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The ultraviolet spectra of the polyphenylated silancs and siloxanes, like those of the polyphenylated paraffins
and the paracyclophanes, show considerable variations in the appearance of the 250-270 m*i band, particularly
as regards the absolute and relative intensities of the different peaks in the vibrational structure. These varia-
tions were studied in detail, with particular emphasis on those in the spectra of the polycyclic phenylsilses-
quioxanes, where the relative orientations of the benzenoid chromophores could be specified quite precisely.
It was found that all the observed variations in peak heights could be related to variations in the absolute and
relative intensities of the two overlapping systems which make up the observable ‘Lb absorption. In the poly-
phenylsilsesquioxanes, these intensity variations in turn could be accounted for quantitatively in terms of two
types of intramolecular electrostatic interactions, namely, induced dipole-dipole (or polarizability) interac-
tions, which affect both the vibrationally induced and the substituent-induced components of intensity, and
static dipole-induced dipole interactions (field effects), which affect only the substituent-induced component.
The spectra of the diphenylsiloxanes were found to differ somewhat from those silanes and siloxanes carrying
only one phenyl group per silicon, apparently as a result of weak bonding interactions between the two phenyls
attached to the same silicon. Waithin the series of diphenylsiloxanes, however, the intensity variations were
similar to those in the phenylsilsesquioxanes and could be related qualitatively to the same two types of intra-
molecular interactions between nonbonded phenyl chromophores.

Some

Introduction

The near-ultraviolet spectra of the polyphenylated
silanes and siloxanes show noticeable variations from
each other and from the analogous raonophenylated
species, particularly as regards the absolute and rela-
tive intensities of the vibrational peaks in the 250-270
m/t region.~”® Similar variations have long been known
in the spectra of polyphenylated paraffins,®’® poly-
phenylated ethers® and the higher paracyclophanes* ®
and have usually been ascribed qualitatively to the
existence of weak bonding interactions between the
phenyl rings.®
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The present study was undertaken in order to obtain
more detailed characterization of these spectral varia-
tions, and to attempt their interpretation.

At the outset, we recognized that part of the spectral
variations must arise from induced dipole-dipole, or
polarizability, interactions between proximate but
nonbonded chromophores in the same molecule.
These are the interactions that may cause wave
length shifts (bathochromism or hypsochromism) in
dye aggregates and molecular crystals”/* and in-
tensity changes (hypochromism or hyperchroraism)
in these species, in double chain polynucleotides,"*
and in helical polypeptides.** Detailed expressions
for calculating these interactions have recently been
reported."”* Accordingly, we decided to carry out such
calculations on our polyphenylated species in order to
find out what portion of the observed spectral varia-
tions they could account for.
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The calculation of polarizability interactions re-
quires that the system be specified in detail as to the
relative positions and orientations of the interacting
chromophores and also as to the wave lengths, intensi-
ties, and transition vector orientations of all bands
near to that being observed.This requirement in-
dicated that the calculations would be most meaning-
ful in the case of the polyphenylsilsesquioxanes.®
In these molecules the relatively rigid fused ring struc-
tures allow the mean relative positions of the phenyl
chromophores to be estimated fairly precisely, steric
compressions and conformation-sensitive hypercon-
jugative effects which might distort the spectral char-
acteristics of the individual chromophores are absent,
and the chromophores belong to a group (monosubsti-
tuted benzenes) for which reliable spectral data and
interpretations exist over a wide range of wave lengths.

There remains, however, one peculiarity of the 250-
280 mju band system in CeHjX species which must
be dealt with before quantitative interpretations of
intensity variations can be made. This is the long-
known fact that the observed absorption arises from
two different series of bands.”™  These are the
vibrationally-induced band series, having frequencies
Jo + + b, and the substituent-induced series,
having frequencies v+ «vi- The reasons for the two
series are that the b benzenoid transition at pis
symmetry forbidden, becoming active only as the 6-
fold symmetry of the ring orbitals is distorted, and that
suitable distortions are produced both by eag ring vi-
brations and also by ring substitution. Thus, any
observed absorption in the system, e.g., the total inte-
grated absorption intensity indicated by the oscillator
strength, /, must be regarded as made up of two com-
ponents: a vibrationally induced intensity component
('wS>/v) and a substituent-induced component (e.g.,
fci). Since these two intensity components respond in
different ways to structural variations, they must be
separated and dealt with individually in our interpreta-
tions.

In the past, the procedure for resolving a CsHsX /
value into/v and/q has been to interpolate between the
f values of C«Hj and jym-CeHaXa (in both of which/,,
is zero) in order to estimate the /v and then to subtract
this from the/ to obtain/q.*” This procedure is inher-
ently inapplicable to species of the type (CeHeX)*. The
alternative procedure used in the present study {vide
infra) was based upon an analysis of the intensity dis-
tributions within individual spectra. This not only
overcame the limitations of the older procedure, but
also, at least in the case of the monomeric and poly-
meric monophenylsilicon compounds, provided con-
siderably more precise values of/y and /t, as well.

