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T h e microwave spectra of acetyl cyanide, C H 3 C O C N , i n the g round and i n the t w o lowest 
exc i ted states have been invest igated. T h e ro ta t iona l constants and the quadrupo le c o u p l i n g con-
stants have been evaluated fo r a l l these states. The i n t e rna l ro ta t ion parameters have been ref ined 
w i t h respect to previous works. Evidence for a ro ta t i on—to rs ion — v i b r a t i o n in te rac t ion has been 
f o u n d i n the spectra of the exci ted states. 

I. Introduct ion 

The rotation-torsion-vibration interaction has 
since long been of interest in this Laboratory and a 
model for molecules with a symmetry plane, allowing 
for two internal degrees of freedom has been de-
veloped 2 . 

Methyl thiocyanate, CH3SCN, and ethyl cyanide, 
CH3CH0CN, provided the first challenge to test the 
m o d e l 3 - 6 . In CH3CH2CN the closeness between the 
two lowest vibrational states, corresponding to the 
CCN-in-plane bending and to the methyl torsion, 
produces observable perturbations on their rotional 
spectra. In fact, while the ground state lines are un-
split, some lines in the first excited torsional state 
(va, Vq = 1,0) and in the first excited CCN-in-plane 
bending state (v a , uq = l , 0 ) exhibit splittings, which 
can not be interpreted by the usual rigid frame — 
rigid top theory. A model with two internal degrees 
of freedom, one for the methyl torsion and one for 
the in-plane bending, proved accurate enough to ac-
count for the measured spectra in this case and in 
the case of CH3SCN. 

It seemed reasonable to test further the model 
with other molecules7 and particularly with mole-
cules having a barrier to the internal rotation low 
enough to allow for somewhat more split lines in 
the ground and in the excited states. Acetyl cyanide, 
in view of the previous studies 8 ' 9 appeared to match 
our request. 

In order to follow the sequence of the work done 
on acetyl cyanide we report in the present Part I the 
experimental results of the reinvestigation of the 
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ground state spectrum and of the investigation of 
the two lowest excited states, that is the (1 ,0 ) - and 
(0,1)-states. The hyperfine structure due to the N-
quadrupole nucleus in the three states and the rota-
tion-torsion interaction fine structure in the ground 
state are also discussed. The rotation-torsion-vibra-
tion interaction fine structure in the spectra of the 
two lowest excited states will be the subject of 
Part I I 1 0 . 

II. Exper imenta l 

The sample was made available to us by Fluka 
GmbH., Neu-Ulm, Germany, and was used after 
distillation. 

Both Stark-effect spectroscopy and radiofrequency-
microwave double resonance (RFMWDR) spectro-
scopy were extensively used in the present in-
vestigation. Microwave-microwave double resonance 
( M W M W D R ) experiments were also performed to 
check some assignments. The corresponding instru-
ments have been already described 1 1 - 1 4 . Measure-
ments were carried out in the region from 8 to 40 
GHz at a temperature of about — 50 °C and at a 
pressure of about 5 mTorr. 

III. G r o u n d State Spectrum 

With the published data not all the features of the 
ground state spectrum could be interpreted. In fact 
the transitions in the E torsional state (E transi-
tions), connecting levels with high value com-
pared to J, did not occur within the predictions. 
Since these transitions are responsible for widely 
spaced A — E doublets, due to the effect of the linear 
terms in the Hamiltonian (1) of Section V, they are 
also very important for an accurate determination 
of the internal rotation parameters. 
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Tab le 1. G round state ro ta t i ona l spect rum of C H 3 C O C N . Frequencies are i n M H z . 

841 

/k-k+— J'K'-K'+ State F — F' J'obs »'unspl i ta ^ c a l c b (^E— ^A)obs (»'E — v\) c a l c 

