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AbstractA

The miéréwave spect:g of Sixyl'methyi éghér,véiijCH3, and its
isdtépié modifications} SiH3OCD3; SiD3OCH3; and SiﬁjOCD3, havg.beehv
obﬁerved and assigned. Large splittingé arising.from‘;he_internal rota-
tion of the méthyl top and somewhat sméilérvsplittiﬁg;.érgéing from tﬁe‘
internal.rdﬁatién of the’silyi fop are'obsefved.' Théi"éffective barfier"
to intefhai rotation of the meth&l top is ;ppfoxima;é}yissobcai/mole. The.
"effectiQe barrier" to internal rotétién éfbthe siiylltop is.épproximatély‘
1100 cal/mole. The internal rotation of;the‘ﬁwo_tdpgvis étrongly couéled,
but no Qalues for the potential coupling constants_havé‘béen.obtained..i

The-dipqle,moment has been determiﬂed to be 1.15 + 0.02 débyé'(lpa' = -
0.647 + 0.01_and.}ub| % 0.95 + 0.02-debye) from measﬁréﬁen;s of ﬁhe Stéfk. B

effect.



INTRODUCTION .

The inveStigatioﬁ of'thevmicrowave.spectfum offsilyl rethyl ether
(SiHaoCH3) was Qndertaken wiﬁh the aims of determiniﬁg the barriers to
internal rotation, the molecul;r\structure, and thaldipoié mcment .

Very féw'double‘rotor, or "two topﬁ, mblecules’havé been studied by
microwave spectroscopy. Only recently Qas a detailed analysis'of the

internal rotation structure of two nonequivalent topsAcompieted. Q.

The mdlecule_studied was N-methyl-ethylidenimine, CHBCH=NCH3. It was

. found for this molecule that the two tops can be treated indepgndently‘

and the Spectrum.can be predicted withih‘exﬁefimentél aécurécy.

Silyl methyl ether also has two nonequivaleht_tdés_which éanlundergo
interﬁél'rotatiop. From. the data and intefnal rotation analysis to be
discussed belé&, it will become apparent that it is not possible to treat

the two tops independently but rather some coupling between the tops must

" be introduced. Therefore, this is the first investigation where top-top

coupling effects -are readily appérent in the microwave spectrum and

although somewhat unexpected, present a very interesting problem.
This investigation is the first to determine the barrier to internal
rotation of a silyl group (SiH3) attached to an oxygen atom. From Table I,

it is seen that the barrier of a methyl group (CH3) attached to an oxygen

— e Y= P P

atom varies gréatly among the.previous molecules reported. (2,3,4,5,6)

Thus, the determination of these two birriers in silyl methyl ether is

of interest both as a test of present theoretical methods of predicting
barriers and as an extension of present knowledge of such barriers.
The structures of siliconécontaining compounds are of interest

because of théir anomalous behavior when compared to similar Group IVA



melecules. Thls can be. illustrated by conSLder1ng a rtw examnles. The
molecule methyl isocyanate (CH3VCO) has a C-N-C bond angle of about 140°

(D . The silicon analogue, SIH3

However, the germyl anelogue, GeH3NCO, has a Ge-N-C oond;angle of less

tnan_180° (2).7'Also, trimethylamine, (CH3)3N, is nonpianar (10) while

NCO, has a Sl-NrC angle,of 180°‘(_).

trisilyamine,'(SiH3)3 is planar (__) -Similarly,pdimethyl ether, (CH3)20,

has a bond angle of 111.7° (_), while in (SiH )20?,diSiIOXane,bthe Si-OfSi
bond angle has.been 1nvest1gated several times with?bond anglee.varying : |
from 140-155° in infrared studies‘(lg) end a va1ue_of1144.l + 0.9° from
an electron diffraction study (13). | v o
Although a value for the Si-0-C bond angle in silyi methyl ether hes‘
been found by a'recent electron diffraction investigation (14 to'be.126.6l
.'i 0 9°, an independent determlnatlon of the angle by microwave spectroscopy
ris valuable because of the anomalous behav1or of the 5111con compounds
which preventjrellable-predlctlons from similar molecoles;
' The work reported here was started in Berkelev;  Afterbmaking'an Co
initial Q branch as31gnment, experimental work was termlnated in Berkeley :
and the majorlty of the measurements reported were completed at Rice

University.




EXPERIMINTAL . e 3

The sqmpleé of silyl methyl ether were préparéd at Berkeley by reacting

) Jith CH
SlH3I with C[3

yield was.abpqt 10% and the reaction required‘5 hours at -80°C. In the work

OH following the method of'Sternbach and MacDiarmid (;é). The

~at Rice,silyl methyl ether was prepared using the following reaction scheme sugzast

by Dr. Alan Robiette:
11’.C13 .

<:::)  . __l§15>—.  | éinBr;. | (i::)

| LiAl,

di-n-amyl ether

-78°C
SiH3
Hg012
Slﬂggr 81H3C1
.- . :  gaASL . S
3SiH C1 f.'4NH3 hase (SLH3)3§ + Y3NH401»

3

(SiHy),N. + 4HI o 3SiH, I fNH I

3 4

HgS
251H,1 _-av (SiH;),S

3773 2

(SiHy),S + 2CH30H - 2SiH,0CH, + H,S

The deuterated sﬁecies, SiH3OCD3, SiD30CH3, and SiD3OCD3 were also prepafed.A

The compouﬁd SiH3OCD3 was prepared using 99.5% CD3OD (Bio-Rad Labs) in the
last step of the reaction scheme.',The silyl déu;erafed'specie was prepared
ﬁsing LiAlD4 (Stohler Isotope) in the first step of the reaction scheme.

and CD3OD in

The fully deuterated specie was prepared using both LiA'lD4

the reaction scheme,



Althoagh;av1odgiprocedurc, the yieldsvobtained prQVed this a gobdv-
method of preparing silylvmethyl‘etheﬁg' The.yieids of the fifst two

steps were less than 50%, but the remaining,stéés'gavé yields of 90-100%.

Except for the first step, all work was done in a vacuum system.

