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Introduction.
      Methyl cyanide is a very abundant species in the interstellar space[1,2]. It was definitely identified in the atmosphere of  Titan,  Jupiter and Saturn [3], and in the Coma of Comet 1P/Halley [4]. Tam and Roberts [5] studied the microwave spectra
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of the 13C and 15N tagged isotopes of CH3CN for the ground and the ν8= 1 and 2 vibrational levels. Also, Tam et al. [6] studied the 13C tagged isotopes of CH3CN for the ground and the ν8= 1 and 2 vibrational levels, and Sabeh et al. [7] studied the rotational spectra of CH3C15N in the ground and the ν8= 1, 2 and 3 vibrational levels. In addition, An et al. [8] studied the rotational spectra for the ground and the ν8= 1 and 2 vibrational levels for CH3CN. 

      The molecular structure of methyl cyanide (CH3CN) molecule have been studied and the bond angles and bond lengths were determined for the parent molecule and its isotopic species [9].  Also the molecular structure for silyl bromide [10] and CD3 CCD molecules [11] were studied. A technique was employed to calculate the rotational constants for CH3CCH by Tam and Roberts [12] and for CH3CN by Al-Share et al. [13].  They calculated the value of the rotational constants A and C for some isotopic species of slightly perturbed CH3CN symmetric top molecules, and calculated the C─C≡N bending angle (a+b) for the ν8, 2ν8 and 3ν8  vibrational states, figure 1, where the ν8 is the C─C≡N bending mode which has the frequency value of 360 cm-1. The 2ν8 and 3ν8 are the first and the second overtones respectively. Gordy and Cook [14] have shown that for the ground vibrational state, ν8 =0, no change is found in the values of the rotational constants A, B and C with the rotation of the methyl group. The purpose of this work is to study the effect of the rotation of the methyl group, through a polar angle from 0( to 360(, on the rotational constants A, B and C of CH3CN molecule and its  13C and  15N tagged isotopes for a range of  bending angle (a+b) from 0( to 50(. This range includes the bending angle of the ν8, 2ν8 and 3ν8 and higher excited vibrational states.
OUT LINE OF THE METHOD

      The rotational constant Bv for CH3CN and its 13C and  15N tagged isotopes was determined experimentally using data from microwave and infrared spectra for these isotopes for the ground, ν8, 2ν8 and 3ν8 vibrational states [5-8,15,16].The moment of inertia in the bend configuration of the methyl cyanide molecule, as shown in figure 1, can be obtained with respect to the two coordinates systems (x, y, z) and (
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) which are the center of mass coordinates before and after the C3v  symmetry is broken by each vibration. The origin is located at the center of mass of the molecule.  From basic considerations, the equations used to calculate the moments of inertia about the x-axis and the z-axis for CH3CN molecule were developed by Kesler et al. [17] before the symmetry is broken by the ν8 vibrational state, where the C─C≡N bending angle (a+b) =0(.  These equations must be modified for the configuration of broken symmetry due to the ν8, 2ν8 and 3ν8 bending 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 inertia tensor for an arbitrary axis of rotation are [17-19].
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The total mass 
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      Although equations ( 1-6) lack accuracy when the coordinates are not taken with respect to the center of mass of the molecule, it is possible to use equations (1-3) if the products of inertia (equations 4-6) vanish [12, 13].  It is convenient as well to utilize symmetry in the molecule to simplify the calculations of these inertia tensors.  The plane described by one hydrogen, the two carbons and the nitrogen atom is chosen for the projection plane, the x’z’ plane, for one set of the calculations.  The inertia tensors can, now, be expressed in an explicit form for the coordinate set ( x’, y’, z’ ) as follows
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EMBED Equation.3[image: image20.wmf]+
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      The polar orientations of the methyl group with respect to the (
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) coordinates can be made to vary, through selected values of the C─C≡N bending angle (a+b) between 0( and 50(, with respect to the plane of vibration.  Using a computer program for each of the selected values of the C─C≡N bending angle (a+b) [13], the methyl group could then be rotated about the extended C-C axis to test for any contribution to the inertia tensors arising when the methyl group is rotated in 1( increments through an angle from 0( to 360(.  The values of the rotational constants A, B, and C are  calculated, using the following relationships between the moments of inertia and the rotational constants A, B and C [20]
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      The bending angle, (a+b), is varied over the range from 0( to 50( by 5( increments each time.  The values used in these  calculations for the atomic masses of the  12C, 13C, 14N, 15N and H atoms [21], and the values of the bond lengths and the bond angles [22] are reported in table 1. These values were used in equations (8-10) to calculate the moment of inertia tensors (
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 ). The rotational constants A, B and C are calculated using equations (11-13). The contributions of the rotation of the CH3 group in the rotational constants A, B, and C were reported in Figures 2, 3 and 4.

