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Calculations of Vibrational Energy Levels by Using a Hybrid ab Initio and DFT Quartic
Force Field: Application to Acetonitrile
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A hybrid quartic force field with quadratic force constants calculated at the CCSD(T)/cc-pVTZ level and
cubic and quartic terms determined by a B3LYP/cc-pVTZ treatment is proposed to compute the vibrational
energy levels of acetonitrile from a variational method. Fundamentals and overtones calculated in the range
of 300—3200 cn1t are in fair agreement with the 31 observed data, with an absolute mean deviation of less
than 0.8%. These results allow us to explain several Fermi resonances.

1. Introduction of Duncan et af® Experimental data are, however, more
. ) . numerous over the whole IR spectral range and concern the

During the past decade, several anharmonic force fields of {,nqamental and overtone bands between 300 and 3100
molecular systems with-312 atom$~1* were calculated with cm 113537 the first overtone band of CH stretching modes,
methods well known to fit experimental data to within an  4n4 several Fermi interactions from high-resolution anafs.
average error of about 10 cth Among these methods, MRCI  These data constitute a significant source of information that
(multireference Cf*°and CCSD(T) (coupled cluster singles i serve as a reference to evaluate the degree of accuracy of
and doubles including a perturbative estimation of connected quartic hybrid force field CCSD(T)//B3LYP, abbreviated

triples)” were generally used for the investigation of tri- and pejo\, to (CC//B3). This approach should constitute a starting
tetra-atomic systems and were shown to further improve the yoint for the future treatment of medium-size molecules for

accuracy mentioned aboVe? when used with a triplé-or which it is, nowadays, difficult to use CCSD(T) or MRCI
higher-quality basis set. For larger molecular systems, the yethods. In addition, the calculation of the EHN vibrational
anharmonic force field can be calculated by a MgHBtesset spectrum in the mid-IR region would make it possible for the

perturbative methdd or by the popular DFT (density functional experimentalists to refine their vibrational assignment.
theory) method? These last two methods have shown their

ability to account correctly, at lower cost, for the anharmonic
constant®2%in the study of organic systems. These observa-

tions make it reasonable to expect that a combined way of A calculations were carried out using a Dunning correlation-
determining the hybrid force fields}?26-2” where the structural  consistent pVTZ Cartesian basis®ét our CCSD(T) and DFT
parameters and the harmonic constants are calculated by usingpproaches. The Beclethree-parameter exchange functional
a CCSD(T) method,. Wherea§ the cubic and quartic force (B3) in combination with the Lee, Yang, and Par(LYP)
constants expressed in the basis of the normal CCSD(T) modegorrelation functional was used in our DFT calculations.
are determined by an MP2 or a DFT approach, could be suitableGeometry optimization, energies, and analytical first derivatives
for the treatment of large-scale molecular systems. were obtained by using the Gaussian 98 packége.

This paper therefore presents the computed vibrational For each system of interest, the calculation of the molecular
spectrum of acetonitrile because even though this molecule hasiprations requires an analytical expression for the corresponding
been the subject of many experimental studies for the past 40potential function. For systems in which symmetry is used and
years no accurate quartic force field has yet been given gnharmonicity is small, one of the possible ways to describe
theoretically. Earlier theoretical work addressed the optimization modes or combinations of modes in the mid-IR region is to
of the geometry and calculation of the quadratic force field as wyrite this potential function as a Taylor expansion series in the
well as the Raman intensiti@sThe structure of CECN was space of the dimensionless normal Coordina‘:es
calculated by Margules et &l.by using MP2 and CCSD(T)
methods with several Dunning basis s&t$he results obtained 1 , 1
by these authors are in excellent agreement with the dataVy = TZwiCCSqui + —IZ(bijkBSLquiqjqk +
deduced from experimental observations by Le Guennec&t al. 214 3T
The harmonic force field was calculated at both the HF/6-G1 1
(d,py2 and MP2/cc-pVD28 levels of theory and was given in ar D, TG A (1)

a semiempirical approximation by Hedberg et®alas well as K

by fitting all of the force constants with the experimental data ) ) ) )
The dimensionless normal coordinate space is constructed from

