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A SURVEY OF THE RADIATION CHEMISTRY OF
SOME ALIPHATIC -ETHERS

Amos S. Newton

s Radiation. Laboratory R :
University of California,. Berkeley, California

February 19, 1957

ABSTRACT

Thevproduéts resulting from the irradiation of seven liquid
aliphatic ethers with‘heiium ioné have been determined. Correlation
" between the ethers and- comparison with previous alcohol radiolysis'
data show the alkyl-oxygen bond to be most susceptible‘to_rupture.
The total G value for reduction equivalent .of 7 to 10 :is in the
same range as previous results ﬁith alecohols, A postulated rearrange-
ment of the ‘ethers to an alkene and an alcohol is shown to follow the
number of hydrogens on carbon atoms,beta to the oxygen. .Possible

mechanisms for the formation of certain other products'are,discussed.
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A SURVEY OF THE RADIATION CHEMISTRY OF
SOME ALIPHATIC ETHERS®
Amos S, Newton

Radiation Laboratory
' Unlver51ty of California, Berkeley, Callfornla

February 19, 1957

INTRODUCTION

The radloly51s products of allphatlc alcohols have been studled by
MbDonell and Newton, . It was shown that .the principal products arise from
reactlons occurring at bonds between alkyl grqﬁps of hydrogen .and the carbinol
carbon atom.v Thie was further evidence for the specificity of radiolytic
reacti#ity.- In order to develop a‘theoretical basis for suchespecificity of
radiolytic reactivity a considerable body of data for compounds containing
various functional groﬁps and of verious structural types is needed, There-
fore the work has now been extended to cover some selected aliphatic ethers,
' | No previous studies,of.thevradiation.chemistry of'pure ethers has
been made nor have studies been possible on the direct photolysis .of pure
ethers, The studies on various ‘ethers by thermal-decompositien and studies
on the decomposition of ethers invthe.presence of photochemically produced
radicals have recently been summarized by Steacie,,2 .Data on the thermal
\decomposiﬁion of dimethyl ether have recently- been reconsidered by Benson'3
The reactions of radicals with isopropyl ether in the liquid state have been
descrlbed by Kharasch Frledlander, and Urry for radicals from the thermal
decomp051tlon of acetyl perox1de These prev1ous studies are related to the
'radloly31s of ethers as they give information about the reactions of free

radlcals w1th.the substrate.ether molecules under various conditions,

(a) Presented at the Symposium'on the Radiation Chemistry of Organic
Compounds, l3lst meetlng, American Chemical Society, Mlaml,
April 8, 1957,
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EXPERIMENTAL

Purificatioh.of ethers, Reagent grade_commercial or purified
synthetic ethers were refluxed with sodium-under an atmoéphere of argon
for 2 to 3 days; then distilled under argon ﬁhrough_a 15~plate adiabatic
Acolumn at a reflux ratio of about 20 tQ 1, The first and last quarters
of this distillation were discarded. fhe.éenter-cut matérial was collected
in ampoules, evaéuatea, and stored ih‘a.dark.cupboard. Samples taken
pericdically during the‘distillation.were,bhecked for constancy of re-
fractive index .and mass-spectrometer pattern coefficients, No variations
larger than.expefimental error were found in.the center-cut material, The
density and freezing (or melting)‘point,were~determined onia sample taken
about the middle of the distillation, The freezing point was determined
in an apparatus similar to that described by,Skau,-5 In those cases .where
the freezing point could not be determined because of.éxcessive supercooliﬁg,
the melting point is given,<except=fof ethyl n-butyl ether,which cduld not
- be crystallized,~5The properties of the-purified.ethers are shown in Table I,

" Tert-Butyl ethers, Methyl and ethyl tertebutyl.ethers were

'synthésized by the method of,Morris.and_Rigby;6 ~After the initial purifi-
cation according to these authorsy the ethers were further purified by
distillation from sodium as described above,

