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Abstract

Cyclohexane and n-hexane have been irradiated with x-rays from a
47 Mev electron synchrotron to produce the reaction CIZ(X, n)Cll. The
distribution of the recoil C!! in hydrocarbons“.of low molecular weight has
been studied using gas chromatographic separafion with a scintillation
counter monitoring the exit gas stream. Cyclohexane was irradiated at
30, 0 and -78°C and n-hexane at 30°. The total C11 produced was
determined by irradiating carbon under comparable conditions, burning it
to COz and measuring its activity in the same manner. Under most con-
ditions acetyiene-Cll, was the most abundant radioactive product with up to
15% of the total ol appearing in this form. Methane-Cl1 and ethylene- cil
were produced in 2 to 7% yield depending on conditions. Radioactive ethane,
propane and propylene were separated; 4-carbon compounds were observed
as a group. Since the yield of C11 was small, no attempts were made to
analyze for it in the parent compound or others of similar size. The results
are discussed in terms of various mechanisms for recoil reactions. It
appears that they can be explained on the basis of random fragmentation of
the irradiated material by the very energetic C11 atoms and subsequent

reactions of Clle radicals with these fragments.
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“effects, 2 and .have led to the formulation of various models®*

Introduction
To a large extent investigations of the Szilard-Chalmers effect
in organic systems have been concerned with the recoil effects of

halogens in orgahié halides. Although these studies have elucidated

- geveral ii‘npo'rt'aht éoncépts including phas‘e, scavenger, and isotope

2 3the

hatur.é of the Szilard- Chalmers effects in organic systems is as yet

' iiniieI‘f'féctlyf‘iind*ér'Stood-..-

s’tudiéd'..?i",élcé.il vre’actio.’ns ‘of carbon-14 produced by the N14(n, p)

- irf‘adia‘.i:,i‘bhr.oﬁf-ia mlxture of benzene and Z-methylpyrazine5 Cc

- ﬁéé-auéé of the difficulties in working with the carbon isotoﬁes,

't.h_'e,."étud);“o‘f carbon. recoils; which would be of particular relevance,

‘has received ifn‘uc;h"lzesA,s attention. However, within the last several

yé:a-i;"s'igag"rlé,‘\j&ir_‘x_g';i:n}tg'fééi in the use of carbon-14 recoils for synthesis

" of labeled compounds 'ha-s‘.'been evident.# Wolf and co-workers have

"rleactlioﬁ in a varlety of oi‘ganic substrates, For example, after the

14
was

found i‘n"_l_:g_éﬂz.ene a:gnc_;"toluene to the extent of 1.9 and 1. 0% of the total

~ produced. Following hydrolysis of irradiated acetamide®, Cl4-labeled

acetic and 'prbp_ibnié acids were isolated; their combined activity

r.epr'es'e'n_ted’ a.bouf 13% of the total. A study by Mackéy and Libby’7 of

the effects of.C14 recoils in n- pentane and isopentane, using aniline



or aliphatic amiﬁes as the nitrogen source of the C14, revealed the
production of a variety of labeled 5-membered and larger hydrocarbons.
Hydrocarbons of less than 5-members were not resolved but as a group
repre,sehted' 7”/0 of the activity in n-pentane and about 5% in: isopentane.

4OAn1y a few in’x’re‘st,igations have been made involving carbon— 11 recoils
é;nd. thgqe have mainly been in inorganic systerz;xs. 8 Tﬁe short half-life
: i;f carbon-ll . _Z,Q'minutes, was a considerable deterent to its use u?xt.il
t'h'é developmentof g:-as chromatography made possible the rap&d
. seﬁaf'a,i'ion;'of é;'a;éelr "am’ounts of volatile compounds, RecentlyA
Suryanarayana and -W.olf'g . in a sfudy of the chemical effects of
f(_:gtb(_il%%flll produced by ,the.Clz‘(n, Zn)C1 1 reaction in benzene found fhat
.aboﬁt“-ég_,'g%of_,'t}llie‘ .vt.t‘)t‘al a‘ctix’rity p'roduéed was accounted for in beﬂzene
and 2.2% in foluene. © -

