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MATRIX AND GAS INFRARED SPECTRA OF NITROETHANE ISOTOPIC SPECIES
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IR and FIR gas phase and Ar matrix isolation spectra of the isotopic species of nitro¢thane, CH3CHaNO2, CH3CDaNO2
and CD3CD3NO; are reported. An assignment will be proposed, based mainly on matrix spectra and normal cqordinate
analysis. An approximate 25 parameter valence force field is given. The analysis of the gas phase spectra is complicated by
the fact that only very few band contours comparable to guasirigid model envelopes occur. This phenomenon’ and unusual
band widths and splittings in the matrix spectra are related to the nearly free internal rotation of the nitro group. The Q
branch sequence associated with the methyl torsion shows a remarkable splitting into doublets probably also related to the
NO; rotation. A value of 1080 = 20 cm™ for the methyl torsional barrier is derived.

1. Introduction

Nitromethane (CH3;NO,) and nitroethane
(CH;3CH;NO,) have been found to have extremely
low barriers to internal rotation of the nitre group
[1,2]. Similarly a very low barrier seems to exist in
the mixed isotopic species CHyDNO; and CHD,NO,
[3]. Molecules of this sort may approximately be
classified as semirigid systems of the C,, frame—Cj,,
top (C3,F-C3,T) and C,F-C;3,T-C,,T and
C,F—C,, T type, respectively. For systems of this type
the low torsional barrier is expected to lead to charac.
teristic effects in the vibrational spectra. Studies of
the gas spectra of nitromethane have been reported by
several authors [4,5). Gas and liquid phase infrared
spectra of the 4 lowest nitroalkanes have been pub-
lished by Smith et al. {6]. By the aid of matrix spectra
of nitromethane-dy and -d3 Verderame et al. [7] were
able to improve substantially the assignment of the
vibrational modes. Inclusion of vibrational data of
N1I$5 {8} and O!8 [9] isotopic modifications of
CH3NO; in a normal coordinate analysis of Trinque-
coste et al. [10] lead to a rather complete harmonic
force field in which the effects of the internal rotation
were disregarded, however. Much less work has been
devoted to nitroethane. A fragmentary vibrational

.analysis has been reported by Popov et al. [11].

Recently, Ekkers et al. [2,12] reported microwave
spectra of nitroethane and proposed an assignment
based on MW--MW double resonance experiments.
From these an upper limit of 3 em~1! for the barrier
to internal rotation of the nitro group was derived.
Furthermore, Groner et al. {13] reported a study of
the complex far infrared absorption between 8 and
60 cm—! and presented an anlysis of the band contour
in terms of a semirigid free internal rotation maodel.

Though this molecule possesses two finite internal
degrees of freedom and as a semirigid system has to be
classified as a C,F—C,, T—C3, T model, sufficient evi-
dence indicates that the methyl group rotational bar-
rier is near 1000 cn—! "and the methyl torsional mode
may therefore be considered as a vibrational mode.

In this paper infrared spectra of three isotopic species.
CH;3CH,NO,(dp), CH3CD;NO,(d,), CD3CD,NO,(ds)
in gas phase and isolated in argon matcices will be
reported. Furthermore, fragments of the matrix spec-
tra of CHaCH]) NOz(dl) and CD3CH2N02(43) were
extracted from the spectra of isotopic mixtures.

The matrix spectra will be used as a starting point
for an assignment based both on empirical arguments

and normal coordinate analysis. By the latter a har-
monic force field comprising 25 significant potential

. constants was derived. Furthermore, it served as an
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extension of the assignment to the highly complex

gas spectra. To support the analysis of the gas spectra
extensive computations of model band envelopes with-
in the rigid rotor approximation will be reported. It
will be shown that such envelopes approxirmate ex-
perimental band contours only in a few cases. An
attempt has also been made (o analyze the vibrational
spectra within the frame work of the model including-
the NO, internal rotation and harmonic vibrations
otherwise.

2. Experimental
2.1. Isotopic species

The light compound has been purchased from
Fluka * and purified by preparative gas chromato-
graphy (chromosorb 102 column at 170°C).

For preparation of the d, species three exchanges
of CH;Cil;NO, with D,0 (l :4) and CH3COONa
(3 X 10~4 molar ratio) at 90°C were used [14]. It was
purified by extraction with dried ether, distillation of
the solvent and gas chromatography. In order to
avoid back exchange of deuterium a three-fold excess
of CH;0D was injected in the GC column prior to the
sample. In this manner an isotopic purity of 96%
CH3CD,NO, was achieved. It should be noted that
this compound tends to back exchange even by con-
tact with walls of cells, etc.

In a similar way a sample containing 50% d,

42% dy and 8% d was prepared. This sample was re-

quired in order to distinguish isotopic impurity bands
from d, spectra. Nitroethane-dg was prepared by the
reaction **

Ag NO3
CD3CD28I CD3CD2 N02 B

The reaction was carried out as a solid—gas reaction.
‘This procedure has the following advantages over
published preparations {15]: simplicity, lack of sol-
vents, direct operation in the vacuum manifeld. Purifi-
" cation by GC was made similar to that of the d,
species. The degree of deuteration was estimated to
be better than 95%, the main impurity being - ‘

. Fluka AG, Buchs, Switzerland.
% CD3CD3Br manufactured by C. Roth, erlsmhe. Gemmny
(98% D)

CD3CHDN02. The latter species was identified by
preparation of a sample containing approximately 40%
CD; CHDNO, after back exchange.

2.2. Instrumentation

Gas phase spectra in the infrared region were
recorded by a Perkin—Elmer Model 225 spectrophotom-
eter equipped with 10 and 70 cm path length gas cells
with CsBr windows. For the survey spectra slit widths
of 0.6—2.4 cm~! and for particular spectral regions slit
widths of 0.3—1.2 cm~! were applied, frequency meas-
urements may be considered accurate to 1 cm~1 or
better. It proved to be not always possible to compen-
sate completely for atmospheric absorption bands,
owing, in part, to minor misalignment of the gas cell.

In order to reduce back exchange of a-deuterons
the gas cells had to be impregnated 6 times with
gaseous D50, even so back exchange remained notice-
able. The absorption spectrum of the d species in the
350—150 cm—1 region was determined by means of a
Beckmann-RIIC Model FS 720 interferometer, using a
gas cell with 14 m path length equipped with TPX
windows. A 6.35 um Mylar film beam splitterand a
black polyethylene lens transparent below 400 cm—!
were used. Interferograms with 8192 points placed
symmetrically with respect to Ax =0 and 4 pm
mechanical mirror displacement were taken, leading to
0.3 cm~! nominal resolution. Two background and
4 sample spectra were used to derive the transmission
spectrum. Reliable determination of the latter was dis-
turbed by pronounced adsorption of nitroethane at
and simultaneous desorption of water from the cell
walls.

