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of a possible inductive effect caused by the difference
in hydrogen mass can hardly be estimated at the present
stage, but such an effect is probably of minor impor-
tance in this case.?

Temperature dependence studies are in progress.
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Photoreduction of 2,2-Diphenyl-1-picrylhydrazyl
(DPPH) in Hydrocarbons
Sir:

The chemistry of 2,2-diphenyl-1-picrylhydrazyl
(DPPH) has been studied by several authors!—® while
the stability of the radical has been of special interest
in the field of paramagnetic resonance. However, little
is known about the photochemical reactivity of this

important stable radical. A few papers®~ have
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Fig. 1.—Rate of photoreduction of DPPH at various initial
concentrations in cumene at 25°, initial concentration of
DPPH: 0,2 X 10~ %mole/1.; @,5 X 10"%mole/l.; A,2X 107?
mole/l.

demonstrated the photo-induced fading of DPPH in
aromatic disulfides. "However, the disappearance of
the DPPH is due to the scavenging reaction of sulfide
radicals which are generated in-the presence of light.

(1) R. H. Poirier, E. J. Kahler, and F. Benington, J. Org. Chem., 17,
1437 (1952); R. H. Poirier and F, Benington, tbid., 19, 1157 (1954).

(2) K. E. Russell, J. Phys. Chem., 88, 1437 (1954); J. S. Hogg, D. H.
Lohman, and K. E. Russell, Can. J. Chem., 89, 1394, 1588 (1961); P.
Venker and H. Herzmann, Naturwiss., 47, 133 (1960).

(3) S. Goldschmidt and K. Renn, Ber., §5, 628 (1932).

(4) An investigation concurrent with ours but dealing primarily with the
kinetics of the photolysis of DPPH in CCls followed spectrophotometrically
has recently been reported: A. Suzuki, M. Takahashi, and K. Shiomi, Buil.
Chem. Soc. Japan, 36, 641 (1963).

(5) M. Calvin and J. A. Balltrop, J. Am. Chem. Soc. T4, 6153 (1952).

(6) K. E. Russel and A. V. Tobolsky, ibid., T6, 395 (1954).

(7) Y. Schaafsma, A. F, Bickell, and E. C. Kooyman, Telrahedron, 10, 76
(1960).

Vol. 86

We report here the results of a preliminary e.p.r.
investigation of the photo-induced abstraction of
hydrogen atoms from hydrocarbons by DPPH. The
photochemical reaction was carried out at rooni temper-
ature within the microwave cavity of a Varian e.p.r.
spectrometer with 100-kc. field modulation. The light
source was a PEK mercury medium-pressure lamp with
suitable filters placed at a distance of 100 cm. from the
cavity. Solutions to be studied were degassed under
vacuum and filled with purified nitrogen at atmospheric
pressure.  The determination of the approximate
amount of light absorbed by DPPH solutions at 3130

. was carried out using the photochemical disappear-
ance of benzophenone and the formation of acetone in
isopropyl alcohol as an actinometer.®® The benzophe-
none concentration was adjusted so that the fraction
of light absorbed at 3130 A. matched that absorbed by
the DPPH solution,

Although DPPH has absorption maxima at 520 and
330 myu, we observed that the photoreaction proceeds
rapidly enough for e.p.r. measurement only on irradia-
tion in the shorter wave length band. The rates of the
photoreduction were followed by recording the relative
spin concentration as a function of time at a constant
magnetic field, the latter being adjusted to give maxi-
mum response. In the dark no diminution in e.p.r.
signal intensity was observed; however, during irradia-
tion the e.p.r. signal decreased according to the first-
order rate law. A typical curve for the disappearance
of DPPH in isopropylbenzene is shown in Fig. 1.

It has been reported that the e.p.r. signal of DPPH
in impure isopropylbenzene solution gives a triplet
spectrum instead of a quintet.!® We observed the same
triplet spectrum when the isopropylbenzene used was
not carefully purified. However, when chromatographi-
cally purified isopropylbenzene was used, the ordinary
five-line spectrum was obtained. In addition, we also
observed a triplet spectrum when DPPH was dissolved
in solvents such as hexene and cyclohexene. In the
ultraviolet absorption spectrum of these solutions the
maximum at 330 mu was shifted to 345 mu, suggesting
some probable complex formation.

The kinetics of the disappearance of DPPH were also
checked by following the reaction colorimetrically; the
results agree within about 3%.

The experimental data obtained to date are insuffi-
cient to establish the entire reaction mechanism, but
seem to fit the sequence

DPPH + hv» —> DPPH* L. (1)
DPPH* 4+ RH —> DPPH + RH ky (2)
DPPH* 4+ RH —> DPPH, + R ks (3)

R + DPPH —> DPPHR ki (4)

In the experiment the hydrocarbon RH is the solvent
so that its concentration is practically constant. If
reaction 4 is assumed to be rapid, reaction 3 is slow and
rate-determining, and fluorescence is negligible, the
following kinetic expression is obtained

ko/ky = (2/¢) — 1 (5)

where ¢ is the quantum yield of the disappearance of
DPPH. If ¢ is measured the values of ky/k; can be
calculated for different solvents. A summary of the
experimental results is given in Table I.

