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High-resolution FTIR spectroscopy of CH2D35Cl: rovibrational analysis of the ν3, ν9 fundamentals and the 2ν6 -ν6, ν5 + ν6 -ν5 hot bands

Introduction

The halogenated methane derivatives are of interest as key chemical compounds. Among the monohalogenated series, the symmetric tops are currently studied through high resolution infrared spectroscopy by several laboratory groups in order to collect a data base that in the case of methyl chloride [1] and bromide [2] are useful for atmospheric applications. The less abundant methyl forms of the 35/37 Cl isotopologues containing 13 C have also been object of investigation [3,4]. The methyl halides, with one or two substituted deuterium atoms, have received less attention since they are not included in the series of molecules considered as sources of anthropogenic nature. However, spectroscopic studies on these compounds are motivated by their importance for improving calculations of the general harmonic force field and ab initio potential energy surfaces [5].

Early studies performed on the series of partially deuterated methyl halides have been reported by Riter and Eggers [6]. The recent analysis on the monoisotopic CH 2 D 35 Cl [7] provided the spectroscopic parameters obtained from the high resolution FTIR spectrum on the well separated fundamental bands ν 5 ( 827cm -1 ) and ν 6 (714cm -1 ). The results showed that the v 5 =1 and v 6 =1 states are mutually coupled through c-type Coriolis interaction and higher order anharmonic resonance. Ground state constants were determined for the first time pointing out that the low accuracy of the constants related to the principal moment of inertia was depending on the limited number of combination-differences with ∆K a ≠ 0.

The present study has been undertaken to provide the spectroscopic parameters of the ν 9 and ν 3 bands of CH 2 D 35 Cl centred at 987 cm -1 and 1435 cm -1 , respectively, and to optimize the ground state constants. The analysis was first devoted to the interpretation of ν 9 which shows the typical structure of an unperturbed c-type band. The derived GSCDs were merged with those obtained in [7] to improve the accuracy of the axial ground state constant values and adopted in the prediction of the line positions of the ν 3 band. The complex rotational structure of this fundamental of hybrid nature shows predominant b-type character compared to that of a-type. This band is perturbed by the 2ν 6 overtone expected to lie below of about 16 cm -1 . Additional perturbation effects observed at high K a values can be attributed to the near higher state v 5 = v 6 = 1, at 1537 cm -1 , and to the lower states v 8 = 1 and v 4 = 1 at 1270 [8] and 1269 [6,7] cm -1 , respectively. In order to collect data on the most important perturber 2ν 6 , we came back to the spectrum recorded in the ν 6 band region [7] and we assigned the weak structure of the 2ν 6 -ν 6 and ν 5 + ν 6 -ν 5 hot bands. This approach was based on the following statements: 1) the high purity sample of CH 2 D 35 Cl avoided misassignment of lines due to the 37 Cl isotopologue, 2) the ν 6 fundamental, forming narrow clusters in the P and R branches, leaves large spectral sections free by strong absorptions, 3) the up to date ground state constants improved the v 5 =1 and v 6 =1 state parameters then employed for the lower states in the assignment of the hot bands.

After a brief description of the experiments, we discuss on the analysis of the ν 9 , ν 3 , 2ν 6 -ν 6 and ν 5 + ν 6 -ν 5 bands. To follow, the refined spectroscopic constants of the ground and six vibrational states are given.

Experimental details

The monoisotopic sample of CH 2 D 35 Cl was obtained in laboratory for spectroscopic purposes by reacting methyl-d1 alcohol with sodium chloride, containing 99% of 35 Cl, using the method previously described [7]. The separation of the product from the excess of the reagents was obtained by low temperature distillation under dynamic vacuum. The characterization of the sample, performed through standard IR techniques, showed the presence of HCl lines in the 2900 cm -1 region and of H 2 O in the higher spectral range of the ν 3 band.

