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A STUDY ON THE gy RADIOLYSIS OF 2-FURANYL KETONMES
IN 2-PROPANOL INK PRESENCE AND ABSENCE OF
ATHOSPNERIC OXYGEN
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ABSTRACT

The main radiolytic products obtained from the ¥ radiolysis
of some 2—-furanyl helones in pressence or absepce of almospheric
oxygen are investigaled. Their different radiolyiic yields are
given. The general radiolylic mechanisms explaining (he formation
of Lhe detected radiolytic products — in presencs or absence of
oxygen — are discussded. The present work enables to predict the
radiolytic productse of the other 2-furanyl ketones either 1in
presencs or absence of atmospheric oxygen, as well as (Lheir
pospible radiolytic formation mechanisms.
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INTRODUCTION

Since 2-propanol is usually utilized as a esolvent {in many
radloiytic manipuiatlons, several workers Investlgated the
specles formed during its radlolysis [1-7). Theee specles are:

Cﬂa CHS OH
\ . ~ . - / [ -
//_c — OH _u —o’ Tan, , &n , H° ,‘on ,
\
Cla CHa CHG
cn CH
3\‘ 3\ R _
CH , CH — "0 | € ( solvated electran )
— — a
CH, CH

Several studles showed the ablllty of some ketlones (o scavenge
the hydrogen atoms, hydroxwxyl graupe and eolvated eleclrous.
Examples of Lhese ketones are benzophenone (B8-11), cyclohexanone
£12-14), and furanyl ketonea [18-291].

During »-radlolysis of a solution ol 2-propanol and 2-furanyl
ketones, solvaled electrones, radicals and specles evolved (f{rom
them lead Lo the formatlon of their radlolytic products. The
nalure af these producls depends upun Lhe presence or absence of
atmospheric oxygen. The studied serles of ketones allows Lo
predict the probable radlolytic products formed during radlolysls
of slmilar other kelopes in 2-proupanol. The radlelytlc mechanisms
of formation of radiolytlc products may be discussed ln the view
of the following principal mechanisms:

(a) Radical lnteractlon mechanlsm interprets the formation of
radlolybLic products due to the inleractjion between the radicals
farmed From the wsolvent and ketones existed in tLhe medium
[1,3,7-311].

(b) Electron capture mechanlsm, which describes the reduction
of carbonyi to glve the corresponding alcochuls and plnacols
[22-32].

(c) Excited state mechonism that explains the formation of
radlalytlc praducts due to the lnteraction between the excited
molecules of ketones or solvent or both with each other Lo give
products (22-33].
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EXPERIMENTAL:
Materials:

Pure 2-propapol was Lreated according Lo Lhe metLhod
descrilbed by Gllies [3] to eliminate the traces of acetone. The
studied 2—furanyl ketones were prepared by Lhe metLthod of @Qalll
[34d). The prepared ketones were purlfled by different technlques.
Liquid ketones were purlfied by several vaccum distlllatlons and
by thln layer chromatography, where the salld ones were purlfled
by several recrystallizatjon and thin flayer chromatography. The
purlty of both syntLhesised ketones and purifled Z2-propanol was
examined by gas chromatography using FID detector and different
columns of different polarities. The prepared Kketones were
analysed by Perkln—-Elmer-457 IR spectrophotometer and Varlan T
60 NHR instrument. The radlalytlc products were determined by
Ribermag R 10-10 mass spectrometer coupled with 1P 3390 A gas
chromatograph.

Qualitatlve and quantltative determlnations of radlolytlc
products were determined by {IP 330D A gos chromatograph with the
optlmum column of SP 31000 (10X%), 60-00 mesh, L = 3 m, D = 2.5 mm,
and L = 160-190 °C. The temperatnte af both detector and injector
was 250 °C. The carrler gas was hellum at a flow rate of 20-30
ml/mln.

Melhods:

3.9 ml pyrex glass ampoules were utilized as contalners for
irradlation of prepared solutions. The ampoules were flrsL washed
wlth chromlc acld then rlnsed thoroughly several tlmes by P.26
bldlstllled water. After the ampoules have been oven drled, they
were y—preirradiated for one hour. Solutlone of 0.1 and 0.01
malar from the prepared ketones in 2-propanol were plpetted Into
each ampgule.

For studylng 7-radlialysis of ketones In 2-propenol In
absence of atmospheric oxygen, gasses In solutlon present In the

ampoules were stripped off in a high vaccum Lline (10~ °-107° torr)
by the conventional freeze—-melt technique of 4-3 cycles., Flnally,
the ampoules were sealed off under vacuum.

