
IOURNAL OF MOLECULAR SPECTROSCOPY 118, 145-162 (1986) 

Methylene Chloride: The Mid-Infrared Spectrum of an Almost 
Vibrationally Unperturbed Molecule 

J. L. DUNCAN 

Department of Chemistry, University of Aberdeen, Old Aberdeen, AB9 ZUE, Scotland 

AND 

G. D. NIVELLINI AND F. TULLINI 

Istituto di Chimica Fisica e Spettroscopia, Universitd degli Studi, 40136 Bologna, Italy 

The infrared gas phase spectra of ‘2CHzC12, ‘3CHzC12, and 12CD2C12 have been studied in the 
region below 6200 cm-’ under conditions of high resolution. Some 30 vibrational levels can be 
identified for each isotopic species and assigned unequivocally in terms of the band contours 
displayed. Direct observation has been made of the very weak v2 fundamentals in all species, and 
of the “inactive” torsion fundamental of CD2C12. Rotational analyses have been performed on 
the observed Q-branch features of over 30 bands. For each isotopic species, it is found, with one 
exception, that all vibration levels fit accurately the simple second-order perturbation expression 
involving V’S and X’S. The sole exception in each species is the overtone region of the CHz(CD2) 
stretching vibrations. Here anharmonicity effects bring vibrationally interacting levels into close 
enough proximity for resonance effects to become just slightly more than of second-order im- 
portance. Full analyses including Fermi resonance are made. The effects of the Darling-Dennison 
resonance between the overtones of the CH stretching fundamentals are observed and corrected 
for in terms of a simple assumption. Most of the resulting anharmonicity constants bear isotopic 
relationships similar to those established for HZ0 and D20. It is concluded that, with the exception 
of the CH(CD) stretching overtone region, methylene chloride isotopomers behave as vibrationahy 
unperturbed molecular systems in the mid-infrared region. 8 1986 Academic mess Inc. 

1. INTRODUCTION 

Methylene chloride, being a readily available compound and the simplest dichlo- 
roalkane, has received a considerable amount of spectroscopic attention over the years. 
The first concerted study of the infrared and Raman spectra of CH2C12, CHlX& , and 
CD& species in gaseous and liquid phases by Palma et al. (I) was reported in 1964. 
Subsequent thorough studies have been made in the infrared of crystal and solid 
solution spectra by Marzocchi and Manzelli (2) and of liquid phase spectra by Saeki 
and Tanabe (3). The first and second overtone regions of the CH stretching funda- 
mentals have been observed in liquid phase spectra and approximately analyzed in 
terms of anharmonicity constants and effective resonance parameters by Avanessoff 
et al. (4). Local mode behavior in multiple overtones of the CH stretching vibrations 
has been considered by Henry and co-workers (5) from liquid phase spectra. A thorough 
study of intensities in the Raman gas phase spectra of CH2C12, CHDQ, and CD&Z12 
has been made by Escribano et al. (6), who have improved the precision with which 
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the fundamental frequencies are known. A number of studies in the microwave region 
have established the molecular geometry with fair precision, the most recent being 
that of Davis et al. (7). Numerous force constant calculations have been attempted, 
of which Refs. (6) and (7) are the most recent; all suffer from insufficient data of the 
requisite precision to determine a complete set of physically realistic parameters. 

As part of an in-depth study of this molecule, we have investigated the region 
6200-500 cm-’ in the infrared gas phase spectra of ‘2CHzC12, 13CH2C12, and ‘2CD$Z12 
species at a re~lution of -0.1 cm-‘, or better where required. This allows the contours 
of all bands to be clearly defined, and normally permits K structure in individual 
bands to be assigned and analyzed, if strong perturbations are not present. The results 
of this study are presented here. Most unusually for a polyatomic molecule, they 
require that all three isotopomers behave as vibrationally unperturbed molecules 
throughout almost the entire region, due either to strongly interacting vibrational 
levels remaining sufficiently far apart, or to fortuitously small resonance parameters 
in cases where vibrational levels are in close proximity. 

2. EXPERIMENTAL DETAILS 

Samples of ‘3CH2C12 and ‘2cD&12 were purchased from Merck, Sharp, and Dohme. 
After drying, all samples were found to have comparatively high purity, small amounts 
(w 1%) of ‘2CH$12 and ‘2CHDCl~, being present in the 13CH2C12 and 12CD2C12 sam- 
ples, respectively, as expected. A possible impurity in the CD2C12 is suspected (see 
Sect. 3) but remains unidentified. All samples contained natural isotopic abundances 
of 3sC1 and 37Cl. This meant that in favorable cases, spectra of 3sC12 and 3sC137Cl 
species could both be assigned. In a very few cases structure due to the 37C12 species 
could also be observed. 