The high resolution (0.004 cm -1 , unapodized) spectrum was recorded at the University of Bologna using a Bomem Model DA3.002 Fourier transform spectrometer. The instrument was fitted with a conventional globar source, a potassium bromide beam splitter and a high sensitivity mercury-cadmium-tellurium (MCT) semiconductor as detector. Optical bandpass filters were employed in order to reduce the noise level of the spectrum. The covered region was between 850 and 1600 cm -1 , where four fundamentals are expected to produce absorption bands of different strengths. Hence the room temperature spectrum was recorded at the sample pressures of 40 and 173 Pa, using a multipass absorption cell with an optical path length of 5 m, by co-adding 713 scans. Calibration was done using the residual H 2 O lines in the 1400-1600 cm -1 region, whose wavenumbers are mapped in [8]. The precision for unblended lines is about 0.0004 cm -1 and the accuracy is estimated to be better than 0.001 The measured full width at half maximum (FWHM) at 987 and 1435 cm -1 is 0.004 and 0.006 cm -1 , respectively. Details of the spectrum recorded in the ν 6 band region, obtained with the same FTIR spectrometer, are given in [7].

General remarks

The monodeutero methyl chloride is a near prolate asymmetric top (κ = -0.978) of point group C s . The nine normal modes divide into two symmetry classes, A′ and A″, all active in the infrared. Six of them (ν 1 -ν 6 ) are expected to give rise to a/b-hybrid bands, where one of the components is often predominant, and three (ν 7 -ν 9 ) should manifest c-type envelopes.

The ν 9 fundamental appears therefore of c-type, ν 3 is representative of a structure where the btype component prevails, while 2ν 6 -ν 6 and ν 5 + ν 6 -ν 5 , similarly to ν 6 , show the typical structure of pure a-type bands. On the whole, the spectral characteristics approach those of parallel (a-type) and perpendicular (b-and c-type) bands of symmetric tops. The perturbation-allowed transitions, attributed to 2ν 6 and observed in the ν 3 band region, follow the selection rules:

∆J = 0, ±1, ∆K a = 0, +1, +2, ∆K c = ±1, -3
The assignment of ν 9 and ν 3 has been performed using an iterative process based on the identification of new transitions and improvement of the ground and upper state constants, while that of the hot bands has been provided on assisted by the lower state combination differences obtained from the refined constants of the v 5 = 1 and v 6 = 1 states. Levels undergoing to split by asymmetry, splitting, observed for transitions with Ka ≤ 4, have been denoted with even (K a +K c =J) and odd (K a +K c =J+1). The unsplit lines have been assigned only once and identified as even transitions. When the first assignments were consistently checked for each band, the analysis was efficiently assisted by means of computer graphical plots, early proposed by Nakagawa and Overend [START_REF] Nakagawa | [END_REF]. They predict transition wavenumbers for each subbranch related to the above mentioned selection rules and involving the same K a ′ sublevel. The summary of assignment of the investigated bands is collected in table 1. A complete list of the assigned transitions is available upon request from one of the authors (R.V.)

Spectral analysis

The ν 9 band. This fundamental, associated to the C-D/CH 2 out of plane bend mode, is a typical c-type band, with very strong P,R Q peaks and comparatively weak P and R features.

The low resolution survey spectrum is shown in figure 1 where, just as in a perpendicular band, the successive Q subbranches, evenly spaced of approximately 2(A-B) ≅ 7.2 cm -1 , are labelled. The identification of the pronounced P,R Q K (J) clusters is obvious, being the anomalous intensity of the peaks near the band centre due to the effect of asymmetry splitting in the lower K a quantum numbers. At high resolution the rovibrational structure of the P,R Q K (J) subbranches is fully resolved. Within each K a manifold the sequence degrades to lower wavenumbers as the J value increases. The only exception concerns the odd P Q 1 (J) multiplet where, as illustrated in figure 2, the sequence degrades from lower to higher wavenumbers up to J = 30 and then reverses the direction.

The P-and R-branch transitions widely spread out all over the large spectral region investigated (890-1090 cm -1 ). The structure of the P P K and R R K subbranches is clear and within each sequence the J lines are separated by 2 B ≅ 0.82 cm -1 . The weaker R P and P R transitions with low K a values have also been identified and subsequently included in the data set.

The ν 3 band. This fundamental corresponds to the CH 2 scissor mode. The low resolution spectrum of figure 3 shows the presence of an hybrid band where the b-type structure predominates. The central peak is indicative of the superimposed Q Q K (J) subbranches (a-type) whereas the other prominent peaks refer to the P,R Q K (J) manifolds (b-type).