Matrix isolation spectra were taken by means of
Perkin—Elmer Model 225 and 325 spectrophotometers
and a LHe cryostat of our own design [16]. Argon and
the sample were separately injected with flow con-
trolled by calibrated Brooks and Edwards needle :
valves. Argon was supplied at constant pressure from
a LN, cooled trap; deposition rates between 3 and
20 um/hour, continuously measured by a small laser

- [17], were apphed.

FIR matrix spectra were taken with a Perkin—_~
Elmer Model 301 far infrared spectrophotometer. A

“home-made LHe cryostat equipped with Rigidex.
-windows and either a Cslplateora ctyatal quanz .
. weﬂge target was used Wealmes of the absorpuon
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Fig. 1. Infrared spectra of CH:CH:ZNOQ in Ar matrix at LHe temperature (a—e) and in gas phase (A~D): a M/4 ~ 1000, 13 um Ar,
T+ 25%, b M/A = 1000, 39 um, T+ 20%, c M/A =~ 130, 14 gm, T+ 20%, d M/A ~ 130, 14 um, T + 30%, e M/A ~ 100,22 um,

T + 20%, A 70 Torr cm, B 140 Torr cm, C 350 Tosr cm, D 840 Torr cm, k atmospheric CO3, w window absorption.
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Fig. 2. Infrared spectra of CH;CDgNOg in Ax matrix at LHe tcmpentule (a—c) md in s phue (A-—C) 2 MIA ~ 600. 14 um Az,

T+ 20%, b M/A = 300, 80 gm, T +20%, c M/A ~600,54m. T*ZO%,A‘IO Toncm,BﬁOTonan;C“o Ton cm.wwmdow
_nhorpuon.vuotoptc unpu:ity (CH;CHD NO;) Lo e - . .
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Fig. 3. Infrared i spectra of CD3CD;NO3 in-Ar matsix at LHe temperature (a—c) and in gas phase (A~E): a M/A ~ 540,6 um Ar,

. T+ 20%, b M/A = 540, 21 um, T+ 30%, c M/A ~ 540,21 um, T+ 20%, A 70 Totr cru, B 670 Torr em, C 170 Torr cm, D 700
Torr em, E 350 Forr om, w window lbsoxpuon, v xsotopsc impumy (CDCHD NO3), k atmospheric CO5.
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bands in the FIR necessitated deposition of up to 1 mm
thick Ar layers with M/4 ratios = 10—50 at a deposi-

" tion rate of approximately 0.3 mm/hour. For improve-
ment of the signal-to-noise ratio the data were subject
to a smoothing process [18].

3. Resuits

In figs. 1, 2, and 3 matrix and gas IR spectra of the
three species dj, d5 and d are reproduced. Expanded
sections of the matrix CH stretching region of the three
species are shown in fig. 4 and low resolution spectra
in the region 4000—2000 cm™! zre given in fig. 5.
Finally the FIR spectra (350—20 cm—!) of both
gaseous and matrix isolated dg-nitroethane are repro-
duced in fig. 6.

In tables 1, 2 and 3 the observed matrix and gas
frequencies, the assignment, the normal coordinate
results and the approximate description of the normai
vibrations in terms of group modes are given. In table
4 a set of frequencies is listed, which are to be attri-
buted to the species CD3CHyNO; (d4). These spectral
data are derived from matrix spectra of isotopic mix-
tures containing approx. 10% of the d5 species. Simi-
larly table 5 gives the matrix frequencies of the d;
species, which were obtained from isotopic mixtures
described in section 2.1.

4. Discussion

The following analysis of the vibrational spectra of
nitroethane will be presented as follows:
(i) normal coordinate analysis and assignment of the
matrix spectra,
(ii) assignment of the gas spectra based on matrix
" spectra and model envelope calculations,
(iii) discussion of effects of the internal rotation of
the NO, rotor in the vibrational spectra.
{t should be pointed out that the assignment of the
" matrix spectra proved to be indispensable for a
" successful attempt to analyse the gas spectra. The
latter are complicated by effects of the nearly free
internal rotation of the nitro group to an extent -
~which'leads to pronounced deviations of the band .
* envelopes from rigid rotor harmonic oscillator model
‘envelopes. Formost of the absorpuon bands these
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Fig. 4. Infrared spectra from 3050 to 2850 cm™! of nitro-
ethane-dyp, -1-d3, and -ds in Ar matrix at LHe temperature.
Top: CHsCH3zNO2, M/A =~ 100, 22 um, middle: CH3CD3NO;,
M[A = 300, 80 gm, bottom: CDsCD2NO3, M/4 =~ 540,

21 pm. Spectra of both deuterated spems taken with ex-
panded transmission scale.

deviations appear to make the use of model envelopes
impossible. The low barrier to internal rotation of the
nitco group in principle could lead to torsional transi-

tions in the FIR region even for the isolated molecule.

4.1. Normal coordmate mlym

For the normal ooordmate analys:s of the vnhtauo~ "

" "nal spectrum of nitroethané isolated in solid argon a ,
) quasx-ngid moleculu model will be adopted. At the .




P. Groner et al. {Matrix and gas infrared spectra of nitroethane isotopic species 69

"l

i '] |3

£~

] L]

3500 ' 2000 3500

T T3 T
2000 3500 cm 2000

Fig. 5. Infrared spectra from 3500 to 2000 cm™! of nitroethane-dg, -1,1-d3, and -ds in Ar matrix at LHe temperaturc and in gas
phase: left: CH3CHaNO3, M/A4 = 70, 11 um, T + 10%, gas 350 Torr cm, middle: CH3CD3NO2, M/A = 300, 80 um, T + 10%, gas
350 Torr cm, right: CD3CD2NQ3, M/A = 540, 35S am, T + 50%, gas 350 Torr cm, w window absorption, ¢ atmospheri< or matrix

isolated CO2.

present time no information about the stable confor-
mation of the NO4 group is available either for the
gaseous or for matrix isolated states. Since the coeffi-
cients of the kinetic matrix

G=(g™)=BM-1E

depend on the NO, rotation angle 7 both vibrational
eigenvalues and eigenvectors depend on the nitro
group conformation. The following analysis will be
based on the assumption of a conformation, in which
all heavy nuclei are coplanar, cf. fig. 7 {13]. The
following comparison in which symmetry species and
number of the normal modes of both the planar and
the perpendicular NO, conformation are contrasted,
should make clear that this assumption is relevant:

— planar conformation 152’ ® 9a”

— perpendicular conformation 14a’ ® 103"

The internal coordinates used in this work are listed in
table 6. Besides the assumptions concerning conforma-
tion mentioned above it will be further assum-~d that
the harmenic potential constants of the CHj-, CHj-
and the NO,- group correspond to local symmetries
Cs,, Cs and C,, respectively. The wagging, twisting
and rocking coordinates of the CH,-group are defined
by (cf. fig. 7) :

. A‘fw = %(A€l - A52 + A€3-— A64) >

Ay, = 3(Ae; + Aey — A€y — Agy),
Ay, = (1/VB)(Aey — Aey — A€y + Agg) .

