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We present an analysis of the rotational spectrum of ethylchloride-35Cl in the ground state. The 
35Cl-hfs analysis was extended and the barrier to internal rotation determined from narrow 
splittings of high ./-transitions. 

Introduction 

With the higher resolution of microwave Four ie r 
transform ( M W F T ) spectroscopy it is possible to 
resolve fine structures, which could not be measured 
before [1 -3 ] . 

We noticed that the barr ier to internal rotat ion V3 

of ethvlchloride. CH3CH2CI. was de te rmined [4. 5] 
from two splittings in the first torsional excited 
state. As there is in some molecules an interaction of 
the internal rotation and other vibrat ions [6] we 
thought it interesting to de te rmine the barr ier f rom 
ground state measurements . 

Experimental 

The sample was purchased f rom F L U K A with a 
98% purity. The spectra were recorded by a con-
ventional Starkspectrometer [7. 8] in the region of 
8 - 4 0 GHz with tempera tures f rom - 3 0 to - 4 5 ° C 
and pressures between 4 and 15 mTor r and for high 
resolution with a MWFT-Spec t rome te r f rom 8 to 
18 GHz [1] with tempera tures f rom - 6 0 to - 7 5 ° C 
and pressures between 0.3 and 1.5 mTorr . The mea-
suring errors are 50 kHz and 10 kHz respectively. 

Measurements and Analysis 

As the barrier V3 is rather high, splittings could 
only be observed for high J lines within the range of 
our M W F T spectrometer. For correct assignment a 
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centrifugal distortion and extended chlor ine hfs 
analysis was necessary. 

In Table 1 we give the lines measured by us and 
by other authors [5]. They are marked by *. With 
FT we indicate M W F T measurements . In Fig. 1 we 
give a multiplet pattern. 

1 9 / 2 - 1 7 / 2 

internal rotation (A. E-species) splitting. Pressure 0.4 mT, 
temperature - 7 0 ° C . Transient emission signal was 
recorded with a sample interval of 50 ns and 1024 data 
points. Measuring time 3 min 256000 averaging cycles. 
Prior to Fourier transformation the time domain signal 
was extended to 4096 points by zeros. Spectral point 
distance 5 kHz. 

This work has been digitalized and published in 2013 by Verlag Zeitschrift 
für Naturforschung in cooperation with the Max Planck Society for the 
Advancement of Science under a Creative Commons Attribution-NoDerivs 
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal 
of the Creative Commons License condition “no derivative works”). This is 
to allow reuse in the area of future scientific usage.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der 
Creative Commons Lizenzbedingung „Keine Bearbeitung“) beabsichtigt, 
um eine Nachnutzung auch im Rahmen zukünftiger wissenschaftlicher 
Nutzungsformen zu ermöglichen.



Table 1. Measured lines (vexp) of ethylchloride-35Cl [MHz], vave: averaged by hfs-shifts, zfvexp: experimental hfs-shifts, 
Avca|c: calculated hfs-shifts. FT: measured by MWFT-spectroscopy, *: measured by other authors [5]. 
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Table 1 (continued). 
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Table 2. Rotational [MHz] and centrifugal distortion [kHz] 
constants according to Watson's S-reduction. (a, b) j: 
highest correlation, o\ standard deviation of the fit [kHz], 

A 31337.406 (34) 31337.413 (34) 
B 5493.699 (6) 93 5493.682 (6) 
C 4962.276 (6) e 4962.261 (6) 
Dj 3.40 (5) raaaa - 999(4) 
DJK -22.3 (8) Thbbb 18.1 (2) 
DK 268 (2) rcccc - 9 . 4 (2) 
d\ -0.540 (2) Tl 49 (4) 
di -0.018 (1) - 8 7 (23) 
a 142 
\(DJ,DJK)\ 0.999 

The centrifugal distortion and hfs analysis were 
made independently. For the centrifugal distortion 
analysis unsplit lines vave corrected for hfs were 
used. For the hfs analysis it was assumed that the 
components of one transition are equally shifted by 
centrifugal distortion. In Table 2 we give the rota-
tional and centrifugal distortion constants according 
to the fourth order Hamiltonian of Watson's 
S-reduction [9]. The standard deviation of the fit is 
142 kHz, the highest correlation is (Dj. Dj K) = 0.999. 

Table 3. Chlorine hfs coupling constants [MHz] of CH3CH2
35C1 calculated with different selec-

tions of lines (column 1 J to 23 and column 2 J to 3) and first order approximation. Column 3 
gives values from lines up to J = 3 calculated with diagonalisation [10]. Standard errors are given. 
(x+, X~) correlation coefficient. Column 4 is calculated from [5]. 