In tllue'a present gj.tAu'c_iy:vthé recoil products examined é.re the low
_:_ molecularwelght é’&r@,podﬁds containing Ccll produced by the irradiation
- of n-hexane ar'id‘icﬁ:yci‘oh.e')_c.ane.; The reaction C12()% n)Cll was induced
with x-'rayé’ fro:m‘:thc.-: "I‘()\‘av'a State Uni‘;ersity synchrotron., The cross’
s,éctioﬁ for _the p‘hofonuclear process is not large and the beam inte;m'ity
‘was 'o'r.lly:mipd.e'rat'g. . Hence, the activity produced was not sufficient for
é.'.c,l'e‘té‘rvh'i'izllati»ori' Qf all of the products and the more volatile, low
moleéﬁiaf%ﬁeigﬁt pr.o,dlucts were the onl;‘bnes studied. It wﬁs considered

that the comparison of a straight chain and a cyclic hydrocarbon would

3
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' give a better insight into the mechanism of the recoil chemical reaction.
Experimental

Materials. - Eastman Kodak Compahy Spectro Grade cyclohexane
and Phillipé PetrqieumACo. Research Grade n-hexane (99. 96 mole %
purity) we'r.e uéed after drying over sodiﬁm wire. The various ga;ses
used fo‘ gs’tabzlish“elutibn sequences‘ and positions were CP Gradev from
.fhe ”I\/I'a...theé';n‘;C:cv)'. Heliﬁm used as a carrier gas vx;as obtained from thg
u. S.:."Bl;re.a‘.u o.'fl Minés 'wi"ch a purity in-excess of 99. 99%. Carbon Pea_r/ls
obt;ir'xg‘d'} from “‘-C'.abbtj'-Co. were freed of absorbed‘ oxygen, nifrogen and
Wa_tgll"_i)f ﬂushmg w1th helium at 800° for 12 hours. The caﬂ:on was
:storéd:'unc}l'évr;'_ax'}i.e‘liimn a‘?mosphere.

Chromatograp}ncColumns -It was necessary to employ a 'varie‘ty
ofcolumnsbecauseno single column could effectively resolve all of
the products .v;Av':te.n fbot silica gel (14-20 mesh) column was used to
se:p;_r%t'e{: methane, 'éthape, and ethylene. After its preparation, the
'siii:éa. gel column wé,s ‘_hé“atedbjto about 150°C and flushed for ceveral
'hbu'z"'s w1th hehumgasm order to remove any adsorbed fnaterial. It
Q‘as }‘al‘ways: ﬂuéil’iiéti for a;t ieast two hours befo'reAuse in a particular
4'al_'nai'y.s5is.»‘ .. fﬁ'ls_o;;’le "of the early runs a 12 foot ethylacetoacetate column .
‘was u‘sea (67 grafné ‘of; ethylacetoacetate to 100 grams of celite). This
.colurn"n'. éepafatéd‘fnethane, eth;cme— ethylene, propane, propylene-

pfopyne,' and acetyléne- isobutane, but was of limited usefulness due to



A ilts failure to separate propylene from propyne and acetylene from
isob;ztaxie. A more useful separation was provided bif a mixed column with.
a six f'o‘ot length of diisodecylphthalate and 16 foot length of dimethylsulfolane.
'A"‘I‘his "DMS;DIDP"" ‘column, prepared with 40 gram\s of organic liquid to
' ' 1‘()0"gr"a.fn§ Ao‘f 2'8-‘3'5 mesh celite, separated methane, ethane-ethylene,
o ‘vpfopyl'e"rié-, : prc')p:ane; iéébutane, and n-butane. Propyne and the othex; four
' c'ax'-'blon-matérié.l's ‘had retention tir'nes greater than that of n-butane. It
| . :Wés (')b‘se'r»\iéd for the:_DMS- DIDP column that the isobutane peak preceded
: élfi:é:';.'a_c':;a‘t")‘ril‘ex.)e:;')éa.‘l_:( ;vhich is contrary to the elt‘xtion sequence reported by -

‘,-A'I‘.;‘rede'.l"-i‘cl('s‘la'.ncl:' B‘}'doks . A 12 foot dioctylphthalate column (43 grams

: of ‘dv,ié‘cvtyl:phntha'lat.é to 100 grams of 48- 65 mesh celite) provided a govod'
separatmnofcompounds of intermediate molecullar weight such as

;_1.-. hé:;céné '}a,n‘d "%:y.élo‘l'iegané, All columns with the excéption of the silica

: gelcolumnwere pfeéafed by addition of thé'organic liquids in suitable

‘ .Qvoﬂl'\g'je'nt's".'f; <J§ﬁﬁs-‘Maﬁsville Celite-22 firebrick which had been previously
cleaned, fired and sieved.