For the nitro group, the in-plane rocking coordinate
was defined as

AQ = 4(Aw,y — Awy)

and the out-of-plane coordinate AT as the first-order
differential of the angle between the normal to NO,-
plane and the N—-C,; unit vector [19]. Torsional coor-
dinates of the CH3 and the NO, group are given
respectively by

A} =3(A73198 + AT3 39 + AT33210) »

1
AT =3(ATyy 3 + ATyy35),

where the Ar’s were chosen according to Wilson et al.
[19]. All other coordinates listed in table 6 were
chosen as conventional stretching and bending coordi-
nates; symmetry coordinates were adapted to the
local symmetry of the CH3, CHy and NO, group. The
methyl group bending coordinates are involved in the
redundancy

(NB) (A, + Aay +Aaz +AB) +ABy +AB3) =0 .

For numerical computation of the vibrational frequen-
cies and the potential energy distribution (PED) a
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Tablc 1
Matrix and gas infrared frequencies of nitroethane-dp

.Assignment®)  Mode description 8,b)

Frequency (cm™1)

Cilculated  Ar raatrix ©) Gas
2ua(A") _ 3220 wvw
v1a") v(CH2)(99) 3012 3024* w min? 3019
, R 3010
Vye(a™) pa(CH3) (98) 3012 2999* w { Q 3001} m
P 2991
—— v5(CHz) (98) 2977 2972*  ww
vata(A" _ 2961 w R 2966
va2(a) vs(CH3) (¥7) 2953 2954* w {Q 2957 } m
2948w P 2947
va@') vs(CH2) (96) 2936 2925* w Q? 2926 m
2wg(A")
2y8(A") } 2919 w
Z:::)(A) {R 2760
P 27140
2580 vwvw
. R 2450
vata(A’) 2434 vw P 2430 w
vatug3(A) 2260 vw
1571 R 1585
va(@) v3(NO3) (45), 7;(NO3) (19), 5(CH2) (13) 1584 1569* “ {min 1576 } vs
. 1566.5 P 1568
156357
) R 1480
ps@) 54(CH3) O1) {1462 1463.5Sm {_Q 141_1} m
vi9(a”) 52(CH3) (95) {1462 S \p 1459
. i (R 1459
Py 5(CH2)(64), »,(NO2) (1), 7 (CH2) (11) 1447 - 1441° m ,[Q‘ 1448} m
) S ' N T )
, ‘ . . 13995} - R 1406
@) »3(NO2) (31), 7 (CH2) (26), 74 (NO2) (14) 1398 _1397-.} s {Q 1396.}s -
L ' ‘ . 1391 ) . \p 3
' « . 54(CH3) (38), 7(NO (28), 5(NOD A16), 13';'2 “asg0 - _-'{R:» ::‘;}
ne) HEOUDUCHAD . - 7 o Eted i
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Table 1 (continued)

71

Assignment 8)  Mode description 3b)

Frequency (cm™!)

Calculated  Ar matrix ©) Gas
R 1333
vo(a') §5(CH3) (43), yw(CH2) (27) 1330 1329.5* m {mm 1328}w
) P 1324
- 1271° l
vie(a”) 1(CHz2) (95) 1267 w 1264 w
12685 |
R 1142
vao(a™) 7(CH2) (62), 7, (CH2) (18) 1145 11335 m {Q‘.’ 1136} m
P 1130
vi0(a’) 71(CH2) (61), ¥(CC) (12) 1087 "06'5'} m {R ms-} m
1104* Q 1102
R 1004
v1;@") HCC) (40), yw(CH2) (18), v (CH3) (16) 1010 996* m {Q 995 | m
p 986
R 884
v12(@) vg(NO2) (31), 5(NO2) (31}, (CN) (16) 902 :Z?'S.}s 3‘ :;: s
P 866
808 }
.. Q 805 w
v21(a") 7(CH3) (65), 7,(CH23) (29), 74 (NO2) (15) 802 80s*
' . 668 ) vw
»1a(a’) HCN) (22), 5(NO3) (22), 5 (CCN) (22), 7,(NO2) (13) 648 644+ } w min? 670 w
624 w
616 m
p22(a") Yw(NO2) (81), 7(CH2) (17) 566 582¢ w Q? 583
525 VW
508 w
503 w R 504
via(a') 77(NO2) (42), (CN) (28), 6 (NO2) (11), »(CC) (10) 505 §00* | w - {P 489}w
- 494 w
474 W
: 303
) 8(CCN) (62), 7,(NO3) (21), {CN) (13) 300 2971° w 285 w
' 289 1 )
" pas(a™) r(CCHy) (98) 222 21 ww
-v'z.(i'_’); " £(CNO2)(100) 04 -

. I)Bnedonquanrw:nodelwhhphmnhleuloonfomm

-+ b) Numbers in brackets indicate percentagé potential energy distribution.
- 7€) Anasterisk denotu tnquenein used for the (‘otee eomunt refinement.
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Table 2 (contimed)

»'Amgnment‘) Modedescnpuunﬂ-b) RS e R f‘ncjue:fcy @y - _
B e : St Calculated Axmauixc) Gas.
we@): - j:;:AVS(CDz)(34),v(CC)(lG).’r:(CH;)(lS).va(Noz)(lz),: S uss 1166° “m sy m
6;(CH3)(11) R : : o
L : o 7 - 1119 }
@) ey o ms o s )Y _
S ' ' 10425 'R O1041)
S , v _ - 1033 }m {Q' 1031_}w
v10@) 7¢(CH3) (56), 5(CD2)(29) - o 1007 Y- 1021.5%) P 1020
v20(a") - n(CDHOD _ o ' 918 - Lo
: S , ' , SR 895}
@) §(CD3)(25), 5(NO2) (24), »(CC) (19), vs(NO2) (15) 884 884* m . {Q - 885’} m
' P g1st -
: : 865 vw sh 864
v12(a’) 7w(CD2) (50), vs(NO3) (17), 5(NO2) (14), KCOY(11) 829 852* m {sh 854
: : - ' » S sh 848
, : , 696 . sh 700
va1(a”) 7(CD2) 48), ‘rw(NOz) (35), 7 (CH3) (15) - - 709 . 693* m Q 694} h
»ia@) - B(CCN)(21), 7:(NO2) (20), v(CN)(l7).6(NOz)(13). : 617 629 w sh 640
. pNO(AD). - - . 600 vw ‘ sgs} m
»22(@a") Tw(NO2) (56); 7(CD2) (42) ' 505 523‘} ™oa s w
v1a@) -75(NO2) (35), »(CN) (34), 5(NO») (13) - 488 . 497*  wvw 490 1
PR ' 3035 ? B
vis@’) '~~‘5(CCN)(62) 71-(N0:)(20) v(CN)(13) , 299 . 296.5% w ‘284w
v23@") - T(CCH)(98) - : . 219 -
",‘m(a") S TECNO(100). L : 03 .

