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Studies by Electron Spin Resonance of the Reactions
of Alkylperoxy Radicals

Part 1.—Absolute Rate Constants for the Termination Reactions of Alkylperoxy
Radicals

By J. E. BENNETT, D. M. BROWN AND B, MILE
Shell Research Ltd., Thornton Research Centre, P.O Box 1, Chester, CH! 3SH

Received 12th June, 1969

Alkylperoxy radicals, produced by the photolysis of solutions of di-t-butyl peroxide in oxygen-
saturated alkanes, have been detected by electron spin resonance spectroscopy. Tertiary alkylperoxy
radicals terminate with second-order kinetics, and absolute termination rate constants have been
measured over a range of temperatures (—60 to +20°C). The process has an unusually high activa-
tion energy (ca. 8 kcal mol-') for a reaction involving two radicals. Secondary alkylperoxy radicals
decay more rapidly by a reaction which has a smaller activation energy (ca. 2 kcal mol-'). The
decay of primary radicals is so rapid that the radical concentration is too small to be detected. A
new method is described for the measurement of cross-termination rate constants.

The oxidation of hydrocarbons by molecular oxygen in the liquid phase proceeds
by a chain mechanism ! in which peroxy radicals (RO,-) are chain-propagating
agents. In the absence of an antioxidant, this chain reaction is generally terminated
by the bimolecular reaction of two peroxy radicals. Whilst several termination
rate constants have been measured by the rotating-sector technique > ? for the peroxy
radicals derived from olefinic and aromatic compounds, there have been relatively
few determinations of the rates of self-reaction of alkylperoxy radicals,

Unlike the diffusion-controlled reactions of many radicals * (k=~10*° I. mol~* s~1),
the decay of tertiary alkylperoxy radicals is relatively slow 3 (k~10% L. mol~* s~%).
Thus it is possible to produce a sufficiently high concentration of these radicals
(ca. 10~° mol 1.-1) to observe them directly by electron spin resonance (e.s.r.) and
follow their rates of decay. The decay kinetics of alkylperoxy radicals measured
in this way have been reported as being of first, second and intermediate order by
different authors.5-8

We have detected photolytically-generated alkylperoxy radicals by e.s.r. and
followed the build-up and decay of radical concentration during and after photolysis
at temperatures in the range —60 to +20°C. Absolute rate constants for the termina-
tion reactions of alkylperoxy radicals have been measured and the reactivities of
primary, secondary and tertiary radicals compared.

EXPERIMENTAL
RADICAL GENERATION

Alkylperoxy radicals were produced in the spectrometer cavity by the photolysis of a
solution of di-t-butyl peroxide (DTBP) in an oxygen-saturated alkane ® contained in a
4 mm o.d. silica tube. The t-butoxy radicals produced by the photodecomposition of
DTBP (reaction (1)) abstract hydrogen atoms from the alkane (reaction (2)) to form alkyl
radicals which then react rapidly with oxygen (reaction (3)) :
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(CH3)3C00C(CH3)332(CH3)3C0- m
(CH3);CO-+RH—(CH;3);COH+R- 2
R++0,—RO;.. 3

With this method various alkylperoxy radicals were obtained by using different alkanes.
The source of ultra-violet radiation was a Thermal Syndicate, 100-W, medium-pressure,
merciry lamp. A shutter mounted immediately in front of the cavity window was used to
start and stop the photolysis of the sample.

E.5.R. MEASUREMENTS

A Varian V-4502 spectrometer with 100 kHz magnetic field modulation was used to
detect the radicals produced by photolysis. A standard Varian variable temperature accessory
V-4557 was used to regulate the sample temperaure. The sample temperature was checked
with an iron constantan thermocouple and, for a given setting of the controller, was repro-
ducible to within 42 °C.

The g-factors of the e.s.r. spectra of peroxy radicals were determined by comparison
with that of the spectrum of o,o’-diphenyl-8-picrythydrazyl (DPPH; g = 2.0036). The
concentration of radicals was determined by electronically integrating the first derivative
signal which was normally obtained and measuring the area of the integral with a planimeter.
This area was then compared with that obtained with a known concentration of DPPH
in toluene. A correction was made for the increase in the concentration of DPPH caused
by the contraction of the toluene when the sample was cooled. At temperatures below the
melting point of toluene (—95°C) this solution could not be used as a standard because of a
marked increase in the microwave saturation of the spectrum. In these cases, a plot of the
measured area for a sample of DPPH against the reciprocal of the temperature was extra-
polated to the required temperature. This method involved the reasonable assumption
that the temperature-dependence of the intensity of the spectrum of alkylperoxy radicals
was the same as that of the spectrum of DPPH.

