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Determination of the Rotational Constant Ag and the Bending Angle
CNC For CH;NC and CH;"’NC Molecules
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ABSTRACT.  The rotaional constant, A for the ground siate of CH:NC and
CH:""NC isotopomers is calculated ustng a technique which was used earlier for
CH,CCH [9), CH;CN [10] and SiHCCH |11]. This technique is hased on
calculating the momen( ol inertia lensors in the bent configuration due to the vy
vibrational state, which is associated with the CNC bending vihration. These
values ol the moments of inertia are fited with the values calenlated from the
rotational constant By, found experimentally by mcasuring (he rottional
frequencies in the microwave and infrared regions. From the liting, (he
rotational constant Ay, the bending angle ZCNC and the asymmetry parameter
k are determined for v=1, 2, and 3 bending vibrational states. The effect of the
isotopie substitution of PC, N and Deuterium on the angle @ is studied, which
is [ound to be negligible.
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1. Introduction

Methyl-1socyanide (CH3NC) is a prolate symmetric top molecule with Ca, symmetry [1].
The rotational constant of the ground statc Ay about the axis of highest symmetry cannot
be easily obtained to a high accuracy by direct measurements in symmetric lop molecules
due (o the fact that this constant vanishes from the {requency cquation. The disappearance
of Ay is a result of the application of the selection rule AK=0 in calculating the frequency
of a rotational component in the ground vibrational state [2, 3]. I the symmetric top
molecule is exciled to the first few excited vihrational states, the rotational constant A,
docs appear in the [requency equation and a sel of experimental rotational constants can be
determined [rom the fitting between the experimental and the theoretical values of the
frequency for the CH3;NC and CH,"°NC isotopomers [4-8]. These results are used to obtain
the trend of the rotational constant A, over the vg=1, 2 and 3 vibrational states and through
extrapolation of these values to get Ay,

Baucr and Godon [4] have studied the microwave spectra in the vy=] and the ground
vibralional states for CH;CN and CH;NC isotopomers. Chen He and Bernheim [5] have

studied the infrared spectra of CHANC in the vy=1 and the ground vibrational state, Pliva et
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al. 16} have studied the spectra of the hol hands vi+vg-vy and Va+2vi-vy for CH;3NC
molccule. Godon and Bauer [7] have studied the spectra in the vyg=1 and the wy=2
vihrational states of CH;NC and its "*N jsotopomers. Bauer ef af. [8] have studied the
microwave spectra of CH3"NC and CH,"NC isotopomers in the vg=3 vibrational staice.
Tam and Roberts [9] bave outlined a method of using the rotational constant By in the
ground and the viy=1, 2, 3, and 4 excited vibrational states of CHaCCH to determine the
ground rotational constant Ay, The method consists of determiniug a trend in each
rotational conslant over a range of the vihrational states available and using this trend (0
determine the value of Ay in the limiting case for the ground state (vy,=0). This method
has hecn used to determine the rolational constant Ay for the CHLCN molecule and its C
and N tagged isotopomers {10]. and for SiH:CCH Molecule [11].

The aim of this work 1s 10 extend this method (o delermine the rotational constants
Ay, the rotational consiant C; and the bending angle ZOCNC of the vy vibration and its
overtones for CHiNC and CH,"NC isotopomers. The vy is associated with the CNC
bending vihration [12]. Also, to study the effect of isotopic substitution of B¢, BN and
Deuterium atoms on the angle a. which is Ihe angle between the figure axis ol CH;y group
aud the C—H bonds, for eight 1sotopomers of CHACN (sec Figure 1)
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Fig. (1) The coordinate conlicuration chosen for the broken symmety ol the CH:NC molecule in the v,
bending vibration,