3) Based on quasmgld modcl wnh ylanar skeletal conformation. .
b) Numbets in brackets indicate percentage potentul energy distribution. -
- €} An astensk denotes frequencm used for the fotce constznt mﬁnement.

“Table'3. L : '
f: Matnx and gas infuxed t‘xequcncnes ot‘ mtxoethane—d;

‘Assisnmen 0 'v'Modedmnpuon&b) 3 5 ‘,Fﬁquei‘,"&:(m-,‘)ﬁ o
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“'l'able 3 (connnued)

:'Ammmenta) Modedeacnpuonﬂrb) o S » Frequency (cm Y

(hlculned Armntnx C) T Gas - T

72»,(.«) e B L e L S T 2180
vewro(a) e U R
iils(a")' C €D BN (CDD A0 ¢ T 2283 2261
2@ w€DDOE) - - 2253 2246
v1aa™) va(CD3) (88), v4(CD3) (11) ST et e
@) . wCDpeEd . 2162 :

ged b

2255w

EEREE

R

2147

i

vi@) . ovCD®) S 2126 2

207w

1559
1556
1527 LW

1381

va@) . RMNODEN.XMNODQ® - 1sso o 1seLsty
‘vg@) - | py(NOZ) (695, BENO) (BL), WCNDA3) . ¢ ‘:!_3776” . 1378.5% {

W) . MCOH(52), 1w(CDD 20), v, (NOD U3), 8,(CDDAD). . 1275 . wze )

Ba@)  5(CD)G6) T4CDDAE), UCN) (14)

g L 5g(CDO5)

' »5a(CD:a) (96)

53(CDa) (56), 5CDD (23), 1w(CDz) az

71(CD3) (49), 7(CD) (23) #CDYGTD
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k Tale 3 (cominued)

‘Astigm'nent a). Mode descripnon a,b) SRR _ Etéqqency (cxn;‘)
' o " Calculated - Ar matrix ©) G.as‘ :
. ‘ : (R - 890
vio@) 5(NO;) (25), 45(NO2) (21), 5(CDH (A9) . B65 - 880.5* m {Q 880
e 879" sh’ P 872)
“»11(a") - 1(CD3) (41), 5(NO32)(14), 5(CD2) (11), v(NO2z) (11) 839 860* w 851
' o - ' 86 1 Q? 845
o . _ - (R 193
2@ . yw(CD2) (32), 7((CD3) (29), 1(CC) (14), 65(CD3) (14) 762 - 772* m {Q 784
S s - : ‘ Psh 716
v , : 644
v21G") 7w (NO3) (41), 7,(CD3) (35), 74(CD7) (23) 653 627% w Q@ 629
ma@) . ACN)(21), 7 (NO2) (20), 7,{CD3) (13), § (NO,) a3), sS85 587%  w s81
o -5(CCN) (13) .
va2(a") 7(CD3) (48), v (NO7) (46), 'Y:(CDg) (10) 494 510 vw
v1a@@) | 7(NO2)(35), 1(CN) (33), 5(NO2) (12) 478 . 478%  wvw Q 476
R 462 W
v15a)) 5(CCN) (64), 7(NO3) (18), ®CN) (11) 276 269 w 260
v23@") 7(CCD3) (98) © 161 -~
v24(a")  r(@©NO00) 0.3 '
3) Based on quasirigid model with planar skeletal conformation. .
.®) Numbers in brackets indicate percentage potential cnergy distribution.
<) An astensk denotes fxequencus used for the force constant refinement.
Tzhle4 ' B
Matrix infrared frequencies of nitroethane-(2,2,2)-d3
'Anignrhe_nt?) - Mode description a,b) S - ' Frequency (cm™)
’ ' ’ Calculated Ar matrix ©)
bre@”) - ua(CHD@Y . - . 2917
vi@) - u(CH99) - o R . 2936
@) ._:‘~"‘5¢'D3)._-,(97) S R SR 2251
vpa) . nCDAOB) L . 2250
‘p3@@’)  v(CD3)(98) - - R L o130 o
\_:u(a) o }',va(NOzms).1,(n03)(19).s(cu=)(13) FR L1582 1568.5% s
(CHZ)(73), 9a(NOY(A1) - 7 o = - - . T 14440 . 1442¢° m
;~v;(No,)(44).1w(cnz)(2z).smoz)us), o,moz)(u) Sl wses o asTee s
L3S0 0 1328% L m

..1.,(CH;)(34), v;(NOz) (23)'v(CN)(20)’5(NOz)(l7), V(CC) (l3) RE
' Clar 1266
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’l'able 4 (cominucd)

Asugnmenta) Mode dacnptxon&b) RN

cumed - Ar matrix. C)

ve@@) 'v"..'v(CC)(ﬂ).83(CD3)(39)n‘7w(CHz)(ll) T 61 _;';uu‘ w o
Be(@) . 8aCDNOD L ‘ e 08T 1084w
g™ v sCDROD - S veeii cges2 L 10as o w
vaoa™ 7,«2}!:)(48).»14@;)(34) o Sl a0z o -
i) - v-'.-r,(CDa)(ZG).vs(NO:)(lS),v(CN){B),&(NO;)(IO) LS iesr s T

@) . 8CDA @R wNODAY L T 898
-,Hd(l')i"-:fi‘v,’rx(CD:s)(Sl).S(NOz)(U) et set o s om
@ 'rr(CDg)(GZ).1:(CH¢)(30)'TW(N03)(17) . : 697 . 683% m
waa@) v(CN')(ZS).'r;(CDa)(‘.’O).S(N()g)(l?),‘rg(NOz)(14}.6(CCN)(12)  T 605 s

#23@") L yu(NOD(TS), %(CHD QL) . ST se2n

pra@) -?7:(N0z)(4n.v(cm<zs).v(ccmz).s(uoz)uo) B - L TN

sy V.:"-‘;_'5(CCN)(64).7;(N0:)(18),vlCN>(n} T -« S

vp@) o TECDHO R S 1ea

m(a)f.* U ~?(CN03)(100) B PR

') Based on: quasm.gid model wnh ‘planar skeletal conformation. ® B
b) Numbers in brackets indicate percentage potential energy distribution. .~
c) An astensk denmes ffequenm used for the force constant xeﬁnemem.