Experimental and Calculations

Measurements.—All spectra were measured with a Cary Model
14-MS recording spectrometer in a room held at 25 + 0.5®. It
was established that the response of this instrument varied line-
arly with phenylsilsesquioxane concentration, and thenceforth all
spectra were measured on solutionscoBtaming 2 X 10“*equiv.per
1 of phenyl groups. Except as noted, all spectra were measured
3-6 times on individually prepared solutions in order to make cer-
tain that the recorded extinction coefficients could be duplicated
to £0.5%. No attempt was made to obtain wave length meas-
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urements of comparable precision; however, the data recorded
are all believed to be reliable to 0.5 m#*.

The compounds studied in this investigation were mostly
crystalline solids; these were purified by recrystallization before
use. The liquid species were purified by vapor phase chromatog-
raphy. The solvent used in all the work reported was spectro-
grade chloroform, which contains a trace of ethanolas a preserva-
tive. The use of pure (ethanol-free) chloroform and of tetrd-
hydrofuran was examined briefly and then abandoned because of
the f>eroxidation problem. However, no indications were found
that the spectra determined in these solvents differed from those
determined in spectrograde chloroform; the small shifts in wave-
length and relative peak heights recorded below for the com-
pounds (PhSiOvj)». (PhSiO>/j)ia. and (PhSiOj/,)v*» were all
observed in tetrahydrofuran solutions as well.

The data recorded below are X the wave length in mM of the
0-0 transition in the *Lb system; «-values, the molar extinction
coefRcients {M~" cm."') per phenyl group at Xand at the next
three prominent maxima, which are displaced about 6, 11, and
17 mu from W*; and/, the total oscillator strength of tlie ‘Lb

transition. This last was calculated from theu sual formula”-**
2303wgh
- ierVS Jede = 432 X 10®F tdy (1)

where y is the frequency in cm.”* The problem of overlap be-
tween the 270 ('Lb) system and the 210 m” (*L,) system was
dealt with by arbitrarily assuming that the portion of the 270 mj*
system that lay below the wave length of minimum total absorp-
tion was equal to the portion of the 210 mMsystem that lay above
it; i.e., the limit of integration on the short wave length end of
the *Lb system was taken as the absorption minimum. This as-
sumption may conceivably have introduced 1-2% errors in the
recorded/ values, particularly those for the PhiSiX? compotmds,
but probably did not alter the relative values of / within either
the PhSiXa or the PhjSiX]j series.

The data recorded were:' Phenyltrimethylsilane: Xo, 269.5;
e-values, 115,195,227, 163; f, 28.5 X 10'*. 1,1,1,3,5,5,5-Hep-
tamethyl-3-phenyltrisiloxane: Xo, 270.0; e-values, 193,274,267,
184; /,36.5 X 10~*. Octaphenylpentacyclo[9.5.1.1%-* |*"*/ F-"*]-
octasiloxane (“phenyl-Tg, m. sdo®”**): Xo, 269.5; e-values, 335,
423, 336, 216; /, 50.3 X 10"". Decaphenylhexacyclo{9.9.1.13-*-
14,1717 ifi.HJ.i9decasiloxane  (“phenyl-Tjo, m. 418°"“). X
269.7; «-values, 325, 412, 333, 213; /, 49.2 X 10~*. Non-
crystalline isomer of phenyl-Tu,** presumably largely dodeca-
phenylheptacyclo[ILILLI»"* . P-*“|r-** |» » ['"*»]dodecasil-
oxane: Xo 270.0; t-values, 305, 388, 316, 207; /, 47.7 X 10“*
Dodecaphenylheptacyclo[13.9.1.1*-"* 1®>" .| LLER* 17 e*y]do-
decasiloxaoe (“phenyl-Ti2, m. 385°”"“): Xp, 270.0; t-values, 301,
385, 317, 206; J, 46.7 X 10~*. Phenylsilsesquioxane “prepoly-
mer” fraction,*® P,, 24, approximately (Ma” according to the
proposed scheme** for describing partially ordered network poly-
mers: Xo, 270.0; e-values, 324, 407, 327, 209; f, 48.3 X 10”*
Phenylsilsesquioxane “prepolymer" fraction,** Pu 84, approxi-
mately MaDajftMa in network pol>Tner description: Xo, 270.0;
e-values, 329, 409, 323, 205; /, 48.6 X 10“* Phenylsilsesqui-
oxane high polymer *8m  3.25 dl./g.. Pa 1300, approximately
MaaTaDaew in network polymer description: Xo, 270.0; e-values,
337, 415, 323, 204; /, 49.3 X 10“* 5-Phenyltriptych-siloxazol-
idine**: X0, 269.0; «-values, 126, 214, 245, 176; /, 31.3 X 10“*
3,3-Diphenyl-1,1,1,5,5,5-hexamethyltrisiloxane: Xo, 270.0; e
values, 234, 321, 303, 212; /, 425 X 10“* 1,1,1,7,7,7-Hexa-
methyl-3,3,5,5-tetraphenyltetrasiloxane: X 270.0; e-values,
242, 325, 304, 212; /, 429 X 10“* 1,1,1,9,9,9-Hexamethyl-
3,3,5,5,7,7-hexaphenylpentasiloxane: Xo, 270.0; e-values, 258,
340, 310, 213; /, 44.0 X 10“* Linear high copolymers of di-
phenylsiloxane and dimethylsiloxane units containing 67-75
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Fig. 1.—Plots of relative intensity, 6i/(Cvi + Cg-}, vs. relative
contribution of substituent-induced intensity, Cqi/(Cvi + Caqi),
for some monoplienylsilicon compounds.