. The microwave spectrum of silyl methyl ethér was first_obsérved uéing.-'

klystron sdﬁr#es,and Stark-modulatidh.~ 0n.tﬁe”BerkeLéy inétrumén; the
klys;rons_yefe.phéseflécked to the harmoniés'df a frequency stgndard

réombined with.a s;abié Iowvfrequency‘sweep 6sci11a§df:.’The modulatisn
frequency was SrkHz; The instrument at Rice wés a;cOﬁventional,ioo kHz

Stark-modulated spectrometéf with oscilloscope display and phase seﬁsi:i&e

detection with frequency measurement accuracy with & 0.3 MHz. The frequency .

range was 8-40 GHz and the'céil'was alﬁays cooled‘t6'778°C; Much_of thé '
work was done using a:Hewlétt-Packafd 8460A MRR Spect:bmeter wi;h:chért {.;
recorder output of the spectrum. Thevfrgquency range:op the Hewlett- B
Packard,spec£¥ometerAwas 26.5-40 GHz, aﬁd frequencyvmgasﬁreﬁents are

witgin 4+ 0.05 MHz. The cell of the 8460A MRR spectfometer was kept at

room tempe:éture. All reported traﬁsition frequendigé aﬁpve 26.5 GHz

were me#sured'of checked on the Hewlett-Packard speétrometer.

Since silyl methyl ether is qﬁéﬁtitativély hydrol&zed to &isiloxaﬁé?;
'(SiH3)20, fhe}waveguide was pumped»déwn for;sévgral ﬁours prior £o sample
intrbduction. ﬁsually enough HéO remained‘in thé cell.to_react with thev |
ethef, thus causing the'absorption 1inés to quick1y ai$appeaf.  After ﬁwé
or three saﬁéle introductions And puﬁpdowns, thé ether féhainedrin the °

cell and only slowly disappeared.




Y I

THEORY

‘Classical Kinatic Energy °

vThe'modei ﬁééd.ﬁere‘to obtéip the Hémiltbniaﬁ-f6f a fwo.tOp systém _
sﬁch;as silyl méthyl-ethér approxihates the molecﬁ1é ;é.a rigid frame:
with two.rigid rotating subgfoups att#éhéd td';he fraﬁe;_.ihe sgbgroups
aré assumea.symmetriéal abput.the‘axes'on Vhiéhzthéyf;fe'constraiﬁed to

rotate. This axis is fixed with respect to the main frame of the molecule.

. For such a system, the kinetic energy has been derived by Kilpatrick and

Pitzer. (16) From their derivation, the following classical kinetic energy
expression can be obtained:
. - " 2
P p2 P , L
a b c 2
2T = i +. + + Fl (p1 -C;&) o+

oI I .
c .
o (1)
where '
P, = component of total angulér‘momentum along
principal axis i -
I, (a,b,c) = moment of inertia of the molecule about

the ith principal axis.

2
= Ly/(Loly = App)

[
{

o,
=L)/(L4Ly - M)

&
|

' 2
Fip = Mo/ (ly - By))

, : : . 2 _
| | | (3 |
e fi-n oz H-Jeao
- d ] 3 j-a,b,c 1 L

Ij (j=1,2) = moment of inertia of internal rotor j_about"

its axis of internal rotation



(i=a,b,c)(j=l,2) =5cQéine of the angle' between
' intérnalbrotor”j-and principal

axis i .

A, = T 12’*1’\2
12.' e ———————————————
: i=a,b,¢ I.
. i
= = angular momentum of internal ro or j abou
P3

its axis of internal rotat1on

Qf = o MY GaL.

‘Potential Energy

The potential energy function in a molecule with one intermal rotor

is usually parameterized by an expansion in a Fourier series. For a rotor

with a threefpld.axis of symmetry, the equation usually_ﬁsed for the

" potential function is given by

v3, o »V6 : L
V(o = 5 (1 - cos 3¢ + 5 (1 - cos €Y + e . (2)
where the iﬁqarnal»fotation'anglé’is ©.

Forvtwd_nonequivalenﬁ top molécules such as silYiimeﬁhyl ether, the
potential energy function is more coﬁplicated.n F0r1$déh:moiecﬁles, ﬁhe
potential function contains termsvfor each tdp Similarvto those in_a.one
top molecule, i.e., ﬁhe tops are behaving independén;ly, Iﬁ addition,
there are terms representating tﬁe possible potentiallinteractioﬁs betveen
thé two tops. In such cases, thetefore, the potent1a1>tﬁnct10n can be
dp°Cr1bud by two anglcq of internal rotatlon, O and Q&I .Ignoring sixféld

terms, the parameters are two barr;er heights, V31 and \32, and two

-




. . c s o o .
interaction barrier terms, V12 and V12' Lhe total,potentlal function can

be written éé':
g - V3 o Vag oo o
V(gﬁ, wz)_= - (1 - cos 3Q1) + =" (1 < cos 3¢b) + _

c ' ' . ' a ' 5 -, L
V12 (1 - cos 3@1)(1 -.cqs 3@2)_+ V12 sin 3¢1.51n 3@2

For molecules published to date, it has not been neceséary.to inclﬁde

interactions between the two tops in order to. fit the spectrum so that

c s
\' and V12

12 have been assumed to be zero. -

Total Quantum Mechanical Hamiltoniah_'

The classical kinetic energy, (1), can be]convéfted to the quantum

mechanical equivalent with one modification: the term

2F 5 (py ;01) ®, -@»

‘must be converted to '

FLly P, -G + oy -y -G

~ when changing from classical to quantum mechanical notation bécguse of

_the non—commutébiiity of the operators contained in_thec;z's.

Including the potential function just discussed, the total quantum

mechanical Hamiltonian can be written after arranging terms:

H =
p2 p2 p? .
HRR _E._+_E+__C_+
Ia Ib Ic
u e a2,V 2 v,
Hip CEpy gl (1 - cos 3¢;) + Fop, + 32.(¥ - FOS‘302)‘+



Hpr 0 Fip(PyPp # PPy # Wy (1 - e0s 3o) (1 - cos 3,) +
Ve, sin 3o, sin 2
12 Oy SN 0,
Hyp 2P - 2P0, -
T (ei6 e D)

Heor  Fifp + Py + F12 (@1@2 *_@291)

(4)

‘where

Hpp = rigid rotor Hamiltonian

Hyp = internal rotation of two independent tops

HTT ‘= top-top coﬁpling '

HINT = interaction terms betﬁeeh,tops‘and fréme

HROT = overall rotation terms
In the limit of very high birriers, the effects of H, just cancel the

e

effects of HROT-and the molecule behaves as a rigid rotor.

Symmetry Considerations’

The molecule silyl methyl ether can have a plane of symmetry if the

silyl and methyl groups each have a hydrogen atom in the heavy atom plane. -

_This was assumed .to be the case (Fig. 1). The symmetry properties aﬁd
.'group theoretical éonsiderations of two nonequivaleﬁé‘;op mbleéules have
beén previously feported by Dfeizler 1> .

