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ABSTRACT

This project is focussed on the thermsLl decomposition of

t-butyl hydroperoxide and sec-butyl hydroperoxide at 120°C to

160°C in three alcohol solvents. These are methanol, ethajiol

and isopropyl alcohol.

The aim of the project was to examine the process of induced

decomposition. Thermal decomposition of t-hutyl hydroperoxide

and sec-butyl hydroperoxide indicate that these reactions have

first-order kinetics with activation energies on the order of

20 to 28 K cal/mole,

Styrene was used as a free radical trap to inhibit the induced

decomposition. The results permitted calculation of how much

induced decomposition occurred in its absence. The experimental

resvilts indicate that the induced decomposition is important for

t-butyl hydroperoxide in alcohol solvents, as shown by both the

reaction rate suid product studies. But sec-butyl hydroperoxide

results show that the concerted mechanism for the interaction of

two sec-butylperoxy radicals occurs in addition to the induced

decomposition.

Di-sodium E.D,T.A. was added to reduce possible effects of

trace transition metal ion .impurities. The result of this

experiment were not as expected. The rate of hydroperoxide

decomposition was about the same but was zero-order in hydro-

peroxide concentration.
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1. INTRODUCTION

A hydroperoxide is formed from hydrogen peroxide by re-

placement of one hydrogen atom by an alkyl group.

Organic hydroperoxides are substances which are of in-

creasing interest to organic chemists. It is because of their

character as intermediates in autoxidation processes (1), (2),

(3), C4), that they are of value as materials for study. Aut-
oxidation is the slow oxidation of an organic compound by oxygen,
the term -slow" meaning that the oxidation is not combustion.

The chain reactions in the liquid phase autoxidation of cyclo-
pentene are shown as follows (5), (6).

Initiator = > 2X*

where X* is any free radical (1.1)
X- or (X02-) + RH > r. + XH (or XO2H) (1.2)

k
R* + Oo E^

2 ^ ^^2 (1.3)

R02- + RH \ Ro^H + R-

k

2« + R* (1.4)

^ ^°2* ~~^ nonradical products + 0^ (1.5)

MO^) d (RH) R.
" ~dt = dF- = i^p(HH)(R00-) = ( 2^ )* kp (RH) (1.6)

The chemical properties of hydroperoxides present a particu-
larly interesting problem since they take part in both concerted





mechanisms and free radical type reactions.

Hydroperoxides undergo some general types of reaction which

are dependent on the character of the hydroperoxide itself.

Typical of their reactions is thermal decomposition. Although

the hydroperoxides are among the most stable organic peroxides

toward heat, they decompose at elevated temperature in rather a

complex manner. Cleavage of the oxygen-oxygen bond occurs when

alkyl hydroperoxides are decomposed thermally or by irradiation,

ROOH ^^ > RO* + 'OH (1.7)

Thus the thermal decomposition of alkyl hydroperoxides may

involve free radical reactions.

The hydroperoxide can be assisted in its decomposition by

some reaction products or by other substances (7), For example,

in studies on the thermal decomposition of n-butyl hydroperoxide,

1-hydroxy-n-butyl , n-butyl peroxide was an intermediate formed from

reaction of the corresponding aldehyde with hydroperoxide (8), A

cyclic concerted mechanism was proposed to account for the products;

the corresponding acid, aldehyde and molecular hydrogen (9), (10),

RCHOOCH2R *- C yC > RCO2H + RCHO + H2

HO ^H*-*H H

(1.8)

Another way to explain this reaction was a cage mechanism.

If hemolytic cleavage of the , oxygen-oxygen bond occurred first,
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then the radical fragments could react with each other within

the solvent cage. The concerted mechanism has been proved by

the isotopic study (11). In the cited papers, the authors

only focused on the reaction mechanism and the product studies

and they did not study the solvent effect on the cyclic six

member concerted mechanism. In this thesis work, we have tried

to explore this point.

Another type of reaction of hydroperoxides is free radical

abstraction.

ROOH + R r •
"> R02' + R'H (1.9)

For example, the chain decomposition of t-butyl hydroperoxide

in chlorobenzene initiated by CH,- labeled di-t-butyl peroxyoxalate

(DBPO) has been studied by Traylor (12). The kinetic equation was

d (O2)

dt
= k (DBPO) in agreement with the result of Hiatt (13). The

mechanism was suggested as following.

DBPO t*BixO •

CO,

CO,
•OBu -t

cage

collapse
» (t BuOg) + 2 CO2

(1.10)

diffusion
^ 2 t- BuO* + 2 CO2 (1.11)

t- BuO* + t-BuOOH -y t-BuOO* + t- BuOH (1.12)





2 t-BuOO*

2 t-BuOO*

-» 2 t-BuO* + 0,

(t-BuO)2 + O2

11

(1.14)

Thus oxygen is formed by the abstraction of the hydrogen

atom from the hydroperoxide followed by subsequent reactions.

In this thesis work, the formation of oxygen will be explained

in this way.

Another characteristic of hydroperoxides is the free radical

displacement on oxygen-oxygen bond.

ROOH + R'-

ROR' + 'OH

R'OH + RO*

(1.15)

(1.16)

For example, the reaction of t-butyl hydroperoxide and nitric

oxide to form p.itrous acid and t-butoxy radical has been

studied by Shelton and Kopczewski (14),

t-BuOOH + NO t-BuO* + HONO

t-BuO" + t-BuOOH - t-BuOH + t-BuOO*

(1.17)

(1.18)

t-BuOO' + NO t-BuOONO t-BuON02 (1.19)

Theoretically it would seem preferable for radical to react on
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the relatively weak oxygen-oxygen bond rather than to abstract

hydrogen atom from hydroperoxide.

The recombination of two alkylperoxy radicals is generally

thought to occur as follows:

2 R02* - ROOOOR RO* O2 *0R

^ 2 RO* + O2

- RO2R + O2

(1.20)

(1.21)

Some of evidences to support a tetroxide mechanism is given

here:

1, It was found that 0- is produced during oxidation in the

1 fi 18
mixture of Og .

and Q^ '• (15),presence of a

(16).

2. Bartlett, Mill, and Stringham etc. have synthesed and decomposed

di-t-butyl tetroxide. They reported the results of a study of

the interaction of alkylperoxy radicals at very low temperature

at which the tetroxide was stable (17), (18), (19), (20).

3. Hiatt, Traylor, Factor, and Russell have reported alkoxy

radical formation which was dependent on solvent viscosity (21),

(12) and showed solvent cage control (23).

There are no reports on the induced decomposition of hydroper-

oxides by solvent derived radicals in much detail. However, the

decompositions of t-butyl peroxide are instructive since its induced

decomposition has been studied previously. The decomposition of

t-butyl peroxide in many solvents does not show evidence of induced
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decomposition of the peroxide. It is a unimolecular reaction

under these conditions (24) . Furthermore, Raby, Rust and

Vanghan (25) have shown the decompositions of t-butyl peroxide

in cumene, tri-n-butylamine, and t-butylbenzene to be first

order reactions having essentially the same reaction rate as

observed for the gas phase reaction, They concluded that in

these solvents the decomposition of t-butyl peroxide could not

be complicated by any induced decomposition involving the

solvent derived radicals.

Neat t-butyl peroxide was found to decompose at a
«

rate faster than that observed for decompositions in inert

solution or in the gas phase (26). The explanation of the induced

decomposition was based on the finding of isobutylene oxide as a

reaction product. It was produced by attack on a hydrogen of the

peroxide by a radical fragment to produce the radical (A*). This

radical decomposed into isobutylene oxide and t-butoxy radical,

(CHj)jCOOC(CHj)^ ^ (CHj)5C0* (1.22)

(CHj)^CO* + (CH5)^COOC(CH^)5 ^ (CH^)^COH + •CH2(CH^)2C00C(CHj)5

(A-)

(1.23)

(A») *. CH2 - C(CH^)2 + (CHj)5C0'

\ / (1.24)

Induced decomposition due to the reaction of solvent derived'

radicals is also responsible for the fast rate of decomposition of
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benzoly peroxide in the alcohol and ether solvents (27), (28),

CgH^COO* + R2CH-0R(H) * CgH^COOH + R2C0R(H) (1.25)

R2C0R(H) + CgH^COOOCOC^H^ ». R2C(0C0CgH^)0R(H) + C^H^COO*

(1.26)

A similar induced decomposition was found for the reaction

of peresters in the presence of alcohols and ethers (29). In

this work, the detailed rate equation, rate constants and

activation energies were not given.

We know that no work has been done in the kinetics of

thermal decomposition of t-BuOOH and s-BuOOH in MeOH, EtOH and

i-PrOH, Even the details of hydroperoxide decompositions in

alcohol solvents has not been studied. This research project

will focus on these three alcohol solvents to (1) establish

the reaction rate constants and activation energies, (2) try

to prove the existence of induced decomposition, (3) try to

remove the induced decomposition by free radical trap, (4) to

calcxilate the amoimt of induced decomposition, (5) determine

the mechanisms and rate equation, (6) determine the thermal

decomposition products, (7) determine the effects of solvent on

the concerted mechanism, (8) determine the effects of the addition of

di-sodixim E.D.T.A,
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2. Experimental Section

2.1, Materials

Di-sodixim Ethylenediaminetetraacetate: Fisher Scientific Company,

Styrene: Eastman Kodak Company,

Ether anhydrous; Fisher Scientific Company.

Methylal: Chem. Service Media, PA.

Magnesium turnings for a rignard reaction: Eastman Kodak Company.

r<- methylstyrene : Aldrich Chemical Company,

Sec-butyl chloride: BDH Chemicals Ltd.

Acetaldehyde: BDH Chemicals Ltd,

Calcium chloride: Fisher Scientific Company,

t-butyl hydroperoxide: Lucidol; Division of Wallace & Tiernan Inc.

Methanol, Absolute ethanol, Isopropyl alcohol: Common solvents from

the chemical store. The alcohol solvents distilled

before use.

Helium: Linde Union Carbide Ltd.