Spectra were recorded on the Nicolet FTIR spectrometer at Aberdeen and on the 
Bruker FJYIR spectrometer at Bologna at resolutions of between 0.12 and 0.04 cm-‘. 
The former is sufficient to enable K structure in B- and C-type bands (and some 
A-type bands) to be clearly resolved. The latter is necessary for more extended analyses 
involving J structure, the spacing of which is less than 0.2 cm-‘. Sample pressures 
ranged from 0.5 to 15 Tot-r in multiple reflection gas cells with path lengths of 0.5 up 
to 13 m. 

Spectra were calibrated with respect to the instrumental He-Ne laser, and mea- 
surements from the two instruments agreed to better than 0.0 1 cm-’ on spectra recorded 
under comparable conditions. The uncertainties in the data reported in this paper 
arise almost entirely from the quality of the analysis that could be performed, or not, 
as the case may be. Values quoted should be considered accurate to fl in the 
last digit. 

3. SPECTRAL DATA AND ASSIGNMENTS 

A. Fundamentals 

General survey spectra of ‘2CHzC12 and r2CD2C12 in the regions of interest, recorded 
at 1 cm-’ resolution, are shown in Figs. 1 and 2. Assignments are given below the 
relevant bands, on the basis that vibrations of A,, B, , and B2 symmet~ of the C,, 
point group give rise to B-, C-, and A-type bands, using the conventional numbing 
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FIG. 1. The gas phase infrared spectrum of ‘~H$& in the region 6200-600 cm-’ at a resolution of ca. 
I cm-‘. No change of scale at 2000 cm-‘. 

of fun~men~s. It wifl be observed that the spectra provide a rich source of info~ation 
on overtone and combination levels, as well as on the fundamentals themselves. In 
CH&32, we find ourselves quite unable to observe the antisymmetric CH2 stretching 
fun~mental, v6, observed in the Raman (6), although it may be found as a weak C- 
type band in CD2C12. In all cases, the extremely weak v2 and v3 fundamentals can be 
observed, the former on the low-frequency side of the much more intense v3 -t vg band 
in CH2Cl~ species, but clear of obstruction in CD&&, the latter always on the low- 
frequency side of the extremely intense v9 fundamen~l. In CD2C12, the u7 CD2 rocking 
fundamental C-type band cannot be found, although clearly visible in CH2C12 species. 
Its position in CD& can be estimated from observed perturbations to the Kstructure 
in the Q branch of the overlapping us fundamen~l, caused by Corioiis resonance 
between the two. The estimated position of 29 is within I cm-’ of the quoted Raman 
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FIG. 2. The gas phase infrared spectrum of ‘*CD2C12 in the region 5000-600 cm-’ at a resolution of ca. 
I cm-‘. Note the change of scale at 2000 cm-‘. 

value, which we accept as being the more reliable. In Fig. 2, the “inactive” v5 torsion 
fundamental of CD2C12 can be seen clearly between the very intense 9 and u9 A-type 
fundamentals, from which it steals intensity through Coriolis resonance and appears 
as a very weak A-type feature within 1 cm-’ of the quoted Raman frequency. In 
CHzClz species, the vibration can just be seen in the correct region, but no accurate 
measure of the band origin can be made, so the Raman frequency is accepted. 

Table I gives the fundamental vibration frequencies determine for the species 
‘2CH235C12, ‘3CH235C12, ‘2CD235C12, and 12CHD35C12, with the Cl isotopic frequency 
shifts, where observed. For CH2C12 species, the data for vI, v2, v3, VI, v8, v9 derive 
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TABLE I 

Fundamental Vibration Frequencies (in cm-‘) for Isotopic Methylene Chlorides 

y6 305F 2303.72 3024a 

61 
VT 898.66 889.75 713a 785' 

y8 1268.86 1284.68 961.04 1223.7 

62 
'9 759.62 738.66 730.26 739,3a 

*%I 2 36C137Cl 2 Cl Cl 13C" 35 37 12CD 2 35 Cl 37 Cl 

A? 0.29 

Av8 0.15 0.16 

Av9 2.17 2.23 2.42 

%237C12 

Au9 4.66 

a 
Gas-phase Raman results quoted by Esfrfbano et $3. (5). 

from high-resolution rotational analyses, discussed in Section 4. For CD$Z12 species, 
this applies to rq, u2, v3, vg, vg, 4. For other fundamentals that were not observed, 
the Raman data of Escribano et al. (6) have been accepted. 

Two particuiarly intense A-type fundamentals of CHDClt could be measured ac- 
curately in the spectrum of CD2C12, and the values are included in TabIe I. In each 
case, the values are just over 1 cm-’ higher than the Raman estimates, possibly due 
to the degradation of the Q branches to lower wavenumbers.. Two other CHDC& 
fundamentals could be identified, but their weakness and irregular B-/C-type hybrid 
contours precluded accurate estimation of the band origins. 