Here the group thebretical treatment will be giyén in Molecular

| Symretry Group language intrecduced by Longuet-Higgiﬁs (18). Siiyl methyl




ether.belongérto a.molecular Symme try grqﬁp vhcse chﬁracter table.is showm
in Table II. This group, called Group 18, conﬁainsiﬁéonﬁoﬁ-degeneraté
irreducible»represéntatiop; and foﬁr doubly-dégeﬁerate‘ifreducible repre?l
sentations., Therefore, the eigenValués of thé Hami1ton£an are néd-degenerate
| with symmeﬁry ay or Az_or doubiy-degenerate_with sy?@eggy 31,‘E2, Eg, or

E -Group 18 is a subgroup of the C3V X 'C;V group to vhich belong the

4.
more symmetric two top molecules such as acetone and dimethyl ether and

whose group symmetry properties have been reported by Myers and Wilson (12).

Species of the Rotatiomal ahd Torsional States,

- Selection Rules and Statistical Weights

- By the~sténdard procedures the species‘of thevrétatipnal and toréionalv
" wave functions were calculated and are.listed ianaBie'ILI. ‘
The seleétion rules may be determined by findiné the syrmetry specie’
to which the'dipole mcment of the molecule bélongs.v-F£om ?ig. | tﬁe
dipole momeﬁt components aré seen to ;ié along the Efénd X ;ies, both of
wﬁich belong. to the A, species. This, in_cofrelatioﬁlwith the.muitipli-
cation table of the irredgcible represeﬁtations shown‘ih Table IV, gives
the selection rules and cofrespoﬁding internal rota;ioﬁ components aiso
shown in Table IV.
The relative intensities of'ﬁhesé internal roté;idn'SPecies are
given by thejétatisticél weights. Thé‘Operétiohs 6f ¢roup 18 which_corf
respond to a permutation of the nuclei are to be considered. These
operaﬁions are all of thg Operatioﬁs'oEnGrodp 18 exégpt those belonging
to the last cléss, and form an invariant subgroup of;Gréup 18 of order 9
" isomorphous with C31 ® C32. The total wave functién.ﬁust be ofvsymmetry

‘A when reduced on this group. The total wave function is the direct
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prcduc* of the nucltar sp1n wave functlon with the v1brat1t1L1 Lor,lo _1—
rotational wave_funqtlon The character of the group C31 GghCBZ is’
given in Table V.

" of the nuclear spin functlon :
The charactera/are then reduced on the’ 1rreduc1b1e representatlons'

of C 31 (:)032 and the statlstlcal.weluht of th;s 1rreduc1b1e'representatxén,h

or internal rotation spec1e, is the number of times. 1t appears in the
.reduction.v '
The statisticai_heighté ehd'reiatiVe thteneitieséfof the four
molecular Speeies of silyl methyl ether are éhoWn ih Tahie:VIe Dependlng
- on the barrier helghts of the: 511y1 and methyl tops; f1ve 11nes or’ 1ess
: may be seen for each transit1on. If less, the relatxve 1nten31ty ‘of
certain lines will be thevSum of the relatlve 1nteh81t1es of the componentlh
lines. -

. It is convenient to label the observed rotational transitions by the

véYmbols‘AA, AE, EA, EE_, or‘EE_Jrather:than‘by the molecular symmetry grdtp

labels Al’ A2' El’ E2, E3, and‘E4, betause_theftrahsitions AA.always-
involve A1@—>A., and the AE, EA labeislserve as a-reminder about the tor-
. sional substate of each rotor. The 1abe1 EE means that Oi = 02 whlle the

H

~-label EE_ means g, = ~op-
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SPECTRIIIL ASSIGMMENT

The microwave'spectrarof four species ofvsilyl'hetbyl ether

SiD.,OCH, ;

3 3 35 $1D3CCD ) have been 3831°n°d Only the

(SiH OCH3, SlH OCD
procedure that was used to assign the normal spec1e, SlH30CH3, will be.

given. Except for minor changes, the same procedure was used for all ,

molecular spec1es.

The normal molecular specie (SiH,0CH;) was first‘to be prepared and

investigated. An initial prediction of the spectrum was made with the

assumed structural values found in'Table VII.

Using these predictions, a series of doublets w1th a spac1ngrof
about 28 MHz and the proper Stark effects to belong to the JOJ J1 J-1
b-type Q branch series were found about 500 MHz above the predlcted

frequencies.. Then the predictions were modified by varylng the §i-0-C

angle until the predlcted lines fell reasonably close_to thevobserved

lines.
These predictions were used to search for the a-type R branch lines.

The 0., =1 1 —9212, 101v—9202, and llo

%0 ~ *o1’ 11
identified. The 0

—9211 lines were quickly‘

Oo'—*lo1 line was found to be a doublet with a splitting

of 9.23 MHz. If this splitting was interpreted as due to intermal rota- -

tion of one ‘top and used to estlmate the 1nterna1 rotatlon Spllttlng of

| the b-type Q branches, the predicted splittings were several hundred de

The 28 Mz spllttlng observed for the b-type Q branches must then arise
from internal rotation of the other top. It will become evident that the
large_splittings are associated with internal rotation of the methyl
group and the;swaller splittings are associated with internal rotationm

of the silyl group.
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v The search for the E species'linéé‘af the ﬁétﬁyl fbb of the’g-:ype
Q branch series was most tedious on the éonventiOnﬁiAspecﬁroqeter. These
were easily found as é threébline.pattern on a scan taken with the
_ Hewlett-Packard spectfometér, vThé'dOubie£ pattern élfeédy seén was
exteﬁdea to J =10 gnd EhebE spe;ieviines were.observed:t§ be triplets
‘and could bélsgénAaiso'up fo.J = 10,' The triplet patferﬁ included one
line as intense éé the doublet énd two lines half as.inténse; ' The five -
lines of each Q branch transition were assigned to the‘iﬁternAI-rétation
stgteS.,'The’loo’lo —91019 gransition is depicﬁéd in;fjgufe 2 with -the
'internél rotation assignment. | |
Checks 6f.the asSignment of the_ndrmal mblecul#erpecie we;e-mad¢ 
| using ctoss-checks of the a- énd E-type'lines of the diffefent sefies.
- Figure 3 indicates the method by which’this cross-CHecking was méde. For
éll‘five‘interhal rotation speéieé, the formulas in Fiéure 3 a;e épplicable.
. Usiﬁg these formulas, Vg» Vg> and'ulo, frequencies-wére ca1éu1atedvand |
compared to the observed frequéncies, This WAs-not.ohiy uéed a§ a check
of the assignment, but was also ﬁged in 1oca£ing certain species, ie.,
the EA,.EE+ and EE__Species of the 110 **211, Zil %*312? etc. Tbé.qhecks
are shown in Table VII for all isotopic species.
The speétrum‘of the AA specie.cén-be fittéd usiqg:therfigid fotor
‘model. Exceht for the loweét J mehbers, the AE specie al;o fits the
rigid rotor model. The,lowest'J members of fhe AEiépggie Begin to movef
reiative ﬁo tﬁe AA speéié ﬁembers because of the silyl interﬁai rotatioﬂ,'
and“thus do not follo& the rigid rotor model very wéii; The rotational
coastants obtéiued from such fits on the figid rotér‘ﬁodel.0f<the AA and