mole % diphenylsiloxane (average of three closely agreeing sets
of data): \o, 270.0; e-values, 280, 361, 316, 213; /, 46.1 X 10"*.
2.2-Dimethyl-4,4,6,6-tetraphenylcyclotrisiloxane; Xo, 270.5; t-
values, 309, 401, 348, 240; /, 51.2 X 10"~. Hexaphenylcyclo-
trisiloxane; 271.0; €values,316,404,344,235; /,51-4 X 10-*.
2.2-Dimethyl-4,4,6,6,8,8-hexaphenyl-cyclotetrasiloxane: X
270.5; e-values, 275, 364, 325,223;/, 46.4 X 10"*. Octaphenyl-
cyclotetrasiloxane: Xo, 271.0; 4-values, 282, 368, 326, 224; /,
479 X 10“* 2,2,4,4,6,6-Hexaphenyl-8,8,10,l0-tetramethylcy-
clopentasiloxane: Xo, 270.5; €-values, 254, 335, 306, 210; /, 42.7
X 10“~  2,2,4,4,8,8,10,10-Octaphenyl- 6,6,12,12-tetramethyl-
cyclohexasiloxane: Xo0,271.0; e-values, 260, 343, 309, 213;/,44.5
X 10-*.

Resolution ofJv and/q.—The procedure for resolving/ into /v
and /q was based upon the premise that within a series of closely
related CgHsX species the distributions of intensity among the
different vibrational levels should remain constant within either
the vibrationally induced or the substituent-induced systems.
Thus, the observed intensity at any point in the spectrum should
always be the sum of a fixed proportion of the total vibrationally
induced intensity and another fixed proportion ofthe total substit-
uent-induced intensity, and these two intensity components
should be calculable from observations of relative intensities at
different points in the spectrum.*®

In making such calculations of /v and /, from the e’s and f s,
it was found convenient to introduce the quantities V and Q to
represent the total contributions of vibrationally induced and
substituent-induced intensity to the measured e-values (i.e., for
the spectrum of compound j measured at points i, Fj + Qj “

6ij); and also the coefficients Cviand Cqi representing the frac-

1
tion of the total F or ~ operating at point i. Thus, our basic
premise was that relations

= OviKj + i [0
where all the Cvi and Caqi values are constants, should describe
all of the observed extinction coefficients.

In order to solve eq. 2 for the Cvi and Cqj values, which is
necessary in order to determine the V and Q values, and thence
the /v and/, values, it was necessary to have two more pieces of
information than could be provided by measurements of eV.
Those used were: First, Cv (270 m/i) was assumed to be 0.17Cv
(265). The basis for this was that the vibrationally induced
component of intensity is known to be inactive in the 0-0 transi-
tion itseU,” and hence the only intensity observable in this com-
ponent at Xomust be that resulting from the edge of the first al-
lowed transition 4 mj* away. Examination of the band contours
in several benzenoid spectra showed that the intensity at a point
4 muabove the first allowed band was generally quite dose to 0.17
of that band intensity. The precision of this figure is not very
critical, since Cy (270 mu) is only about 0.03. Second, it was as-

Fig. 2.—Plots of relative intensity. «i/(Cvi *¥ Cg-), us. relative
contribution of substituent-induced intensity, Cqi/(Cvi + Cai),
for some diphenylsilicon compounds.

sumed that the Vj values were approximately equal in certain
compounds where there was no reason to expect variations due to
hypochromism or change in the substituent type. The bases for
this assumption were, first, that normally there isvery little total
variation in fv anyway, and, second, that examination of tlie
data showed groups of compounds in both the PhSiXs and Pha-
SiX2series that had the same V within experimental error; i.e.,
by subtracting the e-values of one compound from the corre-
sponding ones of another (thus eliminating the CviV terms in eq.
2) sets of Cqgi values resulted which were the same for all pairs in
the group.

The solutions for the Cvi and Cqi values calculated from the
measured extinction coefficients and from these two assumptions
are shown in Table I.