In our CD2C12 spectra, an unaccounted for absorption occurs centered at 9 12 cm-‘, 
as can be seen clearly in Fig. 2. It lies between v8 of CD&12 and v5 of CHDCl;! , present 
as isotopic impurity. The feature appears to have nothing to do with either hmdamental 
band, but occurs in all our speetm, regardless of gas cell used, and remains unexplained. 
The only other unassigned features are extremely weak absorptions at -2390 cm-‘, 
which could be a ternary combina~on, and an apparent A-tw band at 1150 cm-‘, 
which is occult to reconciIe with a difference band-the only ~ib~ity in this region. 
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Unassigned features, or uncertain assignments are identified with a question mark in 
Figs. 1 and 2. 

B. Overtones and Combinations 

Figures 1 and 2 identify the overtone and combination absorptions that we could 
observe, and the vibration frequencies are collected in Table II. In many cases, rotational 
analyses of the K structure have been made, sometimes over the entire band, sometimes 
over only limited regions due to overlap or perturbations. In the case of weaker or 
apparently severely perturbed bands, estimates of the vibration frequencies have been 
made which are considered to be reliable to better than 1 cm-‘. In a number of cases, 
Cl isotopic shifts could be determined accurately, and these data are also included in 
Table II. It will be seen that in most cases the same overtone and combination bands 
could be observed in the spectra of CH2C12 and CD+& species. 

During the accumulation of the data in Table II, it became apparent to us that the 
heavy isotopic frequency shifts ( 12C-13C and 35C1-37Cl) on the overtone and combination 
levels are in all cases very close to the sum of the shifts observed on the corresponding 
fundamentals. This is indicative of a situation where Fermi resonance perturbations 
are very small throughout the entire region studied-a most unusual situation in a 
polyatomic molecule. Such resonances cause a mixing of the vibrational levels con- 
cerned, and consequently mixing of the small isotopic frequency shifts on heavy isotopic 
substitution. Unless the latter are fortuitously very similar for the two levels concerned, 
the shift on an overtone or combination level is observed to be significantly different 
to that expected from the sum of the shifts on its constituent fundamentals, which it 
should equal in the absence of anharmonicity. Anharmonicity effects can be estimated 
to contribute about 2% to an observed isotopic shift, or a discrepancy of about 0.2 
cm-’ on a IO-cm-’ frequency shift. Misfits significantly larger than 2% are normally 
indicative of Fermi resonance effects on either the overtone or combination level 
concerned or on one, other, or both of the constituent fundamentals. 

The observed 13C and 37Cl frequency shifts and those predicted from observations 
on the fundamentals of 12CH235C12 are collected in Table III. In all cases the agreement 
is remarkably close, the poorest agreement being for 2~s where a misfit of 0.44 cm-’ 
is found. The data in Table III enable estimates to be made of the 13C frequency shifts 
on v4, which lies below the range of our spectra, and on u6 , which cannot be observed. 
Two estimates of the former are identical at 1.3 cm-‘, while six estimates of the latter 
all fall in the range 11.2-12.1 cm-‘. 

Accepting that the collected data of Tables I-III are representative of essentially 
unperturbed vibrational levels for the isotopic species concerned, we may calculate a 
large number of heavy isotopic frequency shifts on the fundamentals themselves. These, 
and the directly observed shifts, are listed in Table IV. They constitute a rich source 
of apparently accurate isotopic information with which to improve the precision of 
determination of the potential function. 

4. ROTATIONAL ANALYSES 

At the resolutions employed in recording spectra in this study, a large number of 
bands exhibited rotational structure which could be assigned readily and analyzed. 
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TABLE Ii 

Overtone and Com~nation Vibration Frequencies (in cm-‘) for Isotopic Methylene Chlorides 

iS30.0 VW 1344.3 VW 

i984.7 VW 1963.0 VW 

2060.67 w 2051.8 w 

2189 w 2164 W 

2319.7 D 2307.2 n 

2416.26 Y 2411.87 w 

2527.43 Y" 2519.3 VW 

2700.9 s 2692.4 I 

2853.57 w 2645.4 1~ 

3765 PI 3727 pi 

3947 VW 3926 YW 

4203.1 P 4191.1 v 

4266 w 4253.1 w 

4466.69 li 4451.62 * 

3827 VW 3813 VW 

3910 w 5897 w 

5660,3 VW 5641.3 VY 

3935.5 E .is17.0 il 

507s w SO48 Y 

IO10.4 D 

3365 vv 

1415.5 R 

1440 VW 

1242 VW 

1650.0 * 

1543 PI 

1784.0 11 

2019.3 I) 

2110.2 m 

2493 WI 

2892 VU 

2937 VW 

3013 YW 

3126.77 Y 

3266 w 

3351.99 * 

4312 MI 

4379.0 w 

4386.6 VW 

4449.71 m 

4374.4 r 

12Cri235Ci37t:, 13Cs235C,37Ci 12CD,35. 3f 
L c1 Cl 

nlu*-uSl 5.6 2.3 a,%? 