We have also briefly studied the photochemical reac-
tion of DPPH in the solid state with infrared spectrom-
etry. The DPPH was mixed with KBr powder and
a pellet was formed. The reaction was carried out
with the pellet in a Perkin-Elmer 221 infrared spectro-
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TaBLE 1

QuaNTUM YIELDS AND RELATIVE RATE ConsTANTS OF DPPH
PHOTOREDUCTION IN VARIOUS SOLVENTS

k (e.p.r.), k {(col.),

Solvent min, "1 min. -1 o & ka/ ks
Benzene Slow
Cumene 0.198 0.212 1.3 1.2 0.66
Toluene 0538 Ce. 0.53 0.48 3.16
Hexane .0388 0.0411 .38 .35 4.71
Cyclohexane .0608  0.0648 .57 .54 2.70
Methylevclohexane . 0823 s 75 72 1.77

@ Determined using disappearance of Ph,CO in IPA as an ac-
tinometer. ? Determined using formation of acetone in Ph,CO—
IPA photolysis as an actinometer.

photometer with the exciting light (>3100 A.) at an
angle to the pellet. In the absence of light no reaction
was observed; however, during irradiation the pellet
gradually turned from purple to yellow and the infrared
spectrum changed from that of the DPPH to one iden-
tical with DPPH,. Further studies of this effect are
being conducted and we are now extending this tech-
nique to some quantitative studies of photocheniical
reactions in the solid state.
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Circular Dichroism and Rotatory Dispersion Curves
for Helices!
Sir:

The excited state of a polymeric array can be con-
sidered an exciton band of many, closely spaced energy
levels. A transition to one of these levels can have a large
rotational strength and a small oscillator strength or vice
versa, therefore a simple proportionality between the en-
tire absorption band and the circular dichroism curve is
not necessarily expected. For a helix the component of
the absorption band polarized perpendicular to the helix
axis gives rise to a unique circular dichroism curve as
shown in Fig. 1. Qualitatively, the shape of the circu-
lar dichroism curve arises from many rotational
strengths occurring near Ao, the wave length of maximum
absorption of the perpendicular band. The rotational
strengths are all positive on one side of A and negative
on the other, They decrease in magnitude as A — )\
increases and the sum of all rotational strengths is zero.
This leads to canceling of the circular dichroism at X
and nearly equal and opposite curves on either side as
seen in Fig. 1. The rotational strengths responsible
for this circular dichroism curve were ignored in
Moffitt’s? classical paper. As his original approxima-
tion led to only one transition at A, (instead of many
near Ag), the one rotational strength (equivalent to the
sum of present rotational strengths) was equal to zero.
Moffitt, Fitts, and Kirkwood? corrected the mistake,
but did not discuss circular dichroism or optical rota-
tory dispersion near an absorption band. Mason’s?
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Fig. 1.—The absorption, circular dichroism, and optical
rotatory dispersion for a perpendicularly polarized band in a
helix. The absorption is assumed to be gaussian in frequency
(ref. 5) and K is defined in ref. 6.

recent claim that this correction is unimportant is
wrong,

The circular dichroism curve seems broader than
the absorption curve, because its maximum and
minimum occur where the absorption has fallen to
about 60%, of its maximum value.®* The sign of the

v

circular dichroism curve is determined by >, (G — 1) Vi
i>i

sin 27j/P, where V; is the potential of interaction of
groups i and j and P is the number of groups per turn.$
The predicted rotatory dispersion (ORD) curve can, be
obtained from the Kronig-Kramers relation® and is
also given in Fig. 1.

These curves provide a different interpretation for
the recently published circular dichroism data on
polynucleotides.'® For poly A, Brahms finds (ref.

(5) For an absorption curve gaussian in frequency, the maximum and

minimum in the circular dichroism curve appear approximately at » — » =
+6/4/2, therefore this corresponds to ¢ = emax exp[—(» — »0)2/0?] = emax
exp(—1/9).

(6) The equation for the circular dichroism curve for a single strand helix
corresponding to a gaussian absorption curve polarized perpendicular to the
helix axis is

[8') = K[2(r — w)w/0% + 1] exp[—{(» — w)?2/02]

N
K= (487:-5/1;\%2))0;1_]_’/}12629)[ Y. G = Vi sin 21rj,"P:]
i> i

where z is the pitch of the helix and My is the electric transition moment.
It can be derived from an expression for rotational strength for light incident
parallel to the helix axis. A very similar expression holds for a double
stranded helix.”
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