' Table 5
Matnx mfxan:d fxequcncxes of mtmethane-(l) dy

Assxgnment‘) Modedmnpﬁonab'c) AT L o e 'Frequcncy(cm

_jcnculazed Armauix .

S ‘va(cua) o
- oy(CH3) (94) - o :
. v4(CHD) 46), v;(CHD) «0). u,(cn,) (13)
S g CHRY BT <
= pCHD)(D), na(cnm @S
. va(NOz) (56). ’n-(NOz) (20)

sa(Cll;) (':9), 81(C33} (17) :




Table § '(ifiz.r‘tiinued), .
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»Asﬁignmeﬁ(ﬂ  Mode description 3,5:¢) Frequency (cm™?)

' R Calculated Ar matrix
via© . . 4(CH3)(52), n(CHD)(3) -~ 141 1140 w
vig ©4(CHD) (35), 7, (CH3) (33) v 1104 1080w
vis - 7(CH3) (34), ¥(CC) (16), §(CHD) (15), 71(CH2) (13) 1054 1049 w
vie . - »(CCY(1T), 5(NO3) (15), 7,(CH3) (13), »(NO3) (10) . 924 ‘
vya _ 7o (CHD) (32), vg(NO3) (22), 5 (NO3) (20), 7¢(CHD) (14) - 854 871 m
ws - 7(CHD)(5D), 19/ (NO2)(26), 71(CH3) (i7) 735 3w

w
vis 5{CCN) (21), »(CN) (20), 5(NO2) (17), 11 (NO2) (15) 636 634 w
v20 Fw(NO2) (59), 77 (CHD) (30) ' 530 ’
2 7:(NO2) (35), »(CN) (31), 5(NO2) (12) 495
va2 . S(CCN)(62), v((NO2) (21), ACN) (13) 300
v23 ) 1(CCH3) (98) 220
vae . T(CNO2)(100) 03

a) Based on quasirigid model with planar skeletal conformation.

Numbers in brackets indicate percentage potential energy distribution.
9y 1, 81, vy denote the modes which telong to the a” species in the symmetric isotopes.

computer program published by Hunziker-[20] was
applied which includes a least-square fit for refine-
ment of force constants. The observed vibrational
frequencies were not corrected for anharmonicity. As
:arule force constants resulting from the fit process
‘'were considered non-significant, if their value did not
exceed their standard deviation.

The significant force constants as resulting from
the best fit are collected in table 6, together with
their standard deviations. In total 68 fundamentals
of the species dg, dy, d3,ds were included in the fit
process, leading to 25 significant force constants.

. These allow reproduction of the frequencies with a
 standard deviation of 12.6 cm~L. Calculated values

: of the normal modes are reproduced in-tables 14

* together with an approxxmate PED descnptlon of the
- normal modes. o

42 Assxgnmenr ofmarrzx specrra :

4 2.1 Splmmgs’of bands in the mamx spectra

'tmns feature unusually numerous splittings of un-
-usually large line 'dth 'Ilmughnqdaﬁmte explana

The absorptlon bands of all three 1sotopu: modxﬁf s

tion for individual bands is available, there exist several -
reasons, some of which are related to the low barrier
of the NO, torsion:
(i) site effects in the Ar matrix,
(i) association of molecules owing to insufficient iso-
lation,
(iii) existence of several conformations of the NO,-
group frozen by the matrix crystal field,
(iv) occurrence of combination tones with N02 torsio-
nal states.

. Whereas little can be said about point (i), the presence

of associated molecules in the matrix appears unlikely
since it has been found experimentally that for = -
M/A > 300 the spectra remain unchanged. Therefore,

.. as a rule only spectra will be taken into‘account for
- which M/4 >>300, cf. figs. 1—-6. With respect.to points

(iii) and (iv) it should be remembered that the NCA

© - yields distinct dependence of many normal frequencies

__on the NO, torsional angle 7. A typical example is

. -afforded by the » :
. which varies from 1584 cm~! for r =0° to 1533 cm~!,
for 7.= 90° (dy specxes) Tnfig. 8 tlus dependence is -

.. shown for a few typical modes of the dg species. By

v,(NO,) mode near 1560 cm—1,

'the matnx crystal ﬁeld a number of conformauons



: MiA 4~'50, 1850 am, mddle Ar matrix, LHe tcmpemuxe,
(‘slp!ate taxget.MlA =10, 225 um; bottom: gas spectra: _
8400 Torr om, c ©a:1000 Toxr cm, 4 1000 Ton cm,:
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Fig. 7. Molecular model for mtroethanc. conformation and

 internal structural parameters, 1,2 (C), 3(N), 4,5(0) and B(H)
" . are assumed to be in the same plane, 8 trans w.r. t. 3. Structu-
~ el parameters: roc = 1.54 A 7CcN=1.50 A, rNO=1.224,

rcg = l 08 A. % CNO 116.5" a!l other angles 109.47°.

'by V—-, V2 (lucoszr) is shown in fg 9 whxch is . e
based on semmgld mtor theory [21 22] '

- 4 2 2 Assxgnment

Inthe following dlscussmn only pomts of the assxgn ;

.. ment will be eonsxdered which appear to have some.
- relevance in one respect or the other. (cf. tables -5 -
~andf’gs 1—6) Lo ST

o hing r 8' . P! G
3050-2850 ¢m~! region of do, dz and ds suggests.
. that the two highest bands near 3023 and 3000 cim—1 "