49.267 (52) 49.21 (12) 49.241 (47) 49.20 (10) 
/ -22.078 (30) -22.09 (18) -22.100 (72) -22.04 (21) 
\(x+, r)l 0.014 0.203 0.375 — 

-49.267 (52) -49.21 (12) -49.241 (47) -49.20 (10) 
Xbb 13.595 (41) 13.56(15) 13.570 (60) 13.58 (16) 
Xcc 35.673 (41) 35.65 (15) 35.670 (60) 35.62 (16) 

Table 4. Internal Rotation splittings [kHz] of CH3CH2
35C1 

averaged over hfs components. 

J K~ K+ J' K" K+' ^vobs A Vcaic 

8 1 7 7 2 6 40 36.3 
10 3 8 11 2 9 69 63.7 
15 4 12 16 3 13 75 76.4 
18 3 15 17 4 14 68 69.8 
20 5 16 21 4 17 74 76.4 
23 4 19 22 5 18 67 69.2 
25 6 20 26 5 21 65 65.7 
28 5 23 27 6 22 64 57.9 
30 7 24 31 6 25 51 47.9 
33 6 27 32 7 26 38 40.0 
35 8 28 36 7 29 30 28.0 

We also tried sixth order centrifugal distortion 
analysis, which improves the fit. But the constants 
are poorly determined, and many correlation 
coefficients are high. 

The hfs analysis was based on lines with J up to 
23. We omitted lines split by internal rotation. In 
Table 3 we give the quadrupole coupling constants 
Xgg, g — a, b, c, calculated with first order theory. A 
mean shift of 3.14 MHz was fitted with a standard 
deviation of 0.027 MHz. To check the influence of 
centrifugal distortion we give also the xgg deter-
mined from lines with J up to 3. The approximation 

Table 5. Internal rotation parameters of CH3CH2
35C1. Standard errors in brackets. Assumptions 

in square brackets. 

w , ( 5 ) -6 .05 (11) • 10~7 -5 .88 (14) • 10-7 -5 .87(15)- 10-7 
-

K [0.7317] [0.7317] [0.7317] [0.7317] 
h [0.6816] [0.6816] [0.6816] [0.6816] 
/2 [amuA2] 3.246 (15) [3.1613] [3.155] [3.1613] 
10^1 (s), h) \ 0.383 - - -

Avexp [kHz] 58.3 58.3 58.3 -

a [kHz] 3.5 5.0 5.1 -

s 91.84(19) 92.14 (25) 92.16 (24) 94.43 
[cal/mole] 3529 (8) 3595 (10) 3602 (10) 3685 (12) 

F[GHz] 179.1 181.9 182.17 181.9 
[42.97] [42.97] [42.97] [42.97] 

* ( M [ ° ] [47.03] [47.03] [47.03] [47.03] 



of first order was controlled by a program [10] using 
diagonalisation of Hamiltonian matrices for lines up 
to 7=3. The values are given also in Table 3. The 
measured splittings are not sensitive to yah. 

A comparison of the values of Table 3 shows 
agreement within the error limits. So the first order 
analysis is sufficient up to higher 7 values. 

The torsional analysis was based on the mean 
values of the splittings of the hfs components as 
given in Table 4. Thus we neglected interaction. We 
used a program by Woods [11-14] based on the 
internal axis method. 

We tried to fit wj (5). with 5 the reduced barrier, 
/„ the moment of inertia of the methyl group and 
£ (a, i) the angle between the a axis and the internal 
rotation axis. The fit converged, but the correlation 
is high. In a next step we assumed the angle £ (0, /') 
from the structure [5], taking the C—C-bond col-
linear to the internal rotation axis. A rather high 
value for f resulted (Tab. 5. column 1). For com-
parison with literature we finally present in Table 5 

[1] G. Bestmann and H. Dreizler. Z. Naturforsch. 37 a, 
58 (1982). 

[2] J. Demaison and H. Dreizler, Z. Naturforsch. 37a, 199 
(1982). 
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204(1978). 
[7] H. D. Rudolph. Z. Angew. Phys. 13,401 (1961). 
[8] U. Andresen and H. Dreizler. Z. Angew. Phys. 30, 207 

(1970). 

two fits with fixed to 3.1613 a m u A 2 [5] and 
3.155 amuA 2 and < (a, /) = 0m = 42.97 0 [5], The value 
Iy, = 3.155 amuA 2 was determined by a torsion 
analysis of ethylfluoride [15]. In Table 5 column 4 
we repeat the values of [5] for convenience. We 
favour the values of column 3, as a comparison with 
C H 3 C H 2 F is possible. The last column of Table 4 is 
calculated with the first set of Table 5. The numbers 
vary slightly with the other sets. 

It may be noticed that the 5 and K3 values are 
lower than in [5], To our knowledge the barrier is 
the highest determined from an analysis of splittings 
of torsion ground state transitions. The errors 
indicate that we are near the limit of the MWFT-
technique. 
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