) 222-4 (15-) 227-4 (13+) 
722 721 222-4 (42+) 227-4 (41-) 2227-1'( 11-) 
592'" 590 2270-5(69+) 222-D (19-) 227-D (11-) 
453 449 122-D (40+) 222-D (36-) 227-D (13+) 
326* 321 122-D (40-) 222-D (20-) 227-0 (12+) 
253 253 222-0 (42+) 2270-5(28+) 0122-T( 9-) 

215 0122-T(66-} 227-D (20-) 
156 1222-T(41-) 2227-T(22+) 227-0 (13+ ) 
III 227-0 (32-) 2227-T(31+) 222-0 (19-) 222-0 (15+) 
98 2222-T(79+) 1222-T(lO.\.) 
65 1222-T(32+) 2227-T(30+) 222-D ( 8+) 227-0 ( 8+) 

Calculated frequencies higher than 2000 em -I 

2998 2963 2963 2962 2910 2905 2900 2880 2873 2869 
2865 

* Not used in the force constant determination. 
Refen:::uce 

[1] IR.R. H. Matsuura, S. Imazeki, Y. Ogawa, M. Sakakibara, I. Harada, 
and T. 5himanouchi, Bull. Chern. Soc. Jpn., 52, 2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1230 SHIMANOUCHI ET AL. 

No. 179 
Molecule: 122227-TGG CHaCH2CH2CH2CH21 (trans-gauche-gauche form) 

Symmetry C) Symmetry number 0' = I 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I cm cm 

a 1481* 1490 222-2 (37+) 222-2 (26+) 122-2 (20-) 
1474* 1475 222-2 (44+ ) 122-2 (29+) 012-4 (14+) 
1466* 1463 012-7 (81+) 012-8 (14+) 
1460* 1459 222-2 (50+) 012-4 (24+) 222-2 (14-) 
1443* 1451 122-2 (44+ ) 012-4 (40-) 
1427 1429 227-2 (73+) 222-2 (10-) 
1380* 1380 012-2 (102+) 
1365* 1366 222-5 (43-) 122-5 (32+) 1222-S(15+) 
1350 1348 222-5 (60+) 2222-S(11-) 
1303* 1301 122-5 (29+) 222-5 (18+) 222-6 (15+) 222-6 (12+) 
1296 1295 122-6 (43-) 222-6 (12+) 122-5 (10-) 222-5 ( 9-) 
1251 1255 222-6 (36-) 222-5 (12+) 227-5 (10+) 227-6 ( 8-) 
1234* 1236 222-6 (29+) 227-5 (20+) 122-6 (12+~ 012-8 (11-) 
1188* 1189 227-5 (46+) 2227-S (11-) 222-6 ( 8+) 122-4 ( 8-) 
1137 1144 227-6 (26-) 1222-S(14-) 012-5 (l1·t) 222-D ( 5+) 
1104* 1112 2222-S(32-) 2227-S(19+) 222-6 ( 7-) 222-4 ( 6+) 
1068 1067 227-5 (15+) 222-5 (15-) 222-6 (14-) 012-8 ( 8-) 
1052* 1052 227-6 (42+) 1222-S (17 - ) 222-6 (10-) 012-5 (10+) 
1025 1027 0122-S(72t) 

952 954 012-5 (18-) 222-4 (13+) 2227-S(11t) 227-6 (lOt) 
924 923 012-8 (20+) 222-4 (18-) 122-6 (17+) 2227-S( lIt) 
850 853 227-4 (28-) 1222-S(18t) 222-4 01+} 2227-S( 8-} 
842 844 1222-S(17+) 012-5 (15t) 2227 -S (14+ ) 222-4 (13-) 
768* 771 227-4 (29+) 122-4 (28+) 012-8 (14+) 222-4 (12+) 
727* 726 122-4 (34+) 222-4 (33-) 227-4 (14-) 
525 516 2270-S(70+) 227-D (21-) 222-D (17+) 
458 463 2270-S(28-) 222-D (21-) 222-D (18+) 122-D (10-) 
355 352 222-D (33+) 122-D (23+) 227-D (13-) 2270-S( 5-) 
282 295 122-D (44+) 222-D (22-) 2227-T(15- ) 227-D (14+) 

230 0122-T(91-) 
179 227-D (34-) 222-D (30-) 222-D (15-) 
125 227-D (24+) 1222-T(23+) 2227-T(20+) 2222-T (16- ) 
88 1222-T(52-) 2222-T(35-) 
39 2227-T(45-) 2222-T(25-) 1222-T(10+) 

Calculated frequencies higher than 2000 em-I 
2999 2963 2963 2962 2910 2905 2900 2880 2873 2869 
2865 

II< Not used in the force constant determination. 
Reference 

[1] IR.R. H. Matsuura, S. Imazeki, Y. Ogawa, M. Sakakibara, I. Harada, 
and T. Shirnanouchi, Bull. Chern. Soc. Jpn., 52, 2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRA lIONAl TABLES 1231 

No. 180 
Molecule: 122227-GTG CHaCH2CH2CH2CH21 (gauche-trans-gauche form) 

Symmetry C) Symmetry number (T = I 

5ym. Observed Calculated Assignment 
species frequency frequency (P.E.D.%) 

cm- I cm -I 

a 1481 * 1485 222-2 (38+) 122-2 (32+) 222-2 (19-) 
1474* 1476 222-2 (34+) 122-2 (30+) 012-4 (18+) 
1466* 1465 012-7 (51+) 222-2 (15+) 222-2 (12+) 
1460* 1461 012-7 (29+) 222-2 (21-) 222-2 (19-) 012-4 (18+) 
1443* 1452 012-4 (41-) 122-2 (29+) 222-2 (17-) 
1427 1429 227-2 (74+) 
1380* 1381 012-2 (97+) 
1365* 1366 222-5 (38+) 222-5 (34-) 2222-5 (13+) 
1342* 1344 122-5 (71+) 1222-5(11+ ) 
1303* 1303 222-5 (26+ ) 222-5 (21+) 122-6 (16-) 222-6 (14-) 
1296 1292 222-6 (36+) 222-6 (19-) 222-5 ( 8-) 222-5 ( 7-) 
1265* 1263 122-6 (42+) 222-5 (14+ ) 012-8 (10-) 012-7 ( 7+) 
1234* 1232 227-5 (29+) 222-6 (24-) 222-6 (12-) 227-6 ( 7-) 
1188* 1188 227-5 (39+) 2227-5(12-) 222-6 ( 8+) 222-4 ( 7+) 
1137 1143 227-6 (28+) 012-5 (10-) 2222-5(10-) 222-5 ( 5-) 
1104* 1101 2227-5(17-) 2222-5(15+) 222-6 (ll+) 227-5 ( 8+) 
1076* 1084 1222-5(33+) 0122-5(22-) 122-5 ( 8-) 2222-5( 7-) 
1047* 1049 227-6 (38+) 012-5 ( 9+) 222-5 ( 8-) 012-8 ( 8-) 
1025 1016 2227-5(30+) 0122-5(23+) 222-6 ( 8+) 222-6 ( 7+) 
952 954 2222-5(20+) 012-5 (19-) 227-6 (12+ ) 222-4 (12+) 
924 922 012-8 (19-) 222-4 (16+) 122-6 (15-) 2227-5( 11-) 
885 891 0122-5(30+) 1222-5(25+) 012-5 (19t) 
799 791 222-4 (31-) 222-4 (21+) 122-4 (11t) 012-8 ( 6+) 
782 784 227-4 (42t) 122-4 (26+) 012-8 (17t) 
738 736 122-4 (24-) 222-4 (17-) 227-4 (17t) 2222-5(14+) 
506'" 508 2270-S(80t) 227-D (23-) 
481 477 222-D (26-) 122-D (23+) 2270-5(20t) 222-D (10-) 
355 348 122-D (52+) 222-D (26+) 227-D (11-) 
282 282 Ol??-T(33+) 222-D (29+) 222-D (19-) 
235* 238 227-D (43+) 2227-T(26-) 2222-T (1 Ot ) 

192 0122-T(60-) 222-D (23t) 
121 1222-T(53+) 222-D ( 9+) 2227-T( 8-) 222-D ( 7-) 

74 2227-'1'(50+ ) 1222-1(18+> 227-D (14+) 
45 2222-T(69-) 227-D (15+) 

Calculated frequencies higher than 2000 em-I 

2999 2963 2963 2962 2910 2905 2900 2880 2873 2869 
2865 

* Not used in the force constant determination. 
Reference 
[1] IR.R. H. Matsuura, S. Imazeki, Y. Ogawa, M. 5akakibara, I. Harada, 

and T. Shimanouchi, Bull. Chern. Soc. lpn., 52, 2512 (1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1232 .SHIMANOUCHI. El AL. 

