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Hot-atom Chemistry of Carbon-14 Icns in Soiid Berzenc
at Kinetic Energies between 5 and 100 &V o
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The»yiejds of‘seven'major hydrocarbon products from the
“interaction of ehergetic carbon-14 fons with soii¢ benzene
(—196?) were determined for carocon ion energies eiween S
andilOO.eV. As one goes toward tne lower Kinetic energy,

tﬁé yields Of'benzéne, biphenyl, andg dipheny]methane'abpear

to remain essentially constant, that of phenylcycioneptatr:ae
appears to increase, and those of to1uene,.cyc]oheptat?iene,
and phenylacetylene definiteiy cecrease by a factor of & w5 10

These results are additional support for previously postuiatau

méchanisms, and lead to the-conclusions that

“

h

1) nydrogen and carbon pick-up reactions proceed up to retn
high kinatic energies (50-100 eV), and
2) insertions into carbon-hydrogen or carbon-carbon bonds witrn

preservation of the adduct is limited to energies beic« & <.

Lnrroduction

in two previous papers we reportec tne identities, the yielus

setween 100 eV and 15 KeV, and the partial degradations of the eighz
14 |

mejor products of energetic " "C ions and atoms (from an ion accelsrator;

~

*r s011d benzene: benzene (B), tolus-e (T), cycloheptatriene (CrT



-

chenylacetylene (¢C=CH), "U-2" (subsecuently identivied as benzaldenydej,

riene’

ot

biphehjl (¢2), dipheny]methane (¢2CH2), and pheny}cyc]ohepta
>4

(¢CHT).3

As a result of recent improvements in. the jon accelerator
used in this work,” we have extended ‘our studies to the 100-Z eV xinetic
energy rance. - This paper reporis the yields of the hydrocarbor products

at these lower energies.

Experimental

~ The procedures for irradiations and yield determinatiors wers

identical to thbse.described‘pre‘viousw.J "Yield" s defiﬁed es the
percent of ﬁhe-éctivity in an aliguot portion (of the target) théet
appears in_the glpc peak of the proﬁuct.i The tetal activity in L&
target after an irradiation is roughly equal (80-10C%) to the tirme-

integral of the 14C+—beam intensity.

The toluene degradations were performed via oxidation to benzoic
acid followed by the hydrazoic acid {Schmidt) reaction to aniline and

CG,; the latter two compounds were purified by gas-1iguid chromatography,

-and the activity determined in a liguid scintillation counter. Details -
of these procedures are given in the Ph.D. thesis of T. H. Lin.°
"A recent report describes the electronic and mechanical details’

of the ion accelerator, and includes a discussion of the chemical

identity (as well as the charge state) of the irradiating carbon
Jecies.”

w

The yields of the products, as a function of the kinetic erergy of

the’irradiating'carbon,'are shown in Figures 1-4. The enercgy measure-

b

. : U el
ments are accurate to within -2 eV. Because of tne possibiiity o

imperfect charge neutralization at the target, the actual erergies of

Lty
e

”
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our.nominajly 5 eV irradiations are more likely to be 1ower} rather
thaﬁ.ﬁigher, than. that figure. The yield data exhibit appreciabﬂe
scattering; this is due to the trapping techniques for yield determina-
tions;3’and apparently is also due to imperfectly contrd]1ed irradiation

conditions, such as the beam's density. Each point represents the

‘average of 2-5 yier determinations from one irradiation.

The aCtiyity distribution in the toluene procuct, as & function
of the kinetic energy of the irradiating carbon, is shown in Table I.
For cbmparisoh‘with our present results in the 5-100 eV range, we have

included some earlier results obtained at higher energies.

Discussion

- We:{ntérbret the strong decrease in the yields of toluene and
cyc]oheptatriené'ffdm 100-5 eV as being éaused by a decreasing chance
fof‘the'irradiating carbon atoms'td pick ub hydrogens; presumably in
sequenCe, t0_form'the‘assumed precursor CH2.' The same applies for
the aésUmeq_precursor to phenylacetylene, C,H . These precursors
probably react with a ground-state benzene molecule,, via insertion
and/ofvsubétitution, wi thout subsequent disintegration. Guideline
c}assﬁtal—mechanical ca1cu1aiions (the subject of a forthcoming‘paper)
suggest that the latter reactions (insertion and substitution) can

occur only at kinetic energies_be]ow 5 eV; at higher energies the

collision complex would have scant chance to survive. In contrast,

hydrogenlpick-up reactions can proceed at rather high energies (possibly

'up'td:SO-loo eV; that is, the internal energy of the pick-up product

(CH, etc.) may be only a very small fraction of the product's kiretic

energy.' Thére‘is good support in the literature for a hydrogen stripping.