Irrédiation.procedures; Irradiaﬁions of higher energy input

(>0.3 x_lO22 ev/ml ) were made in the metal cyclotron target déscribed
by McDonell and Newton! ss modified to contain 100 ml of liquid sample.
The ethers were introduced at room temperature and degassed by slowly
distilling about iO percent,of‘the liguid under vacuum, These were
irradiated at an ion current of 1 to 2 pua with 28-Mev helium ions impingent
on the liquid, The bulk temperature .of the liquid was 16 to 200._ Lower- ..
energy-input irradiations were made in evacuated glass cells,of-thé type
déscribed by Garrison, Haymond, and Weeks,8 The ether was degassed by
refluxing under vacuum_,9 then vacuum-distilled into the target chamber
and sealed off, . These cells were-irradiatea with about 42-Mev helium ions
‘impingent on the liQuid at .currents of 0,1 to O.Z»Ma,i The temperature was
250 to 300_and.was roughly controlled by an air blast againstréhe target,

which was rapidly §haken.during,the irradiation, The vapor-phase irradiation
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of methyl tert-butyl ether was made in a cell .consisting of a 4-in.-diam,
Pyrex tube 56 in, long with a thin (3O.mg/cm2) glass window in one end
énd.a‘liquid reservoir sealed onto the other end, This was irradiated on
‘the cyclotron using a beam external to the magnetic field, . The calculated
helium-ion.range,using fhe stopping-power correlation derived by Thompson,"
was about 2/3 fhe lghgth of the target, The target was wrapped with aluﬁiﬁwﬁ
foil and mounted on insulators for the beam measurement. o

Gaseous produc£s.4 Gaseous and low-boiling products were determined

by draining the target liquid into an evacuated system and refluxing the
target liquid under vacuum while pumpinngith an'aﬁtomatic-Toepler pump,9
Fractions volatile at -1960, —125?, and -80° were collectéd.and thén analyzed
with a Consolidated Engineering Corporation Model 21-103 mass spectrometer

as described previously. o

Total hydroxyl. The total hydroxyl content of the irradiated .

ethers was determined by the,method of Ogg, Porter, and Willitsall,.The;mdst
reﬁroducible resulté.were;obtained‘by sealing the irradiated_ether_with7the
acetic anhydride =~ pyfidine reagent in,an ampoule and heating at 100° for a
half hour. The ampoule.was cooled, opened, transferred to an Erlemeyer
flask with water, warmed to hydrolyze the excess acetic anhydride, and the
acetic acid titrated with aléohol_sodium hydroxide. Synthetic samples of
added primary and secondary alcohols gave values within 3 percent of the
added values., , ,

5Poizger was determined by vacuum evaporation of the ether at room
temperatufe;vfinally pumping at a few microns pressure. The values are only
approximate, as some of the "polymer" may evaporate in this process or some
ether may be left dissolved in the.residue.._"Polymer“ is thus an approximete
measure of the total high-boiling materials present, ‘

Total carbonyl was determined as described previously.l The

method for aldehydes (oxidation-by<Ag20) gave very erratic results on ether
solutions of aldehydes and ketones; Thus no. separation of aldehydes and

ketones was: made though this would have been ‘desirable in some .cases.
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-EXPERIMENTAL RESULTS

The.radiolysiS‘products,of.thé ethers are“shOWn'in.TabletII.'vOnly
those products are listed which could be determined by the methods outlined.
.Liquid-phase analyses on samples from low-energy-input bombardments were not .
SatiSfactory:because%of‘the low concentration of products. . Water yields were
checked on the irradiated ethers but the yields,'if.any,lwere.véry low and
the results erratic. | I

.Several pfoductS'Wére identified as present in the gas phase but not
determined quantitatively.. These have not been listed in Table II. For
example, methyl ethyl ether was formed from diethyl and ethyl n-butyl ethers,
diethyl ether from ethyl n-butyl ether and ethyl tert-butyl ether, methyl
n-propyl ether from n-propyl ether, methyl isopropyl ether from diisopropyl
ether, and diméthylvether from methyl tert-butyl ether. Neopentane was
seen as g product from the tertibutyl.ethers; fThesé;products are in low
“ yield, The smounts detected did not indicate large changes in yield with
chénges in totallenergy input, so it may beraésﬁmed{thaf they are primary
products, - '

The total oxidation-reduction equivalents given do not include any
" contribution from the "polymer" as the compounds formed have not been identi-
fied. Some properties of the "polymer" from various ethers are listed in -
Table III. These prdpertiés are “to be interpreted as indicative only of the
direction of change and not as the property of é pure compound, No vicinal