RESULTS AND DISCUSSION 

      Using a computer program, the methyl group is allowed to rotate through a polar angle from 0( to 360(, firstly by 1( increments then by 18( increments each time for each value of the bending angle (a+b), sine it was noticed that the variation in the rotational constants were extremely small for 1( increments . The angle (a+b) is varied over the range from 0( to 50( by 5( increments each time. Only the values 0(, 20( and 50( are studied indetails. This range of the angle (a+b) includes the values of the C─C≡N bending angle (a+b) of the ν8, 2ν8, 3ν8  vibrational states, which were found to be 6.507(, 9.134( and 11.095( respectively [13]. Also it includes the expected values of the bending angle (a+b) of the 4ν8, 5ν8, 6ν8, 7ν8  and higher excited vibrational states. Table 2 gives the values of the rotational constants A, B and C that are calculated if the three hydrogen atoms of the methyl group are considered as a point mass of 3mH in equations (8-10), then substituting the values of the inertia tensors (
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 ) into equations (11-13). The values of the rotational constants A, B and C are calculated for three selected values of the bending angle (a+b), which were 0(, 20( and 50(.

      Table 3 gives the values of the rotational constants A, B and C as the methyl group is allowed to rotate through a polar angle of 18( each time for a bending angle of 20(. The changes between the values of the rotational constants A, B and C reported in table 2 and those reported in table 3 for each constant are given in table 3 for a bending angle (a+b) of 20(.  Table 4 gives the values of the rotational constant B as the methyl group is allowed to rotate through a polar angle from 0( to 360( by an increments of 18( each time for a bending angle of 0(and 50(. Also it gives the change of the rotational constant B (ΔB) between its value in table 4 minus its value in table 2. It can be noticed from tables 3 and 4 that ΔB is calculated for the three selected values of the C─C≡N bending angle (a+b) mentioned above. The same procedure can be done to calculate the change in  the rotational constants A and C (ΔA and ΔC)  for a bending angle (a+b) of 0( and 50(. In addition to ΔA and ΔC calculated previously in table 3 for (a+b) of 20(, these changes (ΔA and ΔC)  are completely calculated for the three selected values of the bending angle (a+b) .

      Figures 2,3 and 4 show three plots of the changes of the rotational constants A, B and C respectively, as the methyl group is allowed to rotate through a polar angle from 0( to 360( by 18( increments each time, for each of the three selected bending angles of 0(, 20( and 50(. In this work the variations of these constants are found to be very small, only  50 kHz for the rotational constant A and 1-3 kHz for both constants B and C.  These variations are less than the precision of the rotational frequency measurements for ν8, 2ν8 and 3ν8 vibrational states of the 13C and 15N tagged isotopes of the CH3CN molecule [5-8, 14, 15] which were used to determine the rotational constant B of these isotopes.

CONCLUSION 

      It can be noticed, from figures 2, 3 and 4, that The changes in the rotational constants A, B, and C, between their values calculated as the methyl group rotates through a polar angle of 0( to 360( and those calculated as the three hydrogen atoms in the methyl group are considered as a point mass of 3mH,  are found to be negligible not only for the ground vibrational state [14], but also, for the ν8, 2ν8 , 3ν8  and higher excited vibrational states as well. Therefore, in calculating the moment of inertia tensors in equations (8-10), the three hydrogen atoms can be treated as a point mass of 3mH to replace the methyl group hydrogen atoms, that is ignoring the polar orientation of the methyl group in the calculation of the moment of inertia tensors.
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Table 1. Molecular Constants Used in Basic Structure of Methyl Cyanide Molecule to Calculate The Moment of inertia Tensors.
	Mass of H atoma
	1.007825 amu
	C−C Bondc
	1.458 
[image: image37.wmf]A

°



	Mass of C atoma
	12.0000 amu
	C−H Bondc
	1.0874
[image: image38.wmf]A

°



	Mass of N atoma
	14.003074 amu
	C≡N Bondc
	1.1566
[image: image39.wmf]A

°



	HCH Bond
Angleb
	109.09°
	HCC Bond
Angleb
	109.85°


a Ref. 21.

b Ref. 9.

c Ref. 22 .