Hydrogen: Linde Union Carbide Ltd,

Oxygen: Linde Union Carbide Ltd,

Carbon monoxide: Matheson of Canada,

Methane: Matheson of Canada,

Potassium carbonate anhydrous: Shawinigan, The McArthiiT Chemical Co,

2,2. Instruments

(1) Mass spectrometer: AE OL MS-30 mass spectrometer

(2) Nuclear Magnetic Resonance: Bruker WP 60 FT NMR.

(3) Gas chroraatograph : Varism Aerograph model 700 and model 1200

F & M model 700
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2.3. Synthesis of sec-butyl hydroperoxide

2.3.1. Preparation of Grignard Reagent

A magnetic stirrer was deposited in a three-necked

flask, A water condenser and a pressure-equallized addition

funnel were fitted to the above mentioned flask. If the reaction

is exposed to air then some of the Orignard reagent might be

oxidized so both the condenser and funnel were purged with nitro-

gen gas to prevent exposure to air. 13.4 g. of dry magnesium

turnings, 50 ml. of anhydrous ether and a small amoTint of iodine

was put in the flask. Slowly 3 g (3.5 ml) of sec-butyl chloride

was added from the addition funnel to the reaction flask. To

start the reaction, the flask was warmed in a water bath or on an

electric hot plate. After removed from the water bath or the hot

plate the flask was left sitting to continue the reaction for a

period of twenty minutes. 75 ml of anhydrous ether was then added,

followed by the further addition of a solution of 43 g (49 ml) of

sec-butyl chloride in 275 ml of anhydrous ether over a period of

20-25 minutes. If the reaction became too active, the flask was

immediately cooled with cold water or an ice-bath. The reaction

solution continued reflvixing for about 20 minutes after the

addition of the sec-butyl chloride. Then heat was applied to

reflux the solution for one more hour. The flask was then cooled

in a mixture of ice and salt to - 12°C and another portion of

100 ml of ajihydrous ether was added. During the cooling process

there was a danger that the Grignard reagent might be oxidized

as a result of air contact. This danger was circumvented by the

introduction of a continuous flow of nitrogen gas until the Grignard
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reagent reached room temperature, AT- piece was fitted in

the gas circuit, and the nitrogen gas was passed through to the

flask by a small tube.

The Grignard reagent was then left until the suspended solids

settled to the bottom of the flask (five hours or more), A

syringe was used in diluting and all subsequent handling of this

reagent in the air. About 250 ml. of dilute G-rignard reagent

was used to prepare the sec-butyl hydroperoxide.

2.3.2. Preparation of sec-butyl hydroperoxide

A one-liter three neck flask containing 400 ml. of

anhydrous ether was equiped with a magnetic stirrer and two tubes

which served to allow oxygen to enter and exit the flask. One

neck of the flask was fitted with a rubber septum. The flask

was cooled to -75 C and the ether was saturated with oxygen.

The clear Grignard reagent was introduced by the syringe under

the surface of the liquid. The period of time for addition was

more thsin three hours.

Through a process of vigorous stirring and a continuous

bubbling the stream of oxygen was maintained throughout the three

hour period. After the addition was completed the reaction

solution was stirred for half an hour and the constant stream

of oxygen was continued.

The reaction solution was warmed up to about C, and then

poured into a beaker containing 200 g. of ice, 3N hydrochloric

acid was added slowly until the solution separated into two

layers, of which theA layer was distinctly acidic. The layers

were separated and the aqueous layer extracted three times with
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90 ml, portions of ether which were combined with the original

ether layer. This solution was dried overnight with 100 g. of

calciiim chloride. The mixture was then put in a water bath at

room temperature.

After reaching room temperature, the mixture was cooled in

ice and mixed with 50/^ aqueous potassium hydroxide. The alkaline

solution was extracted with 50 ml, of ether and then neutralized

with 6N hydrochloric acid. The flask containing all the

constituents of this process was immersed in an ice bath. The

neutralized solution was extracted with six 20 ml, portions of

ether which were combined and extracted with 25% potassium

hydroxide. The alkaline solution was neutralized with concentrated

hydrochloric acid in an ice bath. The liberated hydroperoxide

was extracted with three 20 ml, portions of ether. The g.l.c,

spectrum of the crude products showed an 80?^ yield. The ether

solution was dried over calcium chloride, the ether evaporated

Euid the residue distilled at reduced pressure, 41-42 b,p,/ll m.m,

Hg. The N.M.R. Spectrum is shown as Pig. (1). The sec-butyl

hydroperoxide was slightly conta min ated with the parent alcohol

but was, according to the g.l.c. spectrum approximately 93-94%

pure. The yield of 93-94% pure hydroperoxide was 6.0 gra.

2,4. t-Butyl hydroperoxide

jjucidol HP-90, a mixture of t-BuOOH, t-Bu202 and H2O

in which t-BuOOH is claimed to be 90% was distilled at reduced

pressure. The fraction boiling at 33-34°C/17 m.m. Hg was retained,

and by g.l.c. analysis was 96-97% pure t-BuOOH, with t-BuOH as the

only contaminant. The N.M.R. spectrum is shown in Fig. (2).
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2.5. Preparation of Acetal (acetaldehyde diethylacetal)

25 g. of anhydrous calcium chloride and 160 ml, of

95 percent ethyl alcohol was put in a 1 liter round bottomed

flask. The mixture was cooled to 8 C or below by putting it

in ice water. 78 ml, of acetaldehyde, was slowly added down the

side of the flask so that a layer was formed on the alcoholic

solution. The flask was closed with a tightly fitting stopper

and shaken vigorously for about 10 minutes. (The temperature

rises immediately so that the stopper must be held well down to

prevent the volatilization ofthe acetaldehyde.) The flask was

left to sit for 24-30 hours with intermittent shaking. After

1 or 2 hours the reaction solution separated into two layers.

The upper layer was separated and extracted three times with

small portion of water. The residue was dried by 6 g, of

anhydrous potassium carbonate and fractionally distilled. Pure

acetal was obtained by preparative gas chromatography using a

teflon column of 6 foot length and i" diameter packed with 20%

carbowax 1500 on firebrick. The purity of acetaldehyde

diethylacetal was 98?^ according to the g.l.c. spectrum. The

N.M.R. spectrum is shown in Fig. (3).

Acetaldehyde di-methylacetal was prepared by the same method.

It was foxxnd to be 96?^ pure according to the g.l.c. spectrum.

The N.M.R. spectrum is shown in Pig. (4).

2.6. Rate measurements

The kinetic runs were done in sealed degassed ampoules.

The ampoules were made by filling a pig with about 10 c.c. of

the hydroperoxide solution of known concentration. The amount
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of solution put inside a pig was dependent on the size of the

pig.

Before use, the pyrex pig was washed three times with

acetone, then three times with water. After that it was put

back in the oven at 400 C for about five hours before it was

used further. This was done to minimize the amount of impurities

that would catalyze the reaction. Hydroperoxide decompositions

are known to be sensitive to small amount of impurities,

particularly of transition metal ions and acidic substances.

The pig was joined to a vacuum line. The solution was

degassed on the vacuum line by cooling with liquid nitrogen

until it became solid. The system was then pumped on for

fifteen minutes, then the pig was shut off from the vacuum line

and the solid allowed to return to a liquid state at room

temperature. This process was repeated twice more. After

degassing the pig, a torch was used to seal it at a point below

the joint. Every ampoule was filled with an equal amo\int of the

hydroperoxide solution. The ampoules were sealed and separated

from the pig with the torch; then the ampoules were put into ice-

water to prevent hydroperoxide decomposition.

The ampoules were warmed to room temperature, then put into

a constant temperature oil bath and were taken out at suitable

times. he oil bath was kept at a temperature accurate to ± 0,1°C,

The withdrawn ampoules were quenched in ice-water to stop

reaction. '-I^he contents were analyzed by gas chromatography to

determine the concentration of the unreacted hydroperoxide.

The kinetic runs of t-butyl hydroperoxide in alcohols,

sec-butyl hydroperoxide in alcohols and t-butyl hydroperoxide +





25

styrene in alcohols used a 6 foot 1/8" diameter teflon colximn

packed with 10% di-isodecyl phthalate on Chromosorb W, 60/80

mesh size, for smalysis.

For the kinetic riins of sec-butyl hydroperoxide + styrene in

alcohols,•-..isodecyl phthalate did not separate the styrene and

hydroperoxide peaks adequately, so a 6 foot length, 1/8" diameter

teflon column packed with 202^ silicone D.G. 500 on Chromosorb W

was used,

Z..7. Product Analysis

Experiments were carried out to identify the products

of the decomposition of these hydroperoxides in MeOH, EtOH,

i-PrOH, MeOH + styrene, EtOH + styrene, i-PrOH + styrene. In

each run a known amount of solution in a known concentration of

hydroperoxide was placed in a bulb which was equipped with a

break-seal. After it was degassed and sealed, the bulb was put

into a constant temperature oil bath until the hydroperoxide

completely thermally decomposed, a period of time equal to 10

half-lives or more. After the reaction was completed , the

temperature of the bulb was reduced to room temperature by exposure

to the air.

The bulb was then attached to the vacuum line again and a

magnetic hammer was used to open the break-seal to let the gases

into the vacuum line. Non-condensable gases were transferred by

a Toepler pump to a part of the vacuum line which had a known

volvune. After the non-condensable gases had been trainsferred

off, the vacuum line was closed and the liquid was warmed up to

room temperature. '•he vacuum line was then opened again and
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the vapor was taken out to analyze. This process was difficult

to perform because under low pressure the alcohol evaporated

easily.

The room temperature and pressure were recorded. The

vacuum line was directly joined to the gas-inlet valve of an P&M

model 700 gas chromatography,

2. ,8. Analysis of Gaseous Products

Previous experiments showed that the analysis of the

gaseous products could not be done in a single run using only

one column. The gaseous products were analysed using a P&M

model 700 gas chromatography with a thermal conductivity detector

and a i" diameter six foot teflon column, packed with a molecular

sieve 5A.

