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measured K values given above merely as approximations. It
is noteworthy that at least one of the substances under study,
3, inhibits mammalian as well as yeast decarboxylase.?
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Concerning the Role of Cyclopropene in the Allene
to Propyne Isomerization. A Study of the Thermal
Rearrangements of C3H;D Isomers!

Sir:

One of us? has recently suggested, on thermochemical ki-
netic grounds, that cyclopropene may be a possible interme-
diate in the thermal reversible isomerization of allene to pro-
pyne (methylacetylene) as shown in Scheme 1. It was previ-
ously proposed? that this rearrangement occurred via a con-
certed process involving a direct 1,3-H shift. It is not possible
to distinguish between these mechanisms with either unlabeled
allene or propyne, since the stationary level of cyclopropene
required by Scheme I is below the level of analytical detect-
ability. However, alternative processes can in principle be
distinguished by means of a study starting with deuteriopro-
pyne. From propyne-/-d; (1), for instance, a concerted process
would predict allene-d| (3) as the sole initial product. The
mechanism via cyclopropene (Scheme II) on the other hand
is likely to produce propyne-3-d; (2) in addition to allene-d .
This is because the intermediate cyclopropene-/-d; (4) can
revert to propyne-d, in two ways which are equivalent by
symmetry (apart from the deuterium label) to produce 2 as
well as 1. This latter process is likely to be in effective compe-
tifion with formation of 3 since it is known that cyclopropene
isomerization favors the formation of propyne rather than
allene .

The necessary test materials were prepared as follows. 1 was
made by reaction of propyne with ethylmagnesium bromide
in THF solution at —50 °C, followed by hydrolysis with D,O

Scheme [
CH
CH,=C=CH, — CHZ/H — CHa-C=CH
~~cH
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at 25 °C. After GC purification (6-m OPN column at 25 °C),
1 contained <0.4% 2. 2 was made by reduction of 1-bromo-
propyne by LiAID, in THF at 65 °C.% This procedure gave
12% 3 as well as 88% 2. After GC purification, 2 contained
<0.4% 1. 3 was made by reaction of |-chloropropyne with zinc
and D,0 in dioxane at 100 °C.6 GC purification of the initial
product (80% 3 and 20% 2) gave essentially pure 3.

Pyrolyses of the C3H3D isomers were carried out in a quartz
flow tube in the range 500-750 °C with a residence time of 32
s, using a low partial pressure of C3H3D in | atm of N».
Products were frozen out and identified by GC, infrared, and
mass spectral analysis. Below 650 °C only products 1, 2, and
3 could be observed (starting from any of the three pure iso-
mers). Above 650 °C small quantities of methane and acety-
lene were also formed. A quantitative distribution of 1, 2, and
3 was obtained by IR analysis using bands which were uniquely
attributable to each isomer, viz., at 3330 (=C—H stretch of
2), 2626 (=C—D stretch of 1), and 1960 cm~! (C=C=C
stretch of 3). The results from a set of experiments starting
from 1 are shown in Table I. They demonstrate how the
C;3H;D distribution essentially evolves from a pure component
to an equilibrium mixture in a given time as the temperature
is raised. Similar results were obtained starting from 2 and
3.

A number of checks were carried out to establish that the
processes involved were homogeneous first order and unimo-
lecular in nature. When the tube was packed with glass wool
[treated with V,0-bis(trimethylsilyl)acetamide], the same
product distribution was obtained. Variation of the partial
pressure of 1 (between ~1 and 37 Torr) did not affect the
distribution, although at higher partial pressures there was
some mass deficit. Mass spectral analysis of the product at 700
°C revealed <1% d»>- (C3H,D5) and <5% dqo- (C3Hy4) con-
taining products. This suggests that an atomic scrambling
process is unimportant.

On the reasonably well-supported hypothesis that the
C3H;3D interconversions can be represented by a set of coupled
unimolecular reactions (Scheme I11), this kinetic scheme was
solved by means of a matrix inversion technique for a set of trial
rate constants. A complete set of optimal rate constants could
be obtained on the assumption that their relative values did not
change with temperature (i.e., they all had the same activation
energy). Although this is unlikely to be exactly true, itis a
reasonable approximation over a limited temperature range
and any variation is probably masked by experimental scatter.
In the optimal fit the rate constant ratios shown in Table I1
were found. These could be matched to the data at each tem-
perature by a scaling factor to reproduce the experimental

1211
Table L. Distribution of Products in Flow Pyrolysis of
Propyne-1-d,¢
T,°C 1 2 3 other?
580 98.3 1.7 0
600 96.7 29 0.4
610 95.4 4.0 0.5
620 93.9 53 0.8
630 91.4 7.3 1.4
640 87.6 10.6 1.7
650 82.8 14.4 2.7
660 78.2 18.3 35
670 73.1 22.0 49
680 60.4 30.5 9.1
690 52.2 35.8 11.9 0.1
700 47.1 39.0 13.6 0.2
710 37.1 45.0 17.2 0.7
720 30.3 49.3 19.1 1.3
730 25.3 52.8 20.4 1.4
740 21.0 54.0 224 25
750 19.0 53.6 23.9 3.4
760 17.8 53.7 23.2 5.3
4 Partial pressure of 1, ~0.95 Torr. # CH4 + CyHa.
Table II. Best-Fit Relative Rate Constants for Scheme 1]
process rel k process rel k
1.2 1.00 32 0.647
1.3 0.286 2.1 0.333
3.1 0.246 23 0.250
a Arbitrary.

conversion (from a given component). This produces, for in-
stance, the rate constant sum, k;» + k3, which fits the
Arrhenius expression log (ki + k(3)/s™' = (11.1 £0.3)-
(56.3 £ 1.2) kcal mol=!/RT In 10 (for the temperature range
600-740 °C).