AE species are, of course, not the rotational constants of the molecule
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becausé‘of the large effect that the internal rotations of both tops hzve’

-on the Spectrum, Because of the effeéts'ofvinternal ?otation,,the EA;

'EE+,'and EE_ species do not follow the rigid_rotor_model, In order to

obtain the molecular rotational constants, a program accounting for all

- internal rotation effects must beZUSéd;j ‘

For SiH3OCH', Figure & shows the pattérns-and relative movements of
the spécies in the thyper branch series. The most interesting feature

is that of_thé relative movements of the EE+ and EE_,species.' Tabie'IX

lists the frequenéies of the'species'for assigﬁed gftype~linés. Figure 5

illustrates the patterns for the a-type R branch series, and Table X lists
the frequencies of the species for assigned a-type 1ines.
The deuterated molecules (SiH,0CD,, SiD,0CH,, éndZSiD3

assigned using the same approach as that described above for the normalv

OCD3) were

molecular specie. Table VIII shows the'cross-checRS'made for the a- and

‘b-type lines of SiH3OCD3 using Figure 3; ‘Tables XI and XII list the fre-

quencies of theiSiHBOCD3 species for assigned b- and a-type lines respectively.

Tablé VIII provides the assignment checks fdr SiD3OCH3 while Tables XIII and

XIV list the frequenéies of the species of the assigned b- and a-type lines

respectively. The molecule SiD3OCD3,‘Vhose iﬁterné;arota;ion splittings are
drastically reduced from_those in thg normal'Specie;'ﬁés assigned and the
assignment checks are listed in Table VIII. T;blés'xvxandTXVI list thg'-
frgquencies of the assigned_g-’éﬂd g*type'liﬁes respéctiveiy.- |
vae.internél’rotation paﬁtefh énd relativé_intenéi;ies.aré compargd

for all species for the 10, . = 10. transition in‘Figure.G. It is
, - 0,10 71,9 . S : o



T

C1ear tha.t the rérlat-..i"e. in.t‘?ﬁ.s‘i':ieé m‘llca“:‘aapatt:ernof s'tatis.'?.icvai
' welghts whlch "éle_a‘rjl}__': déﬁwnsua;té_s'. thatthe 1arger1rtern.al rl 1‘6vlta.i: fon
 splictings are associated vith the methyl top while the smaller splittings
;fé'aééo¢ia;é.d. wit’h;‘thé isilylr ‘-éo;p‘."-_,." ' : = - : L



DIPOLE MOMENT

The eléctrié dibolé moment of silylvmefhyi ether’wés determined by
measuring ﬁBe S:ark_LpBes ofvthe»tfqnsitio&éiéﬁcwﬁ.in iablé.XVII. |
Second -order Stark,mgaSureﬁeﬁts wefé mad¢ 6n_th;ee’Stérk lobes of two
ground-staﬁe'tfansitiéﬁs‘qf.fhe'nornalHSpecie Vi;h_éa@ple'preSSUres of
20-30 mTorf, and with electris field.yalué in*tﬁé ;éﬁge 100-1000 V cm-;.

The Stark éell.wasvcalibrated with‘OCS'whOSeidipole moment has been
 determined c§ be Uyeg = 0.71521 (O.OOOIZOj‘.aebye (20) . Tge’qmmities n
and Py were obtained by a 1east‘squares.fittiﬁg'using:the three détermingd
Stark cqefficients. ‘The value of thé total dipoie:ﬁoment lul = 1.15 &+ .02
debye agreés well with thevvalue of 1.166 debye»oﬁt;inéd in an earlier

polarizationvstudy @y.
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NTZRNAL  ROTATION -

' Acc01d1ng to equatlons (1) and (3) the effectlve Hamlltonlan for the

molecule is a functlon of eleven parameLers, Ié, Ib; C, \1, 12, I

1 2’
c :

v12’ 1; The ' 1nterna1 1otat10n spllttlngs of the observed

V312 V320
frequencies are sensitive functlons of Al’ AZ’ Il, 2, and the _four -

barrier parameters, but not the other three parameters.' Since wé can

._make reasonably accurate estlmates of 11, KZ" s and_Iz, the_obéerved

1
internal rotation SPIittinga'can'te used~to'deterndne=the barrier param-..
' eters. The eStimates of the'noa-barrier parameters'ueealare listed in
Table XVIII,These estimates were obtained from the structure given in“‘
Table VII. | | |
An eetimate‘of the methyl barrier may be made from the obéerbed
Splittings‘of the 0,, =1 .

00 o0y tramsition for the various isotopic species

using the method of Kilb, Lin, and Wilson (22) and the tables of

Herschbach (23) - ignoring the presence of the silyl top. The estimates

-obtained from the observed splittings of the_Ooo'—eioi:transition for tﬁe

various isotopie species are shown in Table XIX. The b-type lines are

affected strongly by the first order term Flw(l)aiPa; - The splitting of

the EA from the AA line of. the 101 10

00 ~ o1

observed splittingsiﬁ Table XIX, Tbke agreenent while not excellent

-1, transition calculated from the
- observed splitting of the 0 for SiH3OCH3 is’cqmpared with the

“indicates that ass1gnments are correct.
A barrler may be estimated for the silyl top by u51ng the AA to AE ;

5p11tt1ngs of low J b-type lines. The effect of the térm sz(l)azPa

“while small is not negligible. For the SiH3OCH3 and SiDBOCH3 species

the 000 -*1113AA and AE species have been assigned. By:averaging the




spllttingslof these lines with the splittingsvof the lOl —9110 transitions
the.effects of the F2W(1)a2P term mayfbe'cancelled. 7For the other species
an estimate of the ‘barrier may be made; and the second order perturbat1on
effect of the term FZW( ) 2P connectlng the JlJ and J1 3- 1 levels calcu-
lated and added to the observed spllttlng After the effect of sz(l)az A
is removed Aﬂ( AW( )) may be calculated and s deternlned from the tables
.__) by 1nterpolation of =In Aﬂ versus sé The results of these calcula-
tlonsiar, shown in Table XX, "The results obtained are reasonably
self consistent and the direction and size of the barrier change on deuter-
'iation of the 511y1 group is typical (24). |
It is not pos51ble to extend this kind of ana1y31s to the EE lines.
‘The difficulty of such an exten510n.can be ea511y understood by'looklngv
at the pattern'of lines in the,zoz.—9211 transltlon illustrated in