Hydrogen, oxygen, nitrogen and methane were registered first

on the spectrum. The carbon monoxide and carbon dioxide were

registered much later. Molecular sieve packings were not the

ideal materials for temperature prograimmed separations because

even small amount of water vapor absorbed by the column would be

removed as a broad elution band thus confusing the other results.

The column was dried at 200 C before use, and was kept at that

temperature for 30 minutes after each day's use. Two complete

heating-cooling cycles were used before any sample was admitted

to the column, and when it was not in use the column was sealed (38)

Ethane was not eluted on the molecular sieve 5A column.

The presence of ethsuie in the bulb could be demonstrated using

a 6 foot i»' diameter teflon colvimn packed with 20?^ squalane on

Chroraosorb P.
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10 ml, gas samples in the sample loop were introduced into

the gas chroraatograph. The pressure of the gas in the sample

loop was equal to the pressure of the whole system. The loop

from the vacuum line was closed by turning the four way stopcock.

.

The carrier gas came in from the gas regulator to the sample

loop, and entered the column. The output was shown on the chart

paper. The areas of the peaks were measured by the disc integrator,

2.9. Analysis oi the solution products

After the gaseous products were analyzed, the remaining

solution was analyzed by a varian aerograph series 1200 with a

flame ionization detector. Peak areas were measured by an

electronic integrator model HP 3370 B. The best column for the

solution products was a 6 foot 1/8" diameter teflon colximn packed

with 20?^ carbowax 1500 on firebrick.

Unknown products were identified by mass spectrometry using

a gas chromatography coupled instrument.

For the liquid products, analyses were also performed on

the contents of ampoules decomposed in the same manner as for

the kinetic runs. Products from decompositions in these small

ampoules did not differ qualitatively from those done in bulbs,

but did differ quaintitatively. Apparently, in the bulbs

sufficient decomposition in the vapor phase occurred as to render

the results inaccurate with respect to the process in solution.

Probably, less induced decomposition took place in the vapor

phase (39).

In t-butyl hydroperoxide cases, sec-butyl alcohol was used

as the internal standard. Sec-butyl hydroperoxide cases used
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toluene as an internal standard. Synthetic mixtures containing

known amounts of the identified products were calibrated against

these standards for each of the solvent systems used,

2.10. Analysis of water

Water was analyzed separately, using decomposition in

ampoules aind a Porapak Q column, (Teflon i" x 6*) Ampoules

were immersed into a constant temperature oil bath (150 C).
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3. Results

3.1. The rates of thermal decomposition of t-BuOOH or s-BuOOH

The thermal decomposition of t-BuOOH, in MeOH, EtOH,

i-PrOH as solvent was done in the temperature range of 130 - 160°G.

The initial concentration of t-butyl hydroperoxide was in the

range of 0.18 to 0.364 mole/1 . The kinetic runs were followed

using a Varian Aerograph model 1200 Gas Chromatography with flame

ionization detector and electronic integrator to measure the

disappearance of ROOH. The solvent peak was used as the internal

standard. Plots of log (ROOH) vs. time gave straight lines in

each case. First order rate constants were calculated from the

slope of the straight line (Tables 1, 4, 7). The rate constants

did not change when the initial concentration of t-BuOOH was

changed in the MeOH solvent. This showed that the reaction was

actually first order in hydroperoxide, (figures 5).

The activation energies were calculated from the slope of

the straight line obtained from plots of log k vs. 1/temperature K.

The activation energies were 27.6 K cal/mole in MeOH, 20.7 K cal/raole

in EtOH and 21.18 K cal/mole in i-PrOH (Tables 1, 4, 7). (Figure 6).

The thermal decomposition of s-BuOOH was done at temperatures

from 120 to 150°C. The initial concentration of s-BuOOH was

approximately 0.36 raole/1. These decompositions also gave first-

order plots. The rate constants and activation energies for

8-BuOOH in alcohol solvents are shown in tables 10, 13, and 16.

3.2. The rates of thermal "decomposition of t-BuOOH + styrene and

8-BuOOH + styrene in alcohol solvents

The thermal decomposition of t-BuOOH + styrene or s-BuOOH +
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styrene were done at the same temperatures in three alcohols

previously mentioned. The disappearance of the ROOH and of

styrene was followed by gas chromatography , using the solvent

pesik as the internal standard. The initial concentration of the

ROOH was approximately 0.36 mole/1 and of styrene approximately

2 mole/1. Plots of the logarithm of concentration of hydroperoxide

vs. time and of the logarithm of the concentration of styrene vs.

time gave straight lines, (Tables 2, 3, 5, 6, 8, 9, 11, 12, 14,

15, 17, and 18). (Figures 7, 8).

The activation energies obtained by plotting log k vs. 1/T°K

are shown in the same tables. (Figures 7, 8),

The thermal decomposition of t-BuOOH plus *-methylstyrene in

ethanol was measured in the temperature range of 130 - 150°C. The

initial concentration of t-BuOOH was 0.36 mole/1 and the concentration

of ^f -me thystyrene was 2 mole/1. The first-order rate constants

emd the activation energy (15.17 K cal/raole) are given in table 24.

3.3o Products of thermal decomposition of hydroperoxides at 150 C

The gaseous products for the thermal decomposition of

hydroperoxides were measured by gas chromatography using an F&M

model 700 with disc integrator and a thermal conductivity

detector. Tables 19, 20, 21 show oxygen, carbon monoxide, carbon

dioxide, methane and ethane yields. Liquid products, analyzed

by a combination of gas chromatography and mass spectrometry are

shown in tables 19, 20, 21,

The amount of water formed in each case was analyzed using

gas chromatography. .

The percentage of induced decomposition is shown in table 25.
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3.4. Reaction of t-BuOOH amd di-sodium E.D.T.A. in alcohol solvents

Rates of the decomposition of t-BuOOH with added

di-sodium E.D.T.A, in alcohol solvents were measured by gas

chromatography. Plots of the hydroperoxide concentration vs.

time gave straight lines. The activation energies were 27.8

K cal/mole in MeOH and 20.5 K cal/mole in EtOH (Tables 22 and

23.)
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(Figure 6)
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TABLE 2

Hate constants for the thermal decomposition of t-butyl hydroperoxide, styrene

in MeOH
a

Plot log (R) v5. time

b ode f ,

Temp, C. Conc.(M) Conc,(S) K x 10"^ ti Ea log A

140
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TABLE 3

Rate constants for the thermal decomposition of t-butyl hydroperoxide, styrene In

MeOH

ft

Plot log(s) vs. Time

b c ^d e f g
Temp. C. Conc.(M) Conc.(S) KxlO*' ti Ea log A

min. K cal/mole sec"sec

130 0.36 2 21.33 54.17

140 0.36 2 38.39 30.1

150 0.36 2 63.22 18.3

160 0.36 2 127.95 9o03

21.5 7.88

i>lot log, concentration of styrene vs* time.

Initial concentration of t-butyl hydroperoxide in mole/l.

Initial concentration of styrene in mole/l.

^irot -order rate constants.

•fialf-life

.

f
Arrhenius energy of activation,

"Log. pre-exponential factor.
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TABLE 4

Rate constants for the thermal decomposition of t-butyl hydroperoxide in EtOH

a cb c d e

Temp. °C. Conc.(M) K x 10"^ tt Ea log A

sec" min. K cal/mole sec~

130 0.36 20.32 56.84

I

140 0.36 38.4 30.13

150 0.36 69.1 16.72

Half-life.

Arrhenius energy of activation.

Log. pre-exponential factor.

20.7 7.43

initial concentration of t-butyl hydroperoxide in mole/l,

jPirst-order rate constants.





38

TABLE 5

Rate constants for the thermal decomposition of t-butyl hydroperoxide, styrene

in EtOH

Plot log(R) V5» Time

Temp. °C. Conc.(M) Conc.(s) K x 10^ ti

d e f g
Ea log A

sec" min, K cal/mole sec

130 0.358 6.8 170.53

140 0.358 15.12 76.39 25.8 9.74

150 0.358 32.32 35.74

jPlot log, concentration of t-butyl hydroperoxide vs. Time.

Initial concentration of t-butyl hydroperoxide in mole/l,

c
Initial concentration of styrene in mole/1.

d.
First-order rate constemts.

e
Half-life.

Arrhenius energy of activation.

gLog. pre-exponential factor.
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TABLE 6

Rate constants for the thermal decomposition of t-butyl hydroperoxide, styrene

in EtOH

a
Plot log(s) v/s. Time

b cd e f g
Temp. C Conc.(M) Conc.(s) K x lO"' ti £a log A

sec~ min, K cal/mole sec

130 0.558 2 35.43 32.6

140 0.358 2 59.7 19.35 18.0 6.23

150 0.358 2 102,4 11.28

jPlot log. concentration of styrene vs. time.

Initial concentration of t-butyl hydroperoxide in mole/l.

Initial concentration of styrene in mole/l.

T'irst-order rate constants.

*Half-life,

f
Arrhenius energy of activation.

^Log. pre-exponential factor.
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TABLE 7

Rate constants for the thermal decomposition of t-butyl hydroperoxide in 1-PrOH

bo d e

Temp. °C. Conc.(M) K x 10^ ti Ea log A

sec fflin. K cal/mole sec

120 0.364 14.22 81.25

150 0.364 26.17 44.14 21.. 8 7.85

140 0.364 51.18 22.57

initial concentration of t-butyl hydroperoxide in mole/l.

First -order rate constants.

'^Half-life.

Arrhenius energy of activation.

Log. pre-exponential factor.
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TABLE 8

Rate constants for the thermal decomposition of t-butyl hydroperoxide, styrene

In i-PrOH

a
Plot log (R) vis. Time

b Cj.de f g
Temp. °C. Conc.(M) Conc.(S) Kx lO-' ti Ea log A

sec* min, K cal/mole sec"

130 0.357 2 4.26 271.15

140 0.357 2 9.91 116.6 26.0 9.65

150 0.357 2 19.8 58.4

TPlot log, concentration of t-butyl hydroperoxide vs. time.

Initial concentration of t-butyl hydroperoxide in mole/l.

Initial concentration of styrene in mole/1.

First order rate constants,

•flalf-life.