No. 181 
Molecule: 122227-GTG' CHgCH2CH2CH2CH21 (gauche-trans-gauche' form) 

Symmetry C] Symmetry number u = 1 

Sym. Observed Calculated Assignment' 
species frequency frequency (P.E.D.%) 

-I -I cm cm 

a 1481* 1485 222-2 (38+) 122-2 (32+) 222-2 (18-) 
1474* 1476 222-2 (34+) 122-2 (30+) 012-4 (17+ ) 
1466* 1464 012-7 (51+) 222-2 (15+ ) 222-2 (12+) 012-8 (10+ ) 
1460* 1461 012-7 (28+) 222-2 (21-) 222-2 (19-) 012-4 (18+) 
1443* 1452 012-4 (41+) 122-2 (29-) 222-2 (18+) 
1427 1429 227-2 (74+) 
1380* 1381 012-2 (97+) 
1365* 1366 222-5 (37+) 222-5 (34-) 2222-5(13+) 
1342* 1344 122-5 (70+) 1222-5 ( 11 t ) 
1303* 1302 222-5 (31+) 222-5 (23t) 122-6 (18-) 
1296 1294 222-6 (41+) 222...;6 (25-) 222-5 ( 6-) 
1265* 1262 122-6 (44+) 222-5 (13+) 012-8 (11-) 012-7 ( 0+) 
1234* 1233 227-5 (34+) 222-6 (24+) 222-6 (12+) 222-4 ( 6-) 
1175* 1179 227-5 (23-) 012-5 (10t) 222-4 (lOt) 222-6 ( 9+) 
1155* lI58 227-6 (24+) 227-5 08-) 2227-5(15+ ) 122-4 ( 8+) 
1104* 1108 2222-S(26-) 1222-S(10+) 2227-S( 9t) 012-5 ( 8-) 
1068 1066 0122-S(42+) 1222-S(24-) 222-4 ( 4-) 227-5 ( 4-) 
1047* 1046 227-6 (37-) 012-8 (10-) 122-6 ( 8-) 222-5 ( 7-) 
1025 1025 2227-S(28-) 012-5 (11-) 222-6 (10+ ) 2222-S(10+ ) 
943 942 2222-S(26+) 012-8 (17+) 122-6 (15+ ) 227-4 (11+) 
927* 932 222-4 (26+) 012-5 (18-) 222-4 (12+) 122-5 (11-) 
885 891 0122-S(34-) 1222-S(25-) 012-5 (16-) 
817 814 227-4 (24-) 012-8 (18+) 122-4 (18+ ) 222-4 (17-) 
752 752 227-4 (42-) 2222-S(15+ ) 222-4 (14-) 
738 747 122-4 (37+) 222-4 (26.;.) 012-8 (14+) 222-4 (12-) 
506* 505 2270-S(93-) 227':"D (22+) 
481 474 222-D (28+) 122-D (25-) 222-D (15+) 012-5 ( 5+) 
355 365 122-D (49-) 222-D (20-) 227-D (13+) 
282 277 0122-T(35-) 222-D (28-) 222-D (23+) 
235* 238 227-D (38+) 2227-T(32+) 222-D ( 9+) 

192 0122-T(60+) 222-D (24-) 
112 1222-T(46-) 227-D (12-) 122-D ( 9-) 2222-T( 8+) 

65 2227-T(37-) 227-D. (22+) 222-4 (11-) 2222-T(10+) 

51 2222-'-T(60+) 1222-T(18+ ) 2227-T(12+) 

Calculated frequencies hij:!;her than 2000 em -I 

2999 2963 2963 2962 2910 2905 2900 2880 2873 2869 
2865 

* Not used in the force constant determination. 
Reference 

[1] IR.R. H. Matsuura, S. Imazeki, Y. Ogawa, M. Sakakibara, I. Harada, 
and T. 5himanouchi, Bull. Chern. Soc. Jpn., 52, 2512 (1979). 



No. 182 
Molecule: 72227 - TT 

Symmetry C2v 

MOLECULAR VIBRATIONAL TABLES 

ICH2CH2CH21 (trans-trans form) 
Symmetry number u = 2 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I em em 

al 1456 1467 222-2 (94+) 
1418 1411 227-2 (45+) 722-2 (45t) 
1209 1202 722-5 (50-) 227-5 (50+) 
1019 1024 7222-S(34-) 2227-S(34-) 222-0 (12+) 
646 644 222-D (30+) 0722-S(30-) .2270-5(30-) 
195 200 222-0 (47+) 2270-S(23+) 0722-S(23+) 
82 74 227-D (47+) 722-D (47+) 222-D (13-) 

a2 1252(s) 1264 222-6 (76t) 
1040 1059 227-6 (45+) 722-6 (45+) 222-6 (13+) 

761 757 227-4 (47t) 722-4 (47-) 222-6 (13t) 
135 2227-T(47+) 7222-T(47+) 

bl 1435 1430 722-2 (44-) 227-2 (44+) 
1311 1313 222-5 (79+) 7222-5(11-) 2227-5( 11+) 
1152 1151 227-5 (42+) 722-5 (42+) 222-5 (25+) 
1040 1025 2227-5(46+) 7222-5(46-) 
521 516 2270-5(52+} 0722-5(52-) 227-D (10-) 
289 296 722-0 (49-) 227-D (49+) 

b2 1209 1208 722-6 (29+) 227-6 (29-) 222-4 (20-) 
960 941 222-4 (27+) 227-6 (19-) 722-6 (19+) 
720 718 222-4 (44-) 722-4 (24+) 227-4 (24+) 

95 7222-T(39+) 2227-T(39-) 222-4 (12-) 

Calculated frequencies higher than 2000 em -I 

2999 2998 2963 2962 2904 2869 
Reference 
[I] IR.R. J. Thorbj¢rnsrud, O. H. Ellestad, P. Klaboe, and T. Torgrimsen, 

J. Mol. Struct., 15,61 (1973). 

1233 

722-D (l0+) 

722-4 (17+) 
7222-T(10-) 
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SHIMANOUCHI ET AL. 

N ••• JU~i 

MnIN~ult~t 72227-TG 
Symmetry C1 

ICH2CH2CH21 (trans-gauche form) 
Symmetry number u = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

cm- I em-I 

a 1456* 1472 222-2 (88+) 
1423+ 1429 227-2 (75t) 
1423* 1421 722-2 (86+) 
1333 1334 222-5 (73+) 7222-S(12-} 
1275* 1267 222-6 (65-) 227-5 (11+) 
1195* 1208 227-5 (47+) 722-6 (20-) 222-4 (11+ ) 
1188 1188 722-5 (80-) 
1141 1135 227-5 (26+) 2227-S(22-) 722-6 (15+) 
1082 1095 227-6 (30+) 7222-S(22-) 722-6 (15-) 
1040 1035 2227-S(30+) 7222-S(20-) 722-6 (19+) 
960 969 7222-S(24+) 227-6 (23+) 2227-S(18+ ) 
938>4< 928 222-4 (34+) 722-4 (19+) 722-6 (18+) 
794 795 227-4 (62+) 7222-S ( 14+ ) 
732* 733 722-4 (60+) 222-4 (27-) 
600 588 0722-S(62-) 222-D (25+) 722-D (17+ ) 
50S G04 2270-S(97-) 227-D (18+) 
340 338 227-D (32+) 0722-S(28-) 222-D (27-) 
220 229 2227-T(31+) 222-D (21-) 227-D (21-) 
195 185 722-D (78+) 722-5 (11+) 

95 2227-T(46+) 7222-T(37+) 
45 7222-T(36-) 227-D (34+) 222-4 (14+) 

Calculated frequencies higher than 2000 cm- I 

2998 2998 2963 2963 2904 2869 
'" Not used in the force constant determination. 