Table |
Distributions of Intensity within the Vibrationali-y- and
Substitubnt-Ilnducbd Components of the >Lb Transition in

Phenylsilicon Compounds

Point of ) _
meftsurement -PhtSiX* species
(peak), tM c. Cq v

270 0.038 0.363 0-027 0.286

264 .226 .369 .160 .343

259 412 .182 493 217

253 324 .086 .320 154

Total 1.0007 1.0000 1.0007 1.0000

Ratio/v/V 4.39 X 10-8 4.2 X 10-«
Ratio/q/d 3.556 X 10-« 3.85 X 10-®

The validity of these values, and of the basic premise that a
single set of intensity distribution coefficients could relate all of
of the variations in the e’s to variations in V and Q, was checked
by plotting relative intensities, eij/(Cvi -j- Cqi), against rel*ive
contributions of substituent-induced intensity, (Cqi/Cvi +
Examples of such plots are shown in Fig. 1and 2. The expected
linearity was obtained in almost all cases. The exceptions were,
first, one sample of phenylsilsesquioxane high polymer where the
deviation was eventually traced to the presence of tracw of bi-
phenyl-type impurities and, second, the diphenyltrisiloxane,
MejSiO(PhZSiO)SiMe3 where the curvature was sufficient to
indicate that the Cvi and Cqi values were appr”iably different
from those in the other diphenylsiloxanes. The linear pentasi ox-
ane Me3SiO(Ph4SiO)SiMe« gave a normal fit, but the tetrasilox-
ane Me8&iO(PhXiO)sSiMe* was intermediate between the clearly
deviant trisiloxane and the pentasiloxane. It was not possible
to solve for the Cviand Cqivalues in these two deviant d>Phenyl-
siloxanes; however, the valuesof
through the points were the same as those for most of the other
diphenylsiloxanes, indicating that the f, values were probably
unaffected.



From these plots of *a/{Cy\ + Cqj) vi. ) )
and Oj were determined as the intercepts at Cgi/(Cvi+ CqO - U
and |, respectively. The ratios /v/V and J<JQ were then cal-
culated from the relation

fi =/« + U, = ti/V)V,+ (IQ)Qi (3)

by substitutbg m values of/, V, and Q for various pairs of com-
pounds. The solutions for/v/V and JjQ (Table I) went very
smoothly io thecaseofthePhSIXjspecies; the ratioswere sharply
defined by the data, and the resulting values of /vi and/,, always
added up to the observed fi within 1%. (The difference, if any,
was split proportionately between the/v and/, in determining the
values listed in Table 11, so that these always add up to exactly
the/values tabulated earlier.) The solutions for/,/VV and/,/Q
did not go nearly as well for the Ph*SiX* species; because of the
smaller range inthtQi/ V; (or/,,//») ratios, and the greater experi-
mental uncertainty in the/ values (mainly due to greater overlap
with the ‘L, band), these ratios (Table I) were less sharply de-
fined. The sums of the fv and /, values calculated from the
ratios and the V and Q values often missed the observed / by
1-2%; this deviation, along with the/v and/q values, is shown in
Table V.

Table Il

W ave Lengths and Intensities (per Phenyl Group) op
*Lb Transitions in Monophenvilsilanbs and Siloxanes in

Chloroform at 25@

Compound o nfi ly X100 /g X 10*
PhSiMe, 269.5 18.9 9,6
PhSiMe(OSiMe,), 270.0 19.3 17.2
PhSi(OSiMe»), 269,5 18.9 19.3
(PhSiO./X m. 500® 269.5 19.0 31.2
(PhSiO./,)io. m. 418® 269.7° 18.9 30,3
(PhSiOv,)», noncryst® 270.0 18,8 28.5
(PhSiO./*)jJ. ra. 270.0 18.7 28.0
(PhSiO./)«. » « 24N 270.0 18.4 29.9
(PhSiOi/,)*. n » 84* 270.0 17.8 30.8
(PhSiOy,)., » » 1300" 270.0 17,4 31.9

269.0 20.6 10.7

PhSi(OCH,CH,),N®
1 1

®Single value determination. *"'Prepolymer” fraction, fur-
ther identified in Experimental section. ‘ Double chain (“lad-
der”) polymer. *Value left unroimded in order to avoid indi-
cating a discontinuity in the wave length progression along the
series.

Calculatioa of g—The transition-moment parameter g, which
measures the displacement of charge from the substituent to the
ring during the transition, was calculated according to the
formula™*

M
= (9.22 X 4

where >0 is given in cm. In determining the sign of q for the
-SiMei group, use was made of the report that the two strongest
bands in anisole are both reduced about 20% upon addition of a
[>-SiMei substituent.** Since the g for methoxy is +21 (X 10®
cm.),” this indicated a value of roughly —3 for -SiMe», showing
that the sign of the more precise value, +4.9, determined from
eg. 4 must be ne~tive. Since electron-withdrawing substitu-
ents on silicon should make g more negative," it was evident that
the signs of the larger g values calculated for the siloxanes should
be negative as well. The sign was also presumed to be negative
for the triptych-siloxazolidine substituent, since the absolute value
of the 5 was about the same as for -SiMej, and the two substit-
uents are known to be the same in ground-state electronega-
tivity. **

Calculation of Polarizability Interactions.—The effects of
polarizability interactions upon the absorption intensities f,, and
/g were caloilated from Tinoco's equation 1** For *Lb bands in
(CtHiX)* species, these effects are produced by interactions be-
tween the dipoles of the ‘Lb system components in one ring and
those of *L» and *B polarizations in other rings. Since these last
are both doubly degenerate in the plane of the ring, they are both
related in the same way geometrically to the ‘Lb transition di-

(22) C. EatxMTJ,  CkifH. 5fts., 3748 (1953).

poles, and a convenient regrouping of the terms in the equation
becomes possible

A
L ®)
where
Joa'c
Srhnc? T, Xoe* ©

3(errij)(erfij)"
>

- U

In these expessions, and/,, represent the oscillator strengths
of one component of the ‘Lb transition per phenyl group in the
polymer and monomer, rwpectively; the X« and /fo» represent
the wave lengths and oscillator strengths of other nearby benzen-
oid abajrption bands; ej and g- are unit vectors in the directions
of the transition dipoles in phenyl groups i and j; fij is the dis-
tance between the centers of the dipoles; the other terms have
their usual significance.” In essence, the terms Cand SGij in
eg. 5 respectively group together the dipolar and the geometric
factors that determine the magnitude of the hypochromic inter-
action.

