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ABSTRACTS: Average molecular optical anisotropies {72) of the three stereoisomers
of 2,4,6-triphenylheptane were measured by depolarized Rayleigh scattering. Analysis
of these results led to the determination of the relative stability among the various
conformational structures of these isomers.
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In a previous work"? we studied by depolar-
ized Rayleigh scattering (DRS)® the stereo-
regularity of polystyrene (PS) chains in solution.
The quantitative interpretation® of our results
led to the study of short range interactions in
model molecules of PS, the meso and racemic
2,4-diphenylpentane (DPP). This paper is de-
voted to the study by depolarized Rayleigh
scattering of conformational structure of three
stereoisomers of 2,4,6-triphenylheptane (TPH)
which are the higher members of the series.
These results will be compared with those already
published”® elsewhere. The experimental and
theoretical basis for the method used will not
be developed here but may be found in ref 1—6.

EXPERIMENTAL

The synthesis of 2,4,6-triphenylheptane was
carried out” by condensing cumyl magnesium
bromide with 1,3-diphenyl-1-butanone. The dif-
ferent configurational isomers were at the first
step separated by preparative gas chromato-
graphy using a Thomson SRTI model THN 102
with a stationary phase of the silicon SE-30
type. The purity of the heterotactic isomer was
estimated at about 959 and that of isotactic
and syndiotactic isomers at 99%. On comple-
tion of this work we noted that the heterotactic

isomer was colorless but, that other isomers had
a slightly yellow color. This coloration which
may be introduced by eventual fluorescent mole-
cules was very inconvenient for subsequent
measurement of Rayleigh scattering. Also in
the second step, we carried out a repurification
of the compounds in question. Thus, isotactic
and syndiotactic TPH were dissolved in cyclo-
hexane and the solutions obtained were filtered
on active coal. The stereoisomers were at last
recovered by evaporation under vacuum of the
solvent. Each compound so obtained was a
transparent colorless liquid.

MOLECULAR OPTICAL ANISOTROPY
AND CONFORMATIONAL ANALYSIS

The average molecular optical anisotropy <;”°)°
of TPH in cyclohexane solution at 25°C was
determined* by measuring the scattered depolar-
ized intensity from the solutions at a wavelengh
of 5460 A. The technique used has been pre-
viously described.' The accuracy of (*) is

* In practice the intensity measurements are
carried out by comparison with a standard liquid,
cyclohexane, for which these has been determined at
a wavelength of 5460 A a scattered depolarized inten-
sity per unit volume and unit of incident photo-
metric illumination of 23, 15.10-8cm-1.
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Table I. Experimental and theoretical* molecular
optical anisotropies (cyclohexane solution)
of stereoisomers of TPH at 25°C

G, As
Stereoisomers Experimental Calculated Devigol;ion,
/1
Hetero TPH 229 229.5 0
Syndio TPH 243 253.5 4.3
Iso TPH 211 203.3 3.7

* Calculated according to the parameter of ref 2.

about 3 or 4%. Experimental results are in-
dicated in Table I with the theoretical molecular
optical anisotropies calculated according to the
rotational isomer model and the method deve-
loped by Tonelli, Abe, and Flory® for vinyl
polymers. At this point, it is necessary to recall
that the theoretical molecular optical anisotropy
of a stereoirregular chain with a lateral sub-
stituent R is a function of various parameters,
in particular, the statistical weights 7 and ¢,*
the rotational angle y of the R group about
the CH—R bond and of the probability wgya
for a syndiotactic placement of the stereoregular
unit relative to the preceding unit. Statistical
weights 7 and ¢* take into account the interac-
tions of a CH group with R and the constraints
imposed on rotations around CH—R bond re-
spectively if R is an articulated substituent.

The theoretical {;*) of the three stereoisomers
of TPH (see Table I) has been calculated ac-
cording to the eq 9 and the method of the ref
2 with the corresponding choice of parameters.
In particular we have used =1.48, *=1 and
x=20°; values determined from our previous
experimental studies.? For heterotactic stereo-
isomer the theoretical molecular optical aniso-
tropy has been calculated in the following
manner:** if (y*);;, is the average molecular
optical anisotropy of a mm triad of the stereo-
irregular chain, and (f)syn that of rr triad and
{7*>netero that of mr or rm triad, one can write
in the hypothesis of a Bernoullian propagation
process and with? w;;,=0.50:

** (72 netero is calculated by an indirect method
in order to use numerical results immediately
available from our previous study.2
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In this expression, {(;*da. is the calculated
molecular optical anisotropy equal to 228.96 A®
of the ‘‘atactic’’ trimer molecule. The above
equation allows us to obtain {;*Mneero-

Examination of Table I shows an excellent
agreement between the experimental and theore-
tical values. Thus, deviations between observed
and calculated values of (;*) are 0, 4.3 and 3.7%
for heterotactic, syndiotactic, and isotactic mole-
cules, respectively. This agreement between ex-
periment and theory is an additional confirma-
tion of the correct choice previously’ made with
the aid of 2,4-diphenylpentane using the different
conformational parameters which give short
range interactions in these molecules. In par-
ticular, it is interesting to note that we have
verified in our previous study’ on PS chains
that molecular optical anisotropy of isotactic
TPH is for the most part independent of the
factor » but very sensitive to the angle .

Therefore it can be deduced that the value
of ¥=20° is also correct for our experimental
{y*> measurement (3 or 4%). This parameter
x may be indeed useful in the study of chro-
micity phenomena of these molecules and it
seems that untill now, only DRS has given an
experimental value of .

Now we must make a comparison of the ex-
perimental data, obtained by DRS and NMR,
with the relative stabilities of different con-

Table II. Values at 25°C of the statistical weight
» determined from DRS and NMR
Statist.
Stereo- Con- weight— 4G, Tech-
isomers formers equil. cal nique 7
compos.
Rac DPP 1t/gg 72/1 DRS2 1.48
—706.4 NMR® 1.82
tgrtfgtgg 721 DRS 1.48
Hetero TPH —639.5 NMR* 1.70
get/gtgg 721 DRS 1.48
—586.4 NMR* 1.63
Syndio TPH tt1t/ttgg 72/1 DRS 1.39=
(or ggtt) —396.7 NMR* 1.40

= This value fits exactly the experimental (7%) of
this stereoisomer, all things being equal elsewhere.
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formers of model compounds of PS. NMR
permits access' to the free enthalpy difference
4G between the various molecular conformations
of studied compounds and therefore to the
statistical weight » from the relation’ 7=
exp (—4G/RT).

In Table II we have indicated for various
conformers the statistical weights (which re-
present also the equilibrium composition), the
free enthalpy difference 4G between these con-
formers and the 7 values calculated at 25°C
from DRS and NMR.

It can be shown that i) first, the 7 values
deduced from depolarized Rayleigh scattering
measurements at 25°C on the different model
molecules of PS are homogeneous and in a range
of 1.39 to 1.48 and ii) secondly, these values
are of the same order of magnitude, within
about 109, as that obtained by NMR* on TPH
molecules. However, a rather large disagree-
ment of about 209 was detected between the
preceding values and those determined by NMR®
from DPP.

In conclusion it has been possible to give a
coherent interpretation, as a whole, on the ex-
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perimental molecular optical anisotropies of
model molecules of PS in good agreement with
literature data®® on statistical weight 7 and
results already published on molecular optical
anisotropy"’? of PS chains.
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