Reference 
[1] IR.R. J. Thorbj¢rnsrud, O. H. Ellestad, P. Klaboe, and T. Torgrimsen, 

J. Mol. Struet., 15, 61 (1973). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 

227-6 (15+ ) 
222-6 (11-) 
227-6 (11-) 
227-4 (11-) 
2227-S(12-) 

227-4 (10-) 

722-D (12+) 

2227-T(11+ ) 



No. "184 
Molecule: 

MOLECULAR VIBRATIONAL TABLES 

72227-GG 
Symmetry C2 

ICH2CH2CH2I (gauche-gauche form) 
Symmetry number u = 2 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

em -I em -I 

a 1456 1478 222-2 (82+) 
1418 1423 227-2" (38+) 722-2 (38+) 222-2 (14-) 
1275 1267 222-6 (57+) 722-5 (11+ ) 227-5 (ll-) 
1195 1185 227-5 (30+) 722-5 (30-) 722-6 (11+) 
1101 1093 222-6 (30-) 722-6 (25+) 227-6 (25+) 
938 933 7222-5(19+ ) 2227-S(19+ } 227-4 (14-) 
824 822 722-4 (22-) 227-4 (22+) 2227 -5 (19+ ) 
535 526 0722-5(41-) 2270-S(41-) 222-D (17-) 
399 390 222-D (58-) 2270-5(12+) 0722-S(12+ ) 
170 159 227-D (41+) 722-D (41+) 222-D (13+) 

27 7222-T( 42+) 2227-T(42+) 
b 1423 1436 722-2 (38-) 227-2 (38t) 

1342 1348 222-5 (67+) 227-2 ( 9-) 
1209 1212 722-5 (36+) 227-5 (36+) 7222-5(12+) 
1094 1093 2227-S(29-) 7222-S(29+) 222-4 (13-) 
1072 1073 227-6 (30t) 722-6 (30-) 222-5 (19-) 
917 928 222-4 (49-) 722-4 ( 7+) 227-4 ( 7+) 
732 739 227-4 (40+) 722-4 (40+) 222-4 (12+) 
491 496 2270-5(49-) 0722-S(49+) 
289 294 722-D (27t) 227-D (27-) 7222-T(17-) 

116 2227-T(26+) 7222-T(26-) 722-D (22-) 

Calculated frequencies higher than 2000 em-I 

3000 2997 2963 2962 2904 2869 
Reference 
[1] IR.R. J. Thorbj¢rnsrud, O. H. Ellestad, P. Klaboe, and T. Torgrimsen, 

J. Mol. Struet., 15,61 (1973). 

1235 

227-6 (l1+) 

722-4 (14+) 
7222-5(19+) 
722-D (15+) 

2227-5(12-) 

227-5 ( 6+) 
222-5 (10-) 

2227-T(17+) 
227-D (22+) 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1236 SHIMANOUCHI ET AL. 

No. 185 
Molecule: 722227-TTT I CH2CH2CH2CH21 (trans-trans-trans form) 

Symmetry C2b Symmetry number (T = 2 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I em cm 

a~ 1448* 1460 222-2 (43+) 222-2 (43+) 
1425* 1417 227-2 (40+) 722-2 (40+) 
1341 1350 222-5 (46+) 222-5 (46-) 2222-S (13+ ) 
1189 1187 722-5 (48-) 227-5 (48,) 
1052 1053 7222-S(34-) 2227-S(34-) 222-D'( 6+) 
1046 1038 2222-S(82-) 

603 607 2270-S(33+) 0722-S(33+) 222-D (10-) 222-D (10-) 
305 313 222-D (21+) 222-D (21+) 722-D (19-) 227-0 (19-) 
111 106 227-D (33+) 722-D (33+) 2222 S( 7+) . 

all 1246* 1246 222-6 (30+ ) 222-6 (30+) 722-6 (10-) 227-6 (10-) 
1060 1063 722-6 (36+) 227-6 (36+) 222-6 (17+) 222-6 (17+) 
830 830 722-4 (26-) 227-4 (26+) 222-4 (16+) 222-4 (16-) 
725 720 222-4 (28.;.) 222-4 (28-) 227-4 (18-) 722-4 (18+) 

127 2222-T(83+) 
44 2227-T(35+) 7222-T(35+) 222-4 ( 8+) 

bl( 1300 1297 222-6 (41+) 222-6 (41-) 
1189 1196 227-6 (25-) 722-6 (25+) 222-4 (15-) 222-4 (15-) 
1001 976 227-6 (24-) 722-6 (24+) 222-4 (16+) 222-4 (16+) 
725* 728 722-4 (35-) 227-4 (35-) 222-4 (13+ ) 222-4 (13+) 

153 2227 - T ( 44·r) 7222-T(44-) 
bu 1476 222-2 (49-) 222-2 (49+) 

1425* 1422 722-2 (45';') 227-2 (45-) 
1285 1276 222 5 (36+) 222 5 (361 ) 722 5 (14.- ) 227-5 (11. ) 

1158 1161 227-5 (35+) 722-5 (35+) 222-5 (17+ ) 222-5 (17+ ) 
1013 1004 2227-S(40+) 7222-S(40-) 
576 576 0722-S(37+) 2270-S(37-) 722-D (15-) 227-0 (15+) 
316 327 722-0 (19-) 227-0 (19+) 0722-S(14-) 2270-S(14+) 

77 222-0 (34-) 222-0 (34+) 722-0 (25-) 227-0 (25+) 

Calculated frequencies higher than 2000 em-I 

2998 2998 2963 2962 2909 2900 2873 2865 
'" Not used in the force constant determination. 

Reference 
{I) IR.R. M. Sakakibara, H. Matsuura, and H. Murata, J. Mol. Struct., 55,21 

(1979). 

J. Phys. Chern. Ref. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRATIONAL TABLES 1237 

No. 186 
Molecule: 722227-TTG ICH2 CH2CH2CH21 (trans-trans-gauche form) 

Symmetry C) Symmetry number u = 1 

5ym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I cm em 

a 1479 222-2 (59+) 222-2 (33-) 
1448* 1460 222-2 (61+) 222-2 (27+) 
1425* 1430 227-2 (72+) 
1425* 1419 722-2 (81-) 
1359 1359 222-5 (51-) 222-5 (32+) 2222-5(13+) 
1294 1297 222-6 (39-) 222-6 (38+) 
1287 1286 222-5 (49+) 222-5 (24+) 722-5 (13-) 
1235 1245 222-6 (31-) 222-6 (20-) 227-5 (17+) 722-6 (10+) 
1202 1204 227-5 (42+) 722-6 (19-) 222-4 (11+) 
1189 1181 722-5 (72+) 
1127 1134 227-6 (20+) 227-5 (20+) 2227-5(14-) 722-5 (10-) 
1104 1097 2222-5(26+) 227-6 (17-) 222-6 (14+) 722-6 (11+) 
1052 1052 7222-5(22-) 2222-5(15+) 722-6 (15-) 2227-5(13-) 
1022 1023 7222-5(46-) 227-6 (12-) 722-6 (10+) 2227-5( 7+) 
977 984 227-6 (26+) 2222-S(21+) 722-6 (12+) 222-4 (12+) 
965 963 2227-5(28-) 722-6 (11+) 222-4 (10+) 222-4 ( 8+) 
820 823 222-4 (26+) 722-4 (22-) 227-4 (20-) 222-4 (12-) 
772 774 227-4 (52+) 222-4 (15+) 722-4 (10-) 
725 722 722-4 (46-) 222-4 (41+) 7222-T( 11+) 
596 593 0722-5(68+) 222-D (20-) 722-D (11-) 
504 506 2270-5(93+) 227-D (22-) 
409 411 222-D (48+) 722-D (18-) 0722-5 ( 11 + ) 
263 264 227-D (22+) 222-D (16-) 722-D (14-) 0722-5(13-) 
219 231 227-D (24+) 222-D (20+) 0722-5(14+) 2227 -T (12- ) 
164 153 722-D (42-) 2227-T(21+) 222-0 (19+) 227-0 (13+) 
III * 108 7222-T(39+) 2222-T (16- ) 722 D (11.) 222-D ( 9--) 

87 2222-T(56+) 7222-T(20+) 227-D (10-) 2227-T(lOt) 
31 2227-T(29+} 227-0 (15+) 7222-T(13+ ) 222-D (11+) 

Calculated frequencies higher than 2000 em-I 

2999 2998 2963 2963 2909 . 2900 2873 2865 
* Not used in the force constant determination. 

Rp.fp.rp.n~p. 

[1] IR.R. M. 5akakibara, H. Matsuura, and H. Murata, 1. Mol. Struct., 55, 21 
(1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1238 SHIMANOUCHI ET AL. 