of do and d2 should be attrﬂ)utedhto the E type methyll,
: “‘bandofthe o
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'rabxes SR e o
hst of mtemal coordmates and valence force canstams of mtxoethane o
: Description. ;ntema; wT f!(mema;y .. - Force constant 2)
S . coordinate - coordinate . .- - — o e
' ' .~ 77 -Notation Value - -~ Standard
o R L deviation -
- CH3 stretch - Canll o an K 4760 - 0030
U T A AR kwi o ko 0.034 0.008
" CHgstretch A5 - As " Ky . 4.883 0021
« - o a5 asg k#i ks 0.025 0.015
CH3 bend Aoy Aaj Hy 0.540 0.014
'CHg rock app -] ‘ - Hz 0672 0.036
ap; afg  k#i hgp ~0.016 b) 0.023:
, © A agg k#i hog ©0017D) 0016
" CHz bend - a8 A8 Hg 0.634 0.016
CH2 wag C Avg B Avw . . Hyy, : 0.631 0.029
CHz twist Ay < A ’ Hy . 1418 0.034
CHz rock: Ay . Ay . Hy 0626 - = 0.041
o i;’; _:g:} hyp 0030 0.007
CC stretch : aw AW Ky T 4711 0.208
- AW & fwg - - o006l 0.021
) AW . OO Sy 0.088 0024
CCNbend - . . A& . Aa " Hp 1.698 . 0154
. 'CNstretch - AP - aP . Kp " 3852 0403
“NOstretch AR; AR; . KR . 8.280 0453
AR; " ARg k#i . kgpr 1.008 0.290
AR; ‘ - aP .. krp . 7 ’ 0.464 0097
) ... AR; . Ayg - o fRyy 0.182 0.058 .
NO, bend ‘ INg . av Hy : 2441 0.348
NOg rock - . as . an : Hg: ’ 3.236 0454 ,
.- NOg wag.. SRS ¢ Hy 0.391 . 0027
o cuat_omon oAyl oA ' He =~ 00839 . - .
NO; torsion. _j . Car . ar Hy = - 106 ¥
;‘) In mdynlA angle coordmates are mulhphed by 1A. -
D) Value of force constant < standard deviation.
o °) Not adjusted in thc ﬁttmg pxocm
- ing- bands of d' at 2925 cm‘l may be mterpreted as. a _' t!us ume. 'Ihe phenomenon goes back toa comph- .
[ v3(a'), the. other one at 2919 com—1'as well as the two " “cated system of Fermi type resonances between v(CD)
.. -bands of d at 2923 and 2916 cri~! as overtones - fundamentals and combination tones of fundamentals

. lying in the fingerprint region 12060—800 cm—E, The ,
- mixing of the CD; and CD3 bending modes with

other group modes in this region increases drastxcaﬂy

the possibility of Fermi-type resonances with the

. v(CD) fundamentals. Tlus isto be contrasted with the

and/or combmatxon tones' f the methyl bendmg
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emily 7
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Fig. 8. Dependence of normal moaes on the NO5 torsional
angle 7. a v4(a", 0°), v17(a”, 90°); b 12 (2", 0°), v11(@", 90°);
c v1a(a’, 0°), v12(a’, 90°); d vya(a’, 0°), v22(@", 90°).

Z v,

c I'“'1
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Fig. 9. NO; internal rotation transitions. Semirigid model

approximation, Boltzmann distribution for4 K. a v24=0—1,

J=1+1 transition; b v4 =1~ 2,J =1 — 1 transition;
cCue=2-3,J= l—-luansmon,du;4=0-2,
J= l—-ltransmon

H1 modifications where only local resonances among
-CHj and CH, modes respectively should be expected.

For the normal coordinate analysis the two bands
at 2230 and 2174 cm™! of the d; species were used.

4.2.2.2. 1600—-1300 cm~! region. In this frequency
range, the NO, stretching modes and the CH; and
CH, bending modes are to be expected. Assignment
cf the bands of all three isotopic species does not
appear to be problematic and will not be discussed in
detail. As a common feature of all matrix spectra the
splitting of the asymmetric NO, stretching mode
v4(a’) into 3 or 4 components with small line width
should be mentioned. According to the discussion
presented in section 4.2.1 this mode is strongly 7-
dependent for dg, cf. fig- 8. The same holds however
for the other isotopic species. A particular feature of
the d; spectrum is the observation of only two bands
in the 1450 cm ~1 ranee. where three HCH.bending

in the 1450 cm ~" range, where three HCH-bending
modes should accur. Though only few spectra of
ethyl compounds have been analyzed in detail, the
absence of one of the three HCH bending modes seems
to be a common feature of the gas spectra (CoHsF
23], C,HsClI [24], C,HJ [25], C,Hs—CN [26]).
However, for these molecules no matrix spectra have
been reported.

4.2.2.3. 1300~250 cm~! range

(1) dy-species: the absorption bands above 700
cm~! appear to be attributable in a straightforward
manner. The bands below 700 cm—1 should originate
from heavy atom vibrations approximately described
as 5(NO,), 75 (NO,), 7,(NO,) and S§(CCN) group
modes. The assignment of the NO, modes has been
based on rigid rotor model envelopes of gaseous
nitromethane. Nitromethane may be considered as a
C,, frame—C,, top type molecule. The kinetic energy
tensor of the rotation internal rotation problem of
this model does not depend on the internal rotation
angle and the instantaneous principal inertia axes @, b,
¢ coincide with the internal rotation axis and the nor-
mals to the symmetry planes of the NO, group, respec-
tively. Therefore, the assignment of the symmetrical
bending, out-of-plane and in-plane rocking modes of
the NO, group in nitromethane is not directly affected
by internal rotation and may therefore be mace in a
straightforward manner [6]. The same order of these

- NO, group assignments was applied to nitroethane.

As a particular feature of the matrix spectrum the’
lnrge line width (20 cm™ l) of the 644 t:m“1 band
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assigned as v, 3 5(NO,) (2') should be mentioned. It
may bear a relation to the fact that the normal fre-
quency of this mode caicuiated as a function of the
NO, torsional angle 7 exhibits the largest dependence
of all normal modes on 7, cf. section 4.2.1.

{2) dy-species : The isotopic substitution at the
CH,-group leads to a considerable complication of
the fingerprint spectrum. This necessitates more in-
tense use of NCA results in the assignment process and
leads to some unexplained features of the matrix spec-
trum. It should be noted that the latter exhibits a
number of multiple bands, which impede a reliable
assignment noticeably. Some of the difficulties seem

in b, lntad H H i
to be related to the localization of the CHj rocking

modes in the matrix spectrum. As indicated by the
NCA the a' CH; rocking mode is strongly intermixed
with skeletal vibrations. The assignment proposed in
table 2 was found to be the best compromise, how-
ever it does not explain all observed bands. In par-
ticular the band triplet near 1043, 1033 and 1022
cm~1! has now to be considered as representing the
fundamental ¥y ¢(a’). On the other hand the two
modes vg(a") and v,4(a") are calculated near 1239
and 918 cm—! respectively, where no absorptions
were detactable. According to the NCA v, o(a’) is
nearly independent of the NO, torsional angle. Hence,
the only way o interpret the band triplet seems to be-
to consider it as arising from combinations of vm(a')
with NO, torsional transitions. vg(a") is found to be a
mixture of essentially S group modes (cf. table 2),
whereas v,p(a”) approaches nearly a pure 7,(CD;)
group vibration. Again v, 3(2") assigned to the broad
band at 629 cm~! is composed of several heavy atom
group vibrations and depends markedly on the NO,
conformation. The lowest skeletal modes near
537/528 and 497 cm~1! feature large band width and
low intensity; but their assignments appear reasonably
reliable (v5,(a"), v14(a")).

