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FT-IR INTENSITIES, BOND MOMENTS AND ITS DERIVATIVES FOR 
NITROMETHANE 

Claudio A.Tellez S’. and Jose F. Martins Cruz 
Departamento de Quimica. Pontificia Universidade Catolica do RIO de Janeiro. PUC-Rio 

R.Marques de S.Vicente 225, G v e a .  Cep: 22453-900. RIO de Janeiro. RJ - Brasil 
E-mail: catellez@rdc.puc-rio br 

ABSTRACT 

Considering the -CHi group as a single particle of 15 0 daltons. the infrared 

absorption intensities of the a, fundamentals vibrational bands of CH:NO? in CClj have 

been measured at different concentrations considering two cases: band intensities with 

solvent substraction (wss) and without solvent substraction (wtss). In order to obtain the 

matrix of the normalized amplitudes, X ~ the vibrational problem was solved via 

compliance constant. KCX = X@: in this case the use of the minus sign of the 3f,Zp/FQ,)’s 

expressions is justified. The experimental results of the intensities measurements were 

refined with a variance analysis. From the intensities experimental data. our results are 
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348 TELLEZ AND MARTINS CRUZ 

dpNddrNO = 6.02 and 6.16 D/A,  NO = 1.77 and 1.82D, pyo2 = 1.29 and 1.34D 

and d p ~ c / & ~ ~  = -2.62 and -2.68 D/A for measurements without solvent substraction and 

with solvent substraction, respectively. 

INTRODUCTION 

The most representative experimental work on IR intensities was done using 

grating IR spectrophotometers [ 1, 2, 3> 41 For accurate intensity measurements 

variables such as slit width and grating angle must be considered [ 5 ]  in the expression of 

the integrate intensities 

Although studies on IR intensities of nitromethane, CH3N02 in CCl, solutions have 

been adequately reported [6,7] using grating IR spectrophotometers, the purpose of this 

work was done in order to compare experimental results of infrared intensities measured 

with the grating Perkin-Elmer 22 1 IR spectrophotometer using sodium chloride optics, 

with the experimental results using the Perkin - Elmer FT-IR 2000 spectrophotometer In 

this work, we proposed an alternative way to obtain the values of the dipole moments 

derivatives related to the symmetry coordinates, using compliance constants [8, 9. 101 

rather than the conventional way using force constants In this case the normalized 

amplitude matrix, X, is directly obtained 

EXPENMENTAL 

Nitromethane and carbon tetrachloride were obtained from Merck reagent grade 

purity Solutions of nitromethane in CCI, were prepared according tothe following 

quantities 1) 0 923M, 2) 0 830M, 3) 0 728M, 4) 0 636M, 5 )  0 554M, 6) 0 461M. 

7)O 369M and 8) 0 277M 
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FT-IR INTENSITIES 349 

The infrared spectra were recorded using an FT-IR 2000 Perkin Elmer 

spectrophotometer with a deuterated triglycine sulfate (DTGS) detector ; their own 

software comparing the most characteristic absorptions bands of water vapor carried QUt 

the calibration of the instrument. During the measurements, a 0.01 cm path NaCl Cell was 

used. The interference fringe method was used for the calibration of the pathlength of a 

cell. The gain was 1, and the OPV velocity equal to 0.500 cm/s.The number of scans was 

in each case 120 with 4 cm" resolution. For each of the a, fkndamental modes of the 

MNOz reduced model ( M= CH3): symmetric NC stretching, symmetric ON0 bending and 

symmetric NO stretching, we considered different limits for the measurements of the band 

area. The values of the absorption band areas and the wavenumbers limits for each 

absorption band are presented in Table 1. In this table, (wtss) and (wss) means without 

solvent subtraction and with solvent subtraction, respectively. The total number of band 

area determination was 20. The obtained values were fkrther refined by statistical method 

of variance analysis Band areas corresponding to the N - 0  and N-C stretching and to the 

0-N-0 bending at different concentrations are illustrated in Figure 1 

RESULTS AND DISCUSSIONS 

Absolute Intensity Integrate Absorptions 

According to previous assignments of the infrared spectrum of CHqNO? [6]. the 

v,(NO). v,(NC) and 6,(ONO) were assigned to the wawenumbers at 1375 0, 916 0 and at 

655 5 cm-', respectively These bands do not present significative overlapping with other 

fundamentals or with overtone and combination bands 
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FT-IR INTENSITIES 35 1 

Figure 1. Band areas corresponding to the N-0 and N-C stretching and to the 0 - N - 0  bending at 

different concentrations. 
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352 TGLLEZ AND MARTINS CRUZ 

The band area representing absorbance is given by the expression: 

Where 10 and I are intensities of the incident and transmitted light, v is the wavenumber 

in cm^‘ units. Denoting by c, the concentration of the solution inmol L-’ units, and by 1, the 

path length of the cel1,according to Ramsay[2], the integrated intensity €3, is defined by the 

expression. 