No.I87 
Molecule: 722227-TGT I CIl2CH2CH2CH21 (trans-gaucbe-trans form) 

Symmetry C2 Symmetry number u = 2 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

em -I cm- I 

a 1480 222-2 (47+) 222-2 (47+) 
142:)'" 142i:S 227-2 (45+) 722-2 (4:>+) 
1332 1328 222-5 (31-) 222-5 (31+) 2222-S(11-) 222-6 (11-) 
1262 1257 222-6 (28-) 222-6 (28-) 222-5 ( 7+) 222-5 ( 7-) 
1197 1195 722-5 (32-) 227-5 (32+) 227-6 ( 8-) 
1148 1142 722-6 (14+) 227-6 (14+) 227-5 (12+) 722-5 (12-) 
1067 1067 2222-S(51-) 7222-S(20+) 2227-S(20+) 
1001 992 722-6 (19+) 227-6 (19+) 2222-S(13+) 222-4 ( 9+) 
tl92 tl9i:S 7222-S(14-) 2227-S(14-) 2222-S(1i:S-) 222-4 ( tl-) 
740 738 722-4 (32+) 227-4 (32-) 222-4 (13-) 222-4 (13+) 
572 576 2270-S(39-) 0722-S(39-) 
242 237 222-D (18-) 222-D (18-) 2222-T(18+) 7222-T(10-) 
141 136 722-D (36+) 227-D (36+) 

109 2222-T(60-) 2227-T(13-) 7222-T(13-) 
48 7222-T(20-) 2227-T(20-) 222-D (16t) 222-D (16+) 

b 1448'" 14(j0 zzz-z (47-) ZZZ-Z (47+) 
1425* 1420 722-2 (44-) 227-2 (44+) 
1341 1345 222-5 (41+) 222-5 (41+) 
1248 1244 222-6 (30-) 222-6 (30+) 722-6 ( 9+)· 227-6 ( 9-) 
~189 1188 227-5 (45+) 722-5 (45+) 
1104 1100 227-6 (21+) 722-6 (21-) 222-6 ( 9-) 222-6 ( 9+) 
1022 1019 7222-S(23-) 2227-S(23+) 227-6 (13-) 722-6 (13+) 
870 871 722-4 (16+) 227-4 (16+) 222-4 (15+) 222-4 (15+) 
717 720 227-4 (28+) 722-4 (28+) 222-4 (16-) 222-4 (16-) 
612 611 0722-S(26+) 2270-S(26-) 222-D (17-) 222-D (17+) 
367 364 0722-S(26-) 2270-S(26+) 222-D (18-) 222-D (18+) 
242 239 722~D (46-) 227-D (46+) 

57 2227-T(39-) 7222-T(39+) 

Calculated frequencies higher than 2000 cm _I 

2998 2998 2963 2962 2907 2903 2871 2867 
* Not used in the force constant determination. 

Reference 
[1] IR.R. M. Sakakibara, H. Matsuura, and H. Murata, J. Mol. Struct., 55,21 

(1979). 

J.Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRATIONAL TABLES 1239 

No. 188 
Molecule: 722227-TGG ICH2CH2CH2CH21 (trans-gauche-gauche form) 

Symmetry C) Symmetry number u = I 

Sym. Observed Calculated Assignment 
species frequency frequency (p.E.D. %) 

-I -I em em 

a 1484 222-2 (55+) 222-2 (:~5t ) 

1448* 1462 222-2 (58+) 222-2 (31-) 
1425* 1429 227-2 (70+) 222-2 (10-) 

1425* 14.21 722-2 (87+) 
1359 1354 222-5 (59+) 222-5 (16+) 
1332 1331 222-5 (55-) 2222-S ( 11- ) 222-6 ( 11-) 222-5 (10+) 
1262 1260 222-6 (33-) 222-6 (25-) 222-5 ( 7+) 227-6 ( 6-) 
1248 1247 222-6 (29+) 227-5 (23+) 222-() (21-) 
1197 1199 227-5 (39-) 722-5 (23-) 722-() ( 12-) 
1189 1182 722-5 (63-) 227-5 ( 8+) 
1119 1126 222-6 (18+) 227-6 (14-) 7222-S( 11-) 2222-S (11 + ) 
1104 1091 227-6 (3I T ) 722-6 (15-) 2227-S( I iJ.-) 2222-S( 7+) 
1083 1081 2222-S(26+) 2227-S(15-) 722-() ( 1,1.-! ) 222-5 (11+) 
1022 1018 7222-S(42-) 227-6 (27+) 222-6 ( CJ-) 

972 971 722-6 (27-:-) 222-4 (22+) 722-4 ( II-r ) 2227-S( 9+) 
892 894 7222-S(21+) 222-4 (18+ ) 227-4 (17-) 2222-S (11 + ) 
859 865 2227-S(30-) 222-4 (12+) 2222-S ( 12- ) 722-4 (11+) 
772 776 227-4 (43-:.) 722-4 (22+) 222-4 (U-i) 

717 718 722-4 (43T ) 222-4 (36-) 227-4 ( 11)-) 

599 598 . 0722-5(61-) 222-D (26+) 722-1) ( J()I ) 

504 507 2270-S(87.1-) 227-D (21-) 
416 414 222-D (53-:-) 0722-5(15-) 2270-S ( 14-) 
305 302 227-D (27+) 222-D (21-) 2227-T( 1,)-) 0722-S(14-) 
210 207 722-D (72+) 
175 165 227-D (42-) 222-D (26-) 722-11 (15+ ) 222-D (12-) 
128 121 2222-T(24-) 2227-T(21+ ) 227-D ( )9-1 ) ZZZ-4 (13+ ) 

86 7222-T(491") 2222-T(38+) 
24 2227-T(39-) 7222-T(20t) 2222-T ( 1,)-) 

Calculated frequencies higher than 2000 cm- 1 

2999 2998 2963 2963 2907 2903 2871 2867 
* Not used in the force constant determination. 

Refen:mce 

[1] IR.R. M. 5akakibara, H. Matsuura, and H. Murata, J. Mol. Struct., S5. 21 
(1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1240 SHIMANOUCHI ElAl. 

No. 189 
Molecule: 722227-GTG ]CH2CH2CH2CH21 (gauche-trans-gauche form) 

Symmeiry C2 Symmetry number 0' = 2 

8ym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

cm-' em -I 

a 1448* 1462 222-2 (43+) 222-2 (43+) 
1425'" 1431 227-2 (34+) 722-2 (34+) ·222-2 ( 5-) 
1368 1365 222-5 (38+) 222-5 (38-) 2222-8(13+ ) 
1235 1246 222-6 (21+) 222-6 (21+) 722 ... 5 (16+) 227-5 (16-) 
1189 1174 227-5 (23+) 722-5 (23-) 7222-5(13-) 2227-5(13-) 
1119 1121 2222-5(26-) 222-6 (14-) 222-6 (14-) 227-6 (11+) 
1052 1047 2222-5(14-) 7222-5(14+ ) 2227-5(14+ ) 222-6 ( 9+) 
951 966 2222-5(20+) 722-6 (17+) 227-6(17+) 722-4 (10+) 
793 804 222-4 (30-) 222-4 (30+) 227-4 «7-) 722-4 ( 7+) 
740 742 227-4 (23+) 722-4 (23-) 2222-8(21+) 222-4 (l1+) 
504 512 0722-5(38+) 2270-5(38+) 722-D (14-) 227-D (14-) 
464 463 222-D (23-) 222-D (23-) 2270-5(12+ ) 0722..;.5(12+ ) 
219 219 227-D (23-) 722-D (23-) 2222-T(20-) 2227-T( 6+) 

66 7222-T(35+) 2227-T(35+) 722-D ( 6+) 
23 2222-T(67-) 227-D (12+) 722-D (12+ ) 

b 1482 222-2 (45-) 222-2 (45+) 
1425* 1428 722-2 (40+) 227-2 (40-) 
1294 1300 222-5 (24+) 222-5 (24+) 222-6 (15+) 222-6 (15-) 
1287 1295 222-6 (22-) 222-6 (22+) 222-5 (13-) 222-5 (13-) 
1202 1206 722-5 (32+) 227-5 (32+) 222-4 ( 8+) 
1104 1097 722-6 (24+) 227-6 (24-) 2227-5(10+) 7222-5(10-) 
1031 1033 2227-5(17+ ) 7222-5 (17 - ) 722-6 04-) 227-6 (14+) 
940 959 222-4 (16+) 222-4 (16+) 2227 -5 (15- ) 7222-5(15+) 
793 798 722-4 (40+) 227-4 (40+) 
504 502 2270-5(50-) 0722-5(50+) 
281 278 222-D (30-) 222-D (30+) 722-D (22-) 227-D(22+) 

254 7222-T(23-) 2227-T(23+) 722-D (14+) 227-D (14-) 
97 2227-T(23-) 7222-T(23+) 227-D (14-) 722-D (14+) 

Calculated frequencic:l higher than 2000 cm-) 

2999 2998 2963 2963 2909 2900 2873 2865 
* Not used in the force constant determination. 