- o - curvilinear coordinate space. SimerRBar—Finlan coordinate8
* Corresponding author. E-mail: claude.pouchan@univ-pau.fr. . .
t E-mail:_didier.begue@univ-pau.fr. or Morse-like coordinaté8 can also be used for strongly
*E-mail: philippe.carbonniere@univ-pau.fr. anharmonic oscillators.
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S(a)=L Al +r, +7.) TABLE 1: Geometric Parameters® for the Optimized
Y e R Structure of CH3;CN Obtained at the B3LYP/cc-pVTZ and
$,(a) = CCSD(T)/cc-pVTZ Levels of Theory
Sz(a])=LA[(BIZ +B13 +BN )+c(a23 +u2é +a34)]/a our Work
V6 CCSD(T)/ B3LYP/  CCSD(T)-cc-pVTZ, exptl,
Sy(a,)=2Arn, cc-pVTZ  cc-pVTZ ref 29 refst
S.(e.)=—AQr, -1, -1,) Re-c 1.467 1.455 1.466 1.457
V6 Rc-n 1.090 1.089 1.089 1.087
_ . IV Re=n  1.162 1.150 1.162 1.156
O = ZHCH.,, ofg=ZHCC, | Sofe) = 7=A02Ba =B —Bu) Bucc  109.84 110.20 109.84 110.10
-2 o (1= {1 . . .
‘::% s,(ex)=%A(2a,3-au—a,,) aBond lengths given in angstroms, and angles, in degrees.
a=B+3¢’) Ssle,) =20, (T) results are discussed only in cases where a significant

difference appears between experimental data and theoretical
results obtained at the (CC//B3) hybrid level.

The second step of these calculations consists of solving the
Schrainger vibrational equation. In our approach, the vibra-
tional Hamiltonian can be defined by the following expression,

Figure 1. Internal and symmetry coordinates for @EN.

In eq 1, wiccsom represents the harmonic wavenumbers
expressed in cnt, calculated at the CCSD(T)/cc-pVTZ level.
The quadratic force constants, which enable the calculation of
the harmonic frequencies, are determined by linear regression
on a twice-redundant grid of 49 points, which are calculated in H=—
the space of symmetry coordinates. The harmonic force field 214
of CH3CN can be completely described by just the four a o o )
coordinates and the foug eomponents of the doubly degenerate The initial basis is made up of products of wave functions of
modes (Figure 1), taking into account the symmetry of the the one-and two-dimensional harmonic oscillators, characterized

wiCCSDmpiz + Vhybria (2)

molecule and applying the Henri and Amat relatfdns by Hermit or Laguerre polynomials, respectively:

Let @ijkaave aNdeikis v DE, respectively, the cubic and quartic 8
force constants calculated at the B3LYP/cc-pVTZ level, ex- ‘q)(O) = NE 3
pressed in the basis of the dimensionless normal modes, VI P (@) (3)

calculated at the CCSD(T)/cc-pVTZ level, as
with |¢,,,(a)30 H,(qg) if the normal mode is nondegenerate

8WB3LYP and whereilis not defined andip,, ;, (o) 0 L, ,(q) if the normal
Piikp — (Bq—-aq-aqk) andgy, = mode is doubly degenerate.
T Cesbm Each staté of interest is constructed as a linear combination
84VBSLYp of products of harmonic oscillators:
(89,00;00,9% ) ccspem)

0 0 1 1 2 2

W, 0= COl0), O+ ZC,(J )|‘I’Ev),|)jD+ ZCI(J )|‘1’Ev),|)iD+
The complete anharmonic hybrid force field is obtained by ' '
- . : S 3 HB) ) @)

the (E-G) method?2-63 which consists of including in the same ZCij |cD(v,|)JD+ zcij |q’(v,|)J[H‘ . (4)
process of linear regression the values of the energy and the ! )
corresponding first analytical derivatives obtained for each point @ @ @) ) ' i
of a suitable grif* %> In this way, 117 B3LYP/cc-pVTZ where| Dy, L) |y [ [Py F and| @y, Hare the configura-
calculations. corresponding to the distorted geometries alretlons that correspond to the mono, di, tri, and quadri excitations

’ P g " 9 s of each configuration®(®, DandCc©, c®, c®, c®, andct¥
necessary to determine the complete quartic force field (i.e., . - (A i M) M ij
358 parameters, in agreement with the coordinates in Figure&'® their coefficients in the development. _
1). Here, we emphasize that the configuratignthat directly