Figure 4. The-EA and EE calculations for'the 2 1evel”are dominated by

11
- the F W( ) o, P term. The term F W( ) P adds to th1s term for the EE_

1 % a 2 “*a
levels and subtracts from 1t-for thevEE+ levels. Consequently, there is ..
no way - that thebEE; transition can be on_the-low frequency side of the
EA transition if the two tops are assumed‘to be‘independent. Strong
coupling between the torsions nust be present. |

The barriers calculated in Tahles XIX and XX . nust, therefore,
represent sone'sort of "effectiue barrier" and should not be interpreted
as the V31 and V3 of equatlon (3) | | '

A computer program for the CDC 6600 has.been wrltten to calculate.
the rotatlonal frequenc1es for a molecule w1th two coupledllnequlvalent

internal rotors. Because the barrler to internal rotatlon is quite

small for the methyl top, the internal axis system whrch suppresses the
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-ecoupling foédiagonal in K of the mcthyl.to§‘Was usédL, The tor;ioﬁil':j

’prpblem for each value of K for each top'ﬁa§ soivéd using-15 fréé rdtér
’ :Baéis functions_for.gach symmetfy.lﬂfhe tefms‘c0qéling'thevtwo tops
lweré éet'ﬁﬁ in the free rotor’basis énd-trapéformed ﬁéttorsional eigen-
value basis}“After trunéating to sevén fuﬁctions for.éaéh ﬁop, the

c0up1ed'torsiona1‘problem was-set:up.giving'a-49 x7497hatrix_for each:

value of K and each of the five symmetriés. The éigenvéctors were saved

and used to transform the couﬁling termsvéff,diagbnai,in R (4K = %1, +2).

= Each of f diagdnalvin K block ‘was then truncated fO'ld X 10. The grqund 

torsional state_Hamiitonian.matrix'of dimensions (23 +1) x (23 + 1) Qas- :

_.formed‘by Van Vieck pertﬁrb&tion treatment of iheIIO'lowést torsional
“states. Finaily tﬁis matrix was diagonalizédAand {tsveigenvalues used-
to calculate the rétational frequencies;

Checking tﬁe prégram presents fofmidable difficﬁi;ies. vNo two
cdubled top‘c#lculations have been puBiiShed t§ o§r know1edge. The
program giQes-the résults COmputed'fbr N-mefh&l éthyiidinimine withoﬁt:
coupling by Maier, Bauder,,éﬁd Cunthard (l):_‘A coﬁplé£e1y ihdeﬁendent--
program which calculates the coupiéd‘toréional ené:gybleveis ffom a
free roto:fbasis by diégonaliéing a 99 x 99 matrix cheéks with this
program; Finally, the same frequénéies resuiﬁ (with.&ifferent:symmetry '
labels) when the tw§ tops ;re intércﬁanged if botg barfiérs are reason-

'ably highlso that use of tﬁe IAM method for the lqwer.barrief‘top is not .

'essential. o |
| The correctness of the computer program,has not bgen checked by

-‘fitting tﬁe spectrum éf silyl methyl ether,~because'wé.have,been unable.

to find a set of barrier parameters which qualitatively reproduces the



| | ) 19

. internal rotation patterné of the EA and'EE»ttansitioﬁs of the b-type Q

. branches. Thgse are four barrief'para@étéfs; V3l?;vs2,_vi2,_a§d ViZ
(see equation 3). It is clear thﬁt #héfpo;entiéihéoubiiﬁg is-largé

_(i.e.,'eithef [vizl or |Vi21 >>‘0). Possibly the fer diﬁeﬁsional

| seafqh over ﬁhe'barriervpafameteté has- not beeﬁ'extehsivé enough. This

molecule'preseﬁts an interesting opportunity for fﬁrthef work.

ACKNOWLEDGEMENTS

‘The Berkéléy work was conducted under the auspices of the U.S. Atomic
Energy Commission. We would also like to thank Professor W. D. Gwinn for
the use of his mocrowave spectrograph, and Dr. Alan Robiette for very

helpful suggestions on sample preparation.



10.
11.

12.

14,

s,

16.
17.

- 18,

19,

- 20.

21.

.20

REFERENCES .

J. Meier, A. Bauder, and Hs. H. Gunthard, J. Chem. Phys. 57, 1219

(1972)

“R. F. Curl, Jr., J. Chem._Phys 30 '1529‘(1959) o

P. H. Kasai and R J. Myers, J.[Chem Phys. 30 1096 (1959)

E. V. Ivash and D. M Dennlson J. Chem. Phys. 21 1804 (1953)
J. S. Rigden and S S Butcher J. Chem Phys. 40 2109 (1964)

W. B. Dixon and E. B Wilson, Jr., J Chem. Phys. 35 191 (1961)

R. F. Curl, Jr., V. M Rao, K. V. L. N. Sastry, and J. A, Hodgeson, -

J. Chem. Phys. 39, 3335 (1963) .

E. A, V. Ebsworth, D. R. Jenkms M. J. Mays, and '1‘ M Sugden, J.
. Chem. Soc. 1963 21 (1963)

K. R, Ramaprasad R. Varmi, ‘and R. Nelson J. Am, Chem. Soc 90

6247 (1968) .

D. R. Lide, Jr. and D. R. Mamn, 3. Chem. Phys.'zs; 572 (1958).

K. Hedberg, J. An. Chem Soc. 77 6491 (1955)

R. F. Curl Jr., and K. S. Pltzer J. Am Chem, Soc. 80 2371 (1958)

D. W, Robinson Ww. J. Lafferty, J. R, Aronson, J R Durlg, and
R. C. Lord, J. Chem. Phys. 35, 2245 (1961). -

A, Almenningen, 0. Bastiansen, V. Ew1ng, K. Hedberg, and v
' M. Traetteberg, Acta Chem. Scand. 17, 2455 (1963)

c. Glidewell D. W, H. Rankin, A. G. Roblette, G. M Sheldrlck
“B. Beagley, and J. M, Freeman J. Mol. Struct 5 417 (1970)

B. Sternbach and A G. Macharmld J -Am Chem Soc;, 83 3385 (1961).
J. E. Kilpatr1ck and K. S. Pitzer, J. Chem Phys., 17 1064 (1949) ..

H Drelzler z. Naturforsh 16A 4717 (1961)

" H. C. Longuet-ngglns, Molecular Phy31cs, 6, 445 (1963)

"_R J Myers and E. B Wilson, Jr., J. Chem. Phys., 33, 186 (1960) .