A 

E 

1 -
2 — 
1 -
2 — 

2 
3 
2 
3 

13164.78 
13166.09 
13164.78 
13166.09 

13165.85 

13165.85 

13165.94 

13165.70 

0.00 - 0 . 2 4 

l lO — 2 2 1 A 
E 

2 -
2 — 

3 
3 

33559.82 
33554.06 

33560.01 
33554.25 

33559.85 
33554.01 

- 5 . 7 6 - 5 . 8 4 

^ 01~2 1 2 A 

E 

1 -
2 -
1 -
2 -

2 | 
3 J 
21 
31 

19193.98 

| 19193.36 

19193.84 

19193.22 

19194.06 

19193.32 

- 0 . 6 2 - 0 . 7 4 

220 — 321 A 

E 

1 -
2 -
3 -
1 -
2 -
3 -

2 
3 
4 
2 
3 
4 

22067.92 
22065.83 
22067.25 
22063.87 
22061.63 
22063.11 

22066.90 

22062.77 

22067.07 

22062.96 

- 4 . 1 3 - 4 . 1 1 

212 — 3 1 3 A 

E 

1 -
3 -
1 -
3 -

2) 
41 
2) 
41 

19660.33 

( 19659.90 

19660.22 

19659.79 

19660.25 

19659.82 

- 0 . 4 3 - 0 . 4 3 

2 02 31S A 

E 

3 -
2 -
3 -
2 -

41 
31 
41 
3J 

| 24683.99 

| 24683.51 

24683.91 

24683.43 

24684.13 

26683.55 

- 0 . 4 8 - 0 . 5 8 

2O2 — 3O3 A 

E 

1 -
2 -
3 -
1 -
2 -
3 -

2 1 

4 , 
2 1 

4 . 

| 20895.26 

| 20894.60 

20895.28 

20894.62 

20895.12 

20894.41 

- 0 . 6 6 - 0 . 7 1 

22 1 —3 2 2 A 

E 

2 -
3 -
1 -
2 -
3 -

3 
4 
2 
3 
4 

21479.70 
21481.27 
21483.84 
21481.78 
21483.10 

21480.88 

21482.80 

21481.09 

21483.00 

1.92 1.91 

3 2 i ~ 3 3 0 A 

E 

2 -
4 -
3 -
2 -
4 -
3 -

21 
4 j 
3 
21 
4 j 
3 

| 32391.38 

32393.34 

| 32417.98 

30420.07 

32392.02 

32418.68 

32392.06 

32418.71 

26.66 26.65 

32 2 —3 3 1 A 2 -
4 — 

2) 
4J [ 33115.48 33116.15 33116.19 - 3 2 . 0 0 - 3 1 . 7 9 

E 
3 -
2 -
4 -
3 -

3 
21 
4 j 
3 

33117.50 

} 33083.33 

33085.66 

33084.15 33084.40 

— 4 3 1 A 

E 

3 -
4 -
3 -
4 -

4 
5 
4 
5 

28980.30 
28981.68 
28961.71 
28962.92 

28981.32 

28962.65 

28982.45 

28963.86 

- 1 8 . 6 7 - 1 8 . 5 9 
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T a b l e 1 ( c o n t i n u e d ) 

/k-k+— /k-k'+ S ta te F—F' Vobs Vunsplit a Vcalc b (VE—VA) obs (ve — V A ) calc 

3Si —4. 

3 , , - 4 , 

3n<(—4n 

3ns — 4, 

4,»—4, 

4m—4. 