(3) d s-species : The matrix spectrum of this mole-
cule is complicated by the fact that 15 fundamentals
should be located within the 1300-250 cm—! range.
The NCA predicts most of the normal modes to be
mixtures of several group modes (cf. table 3). The
doublet near 1305/1302 cm~1 is attributed to
. vg(a"), (#(CC), 74,(CD,)) which has not been ob-
served either in the d, spectrum or in the ethyl
chloride spectrum [24]. Similarly the band triplet
near 1195 cm—} considered as »7(a") is now a mixture

involving mainly the (CD,) group mode. Surprisingly
the fundamental »;3(a"), assigned to the absorption
band at 587 cm~!, does not show unusuaily large line
width, though it is found by NCA to depend sensitively
on the NO, conformation. This is in contrast to the
fundamentals v, 3(a’) of the dy and d, species, whose
large line width may possibly be related to the depen-
dence on the conformation. It should be noted,
however, that this fundamental varies its composition
by group modes markedly in the series dg—d7—ds.

4.2.2.4. 250—20 cm~! range. In this range only the dg
modification has been studied. Only one very weak
band at 221 cm—! has been found so far, though its
detection requires thick matrices (up to 2 mm) and
low M/A, cf. fig. 6. This band has been attributed to
vg3(a"), i.e. the methyl torsional mode. No indication
of the NO, torsional mode has been observed above
20 cm~L. According to fig. 9 the uyy =0 1 transi-
tion is expected to occur below 20 cm~1 for basrier
values ¥, < 90 cm~1, cf. subsect. 4.1.2. The absence
of the NO, torsional band above 20 cm™1, therefore
indicates the absence of matrix crystal field contdibu-
tions of the order of 160 cm™! to the NO, barrier ¥,.

4.2.2.5. Matrix spectra of the dy and d spectes. As
has been mentioned in section 3 it has been possible ta
extract fragments of the matrix spectra of these two
isotopic modifications, as given in tables 4 and 5. The
d, data have been included in the NCA and proved
relevant for the assignment of the CHj-group modes.
The force field derived from the combined data was
then used to predict the d, spectrum. As may be seent
from table 5, the observed 13 d; fundamentals are
fairly well predicted with the largest deviation amount-
ing to 36 cm~1. This result may be considered as an
indication of the correctness of the assignment given
in tables 1—4.

4.3. Gas phase spectia

4.3.1. Model envelope calculations

For the assignment of polyatomic guasirigid mole-
cule spectra model envelope calculations havé proven
to be a powerful aid {27-29].

Application of this technique to nitroethane spectra
may be cri‘ical since the nearly free NO, internal rota-
tion should be expected to lead to marked deviations
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from quasirigid rotor band envelopes. There is never-

theless considerable motivation to compare such

reodel envelopes te experimental band contours in
order to separate out bands which still follow the
quasirigid rotor pattern, i.e. bands which are not
noticeably influenced by internal rotation transitions.

It also should be mentioned that the present state of

rotation—internal rotation theory does not allow com-

putation of the approximate rotation—i..ternal rota-
tion structure of vibrational transitions. On the one
hand it cannot be extended to J values cf the order of

100 [22], as would be required for a molecule like

nitroethane [13]. On the other hand realistic band

envelope calculation would require the inclusion of
the vibration—internal rotation interaction in suffi-
cient detail. The molecular data of CH3CH,NO,
required for computation of quasirigid rotor bands
should be commented upon bneﬂy . For this molecule
the kinetic energy matrix coefficients [22] depend
strongly on the NO, mtemal rotation angle, further-
more in the interval 0 <7 < }r the b and ¢ principal
inertia axes are interchanged. Table 7 gives a collection
of rotational constants and asymmetry parameters for
various NO, conformations of the dy species and
clearly demonstrates the 7 dependence. Qualitatively
the same behavior has been found for the deuterated
molecules. Quasirigid band contours have been calcu-
lated for an extended set of models. In fig. 10 two
typical examples are reproduced. The following com-
ments should be made:

(i) The limitation of J values to J < 80 producesin
the wings of both the B and C type bands artificial
discontinuities located at 15—20 cm™! from the
band center.

(ii) For both conformations the band contours are
alike. The A type bands for both the 0° and 90°
conformation belong to a’ fundamentals but may
be hybridized with B and C type bands, respec-
tively. B type bands either belong to a’ or a” modes,
and in the first case may be hybridized with A type
bands. C type contours alternatively belong to a”
and a’, respectively; the latter being possibly in-
volved in hybrids with A type bands:

Comparison of the model envelopes with the experi-
mental data (cf. figs. 13, 10) at once reveals pro-
-nounced discrepancies. Fig. 11 shows bands which
follow approximately the model contours. Nearly alt .
_other bands cannot be classified by means of the model

Table 7
Nitrocthane-do: dependence of rotational constants on the
NO;, torsionat angle r 3)

T Ab) B C x©)
(ecm™)
0° 0.3636 -0.1423 0.1063 -0.721
30° 0.3474 0.1419 0.1080 -0.716
60° 0.3175 0.1408 0.1120 -0.720
90° 0.3035 0.1400 0.1143 -0.728

a7 Based on the model used in ref. [13] and subsect. 4.1.
) 4 inertia axis approximately directed from H-atom 8 to N
atom; b inertia axis approximately paraliel to the NO2

plane, cf. fig. 7.
©) Asymmetry parameter x = (~A+2B—C)[(A-C).

Cc90%a’

Fig. 10. Quasirigid model band contours of nitrocthane-dg
for planar (0°) and perpendicular (90°) conformation. For
rotational constants cf. table 7. Max. J value included in com-
putation: 80. Frequency interval between two marks: § cm™

envelopes, either because of overlapping with neigh-
bouring bands or because of strong deviations. Typical
examples in the dg spectrum are afforded by the band
complex near 1250 cm~1! or the unstructured absorp-
tion between 750 and 550 cm—!, which embrace
bands lackmg all typical features.