Although the experimental data constitute the absolute interact with each configurationvia the form of the Hamil-
reference, we sought at the same time the best theoreticaitonian considered are introduced into the variational procedure
reference than we can currently determine (in order to estimate (first-order approximation). The introduction of second-order
the performance of the hybrid method). A least-squares fitting excitations (from penta to octa), ta_ken into account here, changes
procedure using only the energy data obtained from CCSD(T) the results by only a few cm. This consideration allows the
calculations was thus used to construct the anharmonic forceP0SSiPility of dividing the spectral range to be studied into
field of acetonitrile. This complete quartic force field was SEveral intervals for each of which a Hamiltonian matrix (see
determined from 717 energy calculations in the same interpola- rthGG for the.(;natr(ljx tsrm expressions) is built following the
tion domain. Taking into account the much lower computational SCN€MEe considered above. .
cost of the DFT analytical gradient in the extended least-squares In CH:CN, the spectral range has been s_pht Into 1.0 spect_ral
procedure and the cost of a CCSD(T) single-point calculation, subspaces. Thus, the size of_each _submatnx to b_e dl_agpnallzed
the hybrid method leads overall to a factor of 10 improvement d0€s not exceed 12 000 configurations for obtaining in fine the
in efficiency for determining all non-null quadratic, cubic, and €i9envalues reported in the present study.
quartic potential energy terms, relative to a complete set of
energy calculations at the CCSD(T) level.

The vibrational energy transitions obtained from the two force  3.1. Structure, Quadratic Force Constants, and Harmonic
fields, in the range of 3063000 cntl, have been compared Frequencies. Equilibrium structures calculated at both the
and give very similar results. Therefore, only the results of the CCSD(T)/cc-pVTZ and B3LYP/cc-pVTZ levels are summarized
hybrid method are presented in this paper. The complete CCSD-in Table 1. Overall, these data are in very good agreement with

3. Results and Discussion
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TABLE 2: Harmonic Force Constants for CH3CN and TABLE 3: Calculated and Experimental Harmonic
Comparisons with the Scaled Theoretical Force Fielf as Wavenumbers
! 4 N
Well as Estimated Experimental Daté assignment CCSDMCCPVTZ o™
scaled SCF exptl X
4 - w1 CHs stretching A 3065 3044
force constants CCSD(T)/B3LYP  ref ref® s CN stretching A 5297 5294
Al Symmetry w3 CH; deformation A 1413 1418
F1 (CH; sym stretching) ~ 5.281/5.260 5.265 5.334 ws  CC stretching A 920 929
F3 (CH; umbrella) 0.604/0.606 0.605 0.607 ws CHjs stretching. E 3149 3135
F4 (C-C stretching) 5.454/5.375 5.221 5.236 we CH; deformation E 1487 1478
F2 (C=N stretching) 18.212/19.608 18.592 18.40 w7 CHjz rocking E 1061 1062
E Symmetry ws CCN bending E 361 365
F5 (CHs asym. stretching) 5.375/5.234 5.242 5.324 aln ecm L.
F6 (CH; deformation) 0.552/0.544 0.535 0.539
F7 (CH; rocking) 0.725/0.711 0.674 0.685 TABLE 4: Cubic and Quartic Force Constants? Expressed
F8 (N=C—C bending) 0.344/0.382 0.353 0.370 in the Dimensionless Normal CCSD(T) Modées
F13 0.163/0.223 0.165 0.321 para- para- para- para-
F24 —0.051/0.023 —0.03 —0.053 meter  value meter value meter value meter value
F23 —0.348~0.357 —0.349 —0.378 _ _
$111 1056.0 ¢a4,4 250.9 ¢1455 7.5 ¢3568 1.6
F56 —0.170/~0.203  —0.128 -0.137 $r12 —211  ¢uss 8.7 brass —10.4 ¢as78 —11.6
F57 0.104/0.101 0.121 0.029 $122 4.4 bus: —4L2  Graes 14.8  ¢ages —7.2
F58 —0.170~0.179 —0.018 —0.389 $133 —21.0  ¢ups 8.7 $ra78 —11.8 ¢3677 —12.8
F78 0.0124-0.023 —0.098 —0.084 $134 —19.3 G467 —13.4  ¢1555 268.4 3777 24.0

a Units for force constants are stretching and stretchistgetching gizz :‘1&%38 zz;; 132 3'1 zizzz ézéz zz;“s‘;‘ 37991