For investlgating y-radlolysis of ketones in 2-propanocl In
presence of atmospheric oxygen, the ampoules containlng solutions
were left open.
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Irradiatlon of the sealed and open ampoulea conteining
solutlons were carrled aut using a 99Ca ( Gamma cell type 220 >
source fram Alaomic energy of Canada Ltd (dose rate 0.309 KGy/h).
The absorbed doses were determlned uslug freshly prepared Frick
dosimeter solutions IG(Fe'**>=15.6(100eV>™*) (35]).

Arfter Irradiatlon of kelone soiutions, qualitative and
quantitlatlive determinations af Lhe radiolylic producls were
caried out. The quantltalive delLermlnation was Inveptigaled
Lhrough retention tilmes and mass sprcirowmetery for the formed
radioiytic products, while the quantitative determination was
performed via a standared curve.

RESULTS AND DISCUSSION

7-radiolysis of 2-furanyl kelones Ln 2-propanol was
investigated. The InvesiLlgated ketones have the general formula:

(Ls_,

¥here, R indicates the foliowlng dJdifferent radlcals

R @ — Cﬂa (2-furyl methyl kctone) 1>
— Cll -, (2-furyl ethyl ketone) an
-—_ (G‘HQ)ZCII_1 (2-furyl n-propy!| ketone) 11>
— an ) ainy (2-furyl] n-bulyl ketoned «Iva
—_ (CIIJ)‘CHa (2-fury} n-pentyl ketone) ¥

-—<<:::::;> (2-furyl n-phenyl keloned 1479
Cll, ¢2-furyl p-methylphenyl ketoned CVII)

Results sliowed that |n absence of atmospheric oxygen, the
general radlolytic products obtajned mere as follows:{22-251

ON (4] o
é i} I
CH_— C—R (), CH C—R <2
2 é o ? 4]
H:’
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[(]
1l é |
KO o C —R €3), CH 5— Gl ¢C —R {4)

ol (O]
é)( — R 452, é _— é {6}

on

CH,— é}{ J\\_’J— éH — R 72, CH ,— ZH—- ?CI. — R 18}

In presence of atmospheric oxygen, the (ollowlng radlolytlc
products were detected [21,24):

OH

o 7 on
I é
Ho cC —R 9y, no —R Um
o 0

é"a

OoH
~ Ho _L C — R 3), HO (! — R 11>
o

b

cn,

Ho o EM_— R 123, _D/L— (t. —R U»
(LF

cn,— l)l — cn,

Table (1) shows the radlatlon ylelds (G) of some radlolytic
products for some studied 2-furanyl ketones In 2-propanoi in
absence ar presence of atmospherlc oxygen. As the concentration

29
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of ketone dJecreases, the detected and measured radieoiytic
praducte decreases due Lo less conceniratlon of. xetone specles.
It was alsn found that the radiatlon ylelds (@) decreased as Lhe
absorbed dose increased. Thls may be interpreted as follows: At
ihe beglning of radiolysis the concentration of the radiolytie
praduct was null, therefore, the tendency to form radiolytlc
praduycts was hlgh at low dases, similar Lo ordipary reversible
reactlons. Consequently the rate of formation of radiolytic
praducts may be hlgher at the begining of radiolysis and decrease
with the approach tu the equillbrium state at higher dases.
Horeover, the formed radlolytlc praducts had a tendency in the
irradiated medium to farm other radiolytlc producis. Thls may be
1llustrated as follovs:

I'd r
Ketones ¢ Product, X ¢ froduot JI

The mailn species that are formed from tLhe radiolysls of
2-furanyl! ketones - in the absence af atmospherlc oxygen -~
according to thc three mechanisms discussed before, may be
1llustrated as follaws (21,291:

0 o -
il > l
0
a
7 L ] .
——) . C—~PFk +N 2
6“
r 1l
—— \| | C—R +e] &)
0
y q I] M
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Therefore t(he formatlon of radlolytle products durlng
radiolysi{s of 2-furany! ketones in 2-propanol (ln absence of
aLmospheric oxygen ) whiclhi were ludicated before (numbered from 1
to 0 ) may bLe interpreted as a result of Interaction between
species (rom 2-propanocl and Lhose formed (rom ketones according
to the followlng equatlons [22,23,28,24,29) @

cn_é “_‘J—c—k—.cu_OH_FLc—k >

1>

[7 S ILC__R

2)

0
)
R 5 SO () S

Q
€3)

a1
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0
Il ]
CH:’—-C' +'U_C_—R.—. CH—-II—U— —_ R
0
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CH, 0
é 1]
- Cll,— CH C —R+ MO
o 2