-J. S. Muenter, J. Chem. Phys., 48, 4544 (1968)

"R. Varma, A G. hacharmld, and- J. G. Miller, Inorg,-Chem., 3, 175
(1904) Rttt e T



22,

23.

 ;24

R W. Kllb C C L1n and E B Wllson J Chem
(1957)

D. R. Helschbach J Chem Phys 27 975 (1937)

P.hY$ .

D. Coffey, c o Brltt and J E Boggs J. Chem.FPhys

(1968)

»

26, 1695

. 49, 591



CTABLE Lo

METHYL BARRIERS TN COMPOUNDS Ci =0X . -

.'Mfﬂ‘.jﬁ. o Ve 1Zm01"é2 ‘References L

CH

JCHO om0 @

cHjocL - C 3080 L)

Oy 0, WA (6
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TABLE 11

© 'GROUP 18 CHARACTER TABLE -

2029) | 20456 20123) (456) 2(132) (456) 92 (56"




TABLE IIL . e @ o -
. SYMMETRY. SPECIES OF ROTATIONAL AND TORSIONAL STATES =
_Roﬁétidﬁal-Stétes'gl"
- ;;1'5 ] L
R } T
e’

Tofsioﬁal States -

1 V2

Eys By

0,0 A, Ep, By

.(i;oi . | _i;,Elg'Eé,_EB,;E4-7 '”k :
D AyE, '

(1’1)

P [

e

g




TABLE IV .

MULTIPLICATION TABLE OF GROUP 18 SPECIES

n

A 1 | 32. F3 By

A, | E, ‘Eé E, E,

A By Fi Ey E4

E A1+A2+Ei E,+E, E,+E, ﬁ2+E3

E2 | E3+ﬁ4 | A1+A2+E2 E1+E4\ E1+E3'

'Ea E2+24 EifEa _'Ai+A2+E3 E 4B,
E, B+, E,+E, E1+E2 §1+A2+E4

Selection Rules

Internal Rotation Specie
EA
AE

-VAEE'



CHARACTER TABLE OF C

TABLE V

X C

9z

31 32
CE (123) - (132) (456 (463)  (123)(456) - (132)(456)  (123)(465) . (132)(465)
A 1 1 1 1 1 1 1 1 1
1 1 1 c ek e . ok o
Ey { | : | o
1 1 1 e* € e* c* € €
1 € c¥ 1 1 e e* »é ‘ e*
Es { | ’ |
1 e* € 1 1 e* € e* e
1 e* ¢ c e* 1 e ¢ . 1
1 €. e* e* € 1 € e¥ 1
1 € ¥ € e* ek 1 1 €
V1 Ce* € e* - € € 1 L e¥
XA = ;
xE1= + 2A e=é2ﬁi/3 o
X E2 = + 2A
*Ey =By
X El& = '+v 2A



SiH3OCH3

Sin3ocn3-,'

SiD3OCH3

S$iD.,0CD.,

TABLE VI

STATISTICAL WEIGHTS

Relative Intensity

" Specie . Statistical Weight

AL 8 2
AE -8 2
EA . 8 2

EE4 . 4 1
EE_ 4 1
AA A 11
AE 44 11
‘EA 64 16
EE4 - 32 8
EE_ 32 8
_AA 44 - 11
AE 64 16
EA 4t - 11
EE, 32 . 8
EE_ 32 .8
AA 121 121
AE 176 176
EA 176 176
EE; 176 128
EE_ 128

128

27



O TABLE VIT - . '

© ASSUMED STRUCTURAL VALUES OF

Si‘H3oc'H3'--~-

* 'FOR SPECTRUM PREDICTION

o L

T5i-0 o  ‘-1'._>63__1,

o . 121 ko

o T

1 _,48' »v

:x'>o.{_ .

(si-o-c 12120
109.5" . v

(H-Si-B  109.5°




_Holeéule

"SiH,0CH

3773

© SiH,0CD,

SiD30CH3

*.$ Frequencies listed are observed; numbers in parentheses are observed-calculated.

a Not measured.

Ttansitioq '

v 110 7 21y

22376.98

( 0.08)

33562.63
(-0.18)

19533.98
(-0.26)

29298.84

-( 0.08)

39061.39
( 0.08)

20245.91
(-0.10)

30365.98
( 0.14)

35529.79
( 0.02)

TABLE VIII

ASSIGNMENT Cuecks®

A
22375.56
(0.21)
33562.04
(-0.05)
19533.98 .
( 0.21)
29298.84 -
- (b)
39061.39
O)
20245 .91
(-0.36)

39365.98
( 0.15)

35529.79
( 0.03)

EA

22052.13
(-0.46)

133185.33

¢ 0.31)

i : )

29250 .87
( 0.63)

39033.10
(0.17)

a

35518.41
( 0.10)

33187.68
(-0.10)

a

-29253.18

(TO.SQ)

13903445
(0.17)

a

35518.41

( 0:10)

b  Unavailable because 303 —*312_AE line was not measured because of experimental difficultics.

33185.33,

(0.22)

a

29250 .87
( 0.37).

39033.10°
( 0.31)

a

35518.41
( 0.10)

62



Transition

1517 1

7
303 73

b04 7413

%14 ™ %05

%0 7 11

205 7 014
%06 ~ 015
07" 16

808 7 817

_.)9

%09 7 %13

- 10 =10,

0,10~ 19

a_  Not measured,

o
28482.05

28858.82

29430.85

30206.34

28461.33

39110.53

32413.17

.33873.38

3759 .38

31195.98

3559413

139893.78 .

. TABIE IX -

ASSIGNED b-TYPE ﬂINES‘FOR'81HSOCH$ |

AE

28457.70

28832.91°

29404 .39
30179.61

28487.65

B 39081.29
 31169.15
j 32386.23_
'_ 3384632
33562.05-
137567.25

©139866.68

EA
29678.86

29749.48

129970.85

30431.58

a

31l78.10'

32217.88

33546.75

35164 .64

37077.82

39297.61

29719.24

2994337

30408.51
.

a

31159.75

32203.56

33535.60
35155 .66
37070.52 -

- 39201.48.

EE,

a

29732.37

' 29953.83

30414 .83
a
a

31161.69

32201.56

33530.51

- 35148.35
37061.51

139281.31

0



- TABLE X

ASSIGNED a-TYPE LINES FOR SiH, OCH

33
Transition . AA - AE ’ EA . EE, . EE.
%00 = Lo 11002.17 11002.17 10992 .94 10992.94 ©10992.94
’101 =25, . 22000.13 " - 122000.13  21981.98  21981.97 21981.97
17?2, 22376.98 22375.56 | .22052.13 . a | e
1,72, 21630.38 21631.84 21930.37 o a a
202~ 303 ©32990.51 ' 32990.51 ©32963.59 - 32963.59 . 32963.59
2,1 731 33562.63 33562.04 ' 33185.33 33187.68 33185.33
2., -3 ' 32442.60 - a o 3278225 a. . a

127 °13

a Not measured.