The dipole moment derivatives were calculated from the experimental intensities 

by means of the equation: 

Where A is the absolutes integrate intensity, N is the Avogadro number, c is the light 

velocity in crns” units, d is the degeneracy and 8 is a constant depending on refractive 

index. ap’2Qi represent the derivative of the dipole moment with relation to the normal Q, 

coordinate. 

A values were obtained plotting Bcl vs. cl.The plots of Bcl vs. optical 

concentration cl for N-0 symmetric stretching, N-C symmetric stretching and for 0 - N - 0  

symmetrical bending are given in figure 2. 

In this study, we considered the calculation of the areas of the absorption bands 

under two conditions: i) experiments without subtraction of the solvent effect. and ii) 

experiments with subtraction of the solvent effect. For each area calculation under these 
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Figure 2. Plots of Bcl vs. cl for NO? symmetric stretching, NO2 symmetric bending 

and N-C stretching bands. 
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354 TELLEZ AND MARTINS CRUZ 

two conditions we chose three frequency limits for each symmetrical normal mode. The 

final results are related to the mean value of the considered frequencies limits and are 

presented in Table 2. 

Dipole Moment Derivatives 

The equation used for the determination of the dipole moment derivatives was. 

Introducing the constant values in the above equation we obtained: 

(s) = 13.7704 x IO-‘Af’’ 

From the experimental band area measurements of solutions (wtss), the mean 

values of +(@dlaQ,)’s were: i l  0133, M.3642 and +1,1518 correlated with the 655 5. 

916.0 and 1375 cm-’ wavenumbers For experiments (wss), the k((ap’2Q)’s were: 

k1.0424, HI3752 and *I. 1749 for the same set ofwavenumbers, respectively. 

The normalized amplitude X matrix is directly related to (ap’&,) through the 

expression: 

where X relates the normal coordinates to the symmetry coordinates accordins to: 

Qi = Z(Xt)ijSj (7) 

Considering the geometry of the molecule and the expression 

( ~ ~ ~ S J ) = ~ ( ~ ~ ~ ~ ) ( ~ , / ~ S J ) ,  we obtain different relations between &//as, and polar 

properties, dipole moment and effective charge: 

_ -  ap h (8): 
as, - aR,, 
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FT-IR INTENSITIES 355 

Table 2. Mean values of absolute intensities (A) ( mol~'.L.cm~*~ 

wavenumber (cm-') A(wtss) A(wss) Deviation (?4) 

655.5 0.07193 x 10' 0.07609 x lo4 5 8  

916.0 0.00929 x 10' 0.00986 x 10' 6.0 

1375.0 0.09293 x 10' 0.09690 x 10' 4.0 

Mean deviation 5.3 

The KCX = X @  Vibrational Problem. 

According to Decius [S], the principal obstacle to a wide option of the compliance 

matrix C in place of F, the force constant matrix, is the established custom to solve the 

vibrational problem via force constants. Compliance constants are related with vibrational 

amplitudes. They also appear directly and linearly in the centrihgal distortion parameters, 

and as we can see now, they are connected to the bond moments and its derivatives. The 

compliance matrix C can be defined in terms of the normalized amplitudes and with the 

frequencies through the expression: C = (X').'@X-' . @ is the eigenvalues matrix with 

elements $k = 1/0.589141 10"ok2 ( o in cm-I). 

Compliance constants matrix C for the a] symmetry type species for (CHi)NOz has 

been determined on the basis of the experimental frequencies using the iterative 

consistency method [ 1 11 The following system of symmetry coordinates has been used 

Sl(al)= AR, S2(ar)= 1/42 A ( ~ I  + r2) and &(al) = 1/46 A ( a  + 81 + &). Ari (i=1,2) and AR 

are the stretching internal coordinates defined along the N-0  and N-CH? bonds, 

respectively. AJ3i and A a  are the valence bond bending internal coordinates defined 

through the M-N-0 (M=CH;) and 0 -N-0  angles, respectively. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
2
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



356 TELLEZ AND MARTINS CRUZ 

The diagonal matrix C,: = $,/K,, , $= 1-l was selected as the matrix of zero 

approximation K,, represent the diagonal elements of kinetic energy matrix K. C matrix 

and the normalized amplitudes matrix X are given below. 

K matrix C matrix X matrix- 

113309 24811 -28811 0 2193 -00070 0 1222 2 3379 2 2389 -0 9244 
143294 19341 00934 -00809 -04699 26843 26274 

3 0948 13263 -1 6958 0 4661 -0 0433 

Polarity Parameters 

The polarity parameters were obtained using the expression (6 )  considering the 

minus sign of the -ir(ap/laQ,) values The same set of derivatives of dipole moment with 

respect to symmetry coordinates can be obtained using the L-' matrix solving the 

vibrational problem via force constants and considering the plus s i p  of the ~adX)Q3 

expression We can conclude that there is not ambiguity in the sign of the expression (4) 

and the use of the minus sign is justified 

Considering that the number of sign configurations is equal to 2" = 8 ( n = number 

of normal modes) , we can obtain the eight sets of derivatives of dipole moments related 

to symmetry coordinates. These values are given in Table 3 .  