Arrhenlus energy of activation.

Log. pre-exponential factor.
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TABLE 9

I Rate constants for the thermal decomposition of t-butyl hydroperoxide, styrene

in i-PrOH

a
Plot log (S) vs . Time

I

i

b c cd e f g
Temp. °C. Conc.(M) Conc.(S) K x lO'' ti Ea log A

sec min, K cal/mole sec

130 0.357 2 33.78 34.2

140 0.357 2 52.34 22.0? 16.12 5.2

150 0.357 2 85.62 13.5

±>lot the log. concentration of styrene vs. Time.

Initial concentration of t-butyl hydroperoxide in mole/l.

Initial concentration of styrene in mole/l.

rirst order rate constants.

*Half-life.

f
Arrhenius energy of activation.

*Log. pre-exponential factor.
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TABLE 10

Rate constants for the thermal decomposition of S-butyl hydroperoxide in MeOH

a ct) c d e

Temp. C. Conc.(M) K x lO"' ti Ea log A

sec min. K cal/mole sec"

130 0.36 14.76 78.24

140 0,36 27.1 42.63 21.5 7.75

150 0.36 52.52 22.0

initial concentration of S-butyl hydroperoxide in mole/l.

T'irst-order rate consteints.

Half- life.

d
Arrhenius energy of activation.

Log. pre-exponential factor.
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TABLE 11

Rate conatemts for the thermal decomposition of 5 -butyl hydroperoxide, styrene

in MeOH

a
Plot log (R) vs. Time

o
bed

Temp. C. Conc,(M) Conc.(s) K x lO-' t.

e f g
Ea log A

sec" min. K cal/mole sec"

130 0.355 21.75 53.1

140 0.355 41.87 27.59 19.5 6.85

150 0.355 67.74 17.05

TPlot log. concentration of s -butyl hydroperoxide v 5^ time.

Initial concentration of 5-butyl hydroperoxide in mole/l.

Initial concentration of styrene in mole/l.

Plrst-order rate constants.

*Half-life.

Arrhenius energy of activation,

*^Log, pre-«xponential factor.
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TABLE 12

Rate constants for the thermal decomposition of g-butyl hydroperoxide, atyrene

In MeOH
a

plot log (S) vs. time

b c cd e f g
Temp. C. Conc,(M) Conc.(S) K x 10-' ti Ea log A

sec" min, K cal/mole sec"

130 0.355 2 59.7 19.35

140 0.355 2 92.12 12.54 16.0 5.4

150 0.355 2 153.54 7.53

nPlot the log. concentration of styrene VS. time.

Initial conctntration of s -butyl hydroperoxide in mole/l.

Initial concentration of styrene in mole/l.

T'irst-order rate constants,

•Half-life.

Arrhenius energy of sictivation.

T<og. pre-exponential factor.
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TABLE 13

Rate Constanta for the thermal decomposition of s-butyl hydroperoxide in EtOH

a c^ o d e
Temp. C. Cone, (m) K x IqP ti £a log A

sec" mln. K cal/mole sec"

130 0.36 28.15 41.04

140 0.36 51.18 22.57 19.4 6.88

150 0.36 89.56 12.9

Initial concentration of s-butyl hydroperoxide in mole/l.

First-order rate constants.

*^Half-life.

Arrhenivis energy of activation.

Log, pre-exponential factor.
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TABLE 14

Rate constants for the thermal decompoaition of s -butyl hydroperoxide, siyrene

in EtOH

Plot log (r) vs. time

1
a

b c cd e f g
Temp, C. Conc.(M) Conc.(S) K x lO"' ti Ea log A

sec" min. K cal/mole sec"

130 0.36 2 21.18 54.53

140 0.36 2 37.36 30.92 21.4 7.84

150 0.36 2 67.17 17.2

T'lot log . concentration of s-butj;l hydroperoxide "v^s. time.

Initial concentration of s-butyl hydroperoxide in mole/l.

Initial concentration of styrene in mole/l.

rirst-oixler rate constants.

•fialf-life.

f
t Arrhenius energy of activation.

TiOg. pre-exponential factor.
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TABLE 15

Rate constants for the thermal decomposition of s-butyl hydroperoxide, styrene

in EtOH

a
Plot log (S) V3. time

^d e f g
Temp. C. Conc.(M) Conc.(S) K x 10^ ti Ea log A

sec" mln. K cal/mole sec"

130 0.36 2 60.61 19.06

140 0.36 2 85.0 13.6 14.13 4.4

150 0.36 2 140.43 8.23

i*lot log. concentration of styrene vs. time.

Initial concentration of s-butyl hydroperoxide in mole/l.

o
Initial concentration of styrene in mole/l.

S:irst- order rate constemts.

m *Half-life.

Arrheni\xs energy of activation.

TjOg, pre-exponential factor.
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TABLE 16

Rate constants for the thermal decomposition of s -butyl hydroperoxide in i-PrOH

a cb c d e

Temp, °C. Conc.(M) K x lO"' t, Ea log A

sec min. K cal/mole sec

120 0.35 26.7 43.26

130 0.35 49.05 23.55 20.2? 7.63

140 0.35 93.83 12.31

initial concentration of s-butyl hydroperoxide in mole/l.

First-order rate constants.

**Half-life.

Arrhenius energy of activation.

Log. pre-exponential factor.
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TABLE 17

Rate constants for the thermal decomposition of s-butyl hydroperoxide, styrene

in i-PrOH

a
Plot log (R) vs. time

b c c-d e f g
Temp. C. Conc.(M) Conc.(S) K x 10-' ti Ea log A

sec min. K cal/mole sec

120 0.365 2 7.07 163.4

130 0.363 2 17.27 66.88 25.34 9.81

140 0.363 2 31.02 37.24

T'lot log, concentration of s-butyl hydroperoxide vs. time.

Initial concentration of s-butyl hydroperoxide in mole/l.

c
Initial concentration of styrene in mole/1,

^'irst-order rate constants.

•flalf-life.

f
Arrheniufl energy of activation.

g
Log, pre-exponential factor.



I
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TABLE 16

Rate constants for the thermal decomposition of s-butyl hydroperoxide, styrene

in i-PrOH
a

Plot log (S) y5. time

b c cd e t g
Temp. C. Conc.(M) Conc,(S) K x lO'' ti Ea log A

sec" min. K cal/mole sec"

120 0.363 2 35.2 32.83

130 0.363 2 56.57 20.42 18.7 6.76

140 0.363 2 85.62 13.5

T>lot log. concentration of styrene v s. time.

Initial concentration of s-butyl hydroperoxide in mole/l.

Initial concentration of styrene in mole/l.

^irst-order rate constants.

•flalf-life.

f
Arrhenius energy of activation,

^og, pre-exponential factor.
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Products of thermal decomposition of t-butyl hydroperoxide in MeOH, EtOH« i-PrOH with or

without Styrene at 150°C (Reaction solution inside a bulb )

! a b cc d dec
Jolvent Conc.(M) Conc.(S) (CH,)2C0 t-BuOH H2C(0Me)2 CH,CH(0Et)2 CH. CO

(%) i%) {%) (%) {%) (%)
I

pROPUCTS OF THERMAL DECOMPOSITION OF t-BUTYL HYDROPEROXIDE IN MeOH. EtOH. i-PrOH )

feOH 0.36 25.87 26.3 10.01 - 22,3 -

{ton
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Products of thermal decomposition of t-butyl hydroperoxide in MeOH. EtOH, 1-PrOH

with or without styrene at 150°C (Reaction solution inside a tube )

a b c o d d
Solvent Conc.(M) Conc.(s) (CH,)2C0 t-BuOH H2C(0Me)2 CH CH(0Et)2

{%) i%) {%) (%)

( PRODUCTS OF THERMAL DECOMPOSITION OF t-BUTYL HYDROPEROXIDE IN MeOH, EtOH, i-PrOH )

MeOH 0.36 - 27.07 41.4 52.7

EtOH 0.36 - 17.69 35.87 - 48.04

i-PrOH 0.364 - 111.5 75.7

a b c c d d
Solvent Conc.(M) Conc.(S) (CH,)2C0 t-BuOH H2C(0Me)2 CH,CH(0Et)2

(%) i%) (%) (%)

( PRODUCTS OF THERMAL DEC0I4POSITI0N OP t-BUTYL HYDROPEROXIDE + STYRENE IN MeOH,
EtOH, i-PrOH )

MeOH 0.36 2 34.92 47.72 20.91

EtOH 0.358 2 16.34 36.58 - 4.04

i-PrOH 0.357 2 48.11 83.3

initial concentration of t-butyl hydroperoxide in mole/l.

Initial concentration of styrene in mole/l.

% yield based on decomposition of t-butyl hydroperoxide, assuming 1 mole of
hydroperoxide gives 1 mole of products,

y(t yield based on decomposition of t-butyl hydroperoxide, assuming 1 mole of

hydroperoxide gives 2 moles of products.
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Products of thermal decomposition of 5 -butyl hydroperoxide in MeOH. EtOH, 1-FrOH with or

tdthout styrene at 150°C (Reaction solution inside a tube )

a b c c ddcdccc c

Solvent Conc,(M) Conc.(s) CH,C0C2H S-BuOH (CH,)2C0 X Y Z Og CH CO C^H^

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

( PRODUCTS OF THERMAL DECOMPOSITION OF S-BUTlfL ffifDROPEROXIDE IN MeOH, EtOH, i-PrOH )

MeOH 0.36 - 21.64 18.66 - 2.22 34.3 - O.96 2.51 0.2 2.0

3tOH



I
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TABLE 22

Rate constants for the thermal decomposition of t-butyl hydroperoxide,

di-sodi\im E.D.T.A. in MeOH

a b ^(.0 4 e f

Temp, °C. Conc.(M) Conc.(D) K x 10**-* Ea log A

mole/liter-sec ,. K cal/mole sec'

140 0.359 5 X 10"^ 2.29

150 0.359 5 X 10"^ 4.64 27.8 12.41

160 0.359 5 X 10""^ 9. SI

initial concentration of t-butyl hydroperoxide in mole/l.