The high resolution analysis was first devoted to the stronger b-type component. The assigned lines cover the spectral range 1320-1560 cm -1 reaching, in the R branch, the K a value Deleted: a… both in the P-and Rbranches Deleted: .…J-assignment increases moving to lower wavenumbers …with the only exclusion of Deleted: subbbranch Deleted: which degrades on the opposite side up to J=30 and then reversing the direction as illustrated in figure . 2…The structure attributed to the p PKa and r RKa transitions, sequentially located with the approximate separation given by 2B¯ = 0.82 cm-1, is widely spread all over the large spectral region investigated (890-1090 cm -1 ). The weaker r PKa and p RKa lines for low Ka quantum numbers were also observed and included in the final data set.
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Beginning with K a > 3, the P,R Q K (J) multiplets show regularly spaced lines all degrading through the blue. The assignment was checked in many cases by transitions coming from several subbranches and further confirmation was altogether provided when the weaker rotational structure belonging to the a-type band was interpreted. Concerning this component, the Q P(J) and Q R(J) subbranches with J ≤ 25 form, apart the asymmetry splitting of the low K a values, an almost overlapped structure. An example is given in figure 4, where the lines of the Q R K (22,23) clusters are labelled. At increasing J values the progression in K a proceeds regularly towards the blue in both branches. Otherwise, the Q branch also degrading to the blue displays almost completely unresolved features.

During the assignment systematic deviations between predictions and experimental values were very soon manifest and all the K a sublevels of ν 3 turned out to be, to more or less extent, involved in resonance with the nearby vibrational levels. Among them the only one close in energy is 2ν 6 (A′). As known, vibrational anharmonic (∆K a = 0, ±2) and c-type Coriolis (∆K a = ±1, ±3) resonances may occur between levels of the same symmetry species in the C s group.

Assuming for the upper states of ν 3 and 2ν 6 the same constants of the ground state, calculations of the rovibrational energy levels indicate that interaction with crossing occurs through first-order c-type Coriolis resonance. A peculiar characteristic concerns the transitions reaching the even and odd sublevels with K a = 2. The relative These lines show large displacements from the predicted values and in proximity of the level crossing their intensity drastically decrease giving origin to additional spectral features. They were identified as perturbation-allowed transitions of the 2ν 6 overtone, predicted at 1419.2 cm -1 and too weak to be detected in the ν 3 spectral region. The avoided crossings were found at J′= 16/17, between K a ′ = 2 even of ν 3 and K a ′ = 3 odd of 2ν 6 , and J′=17/18, between K a ′ = 2 odd of ν 3 and K a ′= 3 even of 2ν 6 . A total of 100 lines with J = 12-21 were assigned to the perturber. These interaction effects are pointed out in the spectral portion of figure 5 where it is worth noting the intensity transfer from ν 3 to 2ν 6 near the crossing. In particular, the structure of the ν 3 R Q 1 (J) manifolds is depicted in the middle and lower panels. A number of perturbation allowed transitions of 2ν 6 , following the selection rules ∆K a = 2 and ∆K c = -1, -3, are illustrated in the upper and lower panels.
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Due to perturbation, the 2ν 6 -ν 6 structure spreads out more rapidly than that of ν 6 and, when not overlapped by the fundamental, a line by line assignment could be achieved. Conversely, the weaker ν 5 +ν 6 -ν 5 shows an almost unresolved structure of the P, Q and R branches. The spectral portion reproducing the Q P K (23, 24) clusters of 2ν 6 -ν 6 and the Q P K (28) multiplet of ν 5 +ν 6 -ν 5 is reported in figure 6. The comparison with the Q P K (32) cluster of ν 6 underlines the different strength with respect to the hot bands. In the same figure it is also interesting to observe the anomalous line sequence in each manifold of 2ν 6 -ν 6 , in particular the displacement of the features with K a = 3 due to perturbation with v 3 = 1. The assignment, initially based on lower state combination differences involving R-and P-branch transitions, was later completed with the Q-branch features. For 2ν 6 -ν 6 a further check was performed employing the perturbation-allowed transitions of 2ν 6 observed in the ν 3 band region.

Results

The spectroscopic constants of the ground, v 5 = 1 and v 6 = 1 states

The early ground state constants [7] were determined by mainly forming GSCDs from atype transitions (∆K a = 0) of the ν 5 and ν 6 bands. From the present analysis, using a-and btype transitions of ν 3 and c-type transitions of ν 9 , a set of combination differences with ∆K a = ±1, ±2 can be obtained. The ground states combination differences were weighted, according to the number of transitions sharing a common upper level and, more in detail, they were weighted with the reciprocal of the number of differences carried out in each group using the same procedure described in [START_REF] Hegelund | [END_REF]. A great number of combinations-differences coming from blended lines was discarded. About 5600 combinations, from the four fundamental bands, were taken into account for the determination of the ground state constants given in column 2. The residuals showed displacements less than 0.0020 cm -1 and the standard deviation of the fit (0.541 x 10 -3 cm -1 ) is well below the estimated accuracy of measurements.