. 1 ; o= -
in mdyn A%, stretching-bending in mdyn rad, and bending and b7 65.1 dass —32.8 rsrs —16.2 ¢dasss —8.6

bending-bending in mdyn A rac’. diss  17.8 bsss —8237 duess 7.1 bases 12.4
¢166 —48.8  ¢se6 17.6 $1777 141 Pases 10.8

the theoretical values obtained by Margules et®and the P67 42.6 ¢s567 —164 o222 1099 ¢us78 —19.5

microwave spectroscopy dataln all cases, B3LYP gives  ¢16s 9.7 ¢s77 210 2224 319 dapes 7.0

results closer to the experimental data than CCSD(T). P77 :ig%g zzgi ?'308_7 z;zjj ;g'l zg;;; ééfﬁ

1,7,8

At the DFT level, the CC and CH bond lengths were ¢,,, —606.0 ¢6s7 —40.4 ¢o2se —12.5 ¢s556 12.8
computed to be 1.455 and 1.089 A, respectively. These values ¢22s  17.1 #e77  —4L4  ¢op77 —11.0 ¢s557 —19.6
do not deviate more than 0.002 A from the experimental data. %224 1929 ¢e7s —7.1  ¢2278 7.6  d5577 —11.2
: : ¢233 20.7 ¢ess —1.6  ¢ra44 —T7.2 ¢sp66 14.6

Comparable agreement is obtained for the bond angle HCC braa  —378  Grrr  —TA6  dosss —T5 deees —8.5

(110.2 vs 110.9). The only significant difference is found in  ¢,,, 99.2 dr78  —185 ¢nase 9.1  ¢sers 7.9

the case of the CN bond length, where the calculated value is ¢255 —24.6  ¢788 —57  ¢2477 8.6 #5678 8.1
lower than the experimental one by 0.006 A (1.150 vs 1.156 ¢257 {11-8 . $1111 3938.1 $2578 gfi.Z #5777 311.23
A). This result suggests an overestimated quadratic force g;j: 28 iiiz 113 zz;;; =N i:;: 82
constant value. The same deviation is found in the CCSD(T) 4, 112 ¢i1ss 350.2 ¢nase 102  degss —8.2
optimization, except that the CN bond length is, in this case, ¢s;33 120.0 ¢1156 15.0 ¢3367 146 ¢eeee 18.5
overestimated. ¢334 426 $1157 —119  ¢3377 —17.6 ¢eee7r —13.0

Both the CCSD(T)/cc-pVTZ and B3LYP/ce-pVTZ quadratic 43¢ 5% duase 7L faser 708 deerr 1679,

force constant result are similar and in good agreement with 4, —386  ¢1535 —7.0  dasse 9.7 deses 19.3

the experimental data of Duncan et3a\With regard to the ¢358 —6.8 ¢$1355 13.6 ¢3477 11.4

diagonal force constants, we find comparable values for all #ss6 —21.5 = ¢1357 —7.8  dsa7s 7.7

quadratic terms (Table 2). However, there are some significant g“vs ?fs imﬁvﬁ 3068 $3v5v5v5 g'g

small differences. Contrary to the CCSD(T) results, the sym- S8 ' vaas = 586 =

metric stretching CH force constant is greater than the asym- °In cm™. °Only the constants higher than 7 chare reported.

metric one in the B3LYP determination, in agreement with the

experimental data. However, relative to the experimental data, Table 3 shows the good agreement between the harmonic

the CN force constant is better described in our CCSD(T) Values calculated here and those estimated experimentally by

calculations. For the off-diagonal terms, our theoretical results Duncan et al* the largest deviations are 21 and 14 ¢rfor

agree, in general, both in magnitude and in sign with the the two highest CHl stretching wavenumbers, and ws, or

experimental ones. In comparison with previous theoretical relative variations of only 0.7 and 0.4%, respectively. In the

work, the most significant differences concern the off-diagonal other cases, although the trend represents a more significant

terms where our results show large couplings between the CH relative variation, it still does not exceed 1%.