Radical-decay curves were obtained by interrupting the photolysis and then following
the variation of the maximum peak height of the derivative signal with time on a pen recorder.
This method was satisfactory for reactions having a first half-life greater than 3s. The ratio
of the peak height of the derivative signal to the area of the integrated signal, measured
from the signals obtained during photolysis, was then used to convert peak heights on the
decay curve to areas and thus calculate absolute radical concentrations. At temperatures
when the decay rate was slow, both derivative and integrated signals were recorded as the
alkylperoxy radicals decayed and the ratio (peak height/area) was independent of the
radical concentration. However, the ratio was dependent on temperature and was measured
for each decay experiment.

GAS CHROMATOGRAPHIC MEASUREMENTS

For a given alkane the rate of hydrogen abstraction (reaction (2)) increases as the strength
of the broken C—H bond decreases °-!* so that the yields of peroxy radicals were in the
order tertiary>secondary>>primary. The relative rates of production of these radicals
were determined from gas-liquid chromatographic (g.1.c.) analyses of the photolysis products.

The photolyzed samples were analyzed with a Perkin-Elmer F11 gas chromatograph
with nitrogen as the carrier gas and a flame ionization detector. Photolysis products were
separated before detection on a 4 m column (3 in. 0.d.) of Carbowax 1540 (8 % w on Chromo-
sorb W). Optimum separation was obtained by maintaining the temperature at 50°C for
the first 15 min and then increasing it at a rate of 1.5°C min—! until it reached 160°C. This
analysis did not, however, resolve low molecular weight alkenes from alkanes of the same
structure and to separate these components a second analysis was performed on each sample
using a 4 m column (3 in. o0.d.) of f’-oxydipropionitrile (20 % w on Chromosorb W) in
series with a 4 m column (} in. o.d.) of silicone grease (20 % w on Chromosorb W) at 30°C.
The identities of photolysis products were established by methods described previously.?
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MATERIALS

Di-t-butyl peroxide, supplied by Koch-Light Laboratories Ltd., was washed with alkali,
passed over activated silica gel and fractionated under reduced pressure at 60°C.

The hydrocarbons, obtained from Fluka AG, Koch-Light Laboratories Ltd. and Ralph
N. Emanuel Ltd., were passed over activated silica gel before use and were shown by g.l.c.
analysis to be generally =98 9 pure.

RESULTS

E.S.R. SPECTRA OF ALKYLPEROXY RADICALS

The e.s.r. spectra of the alkylperoxy radicals at room temperature each consisted
of a symmetrical single line with no detectable hyperfine structure (fig. 1(a)) and an
isotropic g-factor of 2.01540.001. This value is close to the isotropic g-factor
calculated from the principal g-factors (g and g,) of the spectra of peroxy radicals
which are trapped in solid matrices and unable to rotate freely.!®> Typical values
of the calculated g-factor, (g;+2g,)/3, lie within the range 2.0120-2.0154. This
good agreement confirms that the spectra observed in the photolysis experiments are
due to peroxy radicals.

The spectra of the larger radicals became increasingly asymmetric as the tempera-
ture of the sample was reduced (fig. 1(b)) and the temperature range over which
this occurred varied with the size of the alkyl group. Thus, the spectrum of the
peroxy radicals derived from 2-methylpentane was still symmetric at — 160°C whilst
that of the radicals formed from 2,6,10,14-tetramethylpentadecane was asymmetric
at —90°C. The peroxy radical spectra were not susceptible to saturation broadening
at the microwave power level used.

GAS CHROMATOGRAPHIC ANALYSIS OF PRODUCTS

The photolyzed samples were analyzed by g.l.c. and the measured concentrations
of oxidation products used to calculate the rates of formation of primary, secondary
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FiG. 1.—First derivative spectra of alkylperoxy radicals derived from (a) 2-methylpentane at 20°C
and () 2-methylnonane at —170°C.
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and tertiary peroxy radicals from the parent alkane. The results obtained with 0.5 %
solutions of DTBP in oxygen-saturated 2-methylpentane are summarized in table 1
and given in detail in the appendix. The selectivity of the attack on 2-methylpentane
increases with decreasing temperature as expected. However, at all the temperatures
examined the yield of secondary radicals is appreciable. Comparable analyses of
0.5 9 solutions of DTBP in oxygen-saturated heptane showed that more than 98 %]
of the peroxy radicals formed are secondary (see appendix).