4.3.2. Assignment of gas phase absorption bands
4.3.2.1. 3500—2000 cm=! region. In the typical .
v(CH) stretching band complex ‘of both dg and d, two
band centers may be recognized at 3000 and 2957
cm—! possibly belonging to hybrids with dominant C .
and A type, respectively (cf. fig. 5). A more complete
assignment may be achieved by comparison of spectra
taken at higher resolution with matrix spectra; this is
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o o
LT

90" ¢

Fig. 11. Nitroethane-dg: Comparison of experimental and computed band contours: left: Envelope at 1577 em™ and computed
B-type contour, middle: Absorption at 1120 cm™ and computed B-type (1136 cm™) and C-type (1102 cm™) contours,
right: Envelope at 876 cm™! and computed A-type contour, dashed lines: vertical: band center frequencies of computed envelopes;

horizontal: 0% transmission for the (shifted) upper traces.

given in tables 1,2. Since the gas spectra of the two
species are quite similar, the CH,-stretching modes
appear to have low intensity. In the spectra of dy, d4,
ds weak bands near 3220, 3210 and 3140, near 2750,
2750 and 2750, and near 2440, 2445 and 2435 cm™!
were detected, wi.ch are assigned tentatively as
2w4(a’) (dyg, d3. ds), 2v,(a’, dy), we(a', d5),

204(a’, ds), v4(a') +v5(2") (dp), ¥4 (") + ¥, (a") (d3)
and v4(a") + v (a") (ds), respectively.

This phenomenon yields a further example for the
hypothesis that anharmonicity effects in polyatomic
molecules may be interpreted mainly in terms of an-
harmonic force constants of typical groups. As may
be seen from tables 1 -3 these overtones may be
traced back to NO, fundamentals. The majority of
these bands has also been detected in the matrix
spectra.

Similar to the matrix spectrum the gas spectrum of
d g exhibits a strong absorption at 2533 em™1 assigned
to the combination tone v4(a’) + v5(a").

The »(CD) stretching bands lack nearly all structure
with the exception of a unidentified d5 band with its
Q branch near 2085 cm~1. Obviously this goes back
. to Fermi type resonances as discussed in connection
with the matrix spectra (cf. subsetc. 4.2.2.1).

4.3.2.2. Region 1600—1300 cm—? . The only band in
this region recognizable w.r.t. the band contour is
v4(a") »,(NO,) near 1570 cm—1, which shows an ap-

proximate B type envelope for all 3 isotopic species.
This is in agreement with the expectation for B-type
bands. As discussed in section 4.3.1 and table 7 the

b inertia axis remains nearly parallel to the NO, plane
for all cenformations of the NO, group. One might
therefore expect the asymmetric NO, stretching mode
to give rise to a sort of B type envelope in spite of the
fact that its frequency is strongly dependent on the
NO, conformation (cf. fig. 8). By comparison with
the matrix spectra the Q branches of almost all other
fundamentals lying in this frequency range may be
located, leading to the assignments given in tables 1-3.
The width of the Q branches turns out to be 510
times larger than predicted by the quasirigid model
envelopes. Again the similarity of the dg anddy
spectra should be noted, with the exception of the
8(CH,), v(a") and 7,,(CH;3), vo(a’) modes which

may be located by weak absorption peaks in the dj
spectrum.

4.3.2.3. 1300259 cm~1 range. With few exceptions
the gas phase spectra of all 3 isatopic species feature
unstructured though highly complex bands. Excep-
tions are the A-type bands observed at 995, 876 cm—1
of dy, at 1031 and 886 cm™! of d, and at 1060 and
880 cm—! of d. According to tables I—3 the higher
of these fundamentals correspond to rather different
mixtures of group modes, whereas the lower ones
contain similar contributions of v (NQ, ) and 5(NG,).
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It should be pointed out that this fundamental is in-
volved in overtones in the 2440 cm—1 region as men-
tioned in subsect. 4.3.2.1. Again assignments of the
gas absorption bands in this range can be made only
by comparison with the matrix spectra, which in many
cases allow a posteriori location of Q branches. All 3
isotopes possess quite similar gas phase spectra in the
750—500 cm~1 range, in particular strong structure-
less absorption near 600 cm 1. For the peculiar
strength and contour of the latter band no explana-
tion seems available at this time.

4.3.2.4. 250-1008 cm—! range. Since the FIR absorp-
tion spectrum below 60 cm—1 of the djj species has
been discussed in an earlier paper [13], the analysis is
restricted to the upper FIR range, in which the methyl
torsional mode is expected. As shown by fig. 6 a se-
quence of 5, eventually 6 sharp Q branches is ob-
served, whose frequencies are listed in table 8. It ap-
pears difficult to give a complete analysis of these Q
branches, but a partial interpretation may be given if
they are ordered into doublets according 1o table 8.
If the sequence of the doublet center frequencies is
analysed by rotation—internal rotation theory of the
semirigid C, frame--C5, top model one may derive
an approximate value of the barrier V3 to internal
rotation of the CH3-group The application of the
C,F—C;, T model requires freezing of the NO, inter-
nal rotation. Since the kinetic coefficient g55 depends
only slightly on the internai rotation angle 7 of the
nitro groug, its average value may be used in the
internal rotation hamiltonian {30], leading to a

Table 8
Nitroethane-dp: methy! torsion Q-branch sequence
Va3 Frequencies (em™')
(CHj-torsion)
Obs. Center Calc.@)
223.2
0—-1 2184 ! 2208 2208
o~ 207.2 .
152 204.3 } 205.8 : 205.9
- 189.1 '
2-3 188.2 1 188.7 ;39.3

') Us{..a a value org“ 2F/n= ~ 169 GHz and of V,
1080 cm™!
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barrier value V3 1080 £ 3 em~1.If thegss value
for the planar and perpendicular conformation of the
nitrogroup is used, one finds ¥'3 = 1100 and V53 =
1060 cm—1, respectively. Though no solution of the
rotation—internal rotation problem of a semirigid
C,F-C,y,T~C4,T model is available at the present
time, this finding suggests that the observed doublets
may originate from a splitting of the CHj-torsional
levels by interaction of the two torsional modes. It
may be stated that the CHj torsional barrier of nitro-
ethane is comparable to values reported for other
ethyl compounds {311.

S. Concluding remarks

Based on the results of this paper the nitroethane
spectra may be considered as a typical example of
molzcular spectra which require for interpretation
the explicit inclusion of the interaction of vibration
with the low barrier internal rotation. Many features
of both matrix and gas phase spectra cannot be ex-
plained satisfactorily in terms of a quasirigid molecular
model. The strong dependence of the kinetic energy
matrix coefficients of the NO, internal rotational
angle combined with the low rotational barrier render
periurbation type treatments rather uncertain. On the
aother hand its correct consideration in the rotation—
internal rotation vibration problem very sensibly com-
plicates the solution of the latter.

An attempt was made to calculate the NO, internal
rotational vibrational spectrum by a method used
earlier for CH, = CC1—CH, D [32}. The results for
nitroethane, where the CHj torsion was treated as a
vibration, produced unsatisfactory agreement with
experimental data, however, and are therefore not re-
ported here. The main obstacle to explaining the
spectra in these terms was the large complexity aris-
ing from unknown dependence of vibrational force
constants and transition moments on the NO, torsio-
nal angle and from intrinsic coupling with over all
rotation due to the low internal rotational barrier.
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