and the CC-N bending modes and no significant coupling 3.2. Anharmonic Force Constants and Fundamental

between the Ckland the C-C stretching. Anharmonic Wavenumbers.Table 4 reports the cubic and the
The harmonic frequencies calculated at the CCSD(T)/cc- quartic force constants calculated at the B3LYP/cc-pVTZ level

pVTZ level are reported in Table 3 and compared with those in the dimensionless normal coordinate space defined at the

estimated by Duncan et #.An accurate estimation of the ~CCSD(T) level.

harmonic frequencies in this experiment is based on the The quartic force constants are generally smaller than the

corrections made to the fundamental transitions from the cubic terms. Only a few of them contribute significantly to the

observation of the overtone bands. An additional vibrational anharmonicity of the CECN modes. One may especially note

study of the various isotopes was also carried out, which hasthe active participation of the quartic force constant related to

helped to locate the isotope shifts as well as the possible the vcy stretching modesggsss = 594.6 cnt?, ¢1155 = 350.2

resonances and consequently has improved these estimates. cm™2, ¢1111 = 298.1 cnTl) and somewhat less significantly the
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quartic force constants related to the, stretching moded222 TABLE 5: Calculated Vibrational Transitions of CH 3CN
= 109.9 cmy), to the symmetric angular methyl deformation between 300| and 3200 crt and Comparison with the
(basss= —77.8 cnmd), and to the Chrocking motion (mode ~ EXPerimental Data

number 7). mode symmetry CC//B3 CCSD(T) exptl values
The strong interaction between modes and vs is also vgtl E 366 364 36203653
observed through the off-diagonal quartic constants where the 2] A 725 719 7174
term ¢1555 = 268.4 cn! leads to a significant Darling e E 731 725 73¢
Dennisson resonance by coupling the first harmonics of these v A1 916 913 915‘;?20“727
two modes (i.e., Z° + v1 and 21 + 12 Y). < E iggi 1832 18347;104
As for the quartic terms, the cubic terms are marked by large g
. 3,53 A, A, 1098 1086  112¢a
constant values that develop for the stretching modes of both °s 272 96
the CH @111 = —1056.0 cmL, ¢hyss = —1143.8 cm?, guss = "8 T 7% © 1282 dzre 12
e ¢111 .0 e, @155 .8 cnt, ¢sss g T4 ALA 1308 1391 1402
—823.7 cn1?) and the CN g2, = —606 cnT?) bonds. Except s " E 0 Tior 1308 1416 14067
for ¢o24 (—192.9 le), b24a (99.2 le), and b177 (_103.3 vg TV A 1400 1376 139@5‘,3 1385524
cm™ ), the off-diagonal constants are smaller, with a few terms Zﬂz El 1467 1456 14482
. . - V8
ranging fr(|)_m 35 to 100 crﬁ. I'I'o detect the d?mmantlFe_rml-k e E 1478 1486  145%14502
Fyfe coup w:giﬁ more lfreglse Y, ?ebﬁar;,mha irst anzgyss ta;het o A 2059 2053 2078
into account the results given in Table 4 where we observe tha g E 2067 2068 2065
the ¢224 and ¢244 terms are in fact not very significant because 2?4 T AL A, 2203 2197 2198
of the large gap betweer, and v4. However, theposa fo_rce Vo A 2971 2047 227152267%
constant, estimated to be37.8 cnt?l, may be at the origin of 22663° 224819 22535
a large splitting of the vibrational spectrum of gEN due to v+ vt it AvAz 2316 2311 2319
the closeness of the two modesandvs + v4. This observation v, + 3t +451 E 2330 2318  233472331°
confirms the experimental assumptions of Duncan e®al., vs+vs A1 2315 2283 2305?23015‘55 22970
Bertran et al4! and Mckean et &6 Morever, presumably the — va+vg' E 2394 2395  2368,237¢
resonance between the two modesand v; + vg can be 20+t E 2428 2420 2448
explained only by large term values, such asgkyg coefficient va+ vyt E 2437 2408 2418
estimated to be 26 cm in experiment§? This result is not ~ ve +v7" E 2510 2508  248%F
observed, however, in ogi7s estimation because it is calculated ~ vs* + v2 E 2638 2610 2622
to be only—7.1 cntL. The value obtained at the CCSD(T) level  v'+wvs+v, E 2694 2673  266%
(—8.2 cnTY) leads to the same conclusion. 2vs Ar 2193 2739 275¥
. vE 4 v, E 2879 2862  282P
3.3. Complete Anharmonic Spectra between 300 and 3200 6,
) 2 Aq 2934 2932 286%
cm~1 The CHCN molecule Cgz,) has A and E symmetry 8 A 2970 2051  290P
modes active in IR and Raman spectroscopy. The correspondingz”g va El 2982 2963 3008
spectra thus present many very close bands in certain spectralif7 T A 2994 2970  29536295G7
areas, yvhich does not .facilitate.their assigqment. . 20+ v, A 5068 Soss ook
The first set of experiments with acetonitrile was carried out W2ty E 3001 2009 3000
on broad s_pectral ranges. These experime_nts were continue_d inv§1 E 3043 3053 3009
more restricted ranges to observe the rotational states associateg, + ,, Ar 3182 3157 3173