Table 2. The values of the rotational constants A, Band C calculated using equations (8-13), if the three Hydrogen Atoms in the methyl group is considered as a point mass of 3mH.
	Bending Angle (a+b)

(degrees)
	A

(MHz)
	B

(MHz)
	C

(MHz)

	0
	159820.2
	9250.13
	9250.13

	20
	92204.43
	9639.146
	9335.852

	50
	38620.25
	11468.77
	10110.51


Table 3. The values of the rotational constants A, B, and C as the methyl group rotates through a polar angle between 0° and 360°, for a bending angle (a+b) =20°.

	Polar Angle

(degree)
	Aa

(MHz)
	Ba

(MHz)
	Ca

(MHz)
	ΔAb
(KHz)
	ΔBc

(KHz)
	ΔCd

(KHz)

	0
	92204.43
	9639.14769
	9335.85300
	0.00
	1.69
	1.00

	18
	92204.43538
	9639.14731
	9335.85323
	5.38
	1.31
	1.23

	36
	92204.43731
	9639.14635
	9335.85348
	7.31
	0.35
	1.48

	54
	92204.43885
	9639.14592
	9335.85379
	8.85
	-0.08
	1.79

	72
	92204.43931
	9639.14577
	9335.85385
	9.31
	-.023
	1.85

	90
	92204.43892
	9639.14592
	9335.85379
	8.92
	-0.08
	1.79

	108
	92204.43692
	9639.14635
	9335.85351
	6.92
	0.35
	1.51

	126
	92204.43469
	9639.14691
	9335.85327
	4.69
	0.91
	1.27

	144
	92204.43
	9639.147615
	9335.8530
	0.0
	1.615
	1.00

	162
	92204.42615
	9639.14812
	9335.85283
	-3.85
	2.12
	0.83

	180
	92204.42000
	9639.14842
	9335.85275
	-10.0
	2.42
	0.75

	198
	92204.41338
	9639.14838
	9335.85296
	-16.62
	2.38
	0.96

	216
	92204.40577
	9639.14812
	9335.85319
	-24.23
	2.12
	1.19

	234
	92204.39846
	9639.14769
	9335.85350
	-31.54
	1.69
	1.50

	252
	92204.439423
	9639.14723
	9335.85379
	-35.77
	1.23
	1.79

	270
	92204.39000
	9639.14685
	9335.85400
	-40.0
	0.85
	2.00

	288
	92204.38885
	9639.14677
	9335.85410
	-41.15
	0.77
	2.10

	306
	92204.39000
	9639.14686
	9335.85400
	-40.0
	0.86
	2.00

	324
	92204.39385
	9639.14723
	9335.85379
	-36.15
	1.23
	1.79

	342
	92204.39885
	9639.14769
	9335.85348
	-31.15
	1.69
	1.48

	360
	92204.40538
	9639.14812
	9335.85319
	-24.62
	2.12
	1.19


a The value of A, B and C as the methyl group rotates through the specific polar angle.

b ΔA = the value of A given in column 2 –  the value of A in table 2 ( 92204.43 MHz).

c ΔB = the value of B given in column 3 –  the value of B in table 2 ( 9639.146 MHz).

d ΔC = the value of C given in column 4 –  the value of C in table 2 ( 9335.852 MHz).

Table 4. The values of the rotational constant B versus the polar angle of the methyl group for bending angle (a+b) equale 0° and 50°.