.1:Afi&omiaafd;hfénts.4;-"Ap'proxima.te1y 1 gram air-free sarﬁples contained in
"'s'é;a’.lfe.dy' pyrex aiﬁp‘c.j.‘ules were irradiated in the x-ray beam of 'gl"xe Iowa
fé£ate ‘Ijnivéf's;ity ’e..lvectrop synéhrot’ron operated at 47 Mev for a constant
‘nti‘me‘ per,i:o‘r.i._of'l» hour. -The cross section of the (le(‘lf; n)C“ iutegrafed

R - : : 1

from threshold to 47 Mev reaction is ~ 60 Mev-m and in an average



~run a total activity of the order of 0.3 mc/ml was produced. The only
emitté; bbsei‘ved in these experiments was carbon-11.

Low temperature bombardments at.O and —;78-C were made in a.
tube designed so that the appropriate coolant surrounded the émpoulé
.dux."i'r.xg- the irr adiéﬁo‘n.

. " A Smm ti:dck Synthane plug positioned in front of the ampoule was
1rrad1ated\1n é{réry' run and the Cl1 activity produced in the plug served
. as a. monltorforthe beam. The activity of the Synthane monitor was '

| determlnedbycountlng the C!! annihilation photo peak with . NaI(T1)
sc1nt111at10ncrysta1 and a Nuclear Chicago gamma-ray spectrometer,
Model 182 0 - .

. Product ;‘;&tngly‘si:s-..-l-The Szi}ard- Chalmers pro_ducts were analyzed

| ; andcounted accordmg to a procedure suggested by Evans and Williardlz.
In thepresent 'ir;%tés't"i:ga.tion the products of the interest were the gaseous
hydrocarbons from methane through the butanes. As produced by the
1rrad1at1on, ';.t"hlese materials were dissolved in the irradiated liquida.
:Solidigamé-l_é"s"‘wéré ?neltéd before anaiysis. The products Qere removed
bfrom‘ solutlonby :“flushing" the liqﬁid \;vith heii'txm which carried the product
‘ontd thé'é_oi:ﬁ;;;n 'o'f'a'.Consolidated Electfodynanﬁc Corporation gas phase
chrqma‘t'og‘r;.ph,: Moﬂel X 26-201. The small amount of less volatile
matéri_:«il_ " p‘ickec'l ﬁp by the helium carrier was removed from the gas

stream by adsorption on the chromatographic column and did not interfere



with the subsequent analysis of the lradioactivity.

After separation, the counting rates of the products as flowing gases
were determined by passing the gas stream through a viai which was.
placed in the wgll of a NaI(Tl) well-type scintillation crystal. The crystal,
1. 5'inche/§ in d"iaméter by'1 inch thick with a 0. 75 inch hole, had réasonably
good eff;cie'ncy for the detected radiation which was the 0. 5‘1_ Mev
annihiié.fion gémma-fay from the positron emitted by Cll. .The crystal

‘was mqunfled _o:n.ar; RCA 5819 photomultiplier tube, and the pulses were
s‘ent.'tl":"i'ougii‘a‘cath._ode' foilower to a Nuclear- Chicago‘j Model 162 scaling"
unit Wthh prOV1ded a combination linear amplifier and discriminator and
r,édg'céd;f}‘le:_'B'z'xcﬁkgrrounc.l' to permit the detection of low countihg levels.

“The output from ‘a»Nuclear Chicago Model 1620 R;temeter and frbm the

: théi;mé;i conduct1v1ty ';gll were displayed on-a dual pen Brown recording

-ﬁotehf'iprt;etefi" 3]'7":71‘;)'\;:'rates‘were determined using a soap-film fi;)w

13; ".The Szilard- Chalmers products were

mevt_e'r:éltigi_‘gested by Keulemans
‘identified by _éémpariﬁg their elution times to those of known samples.
Liqﬁidl:prpdﬁéfs were analyzed by the same proﬁedure except that a 0.1 ml
liquid sarﬁple v?r:_is. introduced directly onto the column by injection with a
h)'}pbdelx‘l;nic , slylzihge'; .