-glycols were found in any of the polymeérs,

 DISCUSSION

General correlatioﬁs. Even from a cursory survey -of .the yields .of

hydrocarbons . from thgvvarious_ethers, itrisievident that those formed in
greatest yieldsfare fhose.resultingtfrom rupture.of-ihé_alky150xygen bond,
The total hydrocarbons resulting fr@mfbond ruptures at other carbon atoms
are lower fhan,those-from the alkyl-oxygen bond by ébdut a factor of two.
This is in contrast to the alcohols,where the alkyl-oxygen bond was rela-
tively less reactive than bonds to the carbinol carbon atom by about the

same factor.
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As in the alcohols, the yleld of hydrogen is a max1mum for ethers
conta1n1ng normal alkyl groups and decreases with 1ncreas1ng branchlng of
the alkyl groups. The hydrocarbon y1elds are greatest for ethers contalning
branched alkyl groups and 1east for those conta1n1ng normal alkyl groups.

The total reductlon equlvalent yield from liquid ethers is onihe
" same order. of magnitude ( G red, =7 to 10 ) as for the alcohols,l
v.Unsaturated,hydrocarhons. In general,”the-distribution.of_hydro-

carbon types is quite similar to that found for the alcohols.l The ratio
.of n—carbon.alkenes to n~-carbon alkanes is quite high.' This ratio‘is about
.one forvthe normal alkyl groups and increases,with‘increasing,branching‘of
the aikyl group. This is as expected for a molecular disproportionation
involving a rearrangement with hydrogenjon.a betafcarbon atom,.as previously
postulated for.the.alcohols.‘-l '

Schuler and,Petrylz,haveoobserved a similar excess of alkene over
alkane in the x=ray radiolysis“of ethyl iodide, n-propyl iodide,and isopropyl
iodide, and suggests a disproportionation-reaction as a mechanism for alkene
formation. Bunbury, Williams, and Hamilll3 have found a similar high yield
of alkene in the photolysis .of ethyl iodide,and have postulated a d1ffus1on-
controlled dlsproportionatlon of radicals to account for the excess ethylene
Hanrshan and. Willard and Hornig and Wlllard Lk “have also observed the excess
" alkene from various alkyl iodides and have suggested a disproportiOn mechanism
‘involving,a molecular rearrangement with hydrogen atoms .on the beta carbon

atom, For ethers, this arrangement can be written:
ROR =R OH + alkene. : , (1)

Comparison of . the'yields of such alkenes from the various ethers .
and alcohols in Table V shows .the absolute yield of alkene per hydrogen on
beta carbon atoms to be falrly'constant for the ethers, though low for the
tertiary butyl ethers, The absolute yield per hydrogen on beta carbon
atoms in alcohols is,only‘about.half.that of the ethers, This is not un-
expected because in alcohols the‘overall'reactivity of the carbon-oxygen
bond is low_compared to other bonds at the carbinol carbon atom,and this
competition must reduce the alkene yield. fToveliminate such,competition"

from the comparison, a better correlationis the ratio of'alkene to alkane,
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‘which represents 8 comparison of the rearrangement with other reactions
(assumed as radlcal reactlons) at the carbon-oxygen bond The ratlos of _
alkene per hydrogen atom on beta carbons to the corresponding alkanes are |
reasonably consistent cons1dering the varlety of compounds compared and

the variat1ons of the number of such hydrogen atoms from one to nine. If
either product is produced by another mechanlsm the ratlo w1ll suffer The
ratio also suffers dlrectly as the uncertalnties 1n the determlnatlon of
such alkenes and alkanes

Such rearrangements as postulated 1n Eq. (l) are cons1stent with

- the rearrangementsoccurrlngln the mass spectrometer 1onlzatlon patterns

of many of these ethers For example,w1th d1ethyl ether the largest peak
in mass spectrum is mass 31,which probably arises from the follow1ng

sequence of steps:

- ; . .
02H5002H5 — c H5002H5 . o (2)

CéH5$H + CH
',cuon‘ +,CH3

n

The principal peaks in the mass spectra of these ethers are shown
in Table IV..l5 ‘Except for n-propyl; n-butyl, and methyl tertrbutyl‘ethers;
‘all have large rearrangement peaks consistent with the type of mechanism
outlined above for formation of alkenes, .Difficulties with the use of mass-
spectral data in attempting:to predict such molecular rearrangement are:
first, rearrangements can occur in neutral excited molecules as well as in
the molecule ion, and, secondy in any fragmentatlon process it has not been
pos51ble to predict w1th certalnty'whlch group will carry the charge, and
thus a rearrangement in the ion might not be .obvious.: For example, _in