Initial concentration of di-sodium E.D.T.A. in mole/l,

c
Zero-order rate constants.

Arrhenius energy of activation.

f
Log. pre-exponential factor.
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TABLE 2 ^

Rate constants for the thermal decomposition of t-butyl hydroperoxide,

di-sodivun E.D.T.A, in EtOH

a D (-C

Temp. °C. Conc.(M) Conc.(D) K x lO*"'

mole/liter-sec

e

Ea log A

K cal/mole 8ec~

130

140

150

0.36

0.56

0.36

5 X 10
-4

5 X 10*,-4

5 X 10
-4

2.83

• 4»?3

9.29

20.5 8.94

initial concentration of t-butyl hydroperoxide in mole/l.

Initial concentration of di-sodium E.D.T.A.

Zero-order rate constants.

Arrhenivis energy of activation.

Log. pre-exponential factor.
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TABLE 24

Rate constants for the thermal decomposition of t-butyl hydroperoxide,

- v -methyl styrene in EtOH

a b ^c d e f
Temp. °C. Conc.(M) Conc.(s) K x 10"-^ ti Ea log A

sec min« K cal/mole sec

130 0.36 2 37.6 30.7

140 0.36 2 60.6 19.1 15.18 4.8

150 0.36 2 85.3 13.5

nCnitial concentration of t-butyl hydroperoxide in mole/l.

Initial concentration of ;><' -methyl styirene in mole/l.

c
First-order rate constants.

*Half-life.

Arrhenius energy of activation.

f
Log. pre-exponential factor*
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TABLE 25

96 of induced decomposition of t-BuOOH or S-BuQQH in MeOH, EtOH. i-PrOH

ROOH Solvent Temp. C.

a
% of I.D. Average % of I, D.

t-BuOOH MeOH

130

150

160

65.7

45.5

52.18

54.5

t-BuOOH EtOH

130

140

150

66.67

60,61

53.22

60.17

t-BuOOH 1-PrOH
130

140

83.72

80.64
82.18

S-BuOOH MeOH

120

130

140

5-BmOOH EtOH

130

140

150

24.76

27.0

25.0

25.6

S -BqOOH i-PrOH
120

130
140

73.52
64.8
66,95

68.42

^ of induced decomposition was calculated by the equation as follows:

% of induced decomposition « ( A-B ) / A

Where A = rate constant from the system of hydroperoxide in alcohol solvent,

B » rate constant from the system of hydroperoxide, styrene in alcohol solvent.

Average % of induced decomposition.
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4, DISCUSSION

4-«,l. Induced Decomposition

The thermal decomposition of hydroperoxides has been

studied (40), (41), (42), The unimolecular hemolysis of the

oxygen-oxygen bond was common but it was usually complicated

by other side reactions which were called induced decomposition.

Thermal decomposition of primary and secondary hydroperoxides,

such as benzyl (45) and tetralyl (44) showed greater than first

order kinetics. Both benzyl and tetralyl cases are typical, of

induced decomposition.

Pirst-order rate constants were obtained for thermal

decomposition of t-butyl hydroperoxide in cyclohexane and in

n-heptane. The reaction rates were faster than in benzene or

toluene. No oxygen or other gas was formed but a lot of oxygenated

solvent molecules were found. Decomposition in cyclohexane as

sblvent gave cyclohexene and cyclohexanol but no bicyclohexyl (80),

Usually the thermal decompositions of hydroperoxides are

first-order reactions (84), (85).

'•^hus the experimental data show that the solvent can increase

the rate of decomposition. This might be due to free radical

abstraction of a hydrogen atom from the solvent to give induced

decomposition by the solvent derived radical. This phenomenon

was not thoroughly investigated in the previous studies, so we

have tried to do so in this thesis work. The thermal decompositions

of t-butyl hydroperoxide and sec-butyl hydroperoxide in primary

and secondary alcohol solvents have not been attempted hitherto,
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but the thermal decompositions of alkyl peroxides in alcohol

solvents (46), (47), (55), (48), (49) have been explored.

At this point, we shall describe some induced decompositions

due to solvent derived radicals, suggesting the basic mechanisms

of induced decompositions in alcohol solvents.

t-butyl peroxide showed some induced decomposition when

heated at 125°C in primary or secondary alcohols (50). The

decomposition was of two types:

1, The unimolecular decomposition shown in reaction 4ol

2. The reaction of the t-butyl peroxide with an «<*-hydroxyalkyl

radical (reaction 4.3). (This ex' -hydroxyalkyl radical was

... formed by the interaction of the alcohol with the t~butoxy

radical (reaction 4.2) ).

iCE^)^COOO{QE^)^ 2(CH^)5CO- (. 4.1 >

(CH,),CO* + RgCHOH -> (GHj)^COH + R2GOH C 4.2 )

RgCOH + (CH,),COOC(CH,), - R2C=0 + (CH,),COH + (CH,),CO*

(4.3 ;

Reactions 4.2 and 4.3 comprise a free radical chain sequence.

The sequence explains the oxidation of the alcohol by the peroxide.

The over-all rate due to both types of decomposition can be

expressed by the following equation:
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li^ ^ k:j_CP>+ k,(R2C0HKP ;;where P=t-butyl peroxide (4.4)

If the reactions of the alcohol-derived radicals with the

peroxide account for a significant part of the decomposition,

the observed rate of reaction will be faster than the unimolecular

reaction alone. The rate law for the induced decomposition

term depends on the last step of the chain sequence. If cross-

termination is favoured, (reaction 4.5), the steady state

approximation

(CH,),CO' + R2COH r (CH,),COH + R2C=0 (4.5 )

gives an induced term which is (pseudo) first-order in peroxide.

This is:

^ ^k.cpj.c'',^ -^-^ JiT^|P~u^^Xp >

(4.6)

The mechanism suggested for the reaction of <?? -hydroxyalkyl

radical with t-butyl peroxide is trsmsfer of the hydrogen atom

from derived radicals to peroxide, (51), (52),

^ ^^^ - C(CH5)3

0^- C(CH5)5

It is assumed that the oxygen-hydrogen bond breaking and
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forming is thermochemically neutral, but formation of the new

C=0 gives about 73 K cal/mole to the system. CDq-q = 150 K cal

^n_Q = 77 K cal.) The oxygen - oxygen bond breaking requires

37 K cal/mole so that the overall reaction is exothermic . ""
, r_"

by 36 K cal/mole. (50).

The mechanism for the reaction of t-butyl peroxide and

e<- hydroxyalkyl radical might alter^^atively be an electron

transfer (reaction 4.9) or a direct displacement yielding a

hemiacetal (reaction 4.10).

R2C=0 + R'OH + R'O'

RoC^OH + R'O + R'O*

(4.8)

RgCOH + R'OOR'
R»0" * R2C=0 + R'OH

R'O* + RgC-OH ». R2C=0 + R'OH

(4.9)

(4.10)

OR

However, Huyser tried to prove the hydrogen atom transfer

reaction by an isotopic study (53), (54). He found that the

rate of decomposition of t-butyl peroxide was markedly slower in

deuterated than in non-deuterated alcohol. The magnitude of

k„/k^ (1.63) indicated a primary isotope effect. In both the

electron trsuisfer reaction and the displacement reaction, secondary

isotope effects should be expected, since rupture of the oxygen-

hydrogen bond occurs after the rate determinating step. Huyser

ruled out the reactions 4.9 and 4.10 on this evidence.





66

4. 2, Induced Decomposition in ethers

More recently, studies have shown that the decomposition

of t-butyl peroxide in ethers involve some induced decomposition
by

(61), (62), (68). The rate increase was paral^ll ed Athe increase

in electrophifcity of the ether radical (61). This was shown not

to be due to intrinsic solvent properties (24), (63), but rather

to induced decomposition. In these studies o^-raethylstyrene was

used as a radical scavenger (64). Its addition reduced the

induced decomposition as shown by the decreased value of the rate

constants as compared to the system in the same solvent but in

the absence of the scavenger. The mechanism was shown as follows;

t-BuO*(Me*) + ArCH20Me * t-BuOH(CH^) + ArCHOMe (4.11)

OMe

OBu-t

ArCHOMe + t-Bu202 *• ArCH + t-BuO* (4.12)

ArCHOMe + t - BuO*

OMe

ArCH (4.13)
^ OBu-t

This work gave us some useful knowledge about free radical

traps which might eliminate induced decomposition,

4.3. Induced decomposition in primary and secondary amines

Some reactions of abstraction of the c<-hydrogen atom

from a primary or secondary amine to form the »< -aminoalkyl

radical have been studied (65), (66), (Tertiary amines have no

e<-hydrogen atom so that these could not operate analogously.
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although the electron-transfer route (see above) would be available),

(67), (64)0 A raechsinism which transferred a nitrogen-bonded

hydrogen atom from an ©^ -aminoalkyl radical to the peroxide could

be responsible for induced decomposition. The mechanism of the

induced decomposition of t-butyl peroxide in primary ajid secondary

amines has been proposed as follows(64):

(CH3)3CO- + RH'CHNHR- ^ (CH3)3COH + RR'CNHR. (4.14)

RR'CNHR' + (CH,)3GOOC(CH3)3 > RR'C=NR' + (CH ^^COH + (CH3)3CO'

(4.15)

RR'5nHR' + (CH3)3CO- . RR'C=NR' -h (CH3)3COE (4.I6)

Where R = alkyl and R' = alkyl or hydrogen.

4.4. Induced decomposition of t-BuOOH and s-BuOOH in alcohols

The thermal decomposition of hydroperoxides is unlike

that of dialkyl peroxides (69), (70), acyl peroxides (71), (72),

(73) or peresters (74), (75), (76), (77) in being more complex.

Rate constants for decomposition in solution are strongly

dependent on the nature of the hydroperoxide and on the character

of the solvent and the reaction conditions.

Benson has suggested that the activation energy for the

imimolecular decomposition of alkyl hydroperoxide should be

about 44 K cal/mole (78). Previous work on the thermal decomposition

had shown activation energies that were very much lower than this





68

(81), (82). Subsequently, Hiatt and Irwin (79), (80) studied

the thermolysis of tertiary butyl hydroperoxide in very dilute

solution and obtained an activation energy of about 43 K cal/mole.