. . . -4- .

meéﬁan{sm in'the.fdrmétipn'of CH and CH, from C and CH respécti&e]y.7’8
The sharp decrease ih our yields of phenylacetylene at carbon beam
'enérgies'be1owv100 eV also indicates a C-stripping meéhanism in the e
formation of CZHX. |

 Adduct formation is expected to require a substantial conversion
‘ of‘kinétic,into inﬁérnal energy,‘caUSiﬁg decomposition'of the addu;t
uhless,its internal energy is only a little above bond energies (= 5 eV)
SO that’subsequent collisions quickly stabilize the product. The
apparént]y unchanged yield of ¢2CH2 and inéreased yield of ¢CHT are,
therefore, interpreted herevas being due to this energy limitation for
the formation of thétassumed precursors, benzy]ideﬁe (I) and cycip—

heptatrienylidene (I11)*

@
I I
~which sUb$equent1yvreact'with another benzene molecule -to form 9,CH,
‘and ¢CHT. >Thévaﬁprdximatejy‘conStént yields of benzene and bibhehy]
poiht.to intermediates in their formation of molecular weight simi]ar
to I or II. We are ignoring the "billiard-ball" hypothesis (which
is;-statiétité]ly, extremely unlikely) for the formation of our reentry
product, benzene. We beiive that the intermediate to benzene-'*C is a
_ short-]ived C7H6 adduct,'and,'considerihg the small energy range
(between activation energy and less than approx. 5 év) within which
the intermediate's formatfon occurs, it is not unreasonable to assumé
that the precursors to biphenyl and beniene; and to the above two

carbenes I and II, are'but'different manifestations of the same short-

11ved intermeqiate. Unfortuhately, energy inaccuracies do not a]}ow ;{ o ,‘,_g



Sﬁp'

B
us at preseht to probe into this most interesting energy range
below 5 eVL» | ‘ o

e do;‘however,.have degradaf{on data (Tab]e‘I).from toluene
formed in'S-eV experiments, and this data indicates a possible route,

other than through a'CH2 intermediate, for toluene formation at or .

‘below thét_energy. (The_degradation data for cycloheptatriene in tnis

energy réegion, presented in the accompanying manuscript, is compatib]e_

j wifh the CHZ.mechénism.) For the toluene, there is an essentially

constant distribution of activity until the 5 eV region is reached; at
this energy there is a great increase in ring activity (Table I).

. ‘14 ]4 i 1 -~ |
512 (W'l.z.h

This 1is in contrast to to]uene* C formed from photolytic

a maXimum K.E. of'1‘7'ev4); in this case the activity is entife]y in

the methyl group. One interpretation of these data is that a bare

- carbon atom, rather than CH2; first interacts with benzene (in the

“below-5 eV fegion) in the mechanism leading to toluene. That such a

process should 5uddént1y appear only in the below-5 eV ehefgy region

is a matter for further investiation--it may be that aiparticular

spih state:of carbon'is. present only in the nominally 5 év irradia-

'tions,-fA_diSCUséion.of this-possibility is given in the thesis of

TR Lin8
_ Table I
To]uené-14c Aétiyity Distributions (%)
| | ' | | K.E. QF 1rradiatioh carbon, eV
Position - - 5,000 4,000 500% 100% 31 5
e - - 84 82 . 8 83 29
ring 13 14 6 15 12 66

1 anéyiqus]y:reborted'in'ref. (4).




?Ne'héve'previou$1y diécussed the'Jikeiihood'thatffhe.carbeh.ioﬁe

| eor our Deams are rap1d]y neutrallzed after the ions. enter fh :  ¢;5:.
iHerQer;-at 1ower energ1es, no» only e]ast1c co]11s1ons bUL poss1oi/

‘c:>o reactlve co]]1s1ons may compete succcssrul]y W]Lh nedtraiization

'iand it mlght be argued that the decrease of yields of /CHT, énc

‘¢C CH "is Just a representat1on of th]s compet1t1on

< -
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