TABLE 1.—PERCENTAGE YIELDS OF PEROXY RADICALS AND RELATIVE RATES OF ATTACK AT
DIFFERENT C—H BONDS IN 2-METHYLPENTANE

vield of peroxy radicals (%) relative rates of radical attack per C—H bond
temp. °C primary secondary tertiary primary secondary tertiary
—40 21404 28.6+1.0 69.3£1.0 0.032 1.0 9.7
—20 2.6+0.4 31.3+1.0 66.1+1.0 0.037 1.0 8.5
0 34404 3244+1.0 64.3+1.0 0.047 1.0 7.9
+20 42404 332110 62.5+1.0 0.056 1.0 7.5

RATES OF ALKYLPEROXY RADICAL TERMINATION REACTIONS

Where possible the formation of radicals during photolysis and the decay of
radicals following the discontinuation of photolysis were observed directly and the
termination rate constants obtained from kinetic analyses of these curves. When
these processes occurred too rapidly to permit accurate measurement, the steady
radical concentration produced by continuous photolysis was measured and a
stationary-state analysis used to calculate the termination rate constant.

The rate-determining step in the formation of alkylperoxy radicals was the scission
of the peroxide bond in DTBP to give two t-butoxy radicals 4 (reaction (1)). This
process was independent of the solvent, provided that there was no significant cage
effect ; thus the rate of radical initiation remained effectively constant, for a given
DTBP concentration, in all the systems examined. The stationary-state concentra-
tion of alkylperoxy radicals was therefore a direct measure of the rate of the radical
termination reaction. This latter process was considerably slower for tertiary radicals
than for primary and secondary radicals as is clear from the stationary-state radical
concentrations given in table 2. ‘

TABLE 2,—STATIONARY-STATE RADICAL CONCENTRATIONS PRODUCED BY THE PHOTOLYSIS
oF 0.5 % soLutioNs OF DTBP IN OXYGEN-SATURATED ALKANES AT —20°C

dominant [RO,] stationary-state
alkane radical type X 106 (mo} I.-1)
neopentane primary <0.05
n-hexane secondary 0.79
2,2-dimethylbutane secondary 0.90
3-methylpentane tertiary 15.0
2,3-dimethylbutane tertiary 20.8
2,2,3-trimethylbutane tertiary 33.2

PRIMARY ALKYLPEROXY RADICALS

The photolysis of a 0.5 % solution of DTBP in oxygen-saturated neopentane at
—20°C produced no detectable concentration of radicals, i.e., [RO,-] <5 x 10-8 mol L.-1.
However, g.l.c. analysis showed that t-butanol and neopentanol were formed in
amounts which indicated that the rate of generation of peroxy radicals in neopentane
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was comparable to that in other alkanes. If it is assumed that the alkylperoxy radicals
decay by a second-order process and that a stationary state exists, then a minimum
value for the termination rate constant &, for these primary radicals can be obtained
by equating the rate of radical termination to the rate of initiation ¢1,, where I, is
the light absorbed by the DTBP and ¢ the efficiency of the photolytic decomposition.

¢l, = k, [RO,-%. “)

From the value ((1.004+0.06) x 10-¢ mol L.-! s—1) of ¢J, measured in 2-methylpentane
it is calculated that k,,>4 x 108 1. mol~* s~

SECONDARY ALKYLPEROXY RADICALS

G.l.c. analysis indicated that the alkylperoxy radicals produced by the photolysis
of a solution of 0.5 9%, DTBP in oxygen-saturated n-heptane were essentially all
secondary. When photolysis was discontinued, these radicals decayed at a rate
which was too rapid to allow accurate measurement. For this reason the rate con-
stants were calculated from the stationary-state radical concentrations which were
achieved within a few seconds of the start of photolysis. To calculate the rate
constants k for secondary heptylperoxy radicals over a range of temperatures it was
assumed that ¢I, was independent of temperature. A decrease in temperature
caused the alkane to contract and increased [DTBP] and, consequently, I, whilst ¢
decreased owing to an enhanced cage effect. However, these two effects opposed
one another and the results obtained with 2-methylpentane indicate that the net
effect is small. An Arrhenius plot (fig. 2) gives values for the 4 factor and activation
energy of 107-7%1:91, mol~! s~! and 1.9+0.3 kcal mol-! respectively.