Studies on the radical induced decomposition of t-BuOOH

at lower temperatures showed it to be a chain reaction involving

t-BuOp* and t-BuO* radicals in which 2 t-BuOp —* 2 t-BuO* + Op

The rate law for the chain decomposition can lead to 4/3 power

dependence on t-butyl hydroperoxide (78). But a reactive solvent

such as olefin which can convert ROp* to RO' directly changes the

order of reaction to 3/2 with a lower activation energy of about

28 K cal/mole (78). The kinetics of thermal decomposition of

t-butyl hydroperoxide (78), (80) and recently thermal decomposition

of allylic hydroperoxide (83) have shown 3/2 order dependence on

the hydroperoxide concentration. The reaction mechanism thus

usually involves a self termination step,

^i
ROOH * RO* + 'OH (4.17)

RO- (or -OH) + SH f ^°^ °^ ^°" * ^*
(4.18)

i.e. S"* + SH y S"H + S* (4.19)

S* + ROOH —2 ^ s»
(4.20)

2 s* — S-S (4.21)

Where SH = solvent.
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The rate expression derived using the steady state assumption is:

^^l'^
= 2 k^ (ROOH) - 2 lc^(S')'

2 kj^(ROOH) = 2 k^ (S*)^

(S-) = ( k^/k^)*(ROOH)^ (4.21)

The disappearence of hydroperoxide is derived as follows.

- ^ ^^^^"^ = k^ (ROOH) + k (S*) (ROOH)

= k^ (ROOH) + k (k^/k^)^ (ROOH)^/^ (4.22)

If the first term of this expression is very small compared

to the second term, the decomposition will appear as 3/2 order.

The apparent activation energy due to the existence of induced

decomposition is shown as follows.

4 (-^ai^^ + E.t/2 - Ea„)/RT (4.23)

Sa ind= Eai/2 " E^t^Z * ^ap ^•2*)

If, on the other hand, termination should be chiefly

between S* and RO* (or R02*)» the induced decomposition term

will be first-order in the concentration of hydroperoxide, as
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has been shown above for alkyl peroxides. This latter is

apparently the case for the thermal decomposition of t-butyl

hydroperoxide or sec-butyl hydroperoxide in methanol, ethanol or

iso-propyl alcohol.

Let us concentrate on the kinetic work in this research

project. If we compare these three alcohols, MeOH, EtOH and

i-PrOH, we find that after the free radical abstraction reaction

on the three alcohols the o^-hydroxyalkyl radicals produced are

H „ • H -^ • CH.2 - •

. C-OH, G-OH and -^ C-OH respectively. The results
H CH^-" CH^"

of the kinetic experiments show that the mechanism of the

decomposition of hydroperoxides in primary and secondary alcohols

require the contribution of some reaction. Further, this reaction

almost certainly involves oi* -hydroxyalkyl radicals from the alcohol

solvent, since carbonyl compounds derived from solvent are

among . the products. It follows that some hydrogen atom

donation from solvent derived radicals is highly reasonable. The

most probable reaction sequence seems as follows:

R'OOH 2_ RiQ* + 'OH (where R"0* = R'O* or 'OH) (4.25)

R"0* + R2CHOH — R"OH + R2GOH (4.26)

RgCOH + R'OOH ^— R2C=0 + R"0*+ HOH or R'OH (4.27)

k.
R^COH + R"0' ^ R2C=0 + R"OH (4.28)
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The rate expression for the disappearance of hydroperoxide

is based on the steady state assumption.

±i^^^ = 2 k fP) + k (R.COH)(P) - k.CR"0-)(dt ^v"2— /v-^ - -b^" " yvRgCHOH) - k^(R"0')(R2C0H)

(4.29)

d(R2C0H)

1^ = k^(R"0*)(R2GH0H) - k^(R2C0H)(P) - k^(R"0- ) (R2GOH)

Prom 4.29 and 4.30

lCg^(P) = k^(R2C0H)(R"0-)

(4.30)

i.e. (R"0*) = ^
k^(R2C0H)

(4.31)

Substitution of 4.31 into 4.30 leads to

k^k^(P)(R2CH0H)

k^(R2C0H)
- k^(R2C0H)(P) - k^(P) =

-g-^ (R2CHOH) - k^(R2C0H)^ - k^(R2C0H) =

^ 4k k, k
so (R2COH) = (kg^ 1 /k^^ + —F"^-^ (R2CHOH) )/(-2k^) (4.32)

-^ = 1^.(1*) + k rR,COH)(P)dt c^"2^ (4.33)

Substitution of 4.32 into 4.33 leads to
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d

=(ly l-E^^VHOH) )ka(^) (4.34)

This assiimes cross termination by the reaction 4.28, where

(P) denotes the concentration of hydroperoxide. The rate equation

is similar to the expression for the induced decomposition of the

t-butyl peroxide in primary and secondary alcohols. The rate

equation 4.34 shows that the rate will depend on the first-order

of the concentration of the hydroperoxide.

If the termination step were self reaction of twp <K-hydroxyalkyl

radicals as reaction 4.35.

K
2 RgCOH —^— R2C=0 + R2CHOH (4.35)

The rate expression for the disappearance of the hydroperoxide

would he

d(R,COH) . . 5

1^
= k^(R"0-)(R2CH0H) - k^(R2C0H)(P) - 2 kg(R2C0H)'^ (4.36)

^^^dt*^ = 2 ^a^^^
- k^(R"0*)(R2CH0H) + k^(R2C0H)(P) (4.37)

Prom 4.37 and 4.36 lc^(P) = k^(R^COH)^

i.e. (R2COH) = ( lc^(P)/kg )* (4.38)

Substitution of 4.38 into 4.33
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_ cl(P) _
dt = ^a(^) ^ ^c ( -t:— ) (^)

^ i 3/2
= k.(P) + k^ ( -ir^ ) (P) (4.39)

e

The slightly curvature of the log (ROOH) vs. time plots

towards the end of the riins (Fig. 5) may he due to a shift to

this type of chain termination. Wi.th the depletion of ROOH ,

this is not unreasonable.

Unfortunately in seeking hard mimb ers to which our results

might he compared, there is very little to go on. Hiatt (80)

while asserting belief, in his own high temperature data,

sloughed off his low temperature results as wrong, but inexplicably

so. In any case, the decomposition of t-butyl hydroperoxide in

methanol reported here for 130 C is seven times as fast as Hiatt'

s

value interpolated to that temperature.

The activation energies found for the decomposition of

t-butyl hydroperoxide and sec-butyl hydroperoxide in alcohols

are low (20 - 30 K cal/mole) but display no discernable pattern

relative to solvent or hydroperoxide. Ordinarily such low

activation energies would indicate a decomposition that was

almost one hundred percent free radical induced. However the

activation energy found by Rahimi (30) for the unimoleciilar

hemolysis of sec-butyl peroxide also falls in this range. Thus

the activation energy values do not tell us much at this stage.
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4.,5. Free radical traps

Substances which are very reactive towards free radicals

have been used as free radical traps or scavengers to successfully

inhibit the usual secondary reactions in a chain reaction. In

solution, paraffin, nitric oxide, oxygen, sulfur and many other

substances have been used as radical traps. Free radicals easily

add to the carbon-carbon double bond so several olefins have been

used as radical scavengers. In the gas phase, butadiene has been

used as a free radical trap (84).

The rapid rate of decomposition of hydroperoxides in MeOH,

EtOH and i-PrOH is due to induced decomposition at least in part.

Addition of styrene could be expected to inhibit the induced

decomposition, and apparently it did, since the rate of decomposition

was decreased.

It is not certain which radicals are being scavenged by the

styrene. Products from oxidized solvent were found in the cases

in which the styrene was added, thus o( -hydroxyalkyl radicals are

formed and may donate a hydrogen atom to styrene. Alternatively

RpCOH (or RO* or 'OH) may add, as has been. shown in other cases

(90), (91). Previous experiments (50) have proved that

RgCOH + n-CgH^,CH=CH2 > nG^H-,^,CHCH2CR20H. (4,40)

the addition of °( -hydroxyalkyl radicals to alkenes is faster
their

than /\ rate of attack on the hydroperoxide.

In the kinetic study, we looked at the reaction of hydro-

peroxide + styrene in the three alcohols, -^he reactions were

first -order in the styrene and hydroperoxide. Activation energies

with added styrene were higher than the activation energies-

without it and may, indeed, reflect the true values for iinimolecular
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hemolysis . Only the case of s-BuOOH in MeOH + styrene is

different. The activation energy is lower with added styrene

than without. Perhaps there is no induced chain here even in

the absence of styrene, due to an efficient concerted reaction

of two sec-hutylperoxy radicals to give non radical products,

Styrene added to this system has no free radicals to trap, but

may increase the decomposition rate by molecular assisted homolysis(87)

.

When ^-methylstyrene was added to t-BuOOH in EtOH as the

scavenger, the rate was increased; however, the activation

energy was 15 K cal/mole. We would not expect c<-.methyl styrene

to be. a poor scavenger in this system, since addition to

<<-methyl styrene has no more steric hindence than to styrene.

On the other hand the molecularly assisted hemolysis may be more

important and could be the cause of the rate increase. More

work would be needed to clarify this situation.

4,6. Calculation of the percentage of the induced decomposition

An estimation of the amount of induced decomposition

Ccin be attempted. The reaction of hydroperoxides in the alcohol

solvent during thermal decomposition involves the rate of hemolysis

of the oxygen-oxygen bond and first-order induced decomposition.

When styrene is added, there is no induced decomposition. Thus

the approximate percentage of induced decomposition is calculated

as follows,

5t of induced decomposition = ^j^ x 100 (4.41)

where A = rate constant from the system of ROOH in alcohol solvent,

B = rate constant from the system of ROOH + styrene in

alcohol solvent.
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In the t-BuOOH cases, this calculation corresponds to the

product study. The acetals come from the °<-hydroxyalkyl radical

£uid the yield is about 50%. In the s-BuOOH cases, the amount of

induced decomposition calculated this way does not correspond

to the yield of acetals for reasons we do not yet understand,

4. 7« Cyclic concerted mechanism

The thermal decomposition of hydroperoxide is dependent

on. the character of hydroperoxide and also on solvent and the

conditions of reaction.