From Table 11, the important rate constant ratio ky 2/ & 3
= 3.5 % 0.5 may be extracted.” That this is a reasonable finding
can be seen by examining the low conversion ratio of 2:3 in
Table 1. This demonstrates clearly that 2 is formed more
readily than 3 from 1, and supports the contention that cy-
clopropene-/-d; is involved in these rearrangements. Forma-
tion of 2 from 1 appears to require the intermediacy of 4.
Whether or not formation of 3 also requires 4 as an interme-
diate depends on an analysis of the expected magnitude of
k12/ki 3. This involves further assumptions about mechanism’
and cannot be conclusively settled at this time. However, we
estimate a value of 6.1 for this ratio based on the known be-
havior of cyclopropene*® and estimates of isotope effects.’
With the most pessimistic assumptions, this ratio is found not
to vary by more than a factor of 2 and this therefore suggests
that between 50 and 100% of the allene formed does come via
the cyclopropene pathway.
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Total Internal Reflection Raman Spectroscopy
as a New Tool for Surface Analysis
Sir:

Attenuated total reflection infrared spectroscopy (ATR IR)
has been established as a standard method for characterizing
material surfaces.'-®> The surface layer observable by the
method, however, is fairly deep and far from such a thin surface
layer that may control surface-sensitive properties. The pen-
etration depth of the evanescent wave on total reflection is
proportional to the wavelength of the incident light.® The
wavelength of lasers (e.g., Ar 0.4880 um) usually used for
Raman spectroscopy is much shorter than those of infrared
radiations (2.5-25 um) concerned in infrared spectroscopy.
Therefore, total internal reflection laser Raman spectroscopy,
which deals with scattered light from the evanescent wave of
a laser penetrating the sample, should give useful information
on much thinner surface layers.

Applicability of total internal reflection to Raman spec-
troscopy was hinted by Harrick and Loeb.” Ikeshoji et al.®
measured total internal reflection Raman spectrum of CS,,
by using a flint glass as the internal reflection element (IRE).
The Raman signals were so weak and obscure that they needed
time averaging of signals in real time and subsequent
smoothing of the obtained spectra. Their failure to obtain
distinct spectra seemed to be mainly due to the background of
the IRE, for the low level of background is crucially important
for recording the possibly very weak signals. We began to select
a suitable material for the IRE to study feasibility of the total
internal reflection Raman spectroscopy as a new tool for sur-
face analysis, and found that the method is promising.

Sapphire has the least Raman background in the 800-
1800-cm™! range among the candidate materials with a re-
fractive index >1.7, including flint glasses, TiO,, and SrTiOs.
All the Raman peaks of sapphire that have a considerable in-
tensity are located below 760 cm~! and the background in the
800-3100-cm™' range was <200 counts per second (cps) in
the ordinary conditions, and sapphire was found the most ap-
propriate for the IRE. Sapphire was cut into a plate with a side
view of trapezoid, possessing 45 and 90° end face angles and
the dimension 30 (¢ axis) X 10 X 1 mm, the surface for contact
with a sample being the (1010) plane. All the surfaces a laser
be}a\lm hits were optically polished. The surface roughness was
<\/10.

Samples with a thin layer coating were prepared by coating
polystyrene in various thicknesses on polyethylene films of
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Figure 1. Raman spectra of a 30-um-thick polyethylene film with an
1.1-u~thick coating of polystyrene, measured by (a) illumination through
the sample and (b) total internal reflection on the coated surface at an
incident angle of 64.8°. The peaks marked S are due to polystyrene in the
upper spectrum.

30-um thickness. The polystyrene side of the sample was kept
contacted intimately with the IRE surface with an appropriate
pressure. The laser beam fell on the 45° end face of the IRE
so that the refracted beam was incident onto the IRE-sample
interface at an angle larger than the critical angle. The Raman
scattering on total reflection was collected to the direction
perpendicular to the IRE plate surface. The incident angle of
laser onto the IRE-sample interface was varied from 68.5 to
64.8°, the latter being the critical angle for sapphire and
polystyrene with a refractive index of 1.775% and 1.606,° re-
spectively.

A laser Raman spectrometer used was Spex Ramalog 5
equipped with a Coherent Radiation argon ion laser CR-3 and
a RCA-C31034 cooled photomultiplier. Total internal re-
flection Raman spectra were typically recorded with a 0.1- or
0.2-cm™! s scanning speed, a time constant of 10 or 20's, a
10-cm™! slit width, and 200-mW laser power at 488.0 nm.
The total internal reflection Raman spectra were measured
on a single total reflection. The diameter of the laser beam was
~0.1 mm at the site of the total reflection.

The Raman spectrum measured by the conventional illu-
mination through the polyethylene film with an 1.1-um-thick
coating of polystyrene (Figure la) shows several weak but
distinct peaks due to polystyrene, the peak at 1002 cm~! being
the most intense of all the polystyrene peaks, in addition to
predominant polyethylene peaks. Figure 1b is the total internal
reflection Raman spectrum on the coated surface of the same
sample. All the peaks therein are of polystyrene and even the
strongest peaks of polyethylene at 2850 and 2890 cm™' do not
appear, showing striking contrast with the conventionally
measured spectrum (Figure 1a). A total internal reflection
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