Tot'al Actiyiﬁy; ~'ﬁi‘gbtl sambples of air- fl;ee Carbon Pearls were
borﬁb'afdealunder a helium ;tmosphere in the same geometry as the

hydrocarbon ‘samples. From these runs, 25 approxima\.teiy 50 mg portions



‘of"(.:'arbon were ignited in a stream of oxygen and the volatile oxides were
co_un"c_ed as flowing gases according to the procedure pre'viously described.
All trar_isfer's ef the carbon samples before ignifion were made in a dry box.
The ‘s‘télnd:efd deviation of the 25 activity determinations was about 10%.
Acfivify -C.‘al"c'ula.mtions. -For each component, the area under the curve
Qf. count ArAat.e .‘f_s_ time was rn.ea.sur'ed with a planimeter and corrected to
:t};xef,ti_rﬁe ai: wlﬁch__the ‘synchrotron beam was shut off,l using a value of 20.4
m1nutes fc};' :t.hei»haif-life of Cll. The result, the counts recoreled, was also
standardlzedto a ednstant _‘synchro’cron flux and 1 gram sampie. No
correctionwasnecessary for ciecay during the interval between the
. beglnning a;pd:: e'nd, o‘f. a‘n: ac_t'ivity peak since this time period was smé]ll
compared tothe C11 Half— life. The corrected area was multiplied by the
: ﬂowrateat wh1ch the particular component w'as eluted to obtain a value for
' tl'.xe:.ectiij“ii‘ty'ie:f': At'he"c‘omponenthr. The ratio of this value on a molar basis
‘to the ;'ar'le..l'.()'g"(‘):ue;vajlee‘.'obtained from the carbon bombardments yielaed
. ‘tl"x.e;. percent ,e"f}"c‘otéll ae;ci\?ify associated with the particular component.
I Results
I;lA,Téble"I,v Are:s'gl‘ts 1are summarized for the irradiation of liquid n-hexane
and cjcloh'exane 'et'30°C and of solid cyclohexane at 0 and -78°C. - The values
Iiefe;l 'a_r:e' ave':r'age_s. of the number of determinations which is given in |

parentheses before the value.” The standard deviations in the relative yields

range from'10 to 20% with an average of about 14%. Since the standard



-

Table I "

Orgamc Y1e1ds of the Low Molecular Welght Hydrocarbons from the Clz( X n)Cll Process in
: ' Cyclohexane and n-Hexane e

| Y1e1ds from Cyclohexane,,% : ' Yields from n-Hexane, %
Product o 3_'()9'(,:.'_‘ "f " | 0°c }f-" N -18°C - 30°C-
Methane (iod)Aa*_*-e'.:?.b” S (Ae),-a-'.‘ 5 3b o -(4)?' .'5. 7P Ca1)? ‘5. 6P
Ethane . ‘ (‘4)‘ 0. 64 (1) | 0.28 : - (4) 1.0
(4) 4l2c (6)  17.4C
Ethylene (6) 2.7 (5) 2.1 (3) 1.7 (9 63
Acetylene  (6) 14 ) 11 4y 4.2 (8) 15
Propane ‘ - | - - - | (2) 0., 52
" Propylene (6) 0.89  (6)  0.99 (4)  0.85 (8) 3.1
4-Carbon (4) A1.8 , (6) 2,3 . . (1) 1.3 ('7) 3.2

a Number of determinations

b Average value of yield

¢ Ethane and ethylene were not resolved in these runs and
the values represent the sum of the two products
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deviatioﬂ in the determination of the total yield was abouti 10%, the over-
all error in the yie’las was estimated as approximately 17%.

nyc_iqhexane. - The irradiation of liciuid cyciohexane yielded a number
of.garbon— 11 labglgd .hydr;lcarbons. Acétylene was the major product,
follpv_véd by methane, ethylene and 4-carbon compounds. Ethane and
o profylgng; _t.he products of lowest yield among those detected, were
producedin a_-bvo'vu.t ':.c‘ec'lual‘ amounts. No attempt was made to reaolye the'.
4-carbonmaterial wh1ch may be any combination of 4-carbon hydrocarbons

bfherAtﬁélf;"i'ébﬁutaﬁg.{'-'The production of carbon-11 labeled -propane or

vi'sbbﬁta_‘r’ge"@és' not observed and no attempt was made to analyze for propyne.
S T . . ' &

)