with the vibrational transitions (notefziJ K). The states consid-
ered in our calculations correspond to the vibrational states

| . . . .

(.notedv%v opserved dlrectly or estlmated. in experiments by the basis of the knowledge of the couplings betwegand the

linear regression of the rotational progressions observed. When_ 7 5 11 11 . .
3vg” and/orv;~ and/or 33~ modes. The experimental esti-

these progressions are disturbed, generally by a Fermi or Coriolis 1 L
resonance, empirical models are generally used to help thematesigegl to the values of 1077 chfor 3vg™ and 1122 cm
process of experimental interpretation. The difficulty for the for 3vg™ (i.e., a gap of 45 cm' between the two components).
spectroscopist lies in how to determine the nature of the This variation seems incorrect considering the low value of the
couplings intervening among the rotational series so as to assigr£oUPling terms evaluated in experimentisgss = 0.38 cnt,
statesy,  correctly. The four spectral ranges listed in the VWress = 1.7 cnm).> The coupling terms calculated in our
literature ‘are 8561150, 1256-1450, 2250-2500, and 2950 theoretical approach are in perfect agreement with those given
3050 cnr! including the twov; andvs modes. in experiments, but the shift calculated between thig' 81094
Table 5 provides the vibrational transitions calculated by the ¢M Y ®"3vg (1098 cn1?) bands is only 4 cm. This result is
variational method presented previously. Only the frequencies in perfect agreement with the shift calculated at the CCSD(T)
determined in several gas-phase experiments are presented iteVel, where the relative position of the two modes is overall
this Table for comparison. The calculated values for the 15 cnm*lower than in the case of the hybrid method. In our
unobserved or unassigned vibrational transitions are listed in ©Pinion, the experimental baffdat 1122 cm* cannot be

a Estimated experimental transitions.

Table 6. assigned to theig* vibration.
Range 856-1150 cn. In this area, six bands involving, Range 12561450 cn'. Paso et at? identified in this
V21 230 22 31 and 33 were studied by Tolonen et al.  SPectral range Sif‘i‘JvO transitions involving modes;* + va,