nb3-"S) 3.i 4.9 5.3 

AfV3'U*l 3.0 

WJ3'U71 0.44 0.45 

atv3'uSJ 0.39 0.32 

A("Y*, 0.32 0.34 

i2CH23%i2 i2CL1237Ci2 

WJ4*VQl :1.5 

Afv3*'u6) 0.68 
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TABLE III 

Observed and Predicted “C Isotopic Frequency ShiRs (in cm-‘) on Overtone and 
Combination Levels of CH2C12 

A” obsd. Av pred. 

u4+“9 
22.e 

U3tv9 36.9 36.55 

y4 +6 
5.ja 

U3*v6 21.7 21.60 

Y5fv7 8.77 6.91 

y2-y9 25 25.07 

u2+vl 12.5 12.61 

U5fU6 4.29 4.20 

2W6 6.0 8.40 

uz~y6 6.5 8.iO 

2v2 6.1 76 

Ul+v9 26 27.57 

u6+“7 
2lb 

US*“6 12.0b 

Ul+U6 10.9 10.60 

u2+v6 
15.07b 

u,+2v2 14 14.2 

2Ul 13 12.60 

U6C2V2 19.0b 

vl+v6 
16.5b 

2u6 
23b 

- 

a These observations enable a 13C shift on v4 of I .3 t 0.1 cm-l to be 

b 

predicted, using the observed shiPts on v6 and ug. 

These observations enable a 13C shift on v -1 
6 of 

11.7 
* 0.4 cnl to be 

predicted. using the observed shifts on v,, “2, “5 and u.,. 

With the exception of v7 (C-type) and vs (A-type) of “CH2C12, which are currently 
the subjects of full asymmetric rotor analyses, only K structure, i.e., Q-branch structure, 
has been analyzed. Many B-type and C-type bands exhibited clearly defined and sharp 
Q-branch features which could be measured accurately. Assignment and analysis of 
K structure in the central Q branch of A-type bands was also possible in a number of 
cases, notably for the vs and v9 fundamentals in all species. Analyses were performed 
by a least-squares fitting procedure in terms of expressions either quadratic or cubic 
in K for B-/C-type bands, and linear in K* for A-type bands. In almost all cases, K 
numbering was straightforward, but in cases where numbering different by one seemed 
possible, or where only one branch of a band could be observed (as in v2 of CH& 
species and v3 in all cases), the numbering which gave the A0 - &, value closest to the 
microwave value was accepted. 
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TABLE IV 

Isotopic Frequency Shifts fin cm-‘) on Fundamentals of Methyiene Chloride, Observed Directly and 
Deduced from Overtone and Combination Data 

won =CH*35C12 FlYm 12ClpC12 

AU 
1 

AU2 

AU3 

AU4 

o.ooa 
o.oa 
2.ga 

3.P 

0.20* 

o.ooa 
0.28 

0.15 

2.li 

a.ooa 6.40 5.40= a.ooa 
o.04 3.9 3.P 0 00” 

17.4 20.1a 3.08 

1.3” 4.6” 3.08” 

0.00 0.17a 

0.00” 11.7 Il.? 0.00 

8.91 9.1sa o.3s”‘c 

4.20 4.36 

4.66 21.17 23.40 2.42 

a 
Values calculszted from overUme and conbfnation data. Values of zer* 

are derived from bands in which no isotopic splittings can be observed 

b 
Frw high resolution analysis of “7. 

c 
From u2 + ~7. 

Table V gives the results obtained for 21 B-type and C-type bands. In each case 
the number of data (Q-branch frequencies) employed and the derived ground state 

Wo - Bo) rotational constant is given. For each isotopic species comparison of the 
average value found for (A0 - Bo) is made with the much more precisely determined 
microwave value (7). Table VI lists the results obtained for 13 A-type bands. Again, 
the number of data employed in each analysis is given. 