1e



Transition

1, 21

or  "10

202 7211
303 7312

by s

5.5

05 " °14
606 ~ 615

707 7 716
8os 7 8y
%9 ~ %18
105 19 7 10

Ho,11 7ty 10

19

7

135,13 7 112

14 ~ 05

d15 ~ o6

4

a  Not measured.,

AA

22758.58

. 23049.31

23490.30

24087.82

24850.00
-:25786;51
12690934
. 28231.30

$29766.76

31530.59

33537.82

‘ 35802.90
38338.81
. 26852.36

37110.88

_ ASSIGNED b-TYPE LINES FOR SiH

AE
~ 22750.50
24040.78
o
24079.20

24841 .32

25777.80

26900.55 .

28222 .49
29757.84
'31521.68

33528.85

" 35793.89

38329.80
- 26860.66

37119.14

- TABLE XI

EA

a

- 22972.66

23371.90

23948.37

24698.12
" 25624.81
26738.77

28652.51

29579.32 -

31333.69

33330.47

© 35583.91

38106.83

a

a

3 .

EE4

a

22968.50

23367.48

23943 .83

24693 .29

$25619.98
26734 .01
28047.54

29574.27

31328.60

33325.31

35578.62

38101.42

a

a

22965.76
23367.48
23945.30
24695 .48
25623 .08
26737.30
28051.20
29577,97'

31332.39

33329.66

| 35582.51
38105.19

a

4



P

%00
o1

Lo

1

252

11

Transition

2 ly

Not measured.,

AA

9624 .44

19243 .51 .
©19533.98

1 18957.82

28857.77

29298.84

28434 .44

38463.79

39061.39

37908.89

2

AE

9624 .44

©19243.51
19533.98
118957.82

. 28857.77

29298.84

28434 4t

38463.79

39061 .39

37908.89

TABLE XI1

" ASSIGNED a-TYPE LINES FOR SiH

EA

9621.19

19239.50

. a

a

28852.26

29250.87

| 28473.46

38456.46
39033.10

37925.24

3

0Cd

3

EE,

9621;19

19239.50

a

a

- 28852.26

© 29253.18

a
38456.46

39034.45

-37923.87

EE .

9621.19

19239.50°

‘a

a

- 28852.26

29250.87

a

. 38456.46

39033.10

37925.24

et



Transition
o1 ™ 1o

200 7%y
303 7 312
S04 7 413

305 7 214

606 015 .
7077 e

19502.80
 19810.16
 20277.48
20912.34
| 21727 .41
22733.27
- 23942.74
= 25379.43
27053.72
28986.04
31192.98
33689.27

36486.81

39593.46

129170.22

' 31906.52

AR

19498.40

19806.02

120273.33
' 20908.08

©21723.34

22728.79

23938.26
25375.18

- 27049.73

28982.00

31188.89

© 33685.24
 36482.81 .
-39589.47

29165.68

a -

TABLE XIII

EA

a

20371.29
20603 .13

21055 .64

21741.78

122659.01

23805.56

25186.19
26811.44

28694 .54

30849.73

3329034
. 36026.94

39067.03

a

a

* ASSIGNED b-TYPE LINES FOR SID,0CH;

EE

ar—mt

23806
25186.
26812
128695
30850
"33291
. 36028,

39068

.31
89
.25
48
99
.38
02

.03

23803
25184
- 25809

28692

36025

EE

30848

33288.

39065,

.78
.32
52
.91 
.26
él o

45

57

14



Transition

O00

1 .

110

I

202

2
2y
303
313

a

-9

01

“11 |

ﬁ
o1

02

22

-2

12

-3

03

3y,
313

=4

04

-4

14

Not measured.

AA
9971.16
19938.65
20245.91
19638.19
29898.52

30365.98

| 2945467

39847.59

39268.38

AE

19971.16

19938.65
20245.91
.19638.19

©29898.52

30365.98

29454 .67

39847.59

- 39268.38

TABLE XIV

'ASSIGNED g-TYPE LINES FOR SiD

EA
9964 .81

.19926.15

‘a

a .
29879.60

a .

a

39823.15

a

3

OCH,

EE.,
9964 .81
19926.15

.8-‘

a
29879.60

-

a

39823.15 -

a

.
9964 .81

19926.15
n

a

- 29879.60.

a

a

139823.15.

a

S¢



Ijansftton

303 7392

4 24

s ™13

AA

'17218.65

17712.65

1834411
19122.58
20058.29

21163.52

22450.77

23933.49

25624;40:

27535.52

29677.11
© 32056.68

34678.45

. 37542.,92

AE

17217.56

17711.55

18343.17

19121.42

. 20057.19

21162 .34

2244965

©23932.13
2562325

27534.52

29676.11

32055.68

. 34677.45

37541.92

TABLE XV

- ASSIGNED H-TYPE LINES FOR SiD

EA'

17172.46

17659.01

© 18283.79

19057.63
19989.29

21090.00

22371 .80

23848.00

125532.13

27435.79

129568.91
131939.04
. 34550.52

37403 .72

EE,
17172.46
17659.01
18283 .79
19057.63
19989.29

21090.00

. 22371.80
23848.00 -
125532.13

27436.18

29569.29

131939.41

34550.85

. 37404.02

FE

—

17172.46
17659.01
18283 .79 .

- 19057.63

19989.29

21090.00

22371.80

23848.00.
’25532}13‘
~27435,47'
129568.59

'31938,73"'“-'
34550.18

37403.37 .-

9¢



| TABLE XVI .
ASSIGNED a-TYPE LINES FOR $1D,0CD,

Iramsition = AA AE | . EA o EE, | EE_
e N 8765.82  8765.32 876484 | 8764.84 876484
'1_'}10 %211-, o 1_7‘76,»7.71'. - 177671 a - . a o a

1,72, 17294.09 S 17294.09 a ‘_ e a
2,73y, 26649 .92 :- 1 26649.92 26632.06 = 26632.06 © 26632.06
303 - bos, 35035.77 - 35035.77 35031.76 | © 35031.76 135031.76°
343 7 by, | 34582.1_3‘  34582.13 3458640 . 34586.40 34586.40
3, | 35512c.).7'9’ ~35529.79 - 35518,41 | .._35518.41‘ 3‘55.18.41

13

a Not measured.

Le



TABLE XVII

'STARK EFFECT AND DIPOLE MOMENT

Transitiona o .M

ijark Coefficients

 Qmz./[V%/em?]) x 1076

Obs. -
o1 = 20, ° . a0

o122 10752

Calc.