2. Outline of The Method

The rolational constant B, for CHiNC and CH3"NC isotopic  species s
experimentally detcrmined using data from microwave and infrared speetra [or these
Isotopic species [4-8].  The moment of inertia in the bent configuration of CH;NC
molecule. as shown in Figure 1, can be oblained with respect 1o the (wo coordinates
systems (X, y. 7) and (x', y', z) which arc the center ol mass coordinates before and afler
the Cs, symmeltry is broken by the vy vibration and its overiones respectively, The origin
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is located at the center of mass of the molecule. From basic considerations, the equations
used Lo calculate the moments of inertia tcnsors about the x-axis and the z-axis for Ca,
symmetric lop molecule were developed by Kesler ef af. [13] before the symmeury is
broken by the v vibrational state, where the ZCNC bending angle (8 = v = 0°) (Figure 1).
These equations must he maodified for the configuration of broken symmetry due 1o the
vy=1, vy=2 and v4=3 hending vibrational states, and to take into consideration the non-
point-mass distribution of the three hydrogen atoms in the methyl group. The formulas for
the components of the incrtia tensor [or an arbitrary axis of rotation arc [13-15].
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Although these equations (1-6) lack accuracy when the coordinates are not taken
wilh respect to the center of mass of the molecule. It is possible o use them if the products
of nertia {cqualions 4-6) vanish [10. 11]. It 1s convenient as well to utilize the symmetry
in the molecule 1o simplify (he calculations of these inertia tensors for the broken
symumetry conliguration,  The plane described by one hydrogen. the carbon and the
1isocyanide group (N=C) arc chosen for the projection plane, the x'z" plane, [or one sct of
the calculations. ‘The inertia tensors can, now, be expressed in an explicit form (or the
coordinate sel ( X" y'. 2'). In the benl configuration (Figure 1) where the angle of bending
for the vy vibrational state is characterized by (he angle ZCNC . The orientation of the
bending of cach section of the molecule with respect (o the “lixed™ 7-axis is determined by
two angles & and y. The N=C group is assumed (o deviate by the angle 8 and the CH:y group
to deviate from (he original symmetry axis by the angle v (Figure 1). Although this
procedurc is equivalent to consider. only, the bending of the C—N= ' group by an angle of
(O + y). 1L seems casier to visualize the projection of cach component of the inertia tensor
by two separate angles & and v [10]. The inertia tensors are, then. given by .
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The ellcct of the polar orientation of the Cily group with respeet to the { x', y', 2" )
coordinates is studied [or the CH3CN molecule hy Al-share et al. [10], and for CH,CCH
mmolecule by Tam and Roberts [9]. They showed that when the molecule 1s bent. the
rotating CH; group has a negligible cffect on the bend angle. Also, no ¢ffect is found due
10 the rotation of CHy group on the rolational constants A, B, and C of th¢ CHyCN
molecule [16].

A [unction M is defined such that
M =|1— Al (1)
Once the clements of the incrtia tensor have becn obtained, the secular equation is solved
-4 =0 (12)

and from the soluions of equation (12) the moments of inertia Ixx, Iyy and lz, are
determined. Then, the valnes of the rotational constants A, B, and C of the molecule can be
obtained using the following relations [17].

h
B = k 13)
8)7-]\\\ (
}
Cz —— (14)
8771,
A= 1 (15)
87°1,,

The cxperimental valuc of the rotational constant B is inserted in a computer
program based on equations (8) and (13), then the angles 6 and y arc iterated over a pre-
expected intervals to oblain their values which minimize M to a predetermined value of
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0.0001 or less between the value of I, calculaled from ecquation (8) and the value
calculated from the rotational constant B from equation (13), keeping in mind that B was
obtained experimentally in the microwave and infrared spectra for cach vibrational states
[4-8]. The inertia tensors in equations (8-10) showed a small dependency on the angle a,
the angle belween the figure axis of CH;i group and the H—C bonds, over the vibrations
(Figure 1). The value of the angle « 1s assumed to be constant for all the vibrations, this
value is the one which minimize the function M for the principal moment of inertia L« for
the ground vibrational state { £8 = Zy =0"). The angle a is found to he ( 70.6236° ) and (
70.9126° ) for CH;NC and CH;"NC isotopomers, respectively. The ZCNC bending angle
tor the vy vibrational statc is constrained by the cxperimental value of each vibration and
is given, in terms of the angle & and v, by

ZONC =T1-(8+7) (16)

In order to caleulate the rotational constants C, and A, for each vibration, the values
of the angles 8 and y for cach vibrational state, see Table 1, are inserted into a computer
program bascd on cquations (9} and (10}, then in cquations (14) and (15), respectively.
Finally the rotational constant A. is plotted versus the excited vibrational quantum number
v (Figure 2), and the curve is cxlrapolated to find the value Ay tor the ground vibrationat
state. The values used in these calculations for the atomic masses of the °C, l?’C, N, ”N,
D and H atoms [18] and the values of the bond lengths [5] are reported in Table 2.
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Fig. (2). The rolational constant B (MHz) versus the vibrational quantum number v for CH:NC w and
CH."NC e
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Table (1. Summery ol the average values of the momemits of inertia, the rotational constants, the asymmetry
parameter «, and the bending angle £CNC Tor CHINC and CH:""NC isotopomers. Under line
digit gives the statistical stundard errors.