in 199347 Although the first four modes are correctly repre- V3 V?acl + V?, vg t v, v, and 4%2- Among them,
sented by our theoretical approach, which puts them within less frequenciesvg* and vz + v57, observed at 1450 and 1409
than 8 cn! of the observed frequencies, such is not the case cm™3, respectively, are coupled only in rotational levils= 3
for the second overtone/g A possible explanation is the fact and 4. Thevy' 4+ »3' mode is correctly calculated in our
that these transitions are not observed but only estimated onapproach because it differs by less than 10 trdtom the
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TABLE 6: Unassigned Experimental Vibrational of 0 and 10 cm?, respectively, for the experimental data). The
gé?“i'gﬁngsogfa?ﬂ3390'\(')003!72”'“6‘1 at the CC/B3 Level corresponding coupling function of the cubic consiant was
Wi ; ;
found to be 13.3 cmi, in excellent agreement with the
experimental estimates of Duncan e haa = 12.2 cnl).
J callcd g callcd p tal estimates of D BV 12.2 cmt
akagawa et &' observed distortions of the rotational
mode symmetry values mode symmetryvalues Nak g t él b d distort f th tat |
205+ v4 A1 1645.7 3,23 4 3t E 2576.6 progression of the, mode. These distortions are generated by
24y E 1647.0 3yt 4 7t Au Az 25725 states 257 + vg ', va + v¢ ', and 29 + v¢* and also by the
252+t E 1769.3 3yt + 5* E 2575.5 parallel and perpendicular components of thet+ v7 + vg
29+ vit E 1767.4 gygta 4 2t E 2571.4 combination. The very low values of the coupling terms
i+t AnAr 17616 pf2 4, 400t E 2695.2 estimated empiricallyMkegs = 0.045 cnt! and Way7g = 0.3
vs+ v E 1766.4 209+ vy +v;t  E 2693.8 cm-1) do not modify thev,,, frequency. Our theoretical results
2v, A 1833.7 232+ vy + vt AL A2 26887 (CC or CCI//B3) confirm this trend.
vl 4 it AuAz 18382 34 A1 2719.4 In conclusion, the transitions calculated in this range show
v+t E 1842.2 )2 4y, + 05" A A2 27685 excellent agreement with the observed bands because the relative
Vit t v, E 19523 )F 4, +47t  E 2772.8 average deviation is approximately 0.5%, with a maximum of
gotva  AuAz 20103 21/2‘2 + 2V§2 A Az 27947 1% for thev, + v¢ * overtone, which presents a gap of 24ém
3V§Ei+ Ve E 2015.1 2, 2+ 2vg , E 21926 between computed and experimental values.
+: + =+. =+ .
3V§;1+V;1 E ;123'4 2V;2+2Vg E 272‘;'2 Range 29563050 cntl. In this range?® the fundamental
?Wi 1+ v 21' Az 2134'2 ZVS + 22;8 i 2;86'7 methyl stretching modes/{ andv;) are expected at 2956 and
31/13*”;1 c 51302 22* 21? Al A 28117 3009 cnTl. We calculate these modes, respectively, at 2994
3V12+V7 c 5131 3 ve vy Fva El’ 2 o815 3 and 3043 cm! (i.e., at less than 1.5% error). Parallel and
2vg” + 73 a S1300 Ty Fvs - D854 5 perpendicular components of the32t+ vy, 2v3> + va, 209 +
21?1;3 E 5199.4 Zi‘{ivgﬂr - eg01 V4 and 237 + v, overtones are calculated at 2968, 3001,
Vg T V4 Cova TV Ve ' 2970, and 2982 cnd, respectively, approaching all of the
24,8 E 22104 ,#1y ,F1y =1 E 2887.5
v T st ety Hvs experimental data to within 25 crh
200+ L E 2208.3 L4 Ty 3l A A; 28835
wi24,f1 E 24333 14,71y, 7t E 2886.8 .
2E4yEt AL 2428.8 3,234 0y, ALA, 20274 4 Conclusions
W4 g ALA; 24948 314 o), E 2932.1 This study validates our approach to the least-squares
gt +vs E 2499.5 %2 E 2952.0 determination of the potential function using a hybrid method
il 471 AiAz 25016 24324y, E 2981.7 coupled with a variational process in order to calculate the
2%+ 2, E 2563.9 2,0+, Ay 2968.9 vibrational spectra of molecules containing more than five
21/2 +2u, A1 2562.8 atoms.

We have shown in this paper, by using §CH\ as an example,
experimental results. However, mod{gl is less correctly how these methods have enabled us to find and assign the
estimated, with a difference of 28 cthbetween the computed ~ majority of the observed data for this molecule, reproducing
value and the experimental band. It should be noted that theWithin an average error of 15 crhthe fundamental, overtone,
most significant coupling constagizs, calculated at-7.1 cnm?, and combination bands in the mid-IR region.
is not sufficient to explain the postulated Fermi reson&dce.
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6

Fermi coupling with the combinati(wgl + V:l (1402 crmd), also due to Dr. Ross Brown for assistance regarding the reading

This experimental simulation gives 1390 chfor thevs; mode and correction of the paper.
and 3.3 cm? for the Ws7g term for the corresponding coupling.
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