The thermal decomposition of t-BuOOH in an inert solvent has

been proposed as follows (37).

t-BuOOH > t-BuO* + 'OH (4.42)

t-BuO- (or -OH) + t-BuOOH ^
^-^^^^ (°^ ^2^^ + t-Bu02*

^^^^^^

2 t-BuO « . ^2 + 2 t-BuO- (4.44)

The production of oxygen in the reaction system produces

otherwise unexpected side reaction since the oxygen reacts with

other free radicals to form new peroxy radicals (45).

Previous work with t-BuOOH at very low concentration in

toluene at 170 - 190°C has suggested (80) that about forty

percent of the decomposition is unimolecular hemolysis, the

remainder being due to radical-induced reactions. The product

study showed that the major products were acetone and t-BuOH

with small amounts of carbon monoxide and carbon dioxide. No

oxygen was found. In alkane solvents, the alkyl radicals from
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the solvent gave combination products, (R-R), and peroxides as

well from t-BuOp" plus R* coupling. Decompositions in these

solvents showed largely induced decomposition even at the lowest

initial concentrations of ROOH (79), (80). This work shows that

alkoxy radicals regenerated from alkylperoxy radicals escape

easily from the solvent cage,

Howard has ^"- developed a technique of electron spin

resonance to study the isotopic distribution of oxygen evolved

(36) from the decomposition of equal amoiuits of the peroxy

radicals R 0* and R 0* where R was a primary, secondary,

tertiary alkyl, acetyl or 2-pyridyl group, in an inert solvent,

1 f> 1ft
The reaction product, 0, proved a head to head reaction of

two alkyperoxy radicals.

'I
I. '

_C-0-0* + -C-0-0* " -C-0-O-O-O-C » products + 0^
j

I ' ' I

2

(4.45)

The rate for the self reaction of the t-alkylperoxy radicals

was slower than that of sec-alkylperoxy radicals and t-alklperoxy

radicals needed more energy to start the self reaction than the

sec-alkylperoxy radicals (89), (92), (94), (56),

In methanol or ethsinol, the amount of acetal formed during

hydroperoxide decomposition is one measure of the percentage of

the induced decomposition. From this data, we know that more

than fifty percent induced decomposition occurs in the t-BuOOH

cases. In the case of isopropyl alcohol and t-butyl hydroperoxide,

ketals are not found, but acetone is formed both from solvent euid

from hydroperoxide.

In the t-butyl hydroperoxide decompositions when styrene is
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used as free radical trap, the yield of the acetals or acetone

is greatly reduced. Both RO* and 'OH must be efficiently trapP«d

by the styrene.

RO*

•OH
+ ^C=C^ > A^C-6^ (4.46)

(A-) (B-)

Some of the B* radicals may abstract hydrogen atom from the

alcohol solvent to produce a small amount of acetal.

We shall discuss the concerted mechanism for s-BuOOH,

Four kinds of cyclic concerted six-center cleavage have been

studied (88),

^_/H v.\_ ^^H

— 0-

/^

/G^ ^0 > ,0=0 + HOR + Oo (4.47)

.H K^ .OH V ^ OH
^OC ^C. ^^0=0 + H^ + 0=0 (4.48)
^ ^0—0^ ^R 2 \

H H
^C^ ^C ^"^0=0 + H-5 + 0=cC (4.49)

/H 0^ ^ H-0^
>-v.q_q/C-R . >=o H- ^c-R (4.50)

^

These types of reaction are favoured in the liquid phase
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rather than in the vapor phase (87). Recent comparative studies

of liquid and gas phase of oxidations of n-butane were found to

have very small differences in rate and products in reaction

with phase change (86),

The s-BuOOH can undergo the reaction as follows:

R'RHCOOH + R"* * R'RHC02' + R"H (4.51)

2 R'RHCO^* ^ R'RC=0 + R'RHCOH + Og (4.52)

In 1957, Russell was the first to suggest that himolecular

self reaction of secondary alkylperoxy radicals was a concerted

raecheinisra (60)o

H

2 R'RHCO.- » ^^ J^O ^
products + O2 (4.53)

'2 ^=r-' /-\
0'

Prom this reaction, the products will be ketone and

alcohol formed in equal amounts. On the other hand, if the

free radicstl pathway takes place, alcohol and ketone will not

be produced in equal amounts. After the alkoxy radicals have

escaped from the solvent cage, they mainly undergo ^-scission

or abstraction.

Ingold's work has proved that not all secondary alkylperoxy

radicals undergo bimolecular self reactions completely

by the concerted cyclic roechajiism (57). Some secondary alkylperoxy

radicals can regenerate alkoxy radicals from the tetroxide. The
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mechanism that predominates depends on the properties of the

hydroperoxide and reaction conditions (59)

.

The product studies of thermal decomposition of sec-butyl

hydroperoxide in methanol showed that the yields of methy ethyl

ketone and alcohol are almost equal. This does suggest that

the concerted mechanism is favoured in this situation.

For sec-butyl hydroperoxide in ethanol or isopropyl alcohol,

the yield of sec-butyl alcohol exceeds that of methyl ethyl ketone.

This may mean that some alkylperoxy radicals have undergone the

concerted mechanism and some have followed the free radical pathway,

CH,

?2h ?2«5 ?2^5

2 CH,-C-0
.
^

I

H

C2H5

2 ?=" - CH,-C-0-0-0-0-C-CH,
5

I I 5

H

?2«5

°2%.

GH,'

H

0-

H

0,

1

C-

/

H

CH,-C-0* + 0^ + •O-C-CH,

H H

C2H5

\
C=0 + Oo + s-BuOH

CH,

cage""^

C2H5

(4.54)

(4.55)

?2«5

-> 2 CH,-C-0' + Or,

H

(4.56)

With the addition of styrene, things change. Firstly, in

methanol, the activation energy for decomposition in the presence

of styrene is lower than without it. This shows that the concerted

mechanism is at work.
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As solvents, ethainol and isopropyl alcohol are less polar

than methanol, so the concerted reaction should be less favored

relative to the free radicsLL process, Styrene has a radical

trapping service to perform. The yield of methyl ethyl ketone

is greater than in the absence of styrene though not equal to the

yield of sec-butyl alcohol.

The yields of acetals, and of acetone from isopropyl alcohol,

are very little changed. Presumably the number of oc-hydroxyalkyl

radicals formed is the same, but these react with styrene rather

than with the hydroperoxide.
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4«8, Polymerization

Addition polymerization includes a sequence of reactions,

A free radical as the initiator is formed by the decomposition of

\mstable material. The purpose of the radical is to attack the

double bond of a vinyl monomer and to add to other monomers

which still have double bonds. Only a short time is needed to

form a long chain containing many monomer ixnits. At the end,

\iltimately, two free radicals react with each other to form a

polymer (93), Many polymers are not soluble in alcohols. In this

work when styrene was used as a free radical trap, the polystyrene

which formed precipitated out of the alcohol solution. The

length of the polymer chain would be expected to vary depending

on the chain transfer properties of the alcohol solvent, but

the precipitated polystyrene appeared, by visual inspection, to

be of fairly high molecular weight even in i-PrOH,

The first order rate constants for disappearance of styrene

in these reactions gave rise to apparent activation energies in

the range of 15 to 21 K cal/mole. It might be better to call

these numbers "thermal coefficients" rather than activation

energies since they relate to no single rate constsmt. To

illustrate, the kinetic scheme of a polymerization is reproduced

here in its simplied form. At the initiation step,

k,
I (initiator) ^—^ 2 R* (4.57)

then R* attacks the monomer

R- + M ^-^ M^- (4.58)

The successive steps in propagation are:
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«2' - « -^^ «3'
(4.60)

So that, in general; M^* + M 2—.-
*^x

1* (4.61)

The termination step involves combination

V + V -^^^
"x+y <4.62)

or disproportionation

**x* + "y" ^ ^x + ^y ^4-63)

The rate of initiation is

d (M-)
Y = ( ) = 2 fk,(I) (4.64)
^ dt ^ ^

Where f = the fraction of the radicals that escape cage

recombination and are able to initiate polymerization,

The rate of termination is

d (M')
V^ = _ ( )^ = 2 k^(M*)^ (4.65)

dt

Under the steady state, the rate of formation of radicals

will equal to the rate of destruction of radicals.
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i.e. 2 k^f(I) = 2 k^(M')2 (4.66)

so, (M-) = ( ) (4.67)

The rate of formation of the polymer is

d(M)
V_ = = k (R-)(M) + k CM-)(M) (4.68)
P dt P

If the kinetic chain is long, the first term can be

neglected, giving

Vp = kp(M-)(M) (4.69)

=: k ( )*(M) (4.70)
P k^

-r (M)(Rate of formation of radical/2)^

(4.71)

If the initeitor concentration does not vary much during

the course of polymerization and the initiator efficiency is

independent of monomer concentration, polymerization proceeds

by first-order kinetics, i.e., the polymerization rate is

proportional to monomer concentration. (93),
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4.9. Product studies of thermal decomposition of hydroperoxides

For the decomposition of hydroperoxides in alcohols

with or without added styrene, the major products are ketone,

alcohol, acetal, methane, carbon monoxide, oxygen, carbon dioxide,

water and ethane.

The products from t-Bu02H can be explained as follows.

-
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A
I

B - C - 0*

I

D

or

•OH

.+ R - C - OH
I

\
0=0 +i

B -

A
I

C - OH
I

D

or

HOH

(4.76)

When solvent is MeOH,R» = R = H

When solvent is EtOH, R = CH,, R» = H

When solvent is i-PrOH, R = R' = OH,

When s-BuOOH is used, A=H, B=CH,, D=C2H5

When t-BuOOH is used, A = B = D = OH,

For s-BuOOH, the reaction is similar to t-BuOOH but also

involves the cyclic six-member ring concerted mechanism.