6n« —6, 

A 3 - 4 28906.76 28907.79 28908.93 
4 - 5 28908.16 

E 3 - 4 28922.61 28923.68 28924.66 
4 - 5 28924.09 

A 2 - 3 ) 30610.35 30610.03 
3 - 4 30610.34 
4 - 5 J 

E 2 - 31 | 30608.52 30608.24 
3 - 4 30608.51 
4 - 5 J 1 

A 2 - 31 | 27268.34 27268.34 
3 - 4 27268.33 
4 - 5] 1 

E 2 - 31 | 27267.71 27267.65 
3 - 4 27267.70 
4 - 5 J 1 

A 2 - 3' I 29852.90 29853.42 
3 - 4 \ 29852.88 
4 - 5 1 

E 2 - 31 I 29852.90 29853.04 
3 - 4 29852.88 
4 - 5, 1 

A 2 - 31 | 23479.66 23479.33 
3 - 4 23479.66 
4 - 5 J 1 

E 2 - 3] I 
3 - 4 \ 23478.84 23478.84 23478.51 
4 - 5, 1 

A 3 -
5 -

31 
51 | 31476.94 31477.36 31478.37 

4 - 4 31478.19 
3 - 3\ 
5 - 51 
4 - 4 

3 - 31 
5 - 5) 
4 - 4 
3 - 31 
5 - 5| 
4 - 4 

3 - 41 
5 - 61 
4 - 5 
3 - 4\ 
5 - 61 
4 - 5 

5 - 51 
7 - 71 
6 - 6 
5 - 5| 
7 - 71 
6 - 6 

31487.12 

31488.35 

33500.03 

33501.21 

33484.67 

33485.82 

23529.36 

23528.66 

23527.68 

23527.02 

24211.44 

24211.74 

24205.35 

24205.65 

31487.53 

33500.41 

33485.04 

23529.12 

23527.46 

24211.55 

24205.46 

31488.74 

33501.25 

33485.93 

23527.92 

23526.30 

24210.50 

24204.63 

15.89 

- 1 . 83 

- 0 . 63 

0.00 

0.82 

10.17 

•15.37 

- 1 . 6 6 

- 6 . 0 9 

15.73 

-1 .79 

-0 .69 

-0 .38 

- 0 . 8 2 

10.37 

-15.32 

-1 .62 

-5 .87 
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Tab le 1 (cont inued) 

843 

/k-k+— J'K-K'+ State F — F' *'obs *'unsplit a ^calc b (i'E — J'A) obs (»-'E—^A)calc 

7o 

7 n 7 - 7 , 

8 , , - i 

82s - 80 

92 7—9« 

9is 9o 

10.«-10, 

1 U - 1 1 , 

12oin 12, 

6 - 6 
7 - 7 
8 - 8 
6 - 6 
7 - 7 
8 - 8 

6 - 6 \ 
8 - 8 f 
7 - 7 
6 - 6 1 
8 - 8 J 
7 - 7 
7 - 7 
8 - 8 
9 - 9 
7 - 7 
8 - 8 
9 - 9 

7 - 7 
8 - 8 
9 - 9 
7 - 7 
8 - 8 
9 - 9 

8 - 8 
9 - 9 

1 0 - 10 

8 - 8 
9 - 9 

1 0 - 10 

8 - 8 
9 - 9 
1 0 - 10 

8 - 8 
9 - 9 

1 0 - 10 

9 - 9 
1 0 - 10 
1 1 - 11 

9 - 9 
1 0 - 10 
1 1 - 11 

10- 10 
1 1 - 11 
1 2 - 12 

1 0 - 10 
1 1 - 11 
1 2 - 12 

11- 11 
1 2 - 12 
1 3 - 13 
1 1 - 11 
1 2 - 12 
1 3 - 13 

19939.53 

19935.70 

30545.41 
30545.72 

30537.76 

30538.04 

23716.82 

23711.16 

25142.55 

25141.55 

24901.74 

24899.67 

28867.22 

28859.42 

26012.16 

26008.43 

28686.43 

28680.45 

32987.37 

32978.73 

19939.53 

19935.70 

30545.52 

30537.85 

23716.82 

23711.16 

25142.55 

25141.55 

24901.74 

24899.67 

28867.22 

28859.42 

26012.16 

26008.43 

28686.43 

28680.45 

32987.37 

32978.73 

19941.22 

19937.52 

30544.39 

30537.00 

23718.56 

23713.01 

25148.79 

25147.70 

24909.04 

24906.78 

28868.98 

28861.35 

26020.33 

26016.25 

28695.05 

28688.62 

32995.93 

32986.90 

- 3 . 8 3 

- 7 . 6 7 

-5.66 

- 1 .00 

-2.07 

- 7 . 8 0 

- 3 . 7 3 

- 5 . 9 8 

- 8 . 6 4 

- 3 . 7 0 

- 7 . 3 9 

- 5 . 5 5 

- 1 . 0 9 

- 2 . 2 6 

- 7 . 6 3 

- 4 . 0 8 

- 6 . 4 3 

- 9 . 0 3 

a Hyper f ine center f requency ca lcu la ted w i t h the constants f r o m Tab le 2. 
b Calcu lated w i t h the H a m i l t o n i a n (1) and the constants f r o m Tab le 5. 
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Some A — E doublets of this type were searched 
for and assigned using the RFMWDR technique 
and/or their characteristic Stark effect. An example 
of radiofrequency-microwave double resonance con-
nections is shown in Fig. 1, for the same A and E 
rotational levels. 