. (2) above, if the methyl group had carr1ed the flnal charge the arrange-
ment would not have been obv1ous,31nce methyl 1ons can also be formed by
other fragmentation processes ) _

From the hlgher ethers, other rearrangements are poss1ble, e.g. ,

“from n—propyl ether the rearrangement

H7OC = C H4 + CH OC3H+ s | (35
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can occur and would explain the ethylene yield being higher than the ethane
yield from.this compound, Methyl propyl ether was idéntified‘in'the heavier
gas fractions from this irradiation, but wés not measured quéntitatively.
Such reﬁrrangement does not.occur to any extent in the ions as observed in
“the masséspectrpmetér pattern of the normal:ethers, and the products can
also be formed by other processes, though these involve high-activation-
energy reactions, Thus the.evidence is not clearlon this rearrangement. A
) possible porfelation with aikyl halides is found-in the data of Schule; and
Petry',l2 who observed .more ethylene than ethane from the radiolysis of n-
propyl iodide. N | ' ' '
Radical reactions. Due'to the lack of_idehtification.of the
v"polymer"»componehts, it is not possible at this time to formulate a
complete mechaniSm.for reactionscmcurrﬁng’either in the primary track or
in the bulk of the solution. From the results of Kharasch, Friedlander,
and Urryh on the reagtions.Of radicals with isopropyl ether, it does not
' appear  likely that more then a smell fraption of the observed yields of
higher hydrocarboné.can be fdrmed in the bulk of the solutilon.- Theréfore,

productS'suéh as propane and butane from -ethyl éthen which cannot be formed
from a radical-molecule reaction by hydrogen abstraction, must be formed
principally in the tracks and spurs., The "polymer" and a large part of the
hydrogen.prob&bly arise in the buik of the solution from fadical-molecule
reactions, as 1llustrated with ethyl ether: '

R* + CZH5 - oc2H5 —> RH + CgH5°Cth'(R = H or alkyl) | (4)

Since the résulfing radical cannot‘reéct.with anbthér substrate ether
molecule, it can only react with another rafical to form a higher'ethér if
the radical is alkyl, regenerate the ether if the radical is H, or form a
high—bbiling compound if the radical is .another like itself, Kharaschh
suggestg that such radical-radical reactions reéult in disprOpdrtionation[
to give, in the gaée of isopropyl ether, alpha methyl-vinyl isopropyl ether,
This latter compound would be’éxﬁeéted to react further with radicals,

though some should appear as a product, No evidence for such.-
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dlsproportlonatlon was found in the radloly51s experlments,_'but the'products
might not have been observed by our analytlcal methods ‘This author suggests
_ that the radical canbination is more stable in the liguid at roam temperature than
was the case in Kharasch's experiment to yield a substituted glycol diether,
in at least a good fraction of such collisions, leading to "polymer",

.Froﬁ methyl tert—butyl»ether; the ethane. yield appears quite high
when compared to ethane from tert-butyl alcohol._ If the criterion.. suggested
in the paper of McDonell and Newton™ is applied,

K= Jom,l/ U, - |02H6| 112, .
K for methyl tert-butyl ether is only about l 2 compared to 1,96 for tert-
butyl alcohol. If a K of 1.7 to 1.9 is applied, one finds that the ethane
yield is expected to be only about 0,22, compared to a value found of 0.66.
Similarly the propane yield from ethyl tert-butyl ether is very high, being
over half the ethane yield, while the ethane yield from ethyl tert-butyl.
ether is-less.than that from methyl tertebutyl ether even though some ethane
from the former compound must be formed from ethyl radicals as well as from
methyl radical combinations. If one calculates the ethane formed from =
methyl radicals in. ethyl tert-butyl ether using equation I G = 0.09 of
ethane results from methyl radicals, leaving 0.34 to arise from ethyl radicals.
This value from ethyl radicals, G = 0,34 is about half the‘yield of ethane

