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are obtained by other reasonable assumptions. If we take into
consideration the fact that the C—Cl bond of this molecule has
the possibility of larger ionic character, as evidenced by the
abnormally larger C—Cl distance in propargyl chloride the
electrostatic potential may be larger than that calculated above
and come nearer to the observed value. Thus, we can safely con-
clude the hindering potential of this molecule is mainly due to the
electrostatic interaction of the dipoles in the rotating groups.

It should be mphasized that the moments obtained in benzene
solution are almost the same as those in carbon tetrachloride, and,
in particular, they show an increase with temperature. This result
stands out in sharp contrast to that of dichloroethane,® which
indicated an abnormally larger dipole moment in benzene solution.
This “benzene effect” was interpreted by the assumption’ that
their molecules associate in benzene solution with the solvent
molecules. As stated above, in dichlorobutine the distance between
the two chlorine atoms is larger than the diameter of benzene
molecule, so that the special association such as found in dichloro-
ethane may not take place in this case,

The details will be published elsewhere in the near future. We
are grateful to Professor O. Shimamura for his kindness in pre-
paring the sample of dichlorobutine.
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The Effect of Hydrogen Bonding on the Hindered
Rotation of the Hydroxyl Group in Alcohols
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T has been shown by Dennison and his co-workers:? that in
gaseous methyl alcohol, the OH group executes a hindered
rotation {or libration) about the CO axis and that the height of the
potential barrier hindered free rotation is about 380 cm™* (1.1
kcal/mole). If one regards this motion as a libration, then the
value of the corresponding normal frequency is approximately 225
em™, However, the motion is far from simple harmonic, and the
infrared absorption due to this libration extends from about 700
cm™ to below 50 cm™ for isolated CH,OH molecules in the gas-
eous state. When methyl alcohol is in the liquid state, where it is
known that hydrogen bonding exists between the OH groups of
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neighboring molecules, it is to be expected that the hindred rota-
tion will be completely inhibited and this motion will now more
closely resemble the usual type of fundamental vibration. One
would also anticipate that the value of the fundamental frequency
would be very much greater than 225 cm™, since the restoring
forces will have increased considerably.

Investigation of the infrared spectra of a series of alcohols
reveals a broad ahsorption band starting about 800 cm™, reaching
a maximum near 670 cm™ and extending to beyond 500 em™L
If, by deuteration, the OH group is converted into an OD group,
this band is found to shift to lower frequencies, the maximum now
being found close to 475 cm™ in the case of methyl alcohol (Fig. 1).
Since the ratio of the frequencies of maximum absorption is
almost exactly vZ, the 670 cm™ band must be due to a pure de-
formation vibration of the OH group. It seems most probable that
it is the deformation vibration in which the hydrogen moves at
right angles to the COH plane, ie., the motion which in this
gaseous state becomes the hindered rotation of the OH group.

If the hydrogen bonds are now broken up by diluting the al-
cohol to a low concentration in carbon disulfide or carbon tetra-
chloride, one would expect the 670 cm™ band to disappear and be
replaced by a band at lower frequencies. The effect of dilution on
this band in CH;OH and CHzOD is also illustrated in Fig. 1.
This dilution effect has been checked for a large number of alco-
hols. It will be seen that the intensity of this band does decrease
enormously when the molar concentration is lowered to a point
where the degree of hydrogen bonding is known to be low from
studies on the OH stretching frequency near 3250 cm™. 1t has
not yet been possible to determine where this band moves to on
dilution, but studies are being continued in the low frequency
region. It is interesting and significant that this 670 cm™ band has
a broad diffuse shape, very similar in extent to the well-known
hydrogen-honded OH stretching frequency near 3250 cm™.,

The effect of hydrogen bonding on the in-plane OH deformation
vibration has also been studied. The results here are not so straight-
forward and will be presented in a subsequent publication,
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Note on the Free Volume Equation of
State for Hard Spheres

Louis H, Lunp
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N a recent Letter to the Editor, Wood! has given an exact

solution for a system composed of rigid spheres to the following

integral equation derived by Kirkwood? in his critique of the free
volume theory of the liquid state

olr)=expBla—y¢(r)],
(1) =§ J::euvu(Ru'}'l’— r) exp[Ala—¢(r))]d, (1)

exp-—8a=j;enexp-—6¢(r)dv=ﬂ;,

where (1) is the configurational distribution function for a mole-
cule in its cell, and the terms in E, the energy with all molecules
at their cell centers, are omitted since it is here zero.

Wood has considered a face-centered cubic lattice and chosen
as the cell the dodecahedron A of Buehler ef al.? The nearest neigh-
bor distance ¢ and volume per molecule v are related by a®=+/2(s),
and the minimum volume per molecules is vo==r¢/4/2, where 7o
denotes the diameter of the sphere. His solution for the system of
Eq. (I} is ,

0ifrisina
¥n= { ® if 7 not in A7, @

where A’ is the free volume (vi—17¢})3 per molecule and is a dodeca-
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hedron similar to A but with altitude (¢—r0)/2 instead of a/2.
The equation of state may also be obtained.

It would appear that the solution (2) will hold for other types of
molecular packing where it is possible to define and estimate a free
volume; that is, in those cases where the potential within the cell
is uniform and is effectively infinite at the boundary. In the case
of cubic packing where one molecule may be considered oscillating
at the origin, with the six nearest neighbors regarded as fixed in
their mean positions along three axes, the free volume per mole-
cule may easily be shown to be

7)/=8(7J*"1'0)3, (3)

where v is the mean volume per molecule and 7, the diameter of
the molecule. It is reasonable that Eq. (3) will hold approximately
for other kinds of molecular packing with the “8” replaced by a
different constant.