>31 TT~7S 

f32"X 

3 3 0 " 

3 a , -

'32-TT 

1 
3 3 0 -

3 3 1 -

A leve ls E l eve ls 
F i g . 1. Examp le of rad io f requency — microwave double re-
sonance connect ions i n the g round state. The drawings are 
not to scale. T h e ro ta t i ona l energies of A levels are con-
s iderably d i f ferent f r o m those of E levels, resu l t ing i n d i f -

ferent p u m p i n g and s ignal f requencies ( M H z ) . 

In the case of the E transitions both the pump 
and the signal frequency had to be located by a 
double search procedure. Spectra at a Stark field of 
the order of a few V / cm provided also an efficient 
tool to identify this type of transitions, as they are in 
general very sensitive to Stark modulation. 

The hyperfine structure of the lines was resolved 
whenever the two components of the internal rota-
tion doublets were separated enough to prevent over-
lapping among the hyperfine structure satellities. 

The measured transitions, including those re-
measured with better accuracy and resolution than 
in Reference8 , are listed in Table 1. The effective 
rotational constants for the A ground state were 
calculated by a least squares-rigid rotor fit to the A 
transitions up to J = 3. No centrifugal distortion 
correction was necessary within the experimental er-
rors. From the hyperfine structure the N-quadrupole 
coupling constants were obtained. They resulted 
equal, within the experimental uncertainties, for the 
A and E states. Using the structure given in Refer-
ence 8 and assuming the z-principal axis of the 
nuclear quadrupole coupling tensor colliniear with 
the C = N bond, while the y-axis is perpendicular to 
the molecular symmetry plane, the diagonal (and 
principal) elements are also determined. The cal-

Table 2. Ef fect ive ro ta t i ona l constants for the ( v a , v q = 0 , 0 ) 
— A state, ob ta ined f r o m t rans i t ions up to / = 3 . Out-of-
p lane con t r i bu t i on l a + l b — l c - Nuc lea r quadrupo le coup l i ng 

constants. Quoted s tandard errors. 

AA = 
BA = 

CA = 
Ia + lb-Ic = 

Xaa = 
Xbb = 
Xcc = 
Xxx = 
Xvv ~ 
Xzz — 
V = 

10185.67 ± 0 . 0 3 M H z 
4157.57 ± 0 . 0 3 M H z 
3002.77 ± 0 . 0 2 M H z 

2.8687 a m u - A 2 

- 4 . 3 4 ± 0 . 0 7 M H z 
2.03 ± 0 . 3 1 M H z 
2.31 ± 0 . 3 1 M H z 
2.06 M H z 
2.31 M H z 

- 4 . 3 7 M H z 
0.06 

culated value of the asymmetry parameter 7] = 
(Xxx — Xvv)/Xzz indicates that the charge distribu-
tion around the C = N bond is almost cylindrically 
symmetric. The results are given in Table 2. 

IV. Exc i ted States Spectra 

Each ground state transition of acetyl cyanide is 
accompanied by detectable satellities due to transi-
tions in the excited states. By a few low resolution 
spectra, using the procedure as for the ground state, 
we were able to identify two sets of doublets from 
the two lowest excited states. General feature of the 
31 3 —404 transitions is illustrated in Figure 2. Infra-

o.o 
E A 

1.0 
A E 0 , 1 

E A 

2 3 . 4 2 3 . 5 2 3 . 6 GHz 

Fig . 2. T h e 3 1 3 - 4 0 4 t rans i t ions i n C H 3 C O C N . 

red and Raman spectra were run at the same time 
and a vibrational analysis10 was performed to 
parallel the microwave findings. These two vibra-
tional modes can be described as the torsion of the 
methyl group and the in-plane bending of the CCN 
group. Assignment of the rotational spectrum to the 
proper vibrational state was based on the relative 
intensities of corresponding transitions, on con-
sideration of the inertial defect1 5 , and on the 
splittings of the A - E doublets. 
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a) CH3-torsion 

The lowest fundamental vibration was calculated 
from the V3-value (see below) to be at 131.5 ± 
1.5 c m - 1 . Relative intensity measurements of the 
rotational lines agree with this result. Moreover the 
decrease in the inertial defect compared to that in 
the ground state is in accordance with the general 
trend for an out-of-plane vibration. Further support 
comes also from the vibrational analysis 10. 