’_ CH;NC
———
Constant Ground V=l y=2 v=3 ]
T famnu A7) 30.27377 50.07921 19.88415 49,6945 %
1, Gamu_ A% 50.27377 50.29076 50.30794 5003230
1, (amu. AT 32025 3,303806 3.63259 3674
B (MHZ) 10052.79773" (0091 8331 10131.2928" 10169.9594°
| (MH/) 10052.79773 1004938 1004595 1004294 |
A (MH/j 1578102 1489157 | 1391269 130679.4 }
K - 099939 | 099867 099789 |
LONC (7 1 180 175352 | (73164 171.5203
CH,NC
Constant Ground vie=| v =2 yi=3
I, fanu, A7) 30306 5012057 49,9053 44 7572 ]
1 amu A7) 50316 | 5033335 5031968 5036845
1, (amu. A ) 323293 341386 3.67001 389926
B (MH/) 10044328 ¢ 10082.297% | 10119.8557" 10157148 1"
€ (MH2) 10044.328 10040 85 10037.62 1003388
A (MH2) 156325.9 | 1367513 1377081 120612.1
x O | w9 | owusT ) 099793
LZONC () 150 , 175420 | 173,299 171.739
Rl (6
“Rel (7).
“Rel (K
" Rel (4
“Hel 3y

Tuble 423 Moleculur constants used in basic structure of CHOINC molecule to calculate the moment of ineria
TENSOS.

Mausy of H atom”

LOOTE25 G

ISIE }
Mass of TN wom”?

IA000TOR {amug

Muass of D atom 201400 {amu) C—H band " 0934 4
Mass 0f U C aom ™ 12.0000 (amu) C—N hond " 14266 A
"Muss‘ of "Catom” 13.003353 (arnu) N=( bond" . 11665 A
[M;m ol N atom® LL003074 (amu) HCH bond angle " [0y 327

TRl 18],
P Rel. (5]

A

Results and Discussion

Tublc | gives the values of the rotational constants A, B, C. the moments of inertia

(In. Lyy. Izz). the bending angle ZCNC and the asymmetry parameler K.

These

parameters are obtlained, using a compuler program based on cquations (8-10) and
equations (13-15) as mentioned above in Lthe previous section |
will be diseussed separately:

Each ol these parameter.
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3.1 The Bending Angle CNC

The value of the rotational constant By for the ground, the vg=I, v4=2 and vy=3
vibrational states were measured in the microwave and infrared spectra [4-8]. These
constants can be used in equation (13} to give the value of Ixx. The values of the angles &
and y are iterated in a computer program based on cquation (8) to minimize the dilference
between the vatue of 1ix from equation (13} and its value from equation (8) down to 1x 1()
*. Although, this iteration technique gives more than one set of the angles & and y which
give the best fit between the value of Ixx from equation (13) and Ixx from equation (8). the
sum of these two angles (8 + y) exhibits very small [Tuctuations during the fit, which means
small fluctuations in the ZCNC bending angle. It is known (hat a statistical average can be
oblained o give a reasonable good estimate for a particular constant, it (be {luctuations
associated with that constant are small [10]. From Table 1, it can be seen that the bending
angle ZCNC decreases with (he increasing ol (he vibrational level, suggesting that the
higbly excited states are extremely sensitive 1o the degree of bending in the molecular
system. The substitution of "N in the N=C group has a small effect on the ZCNC
bending angle of about 0,17 to 0.2° s shown in Table 1.

Figure 2 represents a piot of the rotational constants B, versus the vibrational
quantum number v for both isotopomers, which show a linear relation. This line can be
used Lo estintale the value of B, lor higher overlones (i.c.. V=4, vy=5. V4=06, und v3=7
vibrattonal states). This constant can be used (o start the scarch lor the rotational
components for each vibravonal state. Alter measuring these components experimentally
tn the microwave or infrared regions. this constant can be refined (o give the best [it
between the experimental and theoretical values of the [requency ol these components.