The numerical values substituted in eq. 6 were: X*, the center
of the ‘Lb system, 2630 A.; Xb', the center of the ‘L, system,
2100 A.; Xo*j the center of the ‘B system, 1900 A.; /o,", ‘A X
0.14 along each of two mutually perpendicular axes; /o»", ‘/*
X 0.80 along each of two mutually perpendicular axes. The
values of and X<** were estimated from their values in ben-
zene** and the generalization that frequency shifts for the 'Lband
‘B systems in substituted benzenes are normally about three
times as large as those in the ‘Lb system; this assumption is sup-
ported by observation in the case of the 210 nw»i band in PhSiMej.*
The values of/o»” and/g,” represent average values for mono-
substituted benzenes; the intensities of these transitions in sub-
stituted benzenes are known to vary very little from those in
benzene itself.” These substitutions allowed C to be calculated
as 18.6 X 10"~ cm.*. This value was used without rounding in
the calculations described below; however, the uncertainties in
the far-ultraviolet Xand/ values prot”bly limit its reliability to
+10%. This value of C, incidentally, should be about the same
for the polyphenylated hydrocarbons and other (C*HtX)* species
where X has only a modest conjugative ability.

In calculating the geometrical factors by eq. 7, it was assumed
that the transition dipoles for ‘L*, >B, and the vibrationally-in-
duced component of ‘Lb were centered at the center of the ring,
and that each of these doubly degenerate transitions could be rep-
resented by two perpendicular dipoles lying in the plane of the
ring. The transition dipole for the substituent-induced compo-
nent of ‘Lh was assumed to be centered at the ring carbon bearing
the silicon and directed along the C-Si axis; the ‘L» and *B
dipoles in other rings that interact with this dipole were assumed
to lie as nearly parallel with this dipole as the orientation of their
rings would allow. In calculating the distances and angles, it
was assumed that the polycyclic silsesquioxanes in solution would
adopt aconformation in which all /.s OSiOand OSiC were 109.5®
all SiOSi were equal; all phenyl rings were regular plane hexa-
gons; and the interatomic distances were Si-0, 1.62 A.; Si-C,
1,88 A.; and C-C, 1.40 A Typical geometrical parameters cal-
culated were; (PhSiO»/t)»: silicon atoms arranged as at the
vertices of a cube* with phenyls projecting out along the diag-
onals; ZsSiOSi, 148.5%; [/is between neighboring Si-Ph axes,
70.5""; distance between centers of neighboring Ph's, 6.96 A.
(PhSIiOil))is: Si's arranged as at vertices of a pentagonal prisn™*
having squares and regular pentagons as faces; /SiOSi, 154®;
Zs between neighboring Ph-Si’s, 60® (2), 65® (1); distances be-
tween centers of nearest phenyls, 6.49 A. (2), 6.74 (1). (Pfa-
SiOvt)i** Si's arranged as at vertices of a hexagonal prism*
having squares and regular hexagons as faces; ZSiOSi, 154®; Zs
between neighboring Ph-Si’s, 50® (2), 66®(1); distances between
centers of nearest phenyls, 5.98 A. (2), 6.74 (1). Phenylsils™-
quioxane “ladder'" poljTuer: Si’s arranged as in cw-syndiotactic
double chain,”**‘or as in squares joined together at 114® angles;
Zs SiOSi, 154.5®; Zs between neighboring Ph-Si’s, 1155® (2),
64.5" (1); distances between centers of phenyls on nearest 's.

(23) r- R- Platt and H. B, Kleveas, Ckem. Ret.. <1, 301 (1947).



the observed spectra, which generally showed peaks
near 270, 264, 259, and 253 m”, and shoulders near
247.5 and 266 m/j-

The resolution of the total integrated absorption in-
tensity into the components/v and/(,, accomplished by
analysis of the relative peak heights, gave the results
shown in Table Il.  The practicability of such a resolu-
tion (Fig. 1, 2) indicated that all of the observed varia-
tions in the absolute and relative heights of the peaks at
270, 259, and 253 mfucould be attributed to variations
in the absolute and relative values of/v and/q.