The rotational spectrum exhibits widely separated 
A —E doublets. The correct assignment of the A 
transitions was established by a rigid rotor fit. A 
detailed account of the measured transitions will be 
given in Part I I 1 0 , together with an analysis of the 
A — E splittings. 

Final values of the effective rotational constants 
for the A state were obtained by a least squares fit to 
the transitions up to / = 3. No centrifugal distortion 
correction was necessary within the experimental 
errors. The hyperfine structure analysis led to the 
N-quadrupole coupling constants with no meaning-
ful differences between the A and E states. The 
values obtained are collected in Table 3. 

Tab le 3. Ef fect ive ro ta t iona l constants fo r the (va, Vq=1,0) 
— A state, obtained f r o m transi t ions up to / = 3 . Out-of-
p lane con t r i bu t ion 7 a + / & — / c . Nuc lear quadrupo le coup l i ng 

constants. Fundamenta l f requency. Quoted s tandard errors. 

Ax = 
BA = 
CA = 

Ia + Ib~Ic = 
Xaa = 
Xbb = 
Xcc = 

V(,Vx, Vq = 0,0 — 1,0) a = 

10174.91 ± 0 . 0 3 M H z 
4141.75 ± 0 . 0 3 M H z 
3000.75 ± 0 . 0 2 M H z 

3.2722 a m u - A 2 

- 4 . 7 2 ± 0 . 0 7 M H z 
± 0 . 1 5 M H z 
± 0 . 1 5 M H z 

1.14 
3.58 

131.5 ± 1 . 5 

a Calcu la ted f r om the F3 -value. 

b) CCN In-plane Bending 

The increase in the inertial defect respect to that 
in the ground state indicates that the second lowest 
fundamental is an in-plane vibration. By liquid 
phase Raman spectra it is identified at 191 ± 1 c m - 1 . 
This value is not far from that of the CCN-in-plane 
bending of ethyl cyanide at 206.5 ± 1 . 5 c m - 1 (see 5) . 
Relative intensity measurements of rotational lines 
are in agreement with this result. 

The rotational spectrum presents A — E doublets, 
whose separations are different from the correspond-
ing ones in the ground state. The assignment of the 

Tab le 4. Ef fect ive ro ta t iona l constants for the (va, Vg=0,l) 
— A state, obta ined f r om the t ransi t ions up to / = 3 . Out-of-
p lane con t r i bu t i on / a + /&—7C . Nuc lear quadrupo le coup l i ng 

constants. Fundamen ta l f requency. Quoted s tandard errors. 

A A = 
BA = 
CA = 

Ia+Ib~Ic = 
Xaa = 
Xbb = 
Xcc = 

V(V«, t'q = 0,0 — 0,1) a = 

10158.02 ± 0 . 0 3 M H z 
4176.19 ± 0 . 0 3 M H z 
3005.56 ± 0 . 0 2 M H z 

2.6180 a m u - A 2 

- 4 . 1 5 ± 0 . 0 9 M H z 
2.01 ± 0 . 2 4 M H z 
2.14 ± 0 . 2 4 M H z 

191 ±1 
a F r o m l i q u i d phase Raman spectra. 

A transitions was confirmed by a rigid rotor fit. A 
list of the measured transitions will be found in 
Part I I 1 0 . 

Final values of the effective rotational constants 
for the A state together with the N-quadrupole 
coupling constants were obtained as described in the 
Section above. Results are given in Table 4. 

V. Analysis 

In this work we are only concerned with the 
analysis of the rotation-torsion interaction in the 
ground state spectrum. The vibration interaction 
manifests itself only in the excited states spectra. 

The effective Hamiltonian that we have used to fit 
the ground state transitions is expressed, in the prin-
cipal axis system, as 1 6 : 

Hv.-APa* + BPb* + CP* + F2W%) 
n = 1 

(1) 

Ia Ia \n 
K Pa + h ~ Pb 

la lb 1 

where Pa , Pb, and Pc are the total angular momen-
tum operators (the c axis is perpendicular to the 
molecular symmetry plane), 

1 h 2 
- _ r = 1 — i_ z 

I 
F = 

2 r /„ 
T = 1 — ln2 ~ — Xb2 ~ , Xa and Xb 

lb 

are the direction cosines between the symmetry axis 
of the top and the principal axes a and b respectively 
(in this case is Xc = 0 ) , are the n-th order per-
turbation coefficients which depend on the reduced 