3.2 The Rotational Constants A and C

The value of the rotational constants A, arc calculated for each excited vibrationul
state, by inserting the value of the angles & and v tound before for the corresponding
vibrational state into a computer program based on equation (10) (o calculate the moment
ol inertia Izz, then equation (15) o calculate A, These values are reported in Table | for
the first time in this work for the vi=2 and v4=3 hending vibrational states for CHANC and
CH."'NC isotopomers. They show good agreement with the values assumed in microwave
and infrared spectra [4-8], also agree with the trend [ound lor CH;CN molecule [10].
Figure 3 represents a plot ol the rotational A, versus the vibrational quantum number v for
CIINC and CH:'"NC isotopomers. which is a linear relation. From this ligure, Ay its
value for the ground state can be obtained by exirapolating the line (o intercept with the y-
axis, which was found o be 1578103 MHz and 135163.033 MH2 for CHiNC and
CH"NC isotoponiers. respectively.

The value of the rotational constant € are calculated by inserting the value ol the
angles 8 and v into 4 computer program based on equation (9) to caleulate the moment of
ineria Iyy. Then i equation (14) to Cul}:ulmc C, for the vi=1. v\=2 und vs=3 hending
vibrational states for CH:NC and CH;"NC isolopomers, These values are reported in
Table 1. for the first time in this work. Figure 4 represents a plot of the rotational constants
C. vensus the vibratenal quantum number v for both isotopes, which shows a lincar
relation.
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3.3 The Asymmetry Parameter &

The asymmetry parameter K is calculated from the values of the rotational constants
using the following rclation [19]:

2B-A-C
K="——-—

17
A-C ¢

The nature of the asymmetry parameter K with respect to the excited vibrational levels can
be observed so that the degree of the departure from that of a true symmctric top to
asymmetric top molecule can be predicted. Although, the departure of the asymmetry

paramcter K for both isotopomers from its value for the syminctric top molccule seems to
be very small, see Table I, but it shows an increase with the increase of the vibrational
quantum number V. This departnre is comparable to what was found for the CH3;CCH
molecule [9]. The substitution of “N in the N=C group does not affect the asymmetry
parameter K for the fundamental and the first two overtones of the vy bending vibrational
state as shown in Table 1.

3.4 TheAngle a

The value of the angle a, the angle between the figure axis of CH; group and the
C--H bond (see Figure 1) is studied for eight isolopomers of CH3;NC. The cffect of the
isotopic substitution of *C, "N and Deuterium atoms on the angle a is investigated. The
values of this angle reported in Table 3 are those which minimize the function M for the
principal moment of inertia Ixx for the ground state ( £6 = £y =0). The value C—H bond
for the eight isotopomers is reported in Table 3. The fluctuation in the valucs of a are very
small ~ 0.6° between the value of CH:NC and CD:NC, while for the other isotopes are ~
0.05°. These results show that only the deuterium substitntion has a small effect, whereas
the substitution of the other aloms has a ncgligible effcct. Therefore an average value of
the angle « ¢an be considered as the one to describe the molecular structure for CH3NC
Moleccule, which was found to be (70.886%).

Table (33, The values of the rotational constants B for the ground vibrational state, the C—H bond and a
angle for ejght isotopes of CH;NC molecule. (Blxx = 505391 MHz amu A°). Under line digit
gives the statistical slandard errors .

Isotope Lex (amu A %) B, (MHz) C—H bond (4) a (degrees)
CH:NC 50.2658¢ 10052.79773 4 1.0934° 70.6238
*CH\NC 51.7203" 9771.6177¢ 1.0982° 70,8720
CH.N''C 52.1241° 9695918 1.09822" 70.8144
CH."NC 50.3082° (0044.328" 1.1007" 709126
CI:NC 58.8904° §581.891 ¢ [.1074" 71.2818
"CDNC 60.0926° 8410.203¢ 1.09703" 70.8829
CDNYC 61.0484" 8278.530° 1.09709 70.8495
Ch,“NC 58.9%85"° 8567.619" [.09704 " 70.85105

“Ref. [6]. "Rel. [19]. “Rel. [4]. *Ref. [5) .
" Calculated using the conversion factor B x |,= 505391 MHz amu Al
' Calculated using the saine change of C—H bond due (o the 1sotopic snbstitution for CHWCN molecale given in Re 120].