- - Thephasestudies . éhowgd that methane, acetylene, ethane and ethylene
alldecreasedinamount w1th # change 'from the liquid to éolid phase. In
| theca‘seOf"'ﬁthano:e, "'hé.-Al_a.Activity was observed in the ;'«ims at -78°C énd its
identlflca.tlon ;t Ze‘lj'oi..g.légrées» is doubtful since it was obse’rvéd in onl& one .
.' runEthyleneand "a;'ce'lt"yléne also decreased with a decrease in temperature
. '.inAti‘lAe solld statewhile the me!t,hane field remained essentia'.tlly copsi;ant. The
amO“ntOfproleene I;:x.-_:o_dﬁ(:ed‘was apparexitJlly constant with respect to both
p}ixié's'e_ andtemperature The chan,gel ‘in the am.ountt_ of 4-carbon é:ompoupds
withtemperature and ph_asé is probably not much outside the experimental -
' “Ave_rr(ovr:,'_"' é:o'vtfha.'t 'the%'u?.pp.airept.high value at zero degrees cannot be considered

~——

to be.real. . .- "
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A few qualitative experiments were run on the nature of the liquid
products in irradiations at-30°C. Labeled cyclohexane and at least three
other compounds of slightly lower molecular wéight were observed, -

" n- _Hexané. - The nature and amounts of products produced in

- hexane at,':30° show strong similarities to those in liquid cyclohexane.

‘However, propane was also observed and for almost every compound -

the- ;fne“lat_,iVe"._a'mpﬁflt'"produced is greater for n-hexane. Only in the case

- '.6f n"ig.tha'..nve-y'_&"aé lésq fn‘oduced in n-hexane than in cyclohexane. The
majorproductwas :;aé_etylene which was followed by ethylene, methane,

4- ca.;.b:on compounds, propylene, ethane and propane. The 4-carbon and

'pfgﬁyliéfxe ainoi;nté wgré about the same. The experiments to determine

' liquldproductsat 3"0-‘;’ ,‘sh_owed the formation of labeled hexane‘tAo‘gether :
with atleasttwo other non- volatile compounds.
o ‘-..E‘Z}N:oi,'}phiéséqu.ﬁém_peréture studies could be made on n-hexane because

thé'f'lpnw}t’:‘éfrip:e‘r;a:tgfé at which it freezes, -94°C, could not be maiﬁtainéd

for the ii;eri'dd of t"h.e" if:adiat;lon under the conditiono ueed in these

- experiments. '

Discussion

5,

h _ Liﬁuid-.ﬁA Hexane and 'Cyclbhexane. - The ene’rgy of recoil for an

_',a;tofﬁ' f‘eslzil.ting.ffom,'a Bfn reaction can be calculated from the following

' e‘q.ua'tic;'n"inl which the momentum imparted to the atom by the impinging

gamma-ray is neglected,
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S (E+Q) —r - (1)
In thie eqhatioh, _E_)_ is the gamma-ray energy and Q the energy released

in the nuc'llea,r 'reanti.on; M and m are the masses of the recoilihg atortl
antl,the"rt‘euti:qtl,r_lespectively. The yield of cll a.s' a function of the
:eﬁe"r."g;t’.of theb‘r:etn‘sstr'ahiung depends both on the cross se'cttoh‘j_r_a_
:ene.rgy curve for the reactlon cl? (b/ n)C and the energy spectrum of
" o the beam. Pubhshed yleld curves11 indicate that the highest yield occurs

| : ,',w1th bremsstrahlung between 20 and 30 Mev with the peak in the

:vproductlon curve at 23 Mev. Since Q for the reactmn is -18. 7 Mev,

.most of the va.lues of E w111 lie between 0.1 and 1 Mev with an average

'!,E_-"value of about 0 4 Mev.