The calculated effects of polarizability interactions
on fy and /q are shown in Table Ill. These showed

Table Il

Calculated Per Cent Hypochromism* in *Lb Transition

Components of Phenylsilsesquioxanes

-------- Compoaent--—-—-
Compound Assumed structure fr Iq
(PhSiOil,)g Cube 0 —0.8
(PhSiO«l/,)io Pentagonal prism 1 2.3
(PhSiOs/»)ij Hexagonal prism 2 4.7
(PhSiO>/t)» "Ladder” 9 9.0

“ Reduction in absorption intensity of iwlymer relative to that
of monomer [e.g., isolated PhSiOv* unit).

that the effect of such interactions was hypochromic in
all cases except for the /q component of fceHsSiO./Jg,
where a weak hyperchromism was indicated. The
values of phenylsilsesquioxane fy and /q corrected for
hypochromism or hyperchromism are given in Table
IV, along with the values of the substituent constant
g" and comparative values of fy, /q, and q for some
other phenylsilanes and nonsilicon* CbH$X species.

Table IV

Corrected”Values for *Lblntensity Parametersin Phenyl-
SILANES, PhENYLSILOXANES, AND OthER M oNOSUBSTITUTED

Benzenes

Compound X 10» /, X 10< g (cm. X 10‘)
A. Tetracoordinated silicon compounds
PhSiMej 18.9 9.6 -4.9
PhSiMe(OSiMea), 19.3 17.2 —6.5
PhSi(OSiMe,), 18.9 19.3 -6.9
(PhSiOj/t)*. m. 500® 19.1 31.0 —8.8
(PhSiO«/j)io. m. 418* 19.1 31.0 -8.8
(PhSi0j/,)ij, m. 386" 19.0 29.9 —8,6
(PhSioOil,),, "ladder” 19 35.1 —9.4
B. Pentacoordinated silicon compounds
PhSi(OCH,CHj),N 20.6 10.7 -5,2
C. Other C»H»X’s”
PhOH (20/ 154 +20
PhF 17 70 -1-125
PhCI 18 12 -1-6.0
PhMe 21 10 +5.0
PhH 16,4 0.0 0.0
PhNC (20)* 15 -6
PhCF, 20 33 -9
PhCN (20f 52 -11

“ For hypochromism due to polarizability interactions be-
tween different phenyl groups in the same molecule. “As-
sumed value used in estimating /q.

The fv values listed in Table 1V show that ordinary,
tetracoordinated monophenylsilanes and siloxanes have
/v values of 19.1 + 0.2 X 10-*. This value is in the
middle of the range 17-21 X 10"* which has been ob-
served for other CgHsX species. Turning to Table Il

RELATIVE FIELD.

Fig. 4—Plot of the transition moment parameter gq against
relative values of intramolecular electrostatic field for four phenyl-
silsesquioxanes. The relative field is expressed as calculated 2Gij
values in units of 10"®cm.

with this figure, we find an increasing hypochromism in
/v aswe descend the series from (PhSiOi/Jg to (PhSiO./Ji2
to the “prepolymers” to the phenylsilsesquioxane
“ladder” high polymer. In the last case, the decline
in/v to 17.4 X 10“~corresponds to a hypochromism of
9%, which agrees with that calculated and listed in
Table I11.

Examination of the/q and g values listed in Table 1V
shows that silicon always behaves as an electron-with-
drawing substituent on benzene undergoing transition
to the ~Lb state. Presumably, this occiu’s because of
increased dTr-pw bonding between the aromatic ring
and the silicon in the “Lb state. As expected, the
electron-withdrawing power of the silicon substituents
increases as the alkyl groups are replaced by siloxys.
The -sioj/, substituent in phenylsilsesquioxanes has
an electron-withdrawing power comparable to -CFi
when measured by the ~-value for the *Lb transition.
This electron-withdrawing power is also reflected in its
effects on ground-state benzene. We have observed
that the phenylsilsesquioxanes are completely resistant
to the Ph-Si bond cleavages by halogens and strong
acids which are characteristic of the phenyltrialkyl-
silanes; instead, they undergo slow w-substitution when
treated with HNo3~HZ%04 mixtures.

The variations in /q and g among the phenylsilses-
quioxanes are of some interest, particularly in the group
(PhSiOi/Jio, (PhSiOilJiz, and (PhSiO*/,)* “Jadder”
polymer. Here, the calculated bond angles and the
conformation angles within PhSi(0Si)3 units are almost
identical (with the values for “ladder” falling between
those of the decamer and dodecamer) so that it is not
possible to invoke alleged differences in the dir-pir
bonding pattern within the siloxane backbone as bases
for the variations in g. Instead, it appears that the
fields generated by the dipoles of the other PhSiO./,
units in the molecules are responsible. Qualitatively,
such field effects would be expected to be similar in
nature and magnitude to those produced by varying the
substituents on the silicon. We were not able to cal-
culate the absolute magnitude of such field effects upon
g; however, it was possible to calculate the relative
fields expected in the different silsesquioxane structures,
and to make the comparison of these with g shown in
Fig. 4. This shows that q does dech’ne in proportion to
the calculated field, and also that the -SiO,/, should
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Pig 5—Ultraviolet spectra of (Ph”iO),.
(PhSiO»/s)8. dotted curve.

solid curve, and

behave as an even more electronegative substituent on
*Lb benzene if a structure could be devised where the
adverse field effects of adjacent siloxane units were ab-
sent.