6 R - —————
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FiG. 2.—An Arrhenius plot of the second-order rate constants for the decay of s-heptylperoxy radicals
in a 0.5 % solution of di-t-butyl peroxide in oxygen-saturated heptane.

TERTIARY ALKYLPEROXY RADICALS
DECAY KINETICS

The formation of alkylperoxy radicals by the irradiation of a 0.5 9 solution of
DTBP in oxygen-saturated 2-methylpentane and the radical decay following the
discontinuation of photolysis are shown in fig. 3. G.lc. analysis indicates that the
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rates of formation at 20°C of primary, secondary and tertiary radicals expressed as
a percentage of the total rate are 4.2, 33.2 and 62.5 respectively. Since the rates of
reaction of these radicals vary considerably, the kinetics of the build-up of radical
concentration are complex. With the end of photolysis, however, the primary and
secondary radicals decayed rapidly to negligible concentrations and after a few
seconds the decay curve represented the slower termination reaction of the tertiary
radicals. This decay was second-order (eqn (5)),

—d[RO;]/df = k,[RO,?, &)

over the temperature range —60 to 0°C. Values for the rate constant k, were
calculated from the gradients of plots of [RO,-]-* against time (fig. 4).
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FiG. 3.—Build-up and decay of alkylperoxy radicals in a 0.5 % solution of di-t-butyl peroxide in
oxygen-saturated 2-methylpentane at —40°C.
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FiG. 4.—Reciprocal and log plots of the decay of alkylperoxy radicalsin a 0.5 9 solution of di-t-butyl
peroxide in oxygen-saturated 2-methylpentane at —40°C.

The effect of the concentration of DTBP on the rate of decay of alkylperoxy
radicals was examined at constant temperature and the rate of decay increased with
increasing concentration of DTBP above 1 9. The faster decay rates at high [DTBP]
are attributed to a non-uniform distribution of radicals caused by the strong absorp-
tion of the incident light. For this reason all the rate constants were measured in
solutions containing 0.5 %, DTBP which transmitted more than 88 9/ of the incident
light. At temperatures above 0°C the rates of decay of the secondary and tertiary
radicals became comparable and consequently the decay kinetics were complex,
without any definite order.
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The radicals derived from 2,2,3-trimethylbutane, which has no secondary C—H
bonds, decayed with second-order kinetics in the temperature range — 30 to +20°C.
At higher temperatures the decay kinetics were also of indefinite order and this is
attributed to the effect of primary radicals.

Arrhenius plots (fig. 5) of the results obtained with 2-methyl pentane and 2,2,3-
trimethylbutane give the following values for A4 and £, :

A, 1. mol-!s-! E,, kcal mol!

2-methylpentane 10tt-1£10 9.3+1.0
2,2,3-trimethylbutane 10°-2%1.0 7.54+1.0

FORMATION KINETICS

The total rate of formation of alkylperoxy radicals was determined from the
initial gradient of the curve in fig. 2. Ina 0.5 9 solution of DTBP in oxygen-saturated
2-methylpentane, the rate of initiation (¢1,) was independent of temperature over the
range —60 to 0°C and had a value of (1.004+0.06)x 10-® mol .- s~!. The same
rate of initiation was measured in 2,2,3-trimethylbutane but at temperatures close
to the melting point of this alkane (—25°C) the rate was reduced considerably, owing
presumably to an enhanced cage effect.

Product analysis showed the rate of formation of primary peroxy radicals in 2-
methylpentane to be small and, since k,, is high, [RO5.] must be small relative to
[RO5-] and [RO%-] and can be neglected. There are therefore three main termination
reactions each having a different rate constant (reactions (6), (7) and (8)).

k,

RO . +RO5 - — (6)
kS

RO5+ + RO} » 5 | non-radical products @)
k

ROY . +ROY s 5 | ®)

The variations of the concentrations of the secondary and tertiary radicals with
time are described by eqn. (9) and (10):

d[RO3 « J/dt = x$I,~k,[RO3 - ]*~k,[RO3 - ][RO} - ] ©
d[ROY - J/dt = y¢I,—k,[RO} - kRO - [ROS - ], (10)

where x and y are the fractions of the total rate of initiation which give secondary
and tertiary radicals respectively (x+y = 1). The measured radical concentration
is given by

[ROZ * ]measurcd = rROSZ d ]+ [ROE * ] (ll)