Reference 
[1] IR.R. M. 5akakibara, H. Matsuura, and H. Murata, J. Mol. 5truct., 55, 21 

(1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



MOLECULAR VIBRATIONAL TABLES 1241 

No. 190 
Molecule: 722227-GTG' ICH2CH2CH2CH21 (gauche-trans-gauche' form) 

Symmetry Cj Symmetry number (J" = 1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D.%) 

em -I em- I 

af( 1462 222-2 (43+) 222-2 (43+) 
1425 1431 227-2 (34+) 722-2 (34+) 222-2 ( 5-) 
1368 1366 222-5 (38+) 222-5 (38-) 2222-5(13+) 
1287 1297 222-6 (37-) 222-6 (37+) 
1197 1209 227-5 (35+) 722-5 (35-) 222-4 ( 7-) 
1189 1162 722-6 (24-) 227-6 (24+) 7222-S( 7+) 2227-S( 7+) 
1083 1089 2222-5(32-) 7222-5(15+) 2227-5(15+) 222-4 (' 6-) 
977 977 222-4 (19+) 222-4 (19+) 227-6 (12+) 722-6 (12-) 
940 962 2222-5(12+) 222':"0 (10-) 222-D (10-) 7222-5(10+) 
763 753 227-4 (30+) 722-4 (30+) 2222-5(26-) 
504 500 2270-S(42-} 0722-S(42-) 227-0 (13+) 722-D (13+) 
464 460 222-D (24-) 222-D (24-) 2270-5 (11 + ) 0722-5 (11 + ) 
235(8) 234 2227-T(29+) 7222-T(29-) 227-D (17+) 722-D (17+) 

59 722-D (26+) 227-D (26+) 2227-T07-) 7222-T(17+) 
a" 1482 222-2 (45-) 222-2 (45+) 

1425 1427 722-2 (40-) 227-2 (40+) 
1295 1298 222-5 (37+) 222-5 (37+) 
1235 1245 222-6 (22+) 222-6 (22+) 722-5 (17+) 227-5 (17+) 
1140 1141 227-5 (25-) 722-5 (25-) 222-6 (16+) 222-6 (16+) 
1060 1059 722-6 (40+) 227-6 (40+) 
999 1001 2227-5(34+} 7222-5(34-) 722-5 ( 4+) 
830 834 722-4 (27+) 227-4 (27-) 222-4 (14-) 222-4 (14+) 
746 761 222-4 (27-) 222-4 (27+) 722-4 (15-) 227-4 (15+) 
503 511 0722-S(47-) 2270-S(47+) 722-D (10+) 227-D (10-) 

295 722-D (28+) 227-D (28-) 222-D (18+) 222-D (18-) 
244 222-D (29+) 222-D (29-) 2222-T( 10+) 722-D ( 9+) 

55 2227-T(18+ ) 7222-T(18+) 2222-T(18-) 222-4 ( 9+) 
37 2222-T(55+) 7222-T(17+ ) 2227-1(17+) 

Calculated frequencies higher than 2000 cm- l 

2999 2998 2963 2963 2909 2900 2873 2865 
Reference 
[11 IR.R. M. Sakakibara, H. Matsuura, and H. Murata, J. Mol. Struct., 55, 21 

(1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 
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No. 191 
Molecule: 722227-GGG ICH2 CH2CH2CH21 (gauche-gauche-gauche form) 

Symmetry C2 Symmetry number (T = 2 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I cm cm 

a 1488 222-2 (43+) 222-2 (43 T ) 

1425* 1429 227-2 (38+) 722-2 (38+) 
1341 1341 222-5 (32-) 222-5 (32+) 2222-S(14+) 
1262 1264 222-6 (29+) 222-6 (29+) 227-6 ( 5+) 722-6 ( 5+) 
1197 1207 227-5 (39+) 722-5 (39-) 2227-S(10-) 7222-S(10-) 
1119 1123 2222-S(29-) 2227-S( 9+) 7222-S( 9+) 222-5 ( 6+) 
1052 1053 227-6 (34+) 722-6 (34+) 2222-S( 9+) 
972 970 222-4 (26-) 222-4 (26+) 722-5 ( 8+) 227-5 ( 8-) 
880 883 2222-5(17+) 7222-5(15+) 2227-5(15+) 722-4 (13+) 
763 760 722-4 (29-) 227-4 (29+) 2222-S(29+) 
504 509 2270-S(47+) 0722-S(47+) 227-D (11-) 722-D (11-) 
349 351 222-D (20+) 222-D (20+) 722-D (11-) 227-D 01-) 
210 199 222-D (20+) 222-D (20+) 7222-T(18-) 2227-T(18-) 

89 227-D (34-) 722-D (34-) 2222-T( 9+) 
24 2222-T(59+) 7222-T(16+ ) 2227 - T (16-1-) 

b 1448'" 1465 222-2 (42+) 222-2 (42-) 
1425* 1429 722-2 (35-) 227-2 (35+) 222-2 ( 7+) 
1359 1358 222-5 (37+) 222-5 (37+) 
1248 1249 222-6 (22+) 222-6 (22-) 722-5 (20+) 227-5 (20+) 
1158 1151 722-6 (21-) 227-6 (21+) 7222-S(II+) 2227-S( 11-) 
1119 1122 222-6 (23-) 222-6 (23+) 227-5 (16+) 722-5 (16+) 
1001 1008 2227-S(16-) 7222-S(16+) 227-6 (16-) 722-6 (16+) 
887 887 722-4 (16-) 227-4 (16-) 2227-S(13-) 7222-S (13+ ) 
740 749 222-4 (23+) 222-4 (23.,.) 227-4 (20+) 722-4 (20+) 
504 515 0722-S(33-) 2270-S(33+) 222-D (16-) 222-D (16+) 
445 445 222-D (26-) 222-D (26+) 2270-S(18-) 0722-S(18+) 
242 245 722-D (44-) 227-D (44+) 

55 2227-T(36-) 7222-T(36+) 

Calculated frequencies higher than 2000 cm- I 

2999· 2998 2963 2963 2907 2903 2871 2867 
* Not used in the force constant determination. 

Reference 
[1] IR.R. M. Sakakibara, H. Matsuura, and H. Murata, J. Mol. Struct., 55, 21 

(1979). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 
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No. 192 
Molecule: 13225-TT CHaOCH2CH2CI(trans-trans form) 

Symmetry number u·=· 1 Symmetry e" 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I ' em em 

a I 1491 322-2 (Q3-) 
1470 1468 013..;:.4 (84+) 013-5 (15+) 
1465 1462 013-2 (104+) 
1433 1432 225-2 (90+) 
1390 1::fl4 322-5 (86+) 
1270 1285 225-5 (91+) 
1207 1201 013~5 (59+) 1322':"'5(20-) 013-4 (10-) 
1130 1110 o 132.;..S (63+) 1322-S(16-) 3225-5 (11 + ) 
1058 1043 3225-S(60-) 0132-S( 8+)' 013-5 ( 6-) 
963·, 960 1322-S(68-) 0132-S(23-) 
751 739 2250-S(80-) 
438 447 132-ll (66-) 225~D(191 ) 

348 342 322-D, (30+) 2250-5(19+) 225-D (18+) 
180 175 225-D (53+) 322-D . ( 44-) 132--B (23+) 

a" 1451 1454 013-7 (86+) 013~8 (16+) 
1302 1286 322.,..6. (.66+) 225-6 (20-) 
1221 1224 225-6 (49+) 322-4 (21+) 322-6 (14t J 

1154 1152 . 013-8 (76+) 013-7 01-) 
1043 1039 322-4 (37+)' 225-4 (3n+) 22S-6 (19-) 

775 225-4 (57+) 322-4 (38-) 322-6 (16+) 
229 222 0132-T(81-) 3225-T( 14+) 

141 ' 1322-T(44+) 3225-T(36+ ) 0132-T(18+ ) 
107 lii~~-T(4'l+) 3225-T(40-) 

Calculated frequencies higher than 2000cm-1 

~oos 29R9 2988 2964 2956 2865 2820 
Force constants for this molecule were not adjusted. 

Reference 
[1] IR.R. H. Matsuura, M. Kono, H. Iizuka, Y. Ogawa, 1. Harada, and 

'1', Shimanouchi, Bull. Clu:m. Soc. Jpn., SO, 2272 (1977). 