6.172

o -3.748

0.747

Ha

h
u

0.647 + 0.006

10.95 % 0.02

1.15 + 0.02

aA]_.1Atrransitionsrof internal rotation species.

aa.

38



39
TABLE XVIII
_ NON-BARRTFR PARAMFTERS USED IN INTERNAL ROTATION CALCULATIONS
CHSOS ]'.33‘ ) CD3O$ iH3 CHSOSiD:} CD3QSiD3 i
: 09 . : B -
1, (u A% 15.059 18.297 20.643 23.856
I (u 2% 88.513 101.329 © 98.091 111.676
C (Miz) 5353.28 ©4710.52 4872.56 4306.73
2 0.8177 " 0.8309 -0.9169 0.8290
X5 -0.9158 ~0.9063 -0.9169 -0.9077
, 02, ' - o
1, i’ 3.22 644" 322 6.44
oZv | s : v o
I, (u k) 5.94 5.94 11.87 11.87
F} (Miz) 185520, 106370 177095 98479.
Fy (M) 129215. 117652 85438 73835.

2 Calculated from one top formula. No coupling inclu_dec_l‘.'



- TABLE XIX

3

 ESTIMATES OF THE CH, BARRIER =

CH3OSiH3 VCP30$iH3”~1.CH3OSip3l‘ CD3OSiD
%00 ™ o1
AVQHz) 9.23 3.5 6.35 0.98%
s 14 T 224 14.5 27.8
V,Ealfmole) 557 510 550 - 586
lo; = i CH, 05 1H,
Obs. Calc.?
(Wyy - uEA) (MHz) -1196.81 -1272

2 The observed splitting may be somewhat smaller than the true

splitting because of overlap.

S

From the obeefved ep11tt1ngs of the 0

00 101 transition and-

W(2%91) using the parameters. of Table XXI.

40
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TABLE XX

© ESTIMATES OF THE SILYL BARRIER

SiH,0CH;
v (AA - AE)
00 71y 292
151 ™ 1o 24.35
Ave.  26.79 Miz |
A 1.595x 107
s 40 '
v, 1110 cal/molﬁev‘v :
S1H,0CD,
Ioy 2 ljp AV (44" - AF) '8.08 MHz
(1) 2 |
Ffl "% 1
B -C. '
F, o2 & 9.63 MH
2 02 T] . 2 3
an 9.45 x 1074
s 43.8
v 1108 cal/mole
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TABLE XX . (Continued). ¢ . -

 SiD,OCH, =

3773

by (AA - AE)

0.. -1

00 11

Ty = 1

‘Ave.

390

"10°

1045 cal/mole

AV (AA ;.AE) o

3 -3

03~ ~12-

e

corr.

17.23 x 10

S 1.09 MAz

1.09 .

RN T

1060 ‘cal/mole . -




Fiogure 1.

Figure 2.

Figure 3.

Figure.4.

Figure 5.

: type Q branches J. . —J

43
- Legends for Figures

.ASSumed structure of -si 1"1 methyl ether show1ng the labelling

of the h)dronen atoms. Note that the molecule is assumed to

have C synmetry with HS below the plane and H2 above the -

plave The 1nterna1 rotatlon angle,gﬁ, increases by 2-/3 as

'the result. of the optratlon (1 2 ;3) . " The xnternal rotation

angle(pz increases bynzn/3 es a result of the operation (4,5,6).

Observed 1nterna1 rotatlon spllttlng pattern for the 100 10"

101;9 transxtlon of S).H30CH3

by statistical weights. Note that the EA EE+, and EE_ Stark

show1ng the 1nten51t1es determined

effect is much more rapid than that of AA-and AE. The marker

spacings are 1 MHz.

An illustration of the énergy levelﬂscheme which leads to the

frequency sum rules which provide crOSs,cheeks of the assignment.

 The J dependence of the internal rotation structure of the b-

0J J1,3-1 of SLHBOCH . For low J the AA

to EA spac1ng is largely determined by the. term Flw(l) lpa
connecting I gt l'J-l Wthh shifts the EA line up For
’ 3

high J this term becomes leSS‘lmportant because the rigid

‘rotor energy»dlfference Jl,J to Jl,J-l 1sbepprox1mately

(%%J(J 1.

The a‘type R branch patterns for K =0 ehd 1 observed for

SiH3QCH3.
resolved. The K = 1 lines of symmetry E(EA, EE,, EE )

The silyl internal rotation splittings are not



Figure 6.

T 44
cluster near thé ceiter in the characteristic manner normally
observed for one top melecules with a low barrier to internal
rotation.

Internal rotation pattern, relative intensities, and statistical’

transition for the four isotopic.

welghts of the 100’,10.--9101,9

‘species.of siiyl méthyl ether studied. .

-
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SPECIE EE. EE, EA . AE
WEIGHT 4 4 8 . 8

T T Q- - ) )

¢

J



47

. 2:3
=4 i 14
S -
. 4 ; - “04
Y Mo
|'.
I
- 1 312
=3 v 1 313
o i 303
Vg :1/9
- | o
: , 211
_ _ T .
J=2 zfgf 1 glf__
A A 02
. l llO
J=1 Y r . hi
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SiHzOCH,

b-type Q branch scries

AE  AA - EA

L J=2=2

CAE AA

. AEEA  AA
o

. Js5=5
. EA  AE AA

EE_EE, | R I . |

P WA Sy S

_EA  AE AA
._:J L] N - L S J=10=I10

" 20 LiHz

Fig. 4




Si}13QCH3

a-type R branch series

‘ l L . ' o N

[P

pre

|- 2
=1 K=l K=0 K=l K=
A - E EA E A
K=l o K=l K=0 K=l | o =

J S—
100 MHz

6%



Sit-la

~H3 3 - . -
SPECIE AA AC EATT EE Cea e U

VEIGHT 8 & 2 4 4 EA - Az AA

S EE_EEL ] - l |

__ | | k€00 MHz—=

SiH0CD;  ga |

SPECIE AA AE EA EE EE_ EE . AE AA

<+

C OWEIGHT 11 Il 18 & 8 - EE

—

o200 iz —
SiD3OCH3 o o | A
SPECIE AA AE EA EE, EE_ EE - AA
WEIGHT 11 16 1 8 8 " '

l-&—-—-BOO MHz——-—l

EA,EE,,..E (unresolved)
- SiD;0CD; | |
'SPECIE AA AE EA EE, EE_ SRR
WEIGHT 121 176 176 128 128 | RN AiA
o
=

- pe———85 MH2z

20 RiHz |

Fig. 6 -



LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or Iimplied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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