Tltratlon of the residual liquid from several ethers w1th bromlne shows a
bromlne absorptlon about eqplvalent to the hydrogen formed It is not certain
that only double bonds are reacting in such a titration, Gas chromatograms
of the re31dual llquld show unldentlfled peaks which have not been identified

from the mass spectrum of the materlal collected from such peaks.,

' Whether or not one accepts equation I, which was derived empiricallj from
alcohol radiolysis data}'as having any'vglidity of application to ethers,

the arithmetical relations discussed still yield the inescapable conclusion
that much of the ethane and propane from methyl tert-butyl ether and ethyl
tert-butyl ether respectively cannot arise from competitive radical-radical

reactions.
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from ethyl.ethe;'which is consistent with the distribution.of ethyl groups.
The yield of propane:of G = 0.28 is almost three times that found from sec-
butyl a_lc'ohol;l It is also proportionately much larger then.the yield of
n-butene, G ;_O§026, which;produet probably results from reactions of two-

- ethyl radicals, Therefore it is necessary to conclude that'mueh.of the
ethane from methyl tert-butyl ether and the propane from ethyl tert-butyl
ether cannot be formed by competitive radical-radical reactions, One ex-
planation of these high values for ethane and propane in these two respeetive ’
ethers is the formatioh.of such products by a,methyl rearrangement, which,can

.be.written;

ROC (CH )3 —_— RCH3 +-CH3COCH3 o (3

The evidence for or against such a methyl rearrangement is not

17

conclusive, Steyensonl6 and Honlg have postulated s randomlzatlon.and

13

isomerization of C - -labelled hydrocarbons under electron impact in the

mass spectrometer, and Magat.and,Viallardl8 have postulated & rearrangement

of ethyl groups in the mass spectrel ionization pattern of 3,3, diethyl
19

.pentane, Chapiro ~ has postulated a methyl rearrangement to explain the
degradation of polylsobutylene and polymethyl methacrylate

‘The same effectlve result can be achieved by a kinetic mechanism
outlined in the sequence of steps in Eq. 6, T, and 8, ‘Such.a_mechanlsmlhas

the added advantage that the principle of microscopic reversibility is

preserved,
1. ROC(CH,), =R+ + (CH,),C0- | o (6)

23. (CH3)300° -;(eH3)200'+.ch~ D (7)

. 3. R- #;Cﬁ3‘ —936H3~ .‘ " - | o (8)

Steps T and 8 must follow iﬂuvery rapid'order if the radicals R aﬁdACHS are
not to be separated by diffusion. The tert-butoxy ion is somewhat stable,
as it occurs in the mass spectrum of di-tert-butyl peroxide?o and to a.
small extent the t-butoxy ion occurs in the mass spectrum of ethyl tert«
butyl ether. The tert-bdtoxy,radical,has been shown to exist for at least

limited periods in the thermal decomposition .of di-tert-butyl‘peroxide'in
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diguid solvents, el,22

Its decompos1t10n by reaction (7) has been calculated
to be endothermlc by 5 ! kcal ' There is no necessary reason to suppose

the reactions in the above'sequence‘invdlveithe same excitation states as
the thermal process. ~In order for reactions (6); (7), and (8) to occur in
the sequence outlined, the tert-butoxy radical would have to dissociate
immediately and leave the;radicals R and,CH3 close enough together to make
the probability of reaction high. r '

The increased yield of ethane in the gas-phase irradiation of
methyl tert-butyl ether (Table I) does not prove or disprove the above
mechanism, It does show the existence of many radicals which, in the gas
phase, are uncaged‘ahd-which therefore contact fewer molecules of substrate,
Thus, in the gas phase, it ie expected that radical-radical reactions should
be increased.andiradicalﬁmolecule'reactieﬁsJdecreased, yielding relatively
more ethane and,lees.methahe. Back reeCfiohs are also decreased,resulting
in an increase in overall yields.',A_surprising resﬁlt is the lerge increase
in,iSObutane yield .This is coupled with an almost eqﬁally high yield of
neopentane, Thus the back reaction of tert-butyl radlcals and methoxy
radicals in the llquld state must be gquite large. The total reductlon _
equivalent in the'vagor bhase is ebout 1.7 times that in the liguid phase,