The values of the constants in eqn (9) and (10) which gave the best agreement
between the experimental and predicted results were calculated with a computer
using a standard numerical integration technique. Fig. 6 shows the computed
variations with time of [ROj:] and [RO%-] in 2-methylpentane at —40°C, during
and after a period of photolysis (cf. fig. 3). Preliminary results obtained by this
method give values for &, k,, and k,, of 1.1 x10%, 2.3 x 10* and 2.2 x 102  mol.~! s !
respectively. The values of & and k,, are reasonably consistent with those obtained
by the methods described earlier. Cross-termination rate constants can also be
obtained from rotating-sector studies 13 of the co-oxidation of two compounds.
However this method, unlike that described above, requires that &k, and k,, be measured
independently before &, is determined.
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F1G. 5.—Arrhenius plots of the second-order rate constants for the decay of t-alkylperoxy radicals in
0.5 % solutions of di-t-butyl peroxide in oxygen-saturated 2-methylpentane and 2,2,3-trimethylbutane.
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Fic. 6.—Computed concentrations of secondary and tertiary peroxy radicals in 2-methylpentane at
—40°C, during and after a period of photolysis.

It was expected that 2,2,3-trimethylbutane, which has no secondary C—H bonds,
would form tertiary radicals exclusively and thus give a radical build-up consistent
with the simplified eqn (12). In fact g.l.c. analysis

d[ROS « J/dt = ¢I,~k,[ROj » ]* (12)

showed that the combined attack of radicals on fifteen primary C—H bonds was
significant relative to the attack on the tertiary bond and the build-up resembled that
in 2-methylpentane with primary radicals taking the place of secondary ones.

DISCUSSION

The decay of alkylperoxy radicals as observed by e.s.r. has been reported variously
as being of first, second and intermediate order. Ingold and Morton ¢ observed
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the decay of t-butylperoxy radicals to be first order ; Maguire and Pink & found that
the decay kinetics of peroxy radicals varied between first and second order depending
on the experimental conditions, and Thomas and Ingold 7 obtained second-order
decays with various radicals. In the present work, tertiary alkylperoxy radicals
derived from 2-methylpentane and 2,2,3-trimethylbutane decayed with good second-
order kinetics to give non-radical products over the temperature ranges —60 to 0°C
and —30 to +20°C respectively. The observed second-order decay is in accord
with the occurrence of a bimolecular termination reaction.

Rate constants for the self-reactions of peroxy radicals have been measured for
many olefinic and aromatic compounds ?* 3 by the rotating-sector technique. This
method is not readily applicable to alkanes, however, owing to the short chain lengths
associated with the oxidation of these compounds, and except for isomeric butylperoxy
radicals,'® there have been relatively few determinations of the termination rate
constants of alkylperoxy radicals. Rate constants obtained by the rotating-sector
technique and other methods are listed in table 3 together with values obtained by
extrapolating our results. In those cases where comparisons can be made there is
good agreement between the present values for the rate parameters and those obtained
elsewhere.

The values obtained for the termination rate constant of tertiary peroxy radicals
in the present work may be greater than the actual rate constant k,, because there is
a route whereby tertiary radicals may be converted to the more reactive secondary
radicals. Recent studies 5+ 2°-24 have shown that in addition to the termination
reaction (13), tertiary peroxy radicals also undergo the non-terminating reaction (14).
The alkoxy radicals formed in reaction (14) may then abstract hydrogen atoms from
alkane molecules

2RO, « > R'OOR'+ 0, (13)
2RO4+ 52RO +0, (14)

to give both secondary and tertiary radicals which combine rapidly with oxygen
(reactions (15) and (16)). (The alternative conversion, RO%.—RO%., is neglected
but the argument applies equally to both cases.) Since k is greater than ki, the

R®. (15a)

RO'. + RHSROH +
R'. (15b)

RS, RO -
+0,- (16)

R'. ROY .

rate constants obtained from plots of [RO,-]~! against time (fig. 4) are greater
than k, by an amount which is dependent on the extent of the conversion. The
importance of this conversion depends on (a) the relative rates of reactions (13) and
(14) and (b) the relative rates of reactions (15a) and (15b). Using current esti-
mates 5> 7» 21> 22 of these ratios we conclude that at the temperatures used in our
work the measured values of the termination rate constant are unlikely to be greater
than twice the actual value of &,.