:,j‘I,f the»‘kre;p’llmg‘ator'n does not sever all of its bonds in the recoil

e procegs,aportionofthe energy appears as internal energy of the .

complex. v'I‘hel;‘i_,rAx:t'errh’_al energ}"r is given byl5
" M
CE; = | et 2
EE Er o (2

in which M_ is ‘the‘ mass of the recoiling atom and M'is the mass of the
substitiuents: attached to it. Even in the most extreme case in which M'
is one,’ t'h‘e. ~-i'hter’na1-.e‘nergy of the carbon-11 recoil complex would be about

. 30,000 ev which is gteatly. in excess of the 4 ev carbon-hydrogen bond

energy. - C-'onsequent'ly rupture of all bonds to the carbon-11 is assured.
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The unbonded carbon-11 recoil atom is undoubtedly ionized as a
reulst of its high kinetic energy. The energy of an electron having

the same velocity as the recoiling atom is giyeh by

E_ = E (3)

' ‘1n wh1ch Me is the mass of the electron. If E, is above the ?hinding

| energy of an electron EB, there will be a finite probab111ty that the

rpqv;n_g etom' w11,1‘lo,.se..th_e electron. This probability falls off for E ¢
' : < EB1 6.’. :Te.'k"ihgnthe‘ fire.t, second and third ionization potentials of

.'-.c:a,rh'ori. a5113, "2'4; 4..anAd;47. 9 ev17, the minimum values of the recoil
'energy necessary to cause a loss of 1, 2 and 3 electrons are 0.23, O, 49

a.nd o0, 98 Mev., On this basls of charge of +1 is qulte likely, a charge of

A

.j+2,w;1'1‘o‘cc‘1_1r frequ.ehtl'yf', and charges of greater than +2 are less likely.

- Consequently 1twou1d be e)rpected that carbon-11 recoil atoms
yvoulci beproducedw1th initial ener.gies of about 0.1 to 1 Mey.and charges |
' “'of:+1 or+2 "'IA‘hes_e rfecfoil e;torhs slow down, dissipating their energy by

. acombmatlonofmmzatzon ‘and excitation procesees and collisions in
which bon'd‘s“:a'r%e b'r-‘oke"n and radrcals produced. When the energy of the
.recollrng atom ‘dropsl below ‘about 48 ev, carbon-hydrogen radicals such

as. CllH CllHZ and C11H3 will form The correspondlng singly charged

‘ s.pec1es are a.lso poss1b1e. However, iny for C11H3 in cyclohexane and
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n-hexane and possibly for CHH in cyclohexane are tﬁe ionization
,potehtiavls‘for_the formation of singly charged ions less than those for
18
. the organic solvents™ ",
If it is assumed that the carbon-11 recoil atoms are incorporated
int'o_vg.ljiou‘s' hyld"_:r.o'gen complexes when they reach the end of their
B pat,id'},_‘ almecha..n_ilsm can be construéted'by which the observed Szilard-
‘C'H'élﬁie.ra chemistry of liquid n-hexane and liquid cyclohexane is

'exbllé;'ined tis:i'hg;‘:-th'é' Willard "random fragmentation" modelz. That is,

'products are forrned e1ther in hot or thermal reglons, as a result of '

11

4 _“'reactlons of C“H C Hz and C11H3 with free radicals wh1ch the

-:carbon-;l,l_-.pro:duq‘es_zln'_s_lqwmg down. In the absence of scavenger

exper1mentsthe ,‘-‘l;.é‘lja:ttfi'v,é‘j‘Contributions of hot and thermal reactions can

not}bé._l'.a.:SiAs”és'sed;,A'i‘t;is assumed that both occur,

- Itisd1ff1cu1t f'o éxplaix; the formation of acetylene in terms of é.ny
- '_'réd:ic"a;l mechamsm :é:jcfé‘ept one' which involves cllH radicals. Since

o productlonofCH2 radicals is likely in both irradiated compounds as

Co reco1l a\tomS{‘.ére. éiq\y‘i_ad down, ‘interaction of C“H with CH, by means of

" the rAela'cA_:/t.i'.on:"‘. :

clu oy :.CHZ_-_;_;,'°CIIH cH, —scllu = cu+w,

N

(4)
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is suggested as a synthesis path for acetylene. The CH} radical could
| also rea(ct_.vlv‘ith‘ C“H2 and C11H3 by means of the reactions

:C“H? +:CH, —> ctli, = CH, Y )
and.-

S § U y ~11 H- 11 : )
: C:';~H~31+ :CH, ——) C" Hy- CH, — GC "Hj- CH, | (6)

L N | | |
C H2 = CH, + H* . (7)
‘On the ‘hesi“e'-"ovf"the :si'naller yields of ethane and ethylene compared to that of
‘ acetylene it seems hkely that both C“HZ and C“H3 are present in much

'-'lower COnCentratmns than CllH
A number of reactmns are possible between the CllH CHHZ and C11H3