a result also indicative of a large back reaction in the'liqpid phase,
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Table I
- ‘Properties of Ethers Used
| | _ - B.?.O _ g
Ether Source n 22 a._, 760 mm Hg F.p.°
' 5- p ey >
n-Propyl _Eastman White Label 1.3777  0.7418 89.7° -123.6° (m.p.)
Literature values® 1. 3786d 0. 7&39 0. 5d' .-122f-
¥ 1. 3780 .o 7&22 90. 5¢
n-Butyl Bakér and. Adamson '1.3968 vo,7638 142.2 -95.3 (m.p.)
.reaggnt quality : N
Literature_valuesb 1.39685 0.76461 ‘1n1.97 - =95.37
Methyl tert- Synthesis 1.3663 .0.7352  55.2  .-108.5
butyl ' a
' ’ Literature values 1.3667 0.7354 55.2 -
Ethyl tert-  Synthesis 1.3731  0.7353 T2.9 =97.2
butyl a '
| Literature values 1.3728  0.736k4 73.1 -
Ethyl‘n- Eastman White Label 1.3791 0. 7440 92.2 formed glaés
butyl : a : : : .
Literature values 1.3798 0. 7hh7 92.3 -
Iso propyl .Baker and Adamson 1.3653 0.718% 68.6 -85.7
reagent quality ‘
Literature values® 1Q36618 ,0,72303 | 68.27 -85.89
.Ethyl J.T.'Baker;Chemical 1.3497 0.7077 34,5 -125.5
Company ‘
Litersture values® 1.34968 0,7068. ~ 346  --123.3 metastable

-116.3 stable

#J, F, Norris and G, W, Rigby,.J. Am, Chem. Soc.

b

R. R. Dreisbach and R. A. Martin,

c .
J. Timmerans,

Press, New York 1950, p. 346 (Interpolated values for 422

d

eR° R. Dreisbaéh
Dow Chemical Co.

54,.2097 (1932),
Ind, Eng. Chem. 41, 2875 (19%49).

"Physico-Chemical Constants of Pure Organic Comp0unds$" Elsevier

A. I. Vogel, J. Chem. Soc. (London), 616 (1948).

25
and ny

”Physico Propertles of Chemical Substances,"” Serial No. 17 2.
Mldland Mlchlgan.

Heilbron, Dict, of Organic Compounds, Vol. II, P. 439, Egre and Spottlswode,

London (1953).

%Estimated,accuracy of-F. P. Values‘aboutsio.zo.




Yields of Some Products Formed in the Helium-Ion Irradiation of Some Aliphatic Ethers

Table II

- Cfg

Ether _Ethyl “Ethyl n-Butyl  n-Propyl n-Butyl Isopropyl  Methyl t-Butyl  Ethyl
: . 0.2puah  t-Butyl
Energy input ‘ : gas
ev/ml x 10-22 0.026° 0.026% 0.31  .0.% 0.44 0.025% 0.36 0.32 phase 0.33
4 . o ___Yield, G. molecules product/100ev. : '

H, 3.62 3.25° 2.9% . 2.74 2.7k 2.50  2.28 1.55 1.8  1.96
co 0.127  0.070 0.087 0.10L 0.055 0.071. .0.082 0.14h  0.13 0.099
CH, - 0.2} 0.095  0.104 0,071  0.06L 0.8 0.87  1.03 0.80 0.77
CH, 0.091  0.037  0.042 0.0k0 0.026 ~ 0.015 0.03 0.018 .0.12 0.03k
CH), 1.0  0.52 0.h42 0.2k 0.1k 0.064 0.033  0.002 <0.05 0.32

; CHg 0.62 °  0.31 0.27 0.22 0.036 0.142 0.159 0.66 1138 ,0.55
CSHu(e) - == ~0.001 . ~0.016  ~0.004 ~0.011 ~0.006 ~0.03 0.05  ~0.02"
~0.01 0.12 0.10 0.49 0.125 1.56 1.1k 0.037 0.05 0.050

| C3Hs- 0.12 0.10 0.10 0.43 0.123  0.61  0.45 0.024k 0.10 0.28
| CEg ~0.007  0.29 >0.18 ~0.005  0.38%  0.02° >0.008° 0.55° o0.38°  o.7aP
U CHE 0.15 0.29  >0.14  .~0.03 0.39 . 0.32° >0.142% 0.15° - 0.59° 0.22%
' Total carbonyl- - - 1.13 1.36 0.94 -- ~3.1 1.85 - 2.47
.- Total hydroxyl - - 1.32 1.30 1.4 - 0.33 0.69" - ov6zh
"Polymer" - am A6 AT ~2.2 - ~0.33 ~1.15 - ~L.O

. Total reduction 9.50  8.09  T.11 . 6.98. 6.66  8.90 7.8  6.93 11.56° 7.33
.Total oxidation - - 2.7 3.04 2.04 -- 6.64 4,37 -— 5.46

a. Mixture of about 67% butene-l and 33% butene-2; b. All iscbutene; c. All isobutane; 4. 11.7%

n-butane 88.3%.isobutanej e. Have not distinguished methyl acetylene from propadiene; g. Bombardment

in glass cell; h, t-Butyl alcohol.nqt measured by the technique used; Jj. Includes neopentane yield

: of G = 0.57.

e
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Table IIX

UCRL-369%

.Propertles of polymers resulting from the 1rrad1at10
of some ethers w1th helium ions.