	Polar Angle

(degree)
	Ba
(MHz)
	Bb

(MHz)
	ΔBc

(KHz)
	ΔBd

(KHz)

	0
	9250.13162
	11468.77146
	1. 62
	1.46

	18
	9250.13142
	11468.7705
	1.42
	0.50

	36
	9250.13054
	11468.7696
	0.54
	-0.40

	54
	9250.13019
	11468.76896
	0.19
	-1.04

	72
	9250.13004
	11468.76873
	0.04
	-1.27

	90
	9250.13015
	11468.76896
	0.15
	-1.04

	108
	9250.13054
	11468.7696
	0.54
	-0.40

	126
	9250.13104
	11468.77052
	1.04
	0.52

	144
	9250.13154
	11468.77146
	1.54
	1.46

	162
	9250.13196
	11468.77235
	1.96
	2.35

	180
	9250.13211
	11468.77296
	2.11
	2.96

	198
	9250.13196
	11468.77321
	1.96
	3.21

	216
	9250.13160
	11468.77308
	1.60
	3.08

	234
	9250.13105
	11468.77273
	1.05
	2.73

	252
	9250.13054
	11468.77231
	0.54
	2.31

	270
	9250.13015
	11468.77197
	0.15
	1.97

	288
	9250.13004
	11468.77188
	0.04
	1.88

	306
	9250.13015
	11468.7720
	0.15
	2.00

	324
	9250.13054
	11468.77231
	0.54
	2.31

	342
	9250.13106
	11468.77273
	1.06
	2.73

	360
	9250.13158
	11468.77308
	1.58
	3.08


a The value of the rotational constant B for a bending angle (a+b) of 0°.

b The value of the rotational constant B for a bending angle (a+b) of 50°.

c ΔB = the value of B in column 2 – the value of B in table 2 for (a+b)=0° (9259.13).

d ΔB = the value of B in column 3 – the value of B in table 2 for (a+b)=50° (11468.77).
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Figure 1.   A schematic drawing of the methyl cyanide molecule under the ν8 bending vibrational mode.  The angle (a+b) is the C─C≡N bending angle.
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Figure 2.   A plot of the variation of the rotational constant A as the methyl group is allowed to rotate through a polar angle from 0( to 360(.  The symbols ■, ●, and ▲ are for (a+b) = 0(, 20( and 50( respectively.
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Figure 3.   A plot of the variation of the rotational constant B as the methyl group is allowed to rotate through a polar angle from 0( to 360(.  The symbols ■, ●, and ▲ are for (a+b) = 0(, 20( and 50( respectively.
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Figure 4.   A plot of the variation of the rotational constant C as the methyl group is allowed to rotate through a polar angle from 0( to 360(.  The symbols ■, ●, and ▲ are for (a+b) = 0(, 20( and 50( respectively.
ملخص





      لقد تم دراسة تأثير دوران مجموعة CH3 من خلال زوايا دورانية محصورة من صفر إلى 360 درجة على الثوابت الدورانية C,B,A لمركب CH3CN وبزاوية انحناء محصورة بين صفر و 50 درجه. لقد تم حساب التغيرات في قيم هذه الثوابت الدورانية في حالة دوران مجموعة CH3 بالمقارنة مع القيم في حالة اعتبار مجموعة CH3 كنقطة كتلية واحدة ذات كتلة تساوي ثلاث إضعاف كتلة ذرة الهيدروجين. لقد تم ملاحظة أن هذه التغيرات صغيرة جداً للمستويات الطافية الاهتزازية 3ν8,2ν8,ν8 والمستويات الأعلى. وبناءاً على ذلك فيمكن اعتبارا كتلة مجموعة معادلة لكتلة 3mH في حساب عزوم الدوران Ixx,IzzوIyy.


Abstract


      The effect of the rotation of the methyl group through a polar angle from 0( to 360( on the rotational constants A, B and C of the CH3CN molecule over the range of bending angle, (a+b), from 0( to 50( is studied.  The variations in these constants between their values when the methyl group rotates and their values when the three hydrogen atoms of the methyl group are considered as a point mass of 3mH are calculated. These variations for the ν8, 2ν8 3ν8 and higher excited vibrational states are found to be negligible. Therefore the three hydrogen atoms of the methyl group can be considered as a point mass of�EMBED Equation.3���  in calculating the moment of inertia tensors�EMBED Equation.3��� , �EMBED Equation.3��� and�EMBED Equation.3��� .
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