1243 

322-5 (lOt) 

3225-5 ( .6+) 
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No. 193 
Molecule: 13225-TG CHsOCH:zCH2C) (trans-gauche form) 

Symmetry number (J' = 1 Symmetry C1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

cm-1 cm-1 

a 1486(s) 1496 322-2 (85+) 
1470 1467 013-4 (84+) 013-5 (15+) 
1465 1462- 013-2 (104+) 
1451 1454 013-7 (86+) 013-8 (16+) 
1433 1435 225-2 (77+) 322-2 (10-) 
1390 1386 322-5 (82+) 
1302 1305 225-5 (67+) 322-6 (18-) 
1258 1?6R ~22-6 (47+) 225-5 (15+) 225-6 (l1+) 
1221 1227 225-6 (30+) 013-5 (22+) 1322-S(16-) 
1176 1178 013-5 (36-) 225-6 (34+) 322-5 ( 6-) 
1154 1152 013-8 (73+) 013-7 (11-) 
1130 1115 0132-S(55+) 1322-S(18-) 3225-S(13+) 
1058 1045 3225-S(38+) 0132-S(22-) 322-4 (19+) 
1005 1014 225-4 (32+) 1322-S(24-) 0132-S(12-) 
963 961 322-4 (40+) 3225-S(14-) 225-5 ( 9-) 
816 812 1322-S(43-) 225-4 (42-) 322-5 (11+) 
666 658 2250-5(95+) 
507 513 322-D (31-) 132-B (25-) 225-D (16+) 
329 3.24 13.2-B (521) 225 D (30+) 322-D (12-) 
272 270 322-D (32+) 3225-T(26-) 225-D (24+) 
229 211 0132-T(81-) 

117 3225-T(55-) 1322-T(23-) 0132-T( ll-') 
95 1322-T(60+) 225-D (15-) 3225-T(12-) 

Calculated frequencies higher than 2000 em-I 

3005 2989 2988 2965 2955 2865 2820 
Force constants for this molecule were not adjusted. 

Reference 
[1] IR.R. H. Matsuura, M. Kono, H. lizuka, Y. Ogawa, 1. Harada, and 

T. 5himanoucbi, Bull. Chern. Soc. Jpn., 50,2272 (1977). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 

322-6 (12-) 

3225-8(10+) 
1322-S( 9-) 

132-B (10-) 
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No. 194 
Molecule: 13225...;GT. CHaOCH2CH2Cl(gauche-traus form) 

Symmetry C1 Symmetrynumher u = I ~ 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

'-1 em cm~1 

a 1486 322-2 (96+) 
1470 1467 013-4 (84+) 013-5 (15+) 
1465 1462 013-2 (103+) 
1451 1454 013-7 (86t) 013-'8 (16+) 
1433 .1432 225-2 (88+) 
1390 1372 322-5 (85+) 
1302 . 1302 322-6 (71-) 
1270 1283 225~5 ,(91t) 
1255 1245 225-6 (58+) 3224 (20+.) 
1198 . i195 013-5 (55+) 1322-S (19- ) 
1154 1157 013-8 (80+) 013;,..7 (12-) 
1105 1085 0132~S(41-) 1322-S(23+) 225-6 (12-) 322-6 (11-) 
1043 1033 2254 (28+) 3224 (28+) 1322-S(14-) 225-6 (13-) 
1043 1031 3225-S(80-) 
923 929 1322-S(53~) . 0132~S (44-) 

773 2254.(56-) 3224 (38+) 322-6 (16~) 
751 750 2250-S(76-) 322-D (15+) 
463 457 132~B (64,...) 322-D (22+) 2250-S(12+) 
348 343 322-D (24-) 132-B (23-) 2250-S(13-) 1322-T( 8+) 
282 276 225-D(75+) 322-D (13-) 0132-T(12-) 

180 0132-T(78+) 322-D (15-) . 225-D (10+) 
118 1322-T(85-) 
104 3225:-T(82+) 

Calculated frequ.encies higher than 2000 cm~1 
3005 2989 2988 2965 2956 2865 2820 

Force constants for this molecule were not adjusted. 
Reference 
[1] IR.R. H. Matsuura, M. Kon9,H. Iizuka, Y. Ogawa, 1. Harada. and 

T. Shimanouchi. BulL Chern. Soc. Jpn., 50,2272 (1977). 

.I.PhyS. Chem. Kef •. Data, Vol. 9, ,No, 4; 198U 
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No. 195 
Molecule: 13225-GG CHgOCH2CH2CI (gauche-gauche form) 

Symmetry number u = I Symmetry C1 

Sym. Observed Calculated Assignment 
species frequency frequency (p.E.D. %) 

-I -I em em 

a 1491 322-2 (89+) 
1470 1467 013-4 (84+) 013-5 (15+) 
1465 1462 013-2 (104+) 
1451 1454 013-7 (86+) 013-8 (16+ ) 
1433 1435 225-2 (78+) 
1390 1383 322-5 (83+) 
1302 1307 225-5 (51+) 322-6 (33-) 
1270 1291 322-6 (33+) 225-5 (28+) 322-4 (12+) 
1221 1230 225-6 (52+) 1322-S(20-) 0132-S(10+ ) 
1198 1189 013-5 (50-) 225-6 (16+) 013-4 ( 8+) 
1154 1156 013-8 (79+) 013-7 (12-) 
n05 1074 0132-S(38-) 1322-S(25t) 225-6 (1St) 
1058 1053 3225-S(46+) 322-4 (21+) 225-4 ( 7-) 
963 970 0132-S(46-) 225-4 (28+) 
963 950 322-4 (34+) 3225-S(23-) 322-D ( 9+) 
835 822 1322-S(48+) 225-4 (33+) 
666 657 2250-S(92+} 
493 502 322-D (60-) 132-B (25+) 225-D (11+) 
418 409 132-B (55+) 225-D (16-) 
257 246 225-D (51+) 322-D (21+) 132-B (10+) 

203 0132-T(71-) 
142 1322-T(33-} 3225-T(26+} 0132-T(20-) 
69 1322-T(47+) 3225-T(44+) 

Calculated frequencies higher than 2000 cm-) 
3005 2989 2988 2966 2955 2864 2820 

Force constants for this molecule were not adjusted. 
Reference' 
[1] IR.R. H. Matsuura, M. Kono, H. Iizuka, Y. Ogawa, I. Harada, and 

T. Shimanouchi, Bull. Chern. Soc. Jpn., 50,2272 (1977). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 

322-6 (10-) 

225-5 ( 8-) 

225-D (11+) 



MOLECULAR:VIBRATIONAL TABLES 

No. 196 
Molecule: 13226"TT CHiOCH2CH2Br (trans ... transform) 

Symmetry number.u = I Symmetry Ctl 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

cm- l em-' 

a' 1490 322-2 (93+) 
1467 1467 013-4(84+ ) 013-" 11 ~-L) 

1458 1462 013-2 (104+) 
1424 1433 22~2 (96+) 
1372 1372 322-5 (90+) 
1224 1233 226-5 (93+) 
1190 1200 013-5 (56+) 1322-t;(20-) 322-5 (10+) 
1096 1108 0132-S(63+) 1322-5{16-) 3226-S(10+ ) 
1044 1034 3226-S(64+) 0132':'.$( 9-) 
952 955 1322~S(72-) 0132-5(23-) 
658 656 2260 ..... S(74-) 322-D (17+) 3226-S ( 11 + ) 
431- 44.J 132-B (66-) 226-D (20+) 
295 288 322-D (38+) 2260-S(28+) 226-D (11+) 
160 158 226-D (62+) 322-D -·(30-) 132-B (20+) 

aD 1450 1454 013-7 (86+) 013-8. (16+) 
1279 1281 322-6 (74+) 226-6 (12-) 
1212 1213 226~6 (47+) 322-4(25+) 
1154 1151 013-8 (74+) 013-7 (11-) 
988 996 322-4 (37+) 226-6 (32-) 226-4 (29+; 
778 765 226-4 (62+) 322-4 (33-) 322-6 (15+) 
223 222 0132-T(82-) 3226-T(12+} 

138 1322-T(53+) 3226-T(29+} 0132-T(15+ ) 
103 3226-T(48+) 1322-T(38-) 

Calcu1ated frequencies higher than 2000 em-I 

3004 2989 2988 2964 2956 2865 2820 
Force constants for this molecule were not adjuste( 

Reference 
[lJ IR~R. H. Matsuura, M. Kono, H. Iizuka, Y. Ogawa, 1. Harada, and· 

T. Shirnanouchi, Bull. Chern. Soc. Jpn., 50, 2272 (1977). 

1247 
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No. 197 
Molecule: 13226-TG CHaOCH2CH2Br (trans-gauche form) 

Symmetry C} Symmetry number (T = 1 

5ym. Observed Calculated Assignment 
species frequency frequency (P.E.D.%) 