Thus, one might conclude that the solution (2) would hold for
many molecular packings of rigid spheres where it is feasible to
define a free volume and where one may have

oloy= {1
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Effect of Opposed Disubstitution on Intensities of
Even-Even Electronic Transitions
HARDEN MCcCONNELL
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HE theory of spectroscopic moments devised by Platt! has
been used by him for the experimental determination of the
even-odd (g—u) character of electronic wave functions of excited
singlet states of centrally symmetric molecules.>? One feature of
this theory is the prediction that the absorption intensities of
“forbidden” even-even (g—g) electronic transitions in centrally
symmetric molecules are not affected by opposed disubstitu-
tions, such as, for example, 2,6-dimethyl substitution in
naphthalene. The purpose of this letter is to point out that (a)
the above prediction is strictly valid only to within the limits of
the Born-Oppenheimer approximation (neglect of perturbations
of electronic wave functions by nuclear vibrations) and (b) by
inclusion of corrections to this approximation in the spectroscopic
moment theory, it is possible to obtain an improved prediction
of intensity changes of g—g transitions produced by opposed di-
substitution in centrally symmetric molecules. Failure of a transi-
tion of unknown symmetry to conform at least qualitatively to
this new prediction for g—yg transitions can be taken as evidence
that the transition is not g—g but g—u.
The absorption intensity which a g—g¢ transition “steals” from
a strongly allowed g—u transition can be approximated by first-
order perturbation theory. This stolen intensity depends in part
on the difference in energy of the g and # excited states. Disub-
stitution can change this energy difference and thereby change the
g—g transition intensity. A simplified calculation shows that the

equation,
e=e[1—(Av/V) T, )

relates the intensity (eo) of the g—¢ transition in the unsubstituted
molecule to the intensity (e) of this transition in the disubstituted
molecule. In Eq. (1), » is the frequency separating the g and »
electronic states, and Ay is the change of this frequency produced
by opposed disubstitution. More detailed expressions relating
and e can be derived, but for many molecular spectra it appears
reasonable that » can be taken as the frequency separating a 0, 1
vibrational state of the weak transition (whose excited state sym-
metry is to be determined) and a 0, 0 vibrational state of a strong
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allowed g—u transition; eand ¢ in Eq. (1) then apply the intensi-
ties of the 0, 1 band of the g—y¢ transition.

Equation (1) predicts that on opposed disubstitution the inten-
sity of a g—g transition will (a) decrease if Ay is positive, (b) in-
crease if Av is negative, or (¢) remain practically unaltered if
(Av/»)<1. Sufficient experimental data are not available for an
adequate test of these predictions. It is noteworthy, however, that
the effect of opposed dimethyl substitutions in naphthalene on the
intensity of the !4 —1L; transition cannot be accounted for by
Eq. (1); this result is consistent with the previously assigned »
symmetry of this 'L excited stater%* Also, 9, 10-dimethyl sub-
stitution in anthracene decreases the intensity of the 14—1C,
transition to an. extent compatible with Eq. (1); this result is
consistent with the previously assigned g symmetry of the !C,
state of anthracene at 45,000 cm™ and the assumption that the
1Cy state steals intensity from the nearby strongly allowed 1B, (x)
state at 39,500 cm™..%4 Further discussion of these predictions will
be deferred until more data are available. )
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Molecular Weight of Potato Amylopectin
as Determined by Light Scattering*
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OLECULAR weights reported for amylopectin range from

less than 200,000, as determined by end-group methods,! to

230 million by the light-scattering method.2 We report here the

results of light scattering measurements on potato amylopectin in

water solutions and on acetylated amylopectin in several organic
solvents. .

Potato starch (potassium form?®) was dispersed with vigorous
stirring in water at 90°. The amylose was precipitated with pen-
tanol. Amylopectin recovery was 90 percent. Scattering was
measured 5 at angles with 135 to 22°, Reliable extrapolation to 0°
could be made, proving the absence of large particles of dirt or
microgel in the solutions. Concentrations ranged from 10~ to 10~°
g/ml. Solutions were centrifuged at 40,000 rpm and then passed
through ultrafine sintered glass filters. Three molecular weight
determinations averaged 36 million4-10 percent. Values at 546
and 436 mu for a series of solutions of varying concentration
agreed to =5 percent. The 90° scattering was unaffected by tem-
perature in the range 25 to 75°. An amylopectin solution 0.5 ¥
in sodium hydroxide was heated two hours at 90°, It showed less
than 10 percent decrease in turbidity if oxygen was absent. An
amylopectin solution was heated one hour at 120° in a sealed tube
free from oxygen without appreciable change in turbidity. These
results indicate that if the light-scattering particles are aggregates
they are not broken up by temperature or alkali. In acetone solu-
tion the acetate of this amylopectin had a molecular weight
(corrected for 40 percent acetyl content) of 38 million.

Nine fractions were obtained by adding ethanol to a water
solution of this amylopectin containing 0.1 percent sodium chlo-
ride. The molecular weight of the fractions, which represented
93 percent of the amylopectin, ranged from 52 to 7 million. One-
third had a molecular weight 48 to 52 million. The weight average
for the nine fractions was 36 million. The particle diameter ranged
from 4300A to 2200A.

Another potato starch (calcium form?®) was dispersed by auto-
claving at pH 6.0, and the amylose was removed by complexing
with nitrobenzene and adsorbing on cotton. The molecular weight