¥ Calculated in this work,
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4, Conclusion

" In this work the value, Ag, of the rotational constant A for the ground siate for
CILZNC and CH;HNC isotopomess is determined to be 157810.3 MHz and 155163.033
MHz, respectively. Also, the values of the rotational constants A, and C, for the
fundamental and the first (we overtones ol the vy bending vibrational state are determined.
A irend is established for determining the rotational constants A, B and C for higher
overtanes of the vy vibrational state (1.e. Ve=3. V=3, vi=0 and vy=7), Thesc constants ¢an
be used 1o star( the scarch {or the rolational components lor these vibrational states. The
values of the bending angle ZCNC and the asymmelry parameter K are delermined for the
lirst (ime which leads to more establishment ol the gecometry of the bending contiguralion
of CH3NC molecule. The substitution of N in the N=C group shows a small effect on the
bending angle ZCNC . whercas no elfect on the asymmelry parameler K was found, The
[uctuation of the angle a due o the isotopic substtution is negligible.

References

[1] J.G. Motteru and W.H. Fletcher, Spectrochimica Acua, 18, (1962) 995-1003.

12} H. Burger, G. Schippel, A. Ruoff, H. Essig and 8.J. Cradock, J. Mol. Spectrosce.,
106, (1984) 249,

[31 G. Graner, J. Demaison, . Wlodarczak, R. Anttila, J.J. Hillman and D.E,
Jennings, J. Mol Phys. 64, (1968) 214-224.

(4] Bauer and M. Godon, Can. J. Phye. 53, (1975)1154-1156.

[5] Chun He and R.A. Bernheimn, J. Mol Specrrose. 155, (1992} 365-383.

(6] J. Pliva, I.D. Le and R.A. Bernheim, J. Mol Spectrose. 180, (1996)110-115,

|71 M. Godon and A, Bauer, /. Mol Structure. 38, (1977) 9-16.

(8] DBauer, M. Godon and 8. Macs, J. Mol. Specrrose. 39, (1976) 421-434.

9] H.S. Tam and J.A. Roherts, Stract. Chem, 1 (1990) 211-216.

j10] M. Al-Share, J. Hajsaleh, S.W. Qian and J.A. Roberts, Struct. Chem. 5 No 2.
(1994) 109-115.

111 M. A)-Share, accepted for publication al Indian Journal of purc & Applied Physics.

[12} J.L. Duncan, D.C. McKcan, M.W. Mackenzie and J. Perez Pena, J Mol
Spectrose. 76, (1979) 55-70.

[13] M. Kessler, H. Ring, R. Trambarulo and W. Gordy, Phys. Rev. 79, {1950) 54-56.

(141 R. Trambarulo sod W. Gordy, /. Clienr. Phvs. 18, (1950 1613-1616.

[15] J. D. Graybeal, “Molecwdar Spectroscopy ™ MeGraw-11ill: New York p 667 (1988).

[16] M. Al-Share, accepted for publication at Al-Manarah Journal, Alafbayt University.

(171 C.H. Townes and A.L. Schawlow ™ Microwave Spectroscopy™, Dover publication
Inc.. New York, USA. {1973) PP 50.

[18) D.R. Lide, Ed., “Handbook of Chemistry and Physics™, 71 ed (1990).

|19] C.H. Townes and A.L. Schawlow, “Microwave Spectroscopy”, Dover publication
Inc.. New York, USA, (1975) PP 84,

[20] D.C. McKean, J.L. Duncan and M.W. Mackenzie, J. Mol Structure. 42,1977y 77-
83.

[(21] M. AL-Share, Acta Ciendca Tndica, 28 (P) No. 3, 133-136 (2002).



Betermmanion of the Rotational Constant A, and the Beading Angle

CNC clat¥l 4ol 55 A, sl Culill (aad

CH;"NC 5 CHi;NC (S )l

J_’Jjja"_‘_{fﬂfiﬁjms V_I_,rﬁj_;.l.i.;a

S w1 D gl Sl Gl e 5 alKiad
soab TS e e Bl 8 ik A daail DA e CHWIN''C 5 CHUNC
AU gl g5 Clua Je Yl adied 33 628 CHCN 5 CHCCH
elad¥l A a0 alagal 3 Nl A8 el dags esall clad¥) A A
c

Do A gunall adilh e Al skl odpn dsgeaall ag el oZa o Al 5 a
o el s MR e L al ogenallp By el DA L8 s
shoal ao dagg Sually ol peall il AaSV) has  dihie s es adt 13
ONC elaad¥h oyl 5y AL Ao Dl e 8 Clea 20 el G aiias
o e AUl Sl geeall & Ll aae Jalaa