The X values listed in Table Il show that only
barely measurable variations exist among the different
monophenylsilicon compounds.  These variations
could not be ascribed to induced dipole-dipole inter-
actions. Calculations made with Tinoco’s equation
A15* showed that the hypsochromism arising from
such interactions should be immeasurably small. Nor
could any obvious relation between X and q be found.
It was noted, however, that the species in which the
CeHs chromophores were more crowded by each other
or by other siloxane groups tended to show Xoat slightly
longer wave lengths than those in which the CgHs’s were
freely exposed to the medium. The shifts observed
were comparable to those produced by changing from
one hydrocarbon ~lvent to another,*® and it seems
likely that they resulted simply from variations in the
dispersion forces exerted on the chromophores by their
local environments.

Our conclusion from the foregomg data and analysis

(25) N. D. Cogg«hall and A

(26) H. C. Loniaet-Higpn* and J. A. PopU. .M ., « . 192 (1957).

is that in molecular systems containing two or more
proximate but nonbonded phenyl chromophores—e.g.,
in polyphenylated siloxanes, alkanes, ethers, etc., hav-
ing at least two saturated atoms between the phenyls—
the spectral variations in wave length are insignificant,
but the variations in peak intensity and intensity dis-
tribution are sizable, are capable of characterization in
terms of the physical constants/y and /g, and are sus-
ceptible to detailed interpretation in terms of intra-
molecular polarizability and polarization effects. One
implication of this conclusion is that the *Lb ultraviolet
spectra of such polyphenylated species should be of
considerable utility in defining their molecular configura-
tions. Thus, for any proposed configuration, it should
be possible to estimate the magnitude of the polariz-
ability and polarization effects according to eq. 5-8, and
then to check such estimates against the observed de-
partures of /v and /q from their values in structural
analogs having isolated phenyl groups.

Diphenylsilicon Compounds.—The 200-300 tan ultra-
violet spectra of silanes and siloxanes carrying two
phenyl groups per silicon were found to be very similar
to those of diphenylmethane’ and the higher {l.«]-
paracyclophanes®; i.e., they showed to a small degree
the effects which become marked in the lower [In]-
paracyclophanes and which are believed to arise from
2p<r-bonding between the two benzene rings®” A
typical spectrum is shown in Fig. 5; spectra of some
PhjSiX species, which are very similar, are given in
ref. 2 and 4.

As illustrated in Fig. 5, the appearance of the spectra
differs from those of the monophenylsilicon compounds
in four respects. First, the Lb X0 is shifted to longer
wave lengths by about 1 m//.  Second, the edge of the

rise is shifted to longer wave lengths by about 3 nM
thus moving the absorption minimum from 239-240 to
242-243 m™.  Third, the over-all intensity is increased;
e.g., the whole spectrum of Ph2Si(OSiMe3)2 is stronger
than that of PhSiMe(OSiMe3)2, even making allowance
for the presence of two phenyl groups rather than one.
Fourth, the distribution of intensity is altered, becoming
stronger at the short wave length end of the system and
weaker near Xo. This change in intensity distribution
occurs in both the substituent-induced and the vibra-
tionally induced intensity components (Table ). This
indicates that the excited state carbon-carbon distances
are slightly greater in the diphenylsilane derivatives
than in the monophenylsilicon species. All four of
these visible changes represent the expected conse-
guences of 2o<r (or other) bonding interactions between
the rings.

The resolution of the observed oscillator strengths
into the components/y and/q could not be carried out
with as high precision as with the monophenylsilicon
compounds, probably because of the effects of the con-
figuration-sensitive bonding interactions upon the /-
values and the intensity distributions. However, the
values obtained and listed in Table | are still believed
to be reliable to 2-3% in most cases.

Examination of the fy values listed in Table V im-
mediately reveals a drop to about half the value per
phenyl ring for the monophenylsilicon species. In
other words, thefy per monomer unit is about the same
in the diphenylsUoxanes as in the monophenylsiloxanes,

(27) p. D. Bartlett and E. S. LewU, J. vim. Chem. Soc., 78, 1005 (1960).



despite the presence of two benzene rings rather than
one. We offer no explanation for this observation.

The variations among the /v’s listed in Table V are
probably not outside the range of experimental uncer-
tainty except in the case of the Hnear diphenylsiloxane
copolymers, where the low value, indicative of an 8-10%
hypochromism in fy, was confirmed repeatedly. Pre-
sumably, even more hypochromism should be present in
linear polydiphenylsiloxane itself; however, that ma-
terial is a highly crystalline, insoluble polymer which
cannot be put into solution for study.

T able

W ave Lengths and Intensities (per Phenyl Group) of

‘Lb Transitions in Diphenylsiloxanes in Chloroform at

25”
C+
Iv /q Devn.® (cm.
Coaipouod” ain X 10 X 100 X 10° X 10

MeiSiO(Ph*SiO)SiMe, 270.0 10.1 32.0 +0.4 -8.9
Me,SiO(PhrSiO),SiMe, 270.0 10.1 325 + .3 -9.0
Me3SiO(Ph*SiO)3SiMe, 270.0 10.1 33.9 .0 -9.2

(PhjSiOi, MejSio),,

« > 500° 2710 9.1 36,7" - .3 -9,6'*
(PhjSiO)Me?SiO) 270.5 10,1 40.6 1.5 -10.0
(Phjsio), 271.0 9.3 415 -h .6 -10.2
(PhjSiOVMesSiO) 270.5 10.2 36.4 -2 -9.5
(PhiSiO)* 271.0 9.9 37.1 4- .9 -9.6
(Ph,Si0),(MejSiO)2 270.5 10.1 33.3 -7 -9.1
(PhjSiOMMe2Si0)2 271.0 9.9 34.2 4 -9.