{4)
[ 1] o
$ Il
—_ H—R + CN:. F—
a
8) L
ol
<, oX
—_ CH_— éu An — R
3 o
7
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.
_— cn,—C —C —R +
3 (o)
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In Lhe presence of almospheric oxygen, Lhe hydrogen
and solvaled eleclrons Lhat are produced during radiol
2-propanol may be scavenged according Lo (he (ollowing r
[24]:

02 + Il —. nao
on + 7 —— w0,
o 4
20, A~y 200t
02 + er —_ 0;
&
L) on
CH_— An1+ o- - &+ CH_ AH
3 2 2 3

éna éua

In tire presence of atmospheric oxygen, the princlipai
radlcals as a result of radiolysls of 2Z-propanol are those
in absence of oxygen In additlon to those given lp

P.33

o))

«2m

21

22>

radlcals
ysls of
eacllons

@23
24>

25)
£26)

27>

formed
formed

eguatlon

€23-27>. The presence of almospheric oxygen increases Lhe
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tendencey of formation aof hydroxyl radicals. Simlalar resulis for
radlolysis of polar solutions found Lhat Lhe presence of oxygen
increases Lhe formatlon of hydraxyl radlcals (37471,

The wmaln formed specles during radlolysls of 2-furanyl
ketones in 2-propancl In the prescnce of atmospheric oxygen
Lhrough Lhe different noted mechanisms may be wshomn via the
following equations 21-241].

o 0
I > ‘ i
C — R — e cC-R (26)
0 0
0
r Il -
e C-R+e €29
0 B

- c-—r+1' (30>
[¢]
o
r | ! .
0
0 | OH .
an [—, cn
H o ] »
_ 2. ~
E°+U—C—R+ et—on,— 0)._(5_R+ _~Ch - on
CH cH,
20 32>
0 ol
Il . ({
A—C —R + R — — R €33)
] 0 .
[¢] [0
‘ ¢ R W i €34
L . C — + —_— e C — R )
No~” 0-
0 oA
‘ A ) é
_A+—C —R +200 — - — R €33

0 .
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o ‘ oM

u . | é

C—R +30° —0 - — R+ 2N, €46)
/] o .

0 ° om

il . A
o €C —~R + 3K —_— — R 37)

~0

Similar species were {ormed during y-radiolysis of filve-membered
heterocyclic compounds In acldic and basic media [15-201,

The farmation af radlolytic products due Lo p-irradation of
of solution af 2-furamyl ketonees in 2-propanol (in the presence
atmgspheric axygen) may Le interpreted as due to the Iinteraction
of species [(‘ormed from those KcLones thal represented by the
equations (34-42) and those of 2-propanol that represented by
equations (1-5,20-33)> Lhrough the three noted wechanisms (free
radical, electron-capture and excited state mechanismy J.
Therefore, the formation of radlolytic products (in the presence
of atmospheric oxygen ) may be represented Dby the following
reaclipns:

oIl — oM
. ‘ 4 —_— R +00 — no_J\ é -_ R €38
- (4]

0
{3}
[ . ON
(l » Lﬂ3~* | L CHJ «
NG + N C —R + /cn_mt__. Ho— C —R + () |
o ci o CH
3 W) 3
............. (39>
on

T oH oM
-L P cl:-_x+20u+¢':u — Ol A—-—R cam
0 - >
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E i é — R cu — o — ﬂ:_:ﬂ._ — R+ On U9

cu CHo— H._cn
3 (14

As slhorn in Lhe (free radical mechanlsns, the radtolytic
products were formed as a result of (nteraction between radlcals
formed from 2-propanol and ketones during radlolysis. The natlture
of these radlcals depends upon presence or absence of the
almospheric oxygen. Slimilar mechanlems were glven elsewhere
[48,49].

In the eleciron caplure mechanism, Lhe carbonyl group (G=0)
of 2~furanyl ketones and the oxygen moleccules scavenge the
formed solvaied eleclrons (E;) to form anlons. These anlons
allract hydrogen ions to form active radlcals which react with
hydrogen and olher radicals forming hydroxy radlolytlc products.
Therefore, thls mechanism interprets, clearly, the reduction of
ketones to Lheir corresponding alcohole and plnacols 1in Lhe
medium w=hen almospheric oxygen 1s present [2]1,37-47]). The
proposed mechanisms by electron capture mechanism tn  ULhis sludy
are In accordance with Lhal suggesied elsewhere [11,48].

In the particlpalion of exclted state mechaulsm, the exclted
molecules of solvenl or kebLones inlteracted Lo produce elither
principal radicals or final product. The exclted molecuieas of
sclvenl or ketone may react with other exclted specles 1in the
medilum to produce final products that were detected 1in the
medlum. Similar mechanisms of participation of the exclted etate
were suggzested by several aulhors to (orm simiiar radiolytic
products [27,20,4R,491).
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