A and the methyl,: ethyl and propyl radicals. These are present in the n-hexane
| 19

. system, as they are 1n electron radiolysis of hexane  ’, and can be produced
fr'om cyelo'he'xa'ne‘.hy multiple bond rupture together with subsequent hydrogen

‘ ,abstrartmn Reactlons of the type

k cﬁs'jt';éiC.:‘ll%H == ey - gt — oy - ¢y 8

llH ,4,"((9)

RCH-+ C“H——-)RCHZ-C H——)RCH c''H,

arc ccrtalnly POSSIblP w1th hct CllH radlcals and 11ke1y with cold rad1cals as

A well. Of the‘,fc')llowm‘g feactions, -
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CE

.\ . ] H ' o . o .
cHs + :clly, — cHy - ¢MH, = cHy- cllly (10)
cH, = ctlu, + H | (11)
2= C "Hp+H
'R-CH, + :c!'H, —> R-CH, - ¢}lH, T R-cH, - c!lHy (12)
N ‘ ‘L:H -c'lu +R | (13)
. ,.-’ ) . ' 2 - 2 . T . .
N § U b |
gl 11 - |
 R<CH, # “C  Hy  —> R-CH,-C" 'Hj,, (15)

E .tho:é_e. whichlead ,-:t'o:'ﬁhﬂe.~safu;'ated materials can proceed in the thermal region
. wh11ethosewh1ch1ead to ethylene are kﬂéwn té occur in hot érocesseszo.

‘ SinceCqustakentobe the most abﬁndant carbon-11 hydrogen complex,

t}ié unsaturatedcompounds With three or more carbons, rea_ctioﬁ 9., are ‘I

‘.fa\'ro';"é;ji“g{z}?;'-ftvh:'-'e:'é;n"'régponding saturated materials, reactions 12 é.nd‘ 15,
This':;,.ilzlsj 1nagreement w1th the relative yields of propane and propylene in both
n-\he;éﬁé"a‘.nd .é}éiéi;e'xane. Ethylene is favored by a number of reaction

: pafhs, ;_é.é.'(':_t‘ioﬁfs}:-s,f' 7, 8, 1-1 and 13; consequently, the rather large yields of
eth’yieﬁ:e-lfrvo‘r'ri*.:b;th-jcon&éounsls ‘is expected. Presumably methane is produced

by means of hydrogén :abstrabtion in either. thermal or hot processes.
Compo;nds ‘of.‘hiigher mdlécular weight are -lalso produced. Some of these

were ‘dété,ct‘e‘d,. e_.' g cl! 1abeled hexanes from n-hexane and compounds with |

4 to 6 carbons from both n-hexane and cyclohexane. Since the activity
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produced was insufficient for specific identification, little can be said other

than conjecfu_re. Products of reactions of various radicals, such as butyl,

"pentyl, and hexyl with the Cll- bearing complex would be expected and

11

H‘2 radical would react with the original substrate to form labeled

" heptanes. ,T}ié fact that most of the gaseous products are found in lower

.'yiélds;_,frbm- Cyc':’lo‘hexarié'than from n-hexane is probably due to the production

of relativel‘yll‘ fewer methyl, ethyl and propyl radicals in the former.

| _ ‘Ph.é.éé‘aﬁ'nd Temperature Effects. - The study of the effect of temperature .

. ':on‘z_t’h’i‘e‘ ‘yiéldé from c‘yclohexane indicates that for the volatile compoundé

défectéd thell'e'_ii”s ‘a definite reduction in yield with reduction in temperature.

. .This,_is.‘partic‘qlarly true for acetylene but to a lesser extent for the

othéf ~A_c‘01'rr'1_p6u1i'1'd-s'." The effec;’c may be due in part to change in phase but

_‘the dlfferencesm the yields of acetylene in the solid state irradiations at

-0 and-78°are .Vef'}'f-p;jbhouhced. There is much less effect for methane and

”_t};l,é 'Yieldé‘:‘gf'pfo:’pyléne‘ are largely insensitive to temperature or phase

. c¢hanges. . A-Tfhe"sé results are ingufficienl us yet to servc as a basis for

“discussing’ the 'rﬁ'echéhisfn, but it seems likely that thermal reactions play a

,"fai-r'lﬂr i'mi)oi‘taxlt role in the observed processes. Scavenger experiments will

_ianéble- relative assessment of the therinal and hot rcactions.
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