A comparison with the previous values [7], reported for completeness in the first column of table 2, shows that the A rotational constant has been greatly improved, whereas the B and C constants have been determined with an accuracy of about one order of magnitude higher. The values of the five centrifugal distortion constants have also been obtained with better accuracy and agree within two times the early quoted uncertainties. The sextic distortion parameters could not be determined with physical meaning and therefore were constrained to zero.

By fixing the up to date ground state constants, more reliable spectroscopic parameters of v 5 =1 and v 6 =1 together with the interacting terms were obtained. The results, also included in table 2, were achieved with the same model and data set used in the previous study [7]. As for the ground state, the A rotational constant has been greatly improved in the accuracy for both levels whereas the other rotational and centrifugal distortion constants have been optimized. The c-type Coriolis and the high-order anharmonic coupling term values remained unaffected.

The v 9 = 1 state parameters

The data were fitted according to a model for an unperturbed rovibrational state. In the least-squares analysis an uncertainty of 0.0010 cm -1 was attributed to lines assigned as single transitions. For blended and very weak features the uncertainty was 0.0015 and 0.0020 cm -1 , respectively. The fitting procedure was performed using the SPFIT program written by Pickett [14]. With the ground state parameters constrained at the present values of table 2 and employing the full set of assigned transitions, the upper state constants were determined up to the quartic coefficients. The results, reported in table 3, have to be considered satisfactory.

The standard deviation is well beyond the experimental uncertainty of measurements and approaches that obtained for the ground and the interacting v 5 =1 and v 6 =1 states. The comparison between the excited and ground states constants shows very small changes in the centrifugal distortion parameters so pointing out the absence of perturbations. The initial spectroscopic constants were provided from preliminary single band fits by selecting the apparently less perturbed transitions. The same procedure described for ν 9 was adopted for the evaluation of the uncertainties concerning the ν 3 , 2ν 6 and 2ν 6 -ν 6 data, while for ν 5 + ν 6 -ν 5 the uncertainty of 0.004 cm -1 was assumed. The upper states belong to the same vibrational symmetry species, hence the interactions, besides the c-type Coriolis (E ± ↔ O m ), can also occur through anharmonic (E ± ↔ E ± , O ± ↔ O ± ) resonance. At first, only transitions with low K a and medium J values were used in a simultaneous treatment. The upper state rotational levels were calculated including in the Hamiltonian the c-type Coriolis and Fermi operators: 
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The lower state parameters were constrained at the values of table 2. Subsequently the body of data was gradually enlarged with all the assigned transitions of the above-mentioned bands and those involving ν 5 + ν 6 -ν 5 . Large discrepancies for high K a values of ν 3 were obtained between calculated and experimental wavenumbers. Despite the several attempts performed to fit the data with different choices of the refined parameters, the quality and the number of the resulting spectroscopic constants remained unaltered. Considering the course of the residuals and an approximate energy level diagram it can be assumed that the next closer vibrational states v 4 = 1 (A′) and v 8 = 1 (A″) should be responsible for the large discrepancies observed for the high K a stacks of ν 3 .

The final set of spectroscopic constants was then obtained using 2942 transitions of ν 3 with K a ′ ≤ 9 and the full set of the 2ν 6 and 2ν 6 -ν 6 data. The resulting effective spectroscopic parameters are summarized in table 3. As shown the rotational constants and the coupling terms connecting the interacting levels are well determined. The ∆ J and ∆ JK diagonal centrifugal distortion values are in satisfactory agreement with those of the ground state, while ∆ JK slightly differs on opposite direction for the v 3 =1 and v 6 =2 levels, suggesting that additional interactions should be considered. The higher standard deviation, compared to that obtained for ν 9 and ν 5 /ν 6 , mainly derives from the systematic deviations in the residuals of ν 3 for transitions with K a = 7-9 at high J values. Since the transitions involving v 5 = v 6 =1 were excluded from the previous calculations, they were fitted separately by assuming the model for an unperturbed band. The results, also included in table 3, were derived by the constraint of the centrifugal distortion constants to those of the v 5 = 1, since their release unaffected did not affect the standard deviation of the fit. The lower degree in the accuracy of the determined spectroscopic constants is mainly depending on the quality and the number of assigned lines which account, as noted above, for a most unresolved rotational structure in the hot band lines.