' Ethyl tert-Butyl

: Ethér d§5  '?35
Properties of‘Polymer y
n-Propyl 0.901 1.4286
n-Butyl 0.854 1.4328
Ethyl n-Butyl 0.893 1.4273(a)
iso-fropyl 0.947 1.4309 "
.Methyl tert-Butyl .0.902» | 1.h2%2
0.907 1;4326

3 (0]
(a) BP = ~280", MA

- 286 (Rast method)
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i.= isotope pesak.

P = parent peak.

16
Table ‘IV
Principsl peaks in mass spectra of etheérs. _
, e S S R ~ Methyl Ethyl
M/e _Ethyl Ethyl n-Butyl n-Propyl n-Butyl iso-Propyl tert-Butyl tert-Butyl
15 16.9" - . 8.9 . 3.85 - 3.12 1.k 17.2 14.0
27 33.9 35.4 21.3  20.3 16.0 13.9 16.0
28 8.16 12.0 2.76 7.94 1.83 . 3.96 3.22
29 61.9 5L.T 7.72 3h.1 -+ h,7IR 24, 47R? 23.1
31 100.0R 83.1R 5.77R. 3.25R  3.63R 2.04 8.5R
%3 8.8 101 100.0 4,38 50.7 ‘25;52\ 12.5
s 32Q7 8.06 1.45R+i 2.4TR ';99;95 6.24R 2;23
57 - 29. 4 0.80  100.0 0.26 26,72 3k.5
59  41.3 100.0 '3.07 '  0.461- :’,8,91- 0.29 100.0R
T3 2.12 4,01 16.93 1.30- - 100.0 | 0.29
74v 23.3P 0.29i _0;711 -o.loi - 4. 781 0.00
,87 - 1.49 0.07 16.0 18.2 0.02 3k4.25
88  -- 0.071 0.00 0.831 0.901 0.02P 2.4
102 -- © 3.11P 6.83p  -- 1.29P -- "~ 0.00P
130 - - - 1.52P . ~-- -- e
R = rearrangement peak.
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Table -V | |

Comparison of absolute alkene yields and/ratlovof alkene to alkane produced
with number of hydrogens on carbons beta to oxygen in ethers and alcohols.,

ATkyl Z=No. H's on G{Alkene) G(alkene) L
Ether o ___ Group B-carbon 7 G(alkanéj' Z
Ethyl CH, 3 0.8 S 0.58
Ethyl n-Butyl 0235 3 o 0.16 0.56
‘ _ChHgv 2 - 0.15 0.50
n-Propyl . n- C3H7 2 ' 0.12 : ' 0.57
n-Butyl 4:9. 2 - 0.10 | 0.49
Isopropyll | i C3H7 . 6 0.13. . 0.43
Methyl tert-Butyl . £-C) 9 0.06  0.bL
Ethyl tert-Butyl .t-qhﬂ9 9 0.08 . .0.36
| ; | » | (a)
C,H, 3 0.11  0.31
~Alcohol (from Ref. 1)
Ethyl CHs 3 0.06 | 0.43(8)
n-Propyl , - n-C.H, 2 0,075 . 0.h7
Isopropyl —C3H7 , 6 0.045 ' 0.51
n-Butyl —‘h 9 2 | | 0.045 = .'9.37
Isobutyl -chH9 1. - .0.07 . 0.41
sec-Butyl : ‘ g=C h.9 - 5 T 0.035 " v‘ '0:36(b)
tert-Butyl £-C, 9 o.03¢¢) | 0.28(¢)

(a) Ethane yield corrected for estimated yield from methyl radical reactions.
(b) n-Butane yield.corrected'fdr estiﬁated'production from ethyl radicals.

(c) Isobutane analysis only approximate. : I oo

s
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