Since the bands analyzed are in general unexception~ in appearance, it seems un- 
necessary to show representative samples in detail here. However, in the case of the 
very weak CH2 deformation fundamental, ~2, it would appear that this is the first 
report of any observed structure in the gas phase. Figure 3 shows the structure observed 
in our spectra on the low-frequency side of the very much more intense u3 -t vg com- 
bination band for both ‘*CHzC12 and ‘3CH2C12. Because of the very large 13C isotope 
shift on z9 + ug (the combination tone of the two CClz stretching fundamentals), the 
overlapping in *3CH&‘12 is much more severe, and the Q-branch structures of g3 + ps 
can be seen clearly in the lower trace. In 12CH2C12 they lie nearly 40 cm-’ higher. For 
both bands, only Q branches in the P wing can be assigned, the nurn~~ng shown 
being that consistent with values of (A0 - I&) derived from the analyses which are 
closest to the microwave values. 
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TABLE V 

Rotational Analyses of B-Type and C-Type Bands of Isotopic Methylene Chlorides 
(all data are in cm-’ units) 

v (A’-ii’ ) (aA-a9 10%SK No. of data W-EJ 

12CH*35C12 

a 
v1 2997.66 0.95401 0.00321 7.5 27 0.95737 

b 
y2 1435.0 0.9468 0.0085 8 0.9553 

C 
5 898.66 0.96475 -0.00377 16.8 0.96098 

2V2 2853.57 0.95455 0.00607 13 32 0.96062 

% 2527.43 0.95128 0.00966 13 19 0.96194 

v5+U8 2416.16 0.94805 0.01272 13 30 0.96077 

“2+V6 4466.89 0.95971 0.00478 15 0.96449 

Microwave (Ao-?io) 
-1 

= 0.96098 cm Average: 0.96021 

l2CH 235C13%1 

u5+“3 2415.77 0.94750 0.01258 12 30 0. !36008 

a v1 2991.26 0.91298 0.00382 4.8 

b 
y2 1431.1 0.9051 0.0086 

2V2d 2845.4 0.9179 0.0092 

2”s 2519.47 0.90880 0.00.980 8.1 

u5+u8 2411.87 0.90605 0.01260 11 

“*+U6 4451.82 0.91180 0.00480 

Microwave (Ao-~o) = 0.91928 cm -1 

a More realistic mathematical analyses of the Q branch struc1urcs in u1 of 

12 
CH2C12 and l3 CH2CI2 would result if the nunbering were changed by one 

unit. lowering the vibration frequencies by 2(A’-6’) and raising the 

values of (A,-Bo) to the microwave values. Hovever. the band centers 

seen so obvious visually in both cases that we assume the analyses are 

slightly inaccurate due to irregularities in the Q branch structures and 

lack of use of Q branch origins. 

b 
Approximate analysis. based on ‘QK structure only 

’ Preliminary results from full asymmetric rotor high resolution analysis 

d 
Approximate analysis, based on limited Q branch data. 

5. ANHARMONICITY CONSTANTS 

Since the vibrational data of Tables I-III show no evidence of significant Fermi 
resonance perturbations, they may be analyzed in terms of fundamental frequencies 
and anharmonicity constants, x,. The particular relationships which apply here are 
few in number, and are as follows: 
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TABLE V-Continued 

” (A’-+) - (CGA-25 106A', No. of data ($,-in) 

y1 2205.69 0.66067 

v2 1060.81 0.68481 

d 
v3 667.6 0.8763 

v6 2303.72 0.66213 

ZV2 2110.20 0.68206 

U2+"6 3351.99 0.66137 

U,+v6 4449.11 0.67514 

Microwave (no-'iJ = 

12CD 35cl 
2 2 

0.00326 4.6 

0.00046 16 

0.0104 - 

0.00157 0.0 

0.00205 4.6 

0.00306 4.5 

0.00*40 - 

0.68503 
-1 

cm . 

42 

27 

11 

19 

16 

23 

14 

Average: 

0.66413 

0.68479 

0.6667 

0.68370 

0.66411 

0.68443 

0.68354 

0.66448 

(24 = 2(Yj) + 2X,& 

(Vi + Vj) = (Vi) + (Vi> + X3J, 

(Vi + 2Yj) = (Vi) + 2(Vj) + 2Xjj + 2X@ 

= (Vi) I- (2Vj) + 2Xij. 

Using these relations yields the anharmonicity constants of Table VII for 12CH235C12, 
13CH235C12, and ‘2CD235C12. The values in this table are those consistent with a model 
in which all vibrational perturbations are of second-order importance. Two interesting 
comments can be made. 