Discussion and conclusion

Spectral simulations based on the spectroscopic parameters given in table 2 and 3 were performed in different spectral regions of the ν 3 band in order to establish the dipole moment ratio along the a and b axis. The SPCAT program [14] was used to predict line positions and intensities. A reasonable agreement between experimental and synthetic spectrum was obtained with the ratio |∆µ a /∆µ b | = 0.45 ± 0.05. Besides, considering the band origins of ν 3 and 2ν 6 and the Fermi interaction term (see table 3) the shift of the interacting vibrational levels was calculated to be |1.545| cm -1 .

A number of parameters can be compared with quantum-mechanical calculations. The vibration-rotation interactions constants α of the considered fundamentals are given in table 4 together with the values calculated ab initio, using Gaussian 03 program [START_REF] Gaussian | 11 Deleted: 8 Deleted: 9 Deleted[END_REF]. The predictions are in satisfactory agreement except for α A of ν 3 which considerably differs from the experimental value. The discrepancy can be attributed to additional resonances with the ν 4 and ν 8 levels, which should play a significant role. Another explanation relies with the calculated value obtained without taking into account the interaction of ν 3 with the near fundamental levels. This last point suggests that calculated values for rovibrational prediction of bands, when strong resonances are expected to occur, should be taken with care.

From the vibrational levels of v 5 = 1, v 6 = 1 , v 6 = 2 and v 5 = v 6 = 1, the anharmonicity constants x 56 = -4.289 cm -1 and x 66 = -3.634 cm -1 have been derived and can be compared with the values of -4.281 cm -1 and -2.745 cm -1 , respectively, calculated ab initio [START_REF] Gaussian | 11 Deleted: 8 Deleted: 9 Deleted[END_REF].

While the ν 9 band has been fully interpreted, a deeper understanding of the ν 3 spectral region needs the analysis of the complex band system involving v 4 = 1 and v 8 = 1, and higher showing the assignment of the even/odd R Q 1 (J) subbranches (b-type component ) and even/odd S Q 1 (J) perturbation-allowed transitions of 2ν 6 , observed in proximity of the level crossings. Figure 6. Spectral portion of CH 2 D 35 Cl of the ν 6 fundamental region (path length 15 cm, P = 150 Pa) showing the Q P K (23,24) multiplets of 2ν 6 -ν 6 and Q P K (28) of ν 5 +ν 6 -ν 5 , denoted with *. The former hot band shows an almost complete resolved rotational structure, while the latter one originates a broad peak feature accounting for the same J and different K a values. The Q P K (32) cluster of ν 6 is also indicated. The structure attributed to the p P Ka and r R Ka transitions, sequentially located with the approximate separation given by 2B¯ = 0.82 cm-1, is widely spread all over the large spectral region investigated (890-1090 cm -1 ). The weaker r P Ka and p R Ka lines for low Ka quantum numbers were also observed and included in the final data set. On the whole the process of assignment was that described for ν 9 . The important difference is that ν 3 is globally interacting. As a consequence the predicted transitions based on spectroscopic constants for unperturbed bands showed systematic deviations from the calculated values. The perturbation manifests a peculiar characteristic for transitions with low Ka values in the excited state but, to more or less extent, all the Ka sublevels of ν 3 are involved by resonance with the nearby vibrational levels. . The assignment of the b-type component was checked in many cases by transitions coming from several subbranches and further confirmation was altogether provided by the weaker rotational structure of the -type component.

The assignment was checked in many cases by transitions coming from several subbranches and further confirmation was altogether provided by the weaker rotational structure of the a-type component. In this case the asymmetry splitting was observed for Ka"≤ 3. In the P-and R-branches up to J< 25, the Ka transitions form an almost overlapped structure; then they originate single lines moving towards higher

wavenumbers. An example of this structure is given in figure 4 where two consecutive q P Ka (J) manifolds are labelled. The Q-branch region, also degrading to the blue, is almost completely unresolved. The assignment was checked in many cases by transitions coming from several subbranches and further confirmation was altogether provided by the weaker rotational structure of the a-type component. 
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 1 Figure captions
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 2 Figure 2. Details of the fine structure of the odd P Q 1 (J) multiplet of CH 2 D 35 Cl ν 9 fundamental (path length 5 m, P = 173 Pa).