-l -l cm cm 

a 1479(s) 1496 322-2 (86-) 
1467 1467 013-4 (84+) 013-5 (15+) 
1458 1462 013-2 (104+ ) 
1450 1454 013-7 (86+) 013-8 (16+ ) 
1424 1432 226-2 (87+) 
1385 1382 322-5 (91+) 
1279 1284 322-6 (61-) 226-5 (21+) 
1236 1243 226-5 (64+) 322-4 ( 8+) 
1212 1220 013-5 (30+) 1322-5(18-) 226-6 (18+) 
1164 1165 226-6 (29+) 013-8 (22+) 013-5 (21-) 
1154 1148 013-8 (56-) 226-6 (16+) 
1128 1113 0132-5(55+) 1322-5(19-) 3226-5(10+) 
1044 1039 3226-5(45+) 0132-5(27-) 322-4 (14+) 
988 984 226-4 (25+) 1322-5(20-) 322-4 (18-) 
952 954 322-4 (31+) 3226-5(15-} 1322-5(15-) 
802 800 226-4 (49-) 1322-5(37-) 
571 567 2260-5(93+) 226-D 07-) 
500 498 132-B (30-) 322-D (27-) 2260-5(10+) 
307 307 132-B (56+) 322-D (29-) 226-D (15+) 
262 259 226-D (34-) 3226-T(28+) 322-D (15-) 
223 207 0132-T(75+) 1322-T(10-) 

112 1322-T(42-) 3226-T(41-) 0132-T(l0- ) 
83 1322-T(38+) 226-D (25-) 3226-T(23-) 

Calculated frequencies higher than 2000 cm- l 

3004 2989 2988 2964 2955 2865 2820 
Force constants for this molecule were not adjusted. 

Reference 
[1] IR.R. H. Matsuura, M. Kono, H. lizuka, Y. Ogawa, I. Harada, and 

T. 5himanouchi, Bull. Chern. 5oc. Jpn., 50,2272 (1977). 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 

322-6 ( 8-) 

013-5 (10-) 

226-6 (17-) 
322-D (11+) 

226-D. ( 7+) 

0132-T(l4- ) 

322-4 (10-) 



MOLECULAR VIBRATIONAL TABLES 

No. 198 
Molecule: 13226-GT CHaOCH2CH2Br (gauche-trans form) 

Symmetry number u = I Symmetry C1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

-I -I em em 

a 1485 322-2 (96+) 
1467 1467 013-4 (84+) 013-5 (15+) 
1458 1462 013-2 (103+) 
1450 1454 013-7 (86+) 013-8 (16+) 
1424 1432 226-2 (95+) 
1372 1370 322-5 (90t) 
1299 1299 322-6 (72-) 
1224 1233 226-6 (44+) 322-4 (19+) 013-5 ( 9+) 
1224 1229 226-5 (88+) 
1190 1194 013-5 (51-) 1322-S(18+ ) 013-4 ( 9+) 
1164 1156 013-8 (80+) 013-7 (12-) 
1056 1075 0132-5(50-) 1322-5(30+) 013-5 (10+) 
1036 1023 3226-5(82-) 
988 997 322-4 (31+) 226-6 (29-) 226-4 (25+) 
918 925 1322-5(53-) 0132-5(43-) 
778 764 226-4 (61+) 322-4 (33-) 322-6 (15+) 
668 670 2260-5(69-) 322-D (26+) 226-D (l1+) 
445 442 132-B (75-) 2260-5(13+) 322-D (13+) 
316 321 322-D (34-) 2260-5(21-) 0132-T(13-) 

240 220-U (', 4+ ) 

178 0132-T(75+ ) 322-D (14-) 226-D (12+) 
117 1322-T(84-) 
95 3226-T(82+} 

Calculated frequencies higher than 2000 em-I 
3004 2989 2988 2965 2956 2864 2820 

Force constants for this molecuJe were not adjusted. 
Reference 
[1] IR.R. H. Matsuura, M. Kono, H. lizuka, Y. Ogawa, 1. Harada, and 

T. 5himanouehi, BulL Chern. 50c. lpn., 50, 2272 (1977). 

1249 

3226-5 (11 + ) 

1322-T(12+ ) 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 
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No. 199 
Molecule: 13226-GG CHaOCH2CH2Br (gauche-gauche form) 

Symmetry C1 Symmetry number u = I 

5ym. Observed Calculated Assignment 
species frequency frequency (p.E.D. %) 

a 

cm- I -I cm 

1491 322-2 (89+) 
1467 1467 013-4 (84+) 013-5 (15+) 
1458 1462 013-2 (104+) 
1450 1454 013-7 (86+) 013-8 (16+) 
1424 1433 226-2 (87+) 
1385 1379 322-5 (92+) 
1299 1300 322-6 (67+) 226-5 ( 5-) 
1236 1254 226-5 (76+) 322-4 (12+) 
1218 1218 226-6 (32+) 1322-5(27-) 
1174 1181 013-5 (38-) 226-6 (22+) 
1164 1155 013-8 (75+) 013-7 (11-) 
1056 1063 0132-5(30-) 1322-5(27+) 
1044 1037 3226-5(24+) 226-6 (19+) 
952 955 0132-5(30-) 322-4 (23-) 
952 939 3226-5(19-) 322-4 (17+) 
802 811 226-4 (41+) 1322-5(41+) 
571 571 2260-5(84-) 226-D (18+) 
483 484 322-D (50-) 132-B (32+) 

398 132-B (48+) 226-D (12-) 
223 223 226-D (51-) 322-D (16-) 
189 201 0132-T(79-) 

134 1322-T(39+) 3226-T (19- ) 
61 3226-T(49+) 1322-T(40+) 

Calculated frequencies higher than 2000 cm- I 

3004 2989 2988 2966 2955 2864 2820 
Force con~tants for this molecule were not adjusted. 

Reference 

013-5 (17+ ) 
226-5 (l0+ ) 

3226-5(26-) 
0132-5(18-) 
226-4 (l7+) 
1322-5(17-) 

322-D (11-) 
2260-5(18+) 
322-D ( 9+) 
3226-T(13+ ) 

226-D (19-) 

[1] IR.R. H. Matsuura~ M. Kono, H. Iizuka, Y. Ogawa, I. Harada, and 
T. Shimanouchi, Bull. Cham. Soc. lpn., 50, 2272 (197.7). 

J. PhYI. Chem. Ref. Data, Vol. 9, No.4, 1980 

0132-5(12+ ) 
013-8 ( 8+) 

013-5 (12+) 
322-4 (17+) 
322&-5(13+) 
226-4 (17+) 

1322-T( 8-) 
132-B (11-) 

0132-T(l5+ ) 



N.o.200 
,Molecule: 13227 -TT 

Symmetry Ce 

MO'LEdJLAR:yiaRATIONALTAB1ES 

CllaOCH2CH21 (tran~~iran8form) 
3ymmetrynumber u?l 

'Sym. Observed Calculated Assignment 
species frequency frequency (P.KD.%) 

a' 

·a" 

em-I em-I 

1491 322-2 (93+) 
1468. 1468 01~-4(84-) 013~5 (15-) 
1458 1462 013-2 (104+) 
1416 1422 227-f ·(89+) 
1365 1372 322-5 (88+) 
1200 1205 013-5 (54+) 227-5 (18~) 

1189 1188 227-5 (77+) 
1108 1107 0132-$(61+ ) 1322-S(16-:-} 
1030 1033 . 3227-S( 60+) 0132-S(10-) 
950 951 1322~S(7~) 0132-S(22-) 
619 609 2270~S(63-) 32.2-D (24+) 
427 431 132-B (67-). 227-D (22+) 
266 262 322~D (41+) 2270-S(34+) 
140 143 227-D (73+) 322-D (21-) 

1450 1454 013-'7 .( 86+) 013-8 (16+) 
1265 1269 322-6(83-0 
1189 1186 227-6(43+) 322--4 (25t) 
1148 1148 013-~(.67+ ) 227-6 (11+) 
967 965 227~6 (42~) 322-4(39+) 
753 732 227--4(70+) 322-4 (27-)· 
200 221 0132-T(83...; ) 3227-T( II+) 

137 1322~'f (57+) 3227-T(26t) 
100 ~227-T(51+) 1322-:'T(33-) 

\...alculated frequencies higher tha112000 em-I 

2999 2989 2988 29632962 2865 2820 
Force constants for this molecule were not adjusted. 