,5 forr; 10~ path , 

FIG. 3. Rotiltionai structure in the vz fundamen~ls of ‘%JH& and ‘3CH,C12 at a resolution 
cm-*. Peaks due to water vapor are identified by w. 
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TABLE VI 

Rotational Analyses of A-Type Bands of Isotopic Methylene Chlorides (all data are in cm-’ units) 

a 
% 1268.859 0.212910 a.7 0.004893 

'9 759.825 - - 9.01096 12 

vs+"7 2060.575 - 9.00468 19 

12CH 36 37 
2 Cl Cl 

v9 
755.16 - 0.00985 7 

“8 1264.66 - 0.0050 6 

v9 738.656 - - 9.00934 6 

l3C" 35 37 
* Cl Cl 

3 
736.430 - - 0.00895 8 

12CD235C12 

b 
% 

961.04 0.21027 39 14 

v9 
730.26 - 0.0057D 14 

"5+v6 
3126.71 - 0.00467 13 

'2CD 2%137ci 

y9 
721.84 - 0.00565 17 

a 
Preliminary results from full asymmetric rotor high resolution analysis. 

b 
Analysis OP limited range of .I structure 

First, the numerical values seem very consistent across the isotopic species. For 
each constant, the values for 12CH2 35C12 and ‘3CH23SC12 are closely similar and almost 
invariably nume~cally larger than for 12CD235C12. The signs of the consents are also 
very regular, the most significant positive value, xs7, for C&Cl2 species being slightly 
less positive for CD2C12. In cases where a change of sign occurs between CH2CIZ and 
CD&&, the values are always close to zero. A number of close resonance possibilities 
exist. In ‘*CH2C12, 2v3 lies very close to v2. We cannot observe 2v3, but the 37C1 shift 
on it of -6 cm-’ would undoubtedly cause a displacement of v2 to lower frequencies 
in 12CH235C137C1, the unperturbed 37C1 shift on which should be zero. Although splitting 
of some of the Q branches is observed in v 2r notably ‘QS, ‘Qb, ‘Q7 (see Fig. 3) it does 
not seem to be consistent with structure from ‘2CH23SC137Cl. Even if it is, the downward 
displacement is small (~0.2 cm-‘) which implies a very small resonance parameter. 
In CD2C12, v4 + 29 lies very close to V8 and is much more intense than in CI-12C12 
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species. Intensity bo~ow~ng through a resonance is suspected, but even here the vi- 
brational effect is small, the value of +9 changing from -0.8 cm-’ in “CH2C12 (where 
the Ievefs are well separated), to only + 1.3 cm-’ in ‘2CDzC12. Effects of the major 
resonance expected between the symmetric CH2 stretch, or ) and the overtone of the 
CHZ deformation, 2~2, are small though probably present, since 29 is considerably 
more intense than r2. The reason for this derives from the separation of the two levels 
by - 140 cm-r rather than from a very small resonance parameter, as will be shown 
in the following section 

Second, the effects of Fermi resonance on the CH and CD overtone regions can be 
tested directly from the data of Tables 1 and If. fn CH&lz species, ZQ, ~2, v2 -I- ~6, and 
2vz + V6 are known accurately, but only the last can be in Fermi resonance with 
vi + rrc,. If resonance is truly of second-order importance, the values of vg, ~2, ~22 
derived from 2~5, and xz6 derived from ZQ + ZQ should yield 2~2 + ~6. A discrepancy 
of 2 cm-’ is observed. The situation in CD&& is even better. Here, both vr -I- V6,2~2 
+ rt6 and 2vr, vi + 2~ are known accurately. Similar calculations reveal discrepancies 
of 2 and 3 cm-‘, respectively. These resonances are treated explicitly in the following 
section, but the small magnitude of these misfits show how nearly these methylene 
chloride species behave as ~brationally un~~~~ molecules in the region below 
6200 cm-‘. 

6. VIBRATIONAL RESONANCES IN THE CH2 AND CD2 OVERTONE REGIONS 

Figure 4 shows the regions in question for all three isotopic species. All five bands 
expected can be observed in each ease, but particularly clearly in the CD&.& spectrum. 

The resonating levels available for analysis in CH2Clz species are the or, 2~ diad 
and the pentad 2~,, pt + Q, 2~ + $g,25 ) vI + 2~. For CDzC12, to these can be added 
the diad vl I- v2, 31t2, of which the former is observed, Along with the fun~men~s 
v2 and tr6 and the combination level v2 + ZQ, the data for each isotopic species should 
be analyzable in terms of the parameters vr, tt2, v6, xi *, xz2, x46, x12, xt6, xz6, and 
k122y accordmg to the scheme: 
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TABLE VII 