4 V3 
barrier height s = 

9 F 
and L is the moment of 

inertia of the top about its symmetry axis. 
Of the six internal rotation parameters involved 

in the Hamitonian ( 1 ) , l a was fixed to the value of 
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3 .14amu*Ä 2 f rom Reference8 . The effect of Ia on 
the A — E splittings is correlated to that of V 3 and 
only the reduced barrier height s is obtained from 
the analysis. The other five parameters A, B, C, V3, 
and l a were obtained by using the frequencies of 
the measured transitions. The rotational constants 
were fit only to the lines up to 7 = 3, while the re-
maining parameters V3 and la were determined from 
the splittings of all the measured transitions. The 
parameters which enter in the Hamiltonian (1) are 
given in Table 5. The A and E transition frequen-
cies, calculated by using these parameters, are com-
pared with the observed values in Table 1. The un-
certainty on Iu ( ± 0.04 amu • Ä 2 ) , which comes from 
the structure, has been accounted for in the estima-
tion of the errors on the fitted parameters. 

Tab le 5. Parameters i n the Ham i l t on i an (1) obtained by the 
f i t to the g round state t ransi t ions. T h e uncer ta in ty on I a 
comes f r o m the s t ruc ture 8. The errors on the other parame-

ters f o l l ow f r o m the error p ropagat ion law. 

A = 10185.22 ± 0 . 0 3 M H z 
B = 4157.36 ± 0 . 0 3 M H z 
C = 3002.79 ± 0 . 0 2 M H z 
I a = (3.14 ± 0 . 0 4 ) a a m u - A 2 

l a = 0.5155 ± 0 . 0 0 4 0 
V3 = 1207 ± 1 6 ca l /mole 

5 = 33.68 ± 0 . 0 6 
F = 166.97 ± 2 . 0 2 GHz 

a T a k e n f r o m Reference 8. 

VI. Conclusion 

The angle between the top axis and the a-axis ob-
tained from the internal rotation analysis indicates 
that the methyl group is tilted toward the double 
bond by about 2 ° . This situation had already been 
pointed out by Nelson et alias 9 . 

1 H . Dre iz ler , Z . Natur forsch. 23 a. 1077 [1968 ] . 
2 H . Mäder , U . Andresen, and H . Dreiz ler , Z . Natur forsch. 

28 a, 1163 [ 1 9 7 3 ] , 
3 H . Dre iz ler and A . M . M i r r i , Z. Natur forsch. 23 a, 1313 

[ 1 9 6 8 ] . 
4 U . Andresen and H . Dreiz ler , Z . Natur forsch. 29 a, 797 

[ 1 9 7 4 ] . 
5 H . Mäder , H . M . Heise, and H . Dre iz ler . Z. Natur forsch. 

29 a, 164 [ 1 9 7 4 ] . 
6 H . M . Heise, Thesis, Un ivers i ty of K i e l . K ie l , Germany, 

1976. 
7 M . K u h l e r , L . Charpent ier . D. Sut ter , and H . Dre iz ler , 

Z. Natur forsch. 29 a. 1335 [ 1974 ] . 
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The calculated frequency of the methyl torsion at 
131.5 c m - 1 and the identification of the in-plane 
CCN bending at 191 c m - 1 are not in accordance 
with a previous work 17. The experimental evidence 
for the methyl torsion seems to be confined to the far 
infrared region, where intensity problems are to be 
expected, since a search for combination bands be-
tween torsion and methyl stretching or deformation 
was unsuccessful. 

The calculated barrier height does not differ 
sensitively f rom the values obtained in References8 '9 . 
Mainly the refinements of the other internal rotation 
parameters have led to a more satisfactory predic-
tion of the ground state spectrum. 

With the value of the barrier height from the 
ground state splittings it is not possible to account 
for the splittings in the (1,0)-state, not even in-
luding a V6 term in the potential function. Moreover 
the splittings in the (0,1)-state are different from 
the corresponding ones in the ground state, while in 
a rigid frame-rigid top approximation they should 
be equal. These facts lead to the conclusion that a 
rotation-torsion-vibration interaction occurs and a 
molecular model with, at least, two internal degrees 
of freedom has to be considered in order to interpret 
all measured spectra. The present measurements of 
excited states transitions appear of importance for 
the further interaction analysis. 
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