The choice of one of the eight sign combinations as the best solution for the 

electro optical parameters is highly controversial. CNDO calculations including all the 

atoms in nitromethane indicate the combination - - + and + - + as the most probable [7] .  

Singh [6] based on a reduced model of CW3NO;! indicates the + - - sign combination as 

required to give an acceptable solution. Following the same procedure as is given in 

reference [6] ,  the L-' matrix obtained by inversion of the L matrix resulting from the 

GFL=LA secular equation, we obtained the - + - sign combination as a more reasonable 
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Table 3. Derivatives of dipole moment related to symmetry coordinates 

(W/ao) S i P  (ap/as,) 
contiguntion 

+ + +  -2 119 

- - -  2 119 

+ +  - 4 249 

- - +  -4 249 

+ - +  0.489 

- + -  -0 489 

+ - -  2 619 

.++ -2.619 

W S S )  

w a s z )  

-3 528 

3 528 

5 525 

-2.525 

I512 

-1 572 

-4 480 

4 480 

(adas3) 

1.599 

- I  599 

1.499 

- I  499 

-1.938 

1938 

-1.838 

1838 

(Wasl) 

-2. I91 

2.191 

4.363 

-4.363 

0.511 

-0.5 1 1 

2.683 

-2.683 

(wss) 

(agasz) (aNias3) 

-3 604 1 644 

3 604 -1 644 

2 570 1542 

-2 570 -1  542 

1590 -1 994 

-1 590 1994 

-4 584 -1 892 

4 584 1 892 

solution Here. the sign combination is highly dependent on the best solution of the 

indeterminated problem GFL = LA, as in the case of the solution of the equation 

KCX=X@, where the best sign combination was - -t +. Dividing the values given in Table 

3, by the constants values ofthe expressions (S), (9) and (10) we could obtain the polarity 

parameters which are presented in Table 4 Using the polarity parameters with the 

appropriate choice sign configuration, we obtained the following results. 

a) Vibronic contribution: M = ( a p ~ O j & ~ ~  ) -pL.rdrNO M = 4.26 D/A(wtss), 4 34/A(wss). 

b)  NO = 1 45 D (WSS) , 1 .SO D(WSS) C) ~ l \ i n z  1.29 D (WSS) . 1.34 D(WSS) 

d) ( & N ~ & N o )  = 6 02 (wtss) , 6.16 (wss) e) ppII<JrNO = 1 77 (wtss), 1 82 (wss). 

t) (dp~c/ZR~c) = -2.62 (wtss) and -2.68 (wss) 
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358 TELLEZ AND MARTINS CRUZ 

Table 4. Polarity parameters 

s15 apNc/aRNc ap/ar,, i”k YrNCm ~ ~ N c / ~ R K  d!-WJa?%o pN&No 

CCmfiguratKnl 

+ t  t -2. i 19 4 .740  I535 -2 I‘ l l  4.843 1578 

_ _ _  2 119 4 740 -1 535 2.191 4843 -1.578 

+ + -  4.249 3.393 I 4 3 9  4.363 3 451 1.480 

- - +  -4.249 -3.393 -1 439 4.363 -3  453 -I  480 

+ - +  0.489 2.113 -1 861 0.511 2.137 -1.914 

- + -  a 489 -2.113 1861 -0511 -2 137 1.914 

+ - -  2 619 -5.020 - 1  765 2.683 -6.159 -1.816 

- +  t -2.619 6.020 I165  -2.683 6 159 1.816 

Conclusions 

Using the same approximations as in [6] concerning the factor 0 and to the 

degeneracy d,(inequation 3 ) ,  our results agreed well with the Singh’s previous reports [ 6 ] .  

Advantages of the FT-IR bands intensities determinations are calculated band areas can 

be computed using the software of the spectrophotometer, meaning that band area 

calculations by graphical count, planimeter or others, are not necessary Slit correction is 

also out of consideration in FT-IR spectrophotometers In FT-IR band intensity 

measurements, the spectrum of the solvent can be substracted directly in each 

measurement of the mixture substance plus solvent The solvent effect has an incidence 

around the 5% on the experimental results. As the X matrix of the normalized amplitudes 

is directly related to the (al*/aQJ’s derivatives, their matrix elements can be directly 

obtained solving the equation KCX=X@,. Using the X‘matrix and selecting the minus sign 

of k (&f/i?QJ, the polarity parameters can be obtained. The solutions are equivalent to 
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those obtained using the L ’ matrix (via force constants) and the plus sign of the polarity 

derivatives There are not sign ambiguities in equation (4) 
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