Vibrational Anharmonicity (q) Constants (in cm-‘) for Isotopic Methyfene Chlorides 

i 1 

1 1 

12 

13 

14 

16 

I a 

19 

2 2 

2 6 

2 7 

2 8 

2 9 

3 3 

3 8 

3 s 

4 a 

4 9 

s 6 

5 7 

5 8 

6 6 

* 7 

a 6 

9 9 

%i235C12 ‘%H2%12 

-42.7 -*2.* 

-117.2 -117.6 

-0.5 -0.8 

-2.5 -2.9 

-8.2 -8.4 

-23.2 -22.6 

-14.0 -13.6 

-3.0 -3.4 

-5.8 -5.8 

+2.9 +2.8 

-2.1 -2.5 

-0.4 -0.3 

-0.8 -1.0 

-4.9 -5.2 

+a.9 +9.1 

-5.7 -5.8 

-19.5 -19.3 

-6.7 -8.7 

-5.1 -4.9 

12CD235C12 

-18.1 

-0.5 

-1.2 

-8.2 

-59.7 

+1.1 

-5.7 

-12.6 

-9.8 

-2.5 

-6.4 

r1.4 

-2.3 

r2.0 

+1.3 

-1.0 

+5 

-16.5 

-1.7 

-10.3 

In the case of CD&lz, the diad 

C vI f v2 + xi2 31'2k122,f2 

3"'k,22/2 3”~ + 6x22 1 
can also be included. The results of diagonalizing these matrices are given in Table 
VIIIB, where they can be compared with the results in the absence of explicit treatment 
of the k122 resonance, shown in Table VIIIA. Small changes to the relevant anhar- 
monicity constants occur, re~nance parameters of lklZll = 32.5, 34.0, and 22.7 cm-’ 
for ‘2CH235C12, ‘3CH235Cl,, 12CD235C12 are determined, and enable almost perfect 
reproduction of all observed data. The resonance parameters are considered reliable 
to within about 10%. 
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CO2CI2 
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cm 

FYG. 4. The CH and CD overtone regians of ‘%HA%, t3CH2C12, and ‘TIl&CX, at a resofution of 

ca. 0.1 cm-‘. 

A careful study of the ~~~~~on~c~ty consent for the CH stretching modes, x1 I 
and x&j, in either of Table VU or VIII reveals the almost certain presence of Darling- 
Dennison resonance between the CH2 stretching overtones, 24 and 2y6, through the 
quartic parameter kr $66. Whereas the values of x1, and xe6 for CDzClz remain ap- 
pr~ximateIy equal in both sets of constants, they are very unequal for CH.Q species, 
x1 I apparently being more than twice the magnitude of xa6. This seems quite unrea- 
sonable, and can be qualitatively ascribed to the effect of the resonance between 2~ 
and 2vr + pushing 2~ to higher and 2vr to lower frequencies, the effect in CDzClz being 
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TABLE VIII 

CH2 and CD2 Stretching and Deformation Vibration Frequencies and Anharmonicity Constants (in cm-‘) 
for Methylene Chloride: (A) with no Fermi Resonance, and (B) with Fermi Resonance (k& Included’ 
(Values in Parentheses are Those with Darling-Dennison Resonance (k, ,& Also Included)b 

12CH 35 

2 Cl2 
‘3CH 3%1 

2 2 
%I % 

2 2 

y1 299,. 66 2991.26 2205.66 

u2 1435.0 1431.1 1060.61 

y6 3065.0 3043.3 2303 72 

Yl -42.7 (-30.0) -42.6 (-28.6) -16.1 (-13.6) 

Y2 -12.1 -11.8 -0.5 

A 

Y6 -117.2 -117.6 -59.7 

x22 -6.2 -6.4 -5.7 

x26 -23.1 -22.6 -12.6 

x66 -19.5 (-32.2) -19.3 (-33.3) -16.5 (-18.6) 

k 
1166 

-117.2 -117.6 -59.7 

?’ 2995.60 2989.25 2204.27 

“2 1435.0 1431.1 1061.00 

“6 3055.0 3043.3 2303.63 

x11* -43.0 (-29.7) -44.4 (-29.9) -16.6 (-14.4) 

x12* -13.3 (-13.7) -13.0 (-13.5) -2.7 (-2.7) 

6 

‘16* -119.0 -119.6 -60.5 

x22* -7.3 -7.4 -6.3 

‘26 -23.1 -22.6 -13.1 

*66 -19.5 (-32.4) -19.3 (-33.4) -16.6 (-19.0) 

k 122 32.5 (32.5) 34.0 (34.0) 22.7 (22.8) 

k 1166 -119.0 -119.6 -60.5 

a Asterisked parameters take effective values consistent with explicit 

treatment of the k122 Fermi resonance. 

b k1166 = ‘16 
is assumed. as observed to be obeyed closely in XH2 systems. 

see text. 