Secondary alkylperoxy radicals may terminate 25 by either reaction (17) or (18):

2R2CH02‘—’ RZCHOOCHRZ + 02 (17)
2R,CHO,:»R,C—0+R,CHOH +0O,. (18)
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Since the nature of the alkyl group is not expected to have a large effect on the rate
of reaction (17) the observed difference between the reactivities of the tertiary and
secondary radicals is likely to be due to the predominant occurrence of reaction (18)
in the latter case. Therefore the Arrhenius parameters measured for the tertiary
peroxy radicals are those associated with reaction (13) while those for the secondary
radicals are associated with reaction (18).

TABLE 3.—SECOND-ORDER RATE CONSTANTS FOR THE TERMINATION REACTIONS OF
ALKYLPEROXY RADICALS

temp. E,(kcal A(l.mol ! expt.
peroxy radical (Imol-1s"1) (°C) solvent mol~1) s71)  method ref.
n-butyl 4x107 30 o-methylstyrene RS 16
n-butyl ~3 %107 7 methanol ESR 7
neopentyl >4 x 108 —20 neopentane ESR present
work
s-butyl 1.5x 106 30 tetralin RS 16
cyclohexyl 2,0x 106 30 tetralin RS 16
cyclohexyl 1.6x 106 30 cyclohexane ~0 PR 17
s-heptyl 2.2x106 25 heptane PR 18
s-heptyl 2.4x 106 30 heptane 1.9 1077 ESR present
work
t-butyl 2.8x103 30 CF,Cl; 8.7 109-7 ESR 19
t-butyl 5.2%x 104 —24 3-methylpentane 8.4 10121 ESR 8
2-methylpentyl-2 1.5x 104 30 2-methylpentane 9.3 1011-1 ESR present
2,2,3-trimethylbutyl-3 5.9%1073 30 2,2,3-trimethylbutane 7.5 109-2 ESR work

ESR, [RO,] measured by electron spin resonance ; RS, rotating sector ; PR, pulse radiolysis.

The authors thank Mr. F. M. Ashworth for assistance with the experimental
work and Mr. P. L. Orman for carrying out the computer analysis.
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APPENDIX
DETAILS OF THE g.l.c. ANALYSIS OF PHOTOLYZED SAMPLES

Photolyzed samples were analyzed by g.l.c. and the identities and concentrations of the
products of photolysis determined. All the observed products retained the carbon skeleton
of the parent alkane and thus the position of the functional group indicates the position of
the initial attack on the alkane. The measured concentrations of the products were therefore
used to calculate the relative rates of formation of primary, secondary and tertiary peroxy
radicals which are given in the results section.

2-METHYLPENTANE.—The products produced by the photolysis of oxygen-saturated
2-methylpentane containing 0.5 %, DTBP are listed in table 4, together with an indication
of the position of attack which led to their formation. One peak in the analysis was thought
to be di-2-methylpentyl peroxide but could not be positively identified as no authentic
sample of this compound was available. The build-up of products was linear provided
that the total amount of alkane that had reacted remained significantly less than the available
oxygen (1.5%x 102 mol 1.71).

n-HEPTANE.—Analysis of n-heptane samples showed the products listed in table 5 to be
present. The relative rates of attack at the 2-, 3- and 4-positions are 1.4, 1.05 and 1.0
respectively at 20°C.

TABLE 4.—PRODUCTS FORMED BY THE PHOTOLYSIS OF A 0.5 % sOLUTION OF DTBP IN OXYGEN-
SATURATED 2-METHYLPENTANE FOR 30 min AT 20°C

position of initial [product] X 104

product attack on alkane (moll.-1)
2-methylpent-1-ene tertiary 2.5
2-methylpent-2-ene tertiary 0.2
2-methylpentan-3-one secondary 1.16
2-methylpentan-4-one secondary } 1.91
2-methylpentan-1-al primary ’
2-methylpentan-5-al primary 0.14
2-methylpentan-1-ol primary 0.12
2-methylpentan-2-oi tertiary 6.6
2-methylpentan-3-ol secondary 0.37
2-methylpentan-4-ol secondary 1.68
2-methylpentan-5-ol primary 0.07

TABLE 5.—PRODUCTS FORMED BY THE PHOTOLYSIS OF A 0.5 9 soLutioN oF DTRP IN OXYGEN-
SATURATED N-HEPTANE FOR 30 min AT 20°C

position of initial

product attack on alkane {product] x 104 (mol1.-1)
heptanal primary <0.1
heptan-2-one secondary 35
heptan-3-one secondary 2.6
heptan-4-one secondary 1.06
heptan-1-ol primary <0.1
heptan-2-ol secondary 1.7
heptan-3-ol secondary 1.3

heptan-4-ol secondary 0.8
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