ROgH

RO* + RO2H

2R02-

* 2 Rfo* (R'0'=RO* or 'OH) (4.77)

- R02*

products + 0,

(4.78)

(4.79)

In MeOH or EtOH most aldehydes produced are converted to

acetals. Water is also a product of these reactions, in part

explaining the high yields of water.

H2C=0 + 2 MeOH * H2CC0Me)2 + H2O

CH
3^ UH3 OEt

C=0 + 2 EtOH *. -C + H

(4.80)

^ H ' OEt

Some water may be produced from the oxygen formed as a

(4,81)
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result of peroxy radical interaction.

X* + O2 ^ XOg* (4.82)

X02* + SH XO2H + S* SH=solvent (4.83)

XO2H »• XO* + -OH (4.84)

In the product studies, the product balances are lower than

was expected, but not much worse than has been reported for other

hydroperoxide decomposition work (80). Accurate yields of methane

and ethane, produced by GH^* and Et* attack on solvent have proved

particularly difficult to obtain (58),

4.9.I. Reaction of styrene

In the initiation step when styrene is used as the

free radical trap, free radicals are generated by thermal

decomposition. The radicals add to the double bond of styrene to

regenerate another radical,

ROOH *- RO* + 'OH (4.85)

(i.e. M* = RO* or 'OH)

M* + CHp = CH MGHp - CH (4.86)

Ph Ph

Where M* = any free radical.

A chain is propagated by the successive addition of

monomer to the initial radical.



I
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H E
I I

M-(CH2-CHPh)^-CH2-C* + CH2=CHPh *- M-(CH2-CHPh)^^^-CH2-C' (4.87)

Ph Ph

The termination step can take place in two ways.

H H H H
\ / \ I

combination: -CH^-C* + 'C-CH^ ^ -CH^-C-G-GH,- (4.88)

Ph Ph Ph Ph

H H H H
I

I II
Disproportionation: -CH^-G* + 'C-CHo -GHo-C-H + G=CH-

Ph Ph Ph Ph

(4.89)

4.10, Reaction of di-sodium E.D.T.A. with hydroperoxide

Previous work (33), (34) has shown that the increased

rates of thermal decomposition of tetramethyl-l,2,-dioxetane in

methanol and ethanol was due to trace amounts of metal ions in

those alcohol solvents. The effect of addition of a small amount

of di-sodium E.D.T.A, was to slow down the reaction rate. While

there was no particular reason to suppose that trace amounts of

metal ions were present in the solvents used in our work, the

fact that these might be present was worth considering. The

effect of adding a good metal-ion complexing agent, NapE.D.T.A,

was therefore explored.

Transition metal ions such as Co '*'

^ Mn "*" and Pe "*" even in

trace amounts may catalyze the decomposition of hydroperoxides.

Usually the products are similar to those from radical induced

decomposition. The general equations for the reaction of

hydroperoxides with metal ions are follows (35), (79).
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ll"^ + RO2H M^'*"-'- + RO* + OH (4.90)

M^"^-"- + ROgH * 14^ + ROg* + H"^ (4.91)

Kinetics for the decomposition of hydroperoxides by metal

ions are complex, amd vary with the temperature, the particular

metal catailyst, the hydroperoxide and the solvent. Most often

the rate equation for the metal ion catalyzed decomposition, is

first order in hydroperoxide but depende'ce on metal-ion concentration

varies. ?or hydroperoxides with complex«sof cobalt alone, depending

on the solvent and temperature, the rate equation was shown to

be (35).

d(R05H) ,—-7- = lc(R02H)(G3,)" ^
(4.92)

Walling has reported that the addition of ferric E.D.T.A.

to MepCsO and to Me,COH strongly retarded the decomposition of

HpO^. This chemical effect on HpOp and the kinetic form of the

retardation were due to the ferric E.D.T.A, Interruption of

HO* radical chain reaction was caused by ferric E.D.T.A. This

means that HO* reacted with ferric E.D.T.A. more than with H^Op

(32).

In this work, if the alcohol solvents had some transition

metal ion impurities, addition of di-sodivim E.D.T.A. should

reduce the reaction rate. A 5 x 10"^ M concentration of di-

sodium E.D.T.A. was added to the alcohol solution. Since di-

sodium E.D.T.A. does not dissolve in the absolute ailcohol solvent

even when it is refluxed for twenty-four hours, a small amount of
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water was also added to this solvent. The experimental results

were surprising. The rate of hydroperoxide decomposition was

not greatly changed, but the reaction was zero-order in the

concentration of hydroperoxide! Moreover the apparent activation

energies were virtually the same as those found in the absence

of di-sodi\im E.D.T.A.

There are very few cases of reactions which have a zero-

order kinetics. Most of the known cases are those involving

heterogeneous reactions and occurring on surfaces. Two examples

are the decomposition of nitrous oxide gas on hot platinum and

the decomposition of ammonia gas on a hot platinum wire, (22),

(31).

This might well be the case also in our work if the di-sodium

E.D.T.A. only appeared to be, but was not really, dissolved in

the medium. Whatever was happening, it was certainly not wanted.

The question of trace metal ions remains unsettled - in the work

of Bartlett (33), (34) and of Walling (32), as well as our own,

it should be pointed out. Their explanations are reasonable,

but without any detailed understanding of the role of E,D,T,A,

in peroxide reactions, remain no more than that.
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5. CONCLUSION

The focus of this work has been on the study of the thermal

decompositions of t-BuOOH and s-BuOOH in three alcohol solvents,

MeOH, EtOH, and i-PrOH. Hitherto there has been no kinetic study

of these reactions. This work attempted determine the reaction rate

constauits and activation energies in these-three alcohol solvents.

The experimental data has proven that the reaction rates are much

greater than in aromatic solvents and that the activation energies

are much lower, although the data satisfies first-order kinetics.

It is obvious that a large amount of induced decomposition occurs

when these alcohols are used as solvents. Free radical traps were

employed in the attempt to suppress induced decomposition. When

using K-methylstyrene as the trapping material, the reaction rates

were faster than when there was no "C-methylstyrene. The apparent

ineffectiveness of "<-methylstyrene as a radical trap Iq .
" - e

•noi,_ nrderstood* The observed rate enhancement may be due to

molecularly assisted hemolysis. When styrene was added as the

trapping materisuL, the reaction rate constants were lower and the

activation energies were higher than those without styrene. This

means that the induced decomposition has been eliminated. Estimating

the percentage of induced decomposition for t-BuOOH by means of

the different rate constants and from product studies gave good

agreement. These calculations were unsuitable for s-BuOOH because

of complications due to the concerted pathway for decomposition of

the tetroxide. For the s-BuOOH in MeOH case, the concerted

mechanism is more predominant than the induced decomposition even

when styrene is used as the free radical trap. For the a-BuOOH





92

in EtOH or i-PrOH cases using styrene as the free radical trap,

the product study shows that the concerted mechanism increases.

It is suggested that solvent polarity may be the cause.

It is believed by some that the reaction rate in the alcohol

are increased by the presence of transition metal ion impurities

in the alcohol. Use of di-sodixim S.D.T.A. in this work changed

the reaction order from first to zero. We conclude that the

role of di-sodiujn E.D.T.A. in hydroperoxide reactions needs

further investigation.
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APPENDIX

Purification of Acetal

The mixture of acetal, aldehyde and alcohol ws^S; separated

by gas chromatography. Column and condition5 are given below.

Column

Packing

Column temperature

Injector temperature

Detector temperature

Carrier gas

Detector

Flow rate

Retention times (sec)

aldehyde

Acetal

Alcohol

6 ft, 1/4" Teflon

205^ Carbowax 1500 on firebrick

30°C

40°C

80°C

Helium

Thermal conductivity

50 cm/sec

120

800

2400

The rate measurement for t-butyl hydroperoxide in alcohols,

sec-butyl hydroperoxide in alcohols, t-butyl hydroperoxide +

styrene in alcohols

The ampoules were taken out from the constant oil bath and

were analysed by gas chroraatograph.

Rate measurement for t-butyl hydroperoxide in alcohols,

t-butyl hydroperoxide + styrene in alcohols, sec-butyl hydroperoxide

in alcohols were under the following conditions.

Column 6 ft, 1/8" leflon





Packing

Detector

Column temperature

Injector temperature

Detector temperature

Carrier gas

Flow rate

100

1056 di-isodecyl phthalate on Ghromosorb

W, 60/80 mesh size,

F.I.D.

85°C

90°C

150°C

Helium

50 cm/sec

Rei;ention times (sec), for hydroperoxide in alcohols.

Alcohol 67

Hydroperoxide 501

For analysis of hycroperoxide + styrene in alcohols usually

the column temperature was increased to 90 C - 93 C,

Retention times (sec), for hydroperoxide + styrene in alcohols.

Alcohol 52

Hydroperoxide 280

Styrene 652

The rate measurement for sec-butyl hydroperoxide + styrene in

alcohols

These experiments were carried out imder the following conditions,

Colximn 6 ft, 1/8" Teflon

Packing 205^ silicone D.C. 500 on Ghromosorb W

60/80 mesh size.

Detector F.I.D.

Column temperature 90"C

Injector temperature 95 C
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Detector temperature
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Analysis of the liquid products of decomposition of t-butyl

hydroperoxide in EtOH, t-butyl hydroperoxide in i-PrOH. t-butyl

hydroperoxide -^ styrene in EtOH, t-butyl hydroperoxide + styrene

in i-PrOH

6 ft, 1/8" Teflon

20^ Carbowax 1500 on firebrick

P.I.D.

Column

Packing

Detector

Colvimn temperature

Injector temperature

Detector temperature

Carrier gas

Flow rate

Retention times (sec) for t-butyl hydroperoxide in EtOH or t-butyl

hydroperoxide + styrene in EtOH,

Acetone 380

50°C
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Analysis of the liquid products of decomposition of s-butyl

hydroperoxide in MeOH^ s-butyl hydroperoxide + styrene in MeOH

Column
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Detector temperature
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