Reference 

1322-~ \.It - , 

3227-S(12+) 
322-D (6-) 

.322-D (10+ r 
227-D (l0+) 
2270_S(lO_) 

132-B (16+) 

013-8 (14-) 
013~7 (10-) 
227-4(19+) 
322:-6 (12+) 

0132-T(14+) 

[1] IR.R.H. Matsuura; M. KOBO, H. lizuka, Y. Ogawa, 1. Harada, and 
T. Shimanollchi, Bull. Chern .. SOC~ jpn .• 50. 2272 (10.,7\ 

3227 -S (l 0+ ) 

227-5 (12-) 

J~ PhyS. Chem. Ref. Data, Vol. 9, No~ 4, 1981l 
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No. 201 
Molecule: 13227 - TG CHaOCH2CH21 (trans-gauche form) 

Symmetry number u = 1 Symmetry C1 

Sym. Observed Calculated Assignment 
species frequency frequency (P.E.D. %) 

em-I em-I 

a 1482(s) 1496 322-2 (86+) 
1468 1467 013-4 (84-) 013-5 (15-) 
1458 1462 013-2 (104+) 
1450 1454 013-7 (86+) 013-8 (16+) 
1416 I 1426 227-2 (76+) 322-2 (10-) 
1381 1381 322-5 (86+) 
1265 1270 322-6 (76+) 
1220 1219 013-5 (40+) 227-5 (24+) 1322-S(17-) 
1189 1203 227-5 (49-) 322-4 01-) 3227 -S 00+ ) 
1161 1155 013-8 (66+) 013-7 (10-) 
1124 1130 227-6 (42+) 0132-S(14-) 013-8 ( 9-) 
1124 1111 0132-S(42+) 1322-S(21-) 013-5 (17-) 
1037 1039 3227-5(41+) 0132-5(30-) 322-4 (13+ ) 
967 959 322-4(41+) 227-6 (16+) 322~6 ( 9-) 
933 940 1322-S(32-) 322-D (14+) 227-4 (13t) 
775 773 227-4 (58+) 1322-S(28+) 
516 513 2270-5(64+) 227-D (26-) 322-D (17+) 
489 486 2270-S(35t) 132-B "( 30- ) 322-D (16-) 
304 298 132-8 (54+) 322-D (40-) 
248 249 227-D (37-) 3227-T(28+} 0132-T(24-) 
200 203 0132-T(66+) 227-D (15-) 1322-T(13-) 

110 1322-T(47-) 3227-T(36-) 0132-T(lO-) 
75 227-D (33-) 1322-T(30+) 3227-T(25-) 

Calculated frequencies higher than 2000 cm-I 

2999 2989 2988 "2965 2961 2865 2820 
Force constants for this molecule were not adjusted. 

Reference 
[1] IR.R. H. Matsuura, M. Kono, H. lizuka, Y. Ogawa, 1. Harada, and 

T. Shimanouchi, BuB. Chem. Soc. Jpn., 50,2272 (1977). 
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013-5 ( 9+) 

3227-5( 8-) 

227-5 ( 9-) 
227-6 (10-) 

322-4 (11-) 



$i~.:~':: ", '~l)s~rved ' ··C;lC~r~;~,:,,· 
~pecies freqilellcy . freqllepcy': 

.:~'~fJiglJm~~-i···. 
(P~E~D. :%):: 

.' ·em-I .: ' em-I 

.;146& 
t45~ 
1450 
1416 
i365 
1293 
1200' 
1189': 
11~9 
JH>l:· 
lOSS 
1019 
967 
909 
753 
619 
440, 
304:. 
22.3 

1486 
1467 

.1462 
1454 
1422' 

:. i369 
',1296 
19.{)fi 

1191 
1183 

~.1155 

:1071 
1022 
·969 
920 
7·31 
·6~3· 

434 
. 309 

213' 
174 
.ITS 
'90 

322"':2(-96+) .. , 
013-:4 (%4+) ··:013~S{15+) 
.Q13~2:.·(103+): 

Oi3~7'(86-},013-8,(16:-) 
. 227i..2,:::(87 +). . 
322.;.5':.(~7+') . 
;,~22':'?:;'{·1~.+)~. 
(n~~!;(~l+) .• 227-6 {13+} \13:22~S(l2,.;). 227-5.rR~) 
227~~(55+1. :·227-:60.9+) '322-4 ..... (10+) 
227~5 •• ,(,29-J ~013~5·(l8~) . 227 .... 6 (16+) 322-4('9+) 
~i3;.o<8,:f7~+ ).'013:1·{11~} 
'0132~S(52~):, .. 1322.~S(31+) .. 013~5 (11+) 
3227 ~S(7B'::') .. 
~21~6 (38--t 3224, (30+) :227-4:(16+) 1322-5 (13~ ) 

·132~-:Sf50+L': Ol32:~S( 41+) 
::22.7~·,(69+} 322.4:,(27.-) :·322 .... 6. (12+) 
: 22~O~Sf57...:)"3~2;,;.D ( 36+).227,.;.n (14+ ) 
1~~~.aJ78+r 22~O~S (15";). 
322":D'(31-:)227i>~S.(26-). OI32~T(I~""1 1322.;..T(12+ f 
'2~1,~Q:(66+): :O~:32~T(15':'l 
-O\S2--J'{p7+) 2~T-J)'(23+j:: 322;...p·(cl3~) 
"1322~ T f~3~) 
.:3227;'::T (81;..) 

-., '.... . '. . .... " .. " ,~:. ..... " .. "... '. ::. 

Calc\llate4'freq~encies higher thaIl2()OOcm-1 
2999' 2989 2988 ····2965 - 2963 2864 2820' 

'j<'orce 'constants for this.m4Jlec"l~werenotadjusted~ 
Referen~e ~. " 

'[1] ·IR~R.- H.Mat~uur~~~. K~not:ij.liiu~a"Y.Oga~~; LHa:rada,anq 
T. Shimanouchi"Bult· (:he~~ Soc. Jpll.,50~227Z(1977) .. 



SHIMANouelUI!TAL 

No. 203, 
Molecule: 13227 -GG 

Symmetry CI 

CH;OCH~CH2! (gauch.~-gaudlefobn) 
Symmetry numheru= 1 

5ym. Observed ,Calculated, 
species frequency frequency 

a 

cm- I cm- I 

1468 
1458 
i450 
1416 
1381 
129~ 

1220 
1189 
116i 
1148 
1052 
1030 

1490 
1467 
1462 
1454 
1426 
1378 
1295 
1219 
1202 
1164 
1146 
1062 
1026 

941 
921 

322-2 (90+) 
013-4 (84+ t 
013~2 (104+) 
013-7 (86-) 
227 -2 '( 7-7+ ) 
322-5 (87+) 

Assignmen 
[P.E.D.%) 

013...;5 (15+) 

013...;8 (16...;.) 

322;.;.6 ( 68+ ) 322...;.4' ( . 6+ ) 
227~5(50+) ,013 ... 5(25+) 
1322-S(22-) 227-5 (21-) 013":5 (18+) 
013:""8 (51+)227-6(14+) 013-7 ( 8-) 
013-8 (31-) 227...;.6(21+)227~5(12J) 

3227 -S( 36-) 1322:....5 (23t) 0132-S( 18:....) 
0132-5(36 ... )227-6(30+) 322-6(14-)' 
3224 .' ( 42-) ,3227-5 (19+) 0132-S( 13...;) 
1322:....S(33~) 227":4 (21+) , 0132-507...;) 
227-4 (52+) 1322--S(30+) 
2270...;S(57:....) 322-D<{30-) 227-D (23+) 
2270-S(40+) 132'-B (33l) '322-D (29~» 

227-6 (15+) 

013-5 (IT-< 
013-5(12+) 
3227...;S{l1 +) 
227~5 ,.·(11+) 933 

909 
775 
516 
468 
393 
200 
200 

.. 786 
521 
468 
389 
211 
198 
128 

132-B (40t) 322-D'{15+) 227-D (8";) i322-Tf-8-) 
227-D(35-) 3227-"T{21+ ) ~22-D(14-) 132:....B{13":) 
o 132....:T( 78-)" 227:""D( 19~) 

57 
1322-T( 40+) '227-D (29-) 3227-'1'04:"") 0132"'T(12f) 
3227...;T(50+) 1322-T(37+) 

Calculated frequenCIes higher'than 2000 cm- I 

2999 2990 2988 2966 2962 2864 2820 
Force constants for this molecule were not adjusted.' 

teference 
L] IR.R. H. Matsuura, M.Kono, H. Iizuka, Y. Ogawa, I.Harada, and 

T. Shimanouchi, Bull.' CheII1~· Soc. Jpn.,50, 2272'(1977); 