“ Compounds further identified in Experimental section.

* Deviation of observed value of f from calculated fy +
' Linear high copolymers containing 67-75 mole % Ph*SiO.
If corrected for hypochromism due to interactions between
phenyls of different PhtSiO units, /q and g + q' would rise to
40.3 X 10'* and 10.0 X 10“*®cm., respectively, assuming hypo-
chromism in /q to be same as that in/v. Hypochromic correc-
tion would probably be very small for the other  values tabu-
lated.

The observation of hypochromism in these linear
polymers indicates considerable nonrandomness in the
local spatial interrelationships among the chromophoric
groups. This was confirmed by studies of the siloxane
chain vibrations. The coupled VaSiOSi (SiOSi asym-
metric stretching) chain vibrational bands in the spectra
of the diphenylsiloxane copolymers in solution were as
sharp as those in crystalline polydiphenylsiloxane, and
their positions suggested an extended simple helix
having 2-3 siloxane units per turn rather than the less
orderly mean configuration indicated for polydimethyl-
siloxane.”r The basis for this configurational order in
linear polydiphenylsiloxanes is believed to be steric
hindrance. The bulky phenyl groups are densely
spaced along the chain and must greatly restrict the
opportunities for configurational randomization.

Examination of the diphenylsiloxane values (Table
V) shows that they are generally larger than those of
the monophenylsilicon compounds (Tables 11 and 1V).
It is believed that this is the result of the bonding inter-
action between phenyls. Accordingly, the transition

(28) J. F. Brown, Jr., American Chemical Society Division of Polymer
Chemistry Preprints, Vol. 2, 1961, No. 2. p. 112.

moment parameters calculated from these /q values
were designated g ', where g represents the ordinary
substituent constant analogous to those listed in Table
1V, and q' represents the contribution to the moment
resulting from phenyl-phenyl bonding interactions.

In order to evaluate g', a comparison was made be-
tween Ph2Si(OSiMe3)2 and PhMeSi(OSiMej)2, for which
the ~-values should be virtually identical. The ob-
served /q for Ph2Si(OSiMc3)2 was 32.0 X 10“”* or 30.2
X 10“~after correcting for the 6% calculated hyper-
chromism due to polarizability interaction between the
two phenyls. This yielded a corrected ~ -f- of —8.7
X 10“* cm. The q observed for PhMeSi(OSiMe3)2
was —6.5 X 10*“ The difference, —1.2 X 10*™
cm., represents g\ To set this value in perspective, we
may note that if 2pa-bonding were fully established in
the b state, q' would be about £500 X 10" cm.
(roughly estimated as the distance between the centers
of the rings). Thus, although the spectral data (%
shifts, change in intensity distribution, increase in /q)
provide definite evidence for bonding interactions be-
tween phenyls attached to the same silicon, the degree
of such bond formation is very small.

The variations among the diphenylsiloxane /q and q
values (Table V) could not be analyzed as precisely as
those of the monophenylstloxanes because of the lower
precision of the values themselves, the possibility of
small variations in the g' terms, and the absence of cor-
rections for hypochromic interactions between different
diphenylsiloxane units. However, two points do seem
significant.

First, it was noted that the two cyclotrisiloxanes ex-
amined showed quite similar /q’s, as did also the two
cyclotetrasiloxanes. This type of behavior has been
previously recognized in the very similar Graxper phenyl
values of a considerable series of partially phenyl-
substituted cyclotrisiloxanes and cyclotetrasiloxanes,”®
and for some linear disiloxanes and tetrasiloxanes as
well”~  Evidently, the major factor determining/g and
g is something associated with the structure of the silox-
ane skeleton itself rather than an interaction between
the phenyl chrompphores.

Second, the uncorrected /,j’s for monocyclics having
3, 4, 5, 6, and ® units per ring were noted to be about 41,
37, 33, 34, and 37 X 10”S respectively. (Correction
for hypochromism would probably do little more than
to raise the last value 3-4 units relative to the others.)
This variation in  seems to parallel the probable varia-
tion in mean angles between the twofold symmetry axes
of adjacent Ph5iO*/, units, which must at first decrease
with increasing ring size and then increase as greater
puckering becomes possible®® Since the electrostatic
fields produced at the chromophores by the diphenyl-
siloxane or dialkylsiloxane units should vary approxi-
mately as the angles between these axes, it is probable
that a field effect is again responsible for the variations
in/q and q.

(20) C. R. Sporcic and A. Colemao, to be published.
(30) L. K. Frevel and M. J. Hunter, J. Am. Ckem. Soc., 67, 2275 (1945).