less marked due to the smaller resonance parameter. No quantitative treatment can 
be attempted without some measure of the magnitude of the resonance parameter 
kr r66. Examination of data available for simple XH2 molecules (8) reveals that ki I66 
is very similar to the anharmonicity constant x16 in absolute magnitude. For example, 
for Hz0 the corresponding constants are x13 = - 165.8, k1133 = - 155.0 cm-‘; for H$, 

x13 = -94.7, k,,33 = -9 1.4 cm-‘; for H2Se, xl3 = -84.9, k1133 = -83.2 cm-‘. By 
constraining k, 166 = x16, and including the Darling-Dennison parameter kl &2 linking 
2y6 and 28, in our refinements, we obtain the anharmonicity constants in parentheses 
in Table VIII, all other constants remaining unchanged. The effect in CHzClz species 
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TABLE IX 

Comparison ofXH2 and XDz Stretching and Deformation Anh~oni~ity Constants fin cm-‘) 
for Water and Methylene Chloride 

X20 DzO CH2Ci2 CD2C12 
- 

*li 
-42.6 -22.6 

*11 
-30.0 -i6. i 

*12 -is.3 -7.6 %2 G2.1 -0.5 

53 -165.3 -87.1 ‘16 -117.2 -59.7 

x22 -16.8 -9.2 %2 -8.2 -J 7 

%3 -20.3 -10.6 *26 -23,1 -i2.6 

x33 -47.6 -26. i ‘66 -32.2 -i&5 

k 1133 
-155.0 

x;l66 
-i37.2a 

a 
Constrained to equal x16. 

is dmmatic, making xl1 and x66 much more nearly equal; in CDZQ the effect (if 
applicable), is to make the constants somewhat less equal than they were in the absence 
of the resonance. In all cases, xa is slightly larger than xt 1, as found for water. 

A recent simple model for XH2 systems, developed by Mills and Robiette (9) in a 
study of local mode and normal mode vibrational behavior in molecules, predicts for 
the XH2 stretching vibrations that xi, = ~66 = x,6/4 = k1rM/4 (numbering as for 
CH$I,). As can be seen in Table VIII, for CIIQ2 the first three relations are closely 
obeyed when the D~liug-~nni~n constant k ’ fi66 IS constrained to equal xi6. For 
this reason we consider that the panther CH:! stretching an~onicity constants 
in Table VIII are the most physically realistic empirical values for methylene chloride. 

Compa~n of the anha~onicity constants in Table VIiI with the well~es~blished 
values for Hz0 and 40 reveals a remarkable isotopic correspondence. For water, all 
D20 anharmonicity constants .x~ are almost precisely one half of their Hz0 values 
(10). In Table VIII, either set of con~ants including the Darling-~nnison resonance 
are seen to bear a remarkably similar correspondence with the apparent sole exception 
of x12. Direct comparison of the corresponding anharmonicity constants for H20, 
DzO and CH$l~, CD&32 is made in Table IX, the values given being based on 
equivalent molecular models, with Darling-Dennison resonance treated explicitly in 
the I-& species, but not included in the D2 species. We consider that a knowl~ge of 
such apparently simple relationships should prove useful to the advancement of our 
undemanding of vibrational anha~onicity in ~olyatomic systems, and of the nature 
of molecular motions in multiply excited vibrations. 

We thank Pmfesos D. C. McKean and I. M. Mills for most helpful discussions. 

RECEIVED: October 28, 1985 



162 DUNCAN, NIVELLINI, AND TULLINI 

REFERENCES 

I. F. E. PALMA, E. A. PIOTROW~KI, S. SUNDARAM, AND F. F. CLEVELAND, .I. Mol. Spectrosc. 13, 119- 
131 (1964). 

2. M. P. MARZ~CCHI AND P. MANZELLI, J. Chem. Phys. 52,2630-2639 (1970). 
3. S. SA&I AND K. TANABE, Spectrochim. Acta 25A, 1325- I348 (1969); K. TANABE, Spectrochim. Ada 

32A, 1129-l 133 (1976). 
4. M. AVANESSOFF, H. D. THANG, AND T. GAUMANN, Heiv. Chim. Acta 54, 1013-1029 (1971). 
5. R. J. HAYWARD AND B. R. HENRY, J. Mol. Specfrosc. 57, 221-235 (1975); B. R. HENRY AND I. F. 

HUNG, Chem. Phys. 29,465-475 (1978). 
6. R. ESCRIBANO, J. M. ORZA, S. MONTERO, AND C. DOMINGO, Mol. P&. 37,36!-377 (1979). 
7. R. W. DAVIS, A. G. ROBIE~E, AND M. C. L. GERRY, 2. Mol. Spectrosc. 85,399-4 15 (198 1). 
8. I. M. MILLS, in “Theoretical Chemistry,” Vol. 1, pp. 110-159, The Chemical Society, London, 1974. 
9. 1. M. MILLS AND A. G. ROBIETTE, No/. Phys. 56, 743-765 (1985). 

10. A. R. HOY, G. STREY, AND I. M. MILLS, Mol. Phys. 24, 1265-1290 (1972). 