Figure 3 .

 3 Figure 3. Overview of the low resolution (0.5 cm -1 ) IR spectrum of CH 2 D 35 Cl ν 3 fundamental (P = 4 kPa, room temperature, 10 cm cell). The contour is indicative of an hybrid a/b-type band of a near prolate asymmetric top where the b-type component predominates. The assignment of the resolved rotational structure of the broad peak marked with * is reported in Fig 4.

Figure 4 .

 4 Figure 4. Spectral portion of CH 2 D 35 Cl ν 3 fundamental (path length 5 m, P = 40 Pa) showing the structure of the a-type lines for the Q R K (22,23) multiplets. Asymmetry splitting is observed for K a = 1, 2.

Figure 5 .

 5 Figure 5. Details of the spectrum of CH 2 D 35 Cl ν 3 fundamental (path length 5 m, P = 40 Pa)
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  Concerning to further additional absorptions originating from the ground state, the overtone 2ν 6 is predicted at 1419.2 cm-1. The survey spectrum does not show any other prominent feature. This point suggests that, if present, 2ν 6 should be very weak as usually happens for overtone or combinations when the resonance effect is not accompanied by transfer of intensity from the light state to the closer dark one.
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Table 1 .

 1 For 2ν 6 -ν 6 it can be clearly seen the anomalous sequence of lines belonging to the Ka values, in particular those attributed to the even and odd sublevels with Ka=3 which attain to the upper sublevels undergoing to the major resonance effect with ν 3 . Summary of assignment of the ν 3 , ν 9 , 2ν 6 , 2ν 6 -ν 6 and ν 5 +ν 6 -ν 5 bands of CH 2 D 35 Cl
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Table 2 .

 2 Spectroscopic constants (cm -1 ) for the ground, v 5 = 1and v 6 = 1 states of CH 2 D 35 Cl a Quoted uncertainties are one standard deviation in units of the last significant digit.

	12

a URL: http://mc.manuscriptcentral.com/tandf/tmph

Table 3 .

 3 Spectroscopic constants (cm -1 ) of the v 3 = 1, v 6 = 2, v 9 = 1 and v 5 = v 6 = 1 states of CH 2 D 35 Cl a Quoted uncertainties are one standard deviation in units of the last significant digit. b Fixed to the v 5 = 1 state value.

				Molecular Physics		Page 28 of 35
			v 3 = 1	v 6 = 2	v 9 = 1	v 5 = v 6 = 1
	ν 0		1433.8391(27)	1420.9576(27)	986.690131(64)	1536.84695(54)
	A		3.9977994(36)	3.9905199(85)	4.0233803(31)	3.997486(17)
	B		0.4166366(12)	0.4102436(14)	0.41517453(34)	0.41060(23)
	C		0.4083607(13)	0.3997064(16)	0.40473506(33)	0.40247(23)
	∆ J x 10 6	0.53478(26)	0.51712(63)	0.50244(13)	0.49443 b
	∆ JK x 10 5	0.32042(20)	0.6329(10)	0.56907(32)	0.50877 b
	∆ K x 10 4	0.58649(43)	0.55810(85)	0.58388(24)	0.53566 b
	δ J x 10 7	0.11914(80)	0.12220(99)	0.12899(83)	0.0876 b
	δ K x 10 6	0.782(10)	0.811(10)	0.707(33)	0.33 b
	ξ ξ ξ ξ c 3 ,	66	0.0629349(56)	
	W 3,66	4.7216(37)	
	σ x 10 3	1.57		0.663	2.02
	No. of Data	2942	680	1898	148
	J max	52	34	48	29
	K a max	9	10	12	8
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Table 4 .

 4 Experimental and calculated vibration-rotation interaction constants α (x 10 3 cm -1 ) for CH 2 D 35 Cl
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		ν 3		ν 5		ν 6		ν 9	
		Exp.	Calc.	Exp.	Calc.	Exp.	Calc.	Exp.	Calc.
	α A	-0.53	-12.48	-3.36	-3.01	3.41	2.36	-26.11 -24.60
	α B	-0.37	-0.31	1.76	2.00	2.98	2.45	1.09	0.98
	α C	-2.17	-2.28	1.66	1.45	3.02	2.93	1.45	1.42
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