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ABSTRACT: “{~radiclysis of 2-propancl has been studied wn the presence of different
concentrations of some furanic ketones. The studied furanic ketones were: 2-
furanyl-4-methyl phenyl ketone, (FM), 2-furanyl phenyl ketone, (FP), 2-furemyl~
4-methoxyphenyt ketone, (FMP), J(2-furanyl)-1-pentarone, (FP), I-A2-furanyl)
1-ethanone, (FE). The effect of the cbsorbed dose on the Uberated hwdrogene
and methane was studied. The mechanisms of ¥ -radielysis of 2-propancl (n presence
of the mentioned ketones are discussed (n the presence or absence of atmospheric

oxygen.
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INTRODUCTION

2-Propano! is utilized as a solvent in many radiation manipulations. Several studies
have been made to investigate the effect of scavengers of radicals and electrons on its
yields [1-9].The kinetics of radiolysis differs in the presence of atmospheric oxygen from
its absence [4-9]. In this communication, attempts are made to investigate the general
behaviour of 2-propanol containing different concentrations of some furanic ketones during
its ¥ -radiolysis in presence or absence of atmospheric oxygen. This investigation helps
the prediction of the behaviour in future studies with other scavengers either in presence

or absence of atmospheric oxygen.

EXPERIMENTAL

Firstly, 2-propanol must be purified from acetone by the method described by
Gille [10). The ketone must be purified or synthesized by one of the three methods described
eisewhere [4]. The purity of both 2-propanol and ketones was examined by gas chromatography

using columns with different polarities.

3.5 ml Pyrex glass ampoules were utilized for irradiation of prepared solutions.
The ampoules were first washed with chromic acid and rinsed thoroughly several times
by redistilled water. The ampoules were oven dried, then they were ~F-preirradiated for

one hour,

Solutions of ketones in 2-propancl were prepared in concentrations of 0.1 and 0.0]
molar. 2.5 ml of each solution were pipetted into ampoules.

In case of “$-radiolysis in absence of atmospheric oxygen, gases in solutions were

%1076 torn) by the conventional ireeze melt technique

stripped off in a high vacuum line {107
up to 5 cycles. Finally the ampoules were sealed off under vacuum. In case of ¥-radiolysis
of 2-propanol in presence of atmospheric oxygen, the ampoules were directly irradiated

after the solution had been pipetted without any other treatment.

Irradiation of the sealed or open ampoules containing solutions were carried out
using a 80c5 (Gamma cell type 220) source from Atomic Energy of Canada Ltd dose rate
(0.305 KGy/h) and dose rate of (1.07 14 M Gy/h) by "Egypt Mega Cell". The absorbed dose
was determined using freshly prepared Frick dosimeter solutions [G (Fe'™™) = 15.6
(100 ew™ 10113,

Qulitative and quantitative determinations of hydrogen and methane were determined
by gas chromatography using a column of molecular sieve 3 A®, L=3m, D=2.5 mm with cathoro-
e o °, r o
meter, e T 80-100 °C, tinjector = 250 °C, t
gas (N,) = 20 ml/min.

= 0 . i
detector 250 °C, {low rate of carrier

Qualitative and quantitative determinations of radiolytic products were determined
by gas chromatograph using FID detecior and suitable columns (SP 1000 10% ,0V 275 10%

- Al = S o, - -]
and SE 30 10%), L = 3m, D = 2.5 mm, teoy o= 150-200 °C, tyeooqo = 250°C, oo
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= 250°C , [low rate of carrier gas (He) 20 ml/min.

RESULTS AND DISCUSSION
The principal radiolytic products of 2-propanol are. [ 12 - lu}:

CH CH CH
3 ) 3 - 3 ] )
>C—OH, TSN E—on, >CH-—O T

CH CH; cH,

CHB_ *CH-0OH andg 'CHj.The mechantsms of Tlormation of the above mentioned

products were investigated by different authors!t 10,1385 - 25] as foliows :

CH CH
3 3-\“-\\ %
\CH—OH —'g‘wu—-—b— /CH—'OH (1)
CH, CH,
CH
2
3 \“-c — OH s+ B (2)
CH, —
CH
> 3 .
P T CH—O +  Hr (3
CHj
N:‘ﬁ:w >~ CH, 'CH —OH  + "CH, ()
~ CH3\ .
CH— OH + el (5)
"
3
CH3\\ ¥ CHy~— .+ CHy .-
CH — OH  —nmn—— CH-— OHW + CH—OH (6}
CH3/ CHi, cH

The different-species formed as a result of 2Z-propancl radiolysis, which are jllustrated
in equations {)-6} may be represented by R.

The described intermediate principal radiolytic producis react in solution 1o produce
permanent radiolytic products with yields G shown in Table (i} The radiolytic mechanisms
to produce each product are explawned eisewhere [3]. The three principal mechanisms to

interpret the preduction of these products are:
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\a) Molecular excitea state mechanism, in wiich the excited moiecule interacis either with

solvent molecules, with the existing solute or with itself to produce the radiolytic products.

{(b) Free radicai mechanism, in which the iree radicals formed due to deexcitation of the
excited molecules or due to degradation interact with themselves, with the solute or

with the solvent molecules to produce the radiolytic products.

(c) Solvated electron mechanism, in which the soivated electron interacts with reducible
centers such as carbonyl groups to reduce them to alcoholic groups or to react with
positive ion molecules to produce excited ones which behave similarly to the mechanism

given in (a).

The three mechanisms participate simultanecusly to produce the radiolytic products,

the prependerant ones depend on the lollowing:

-The nature of soivent.

- The nature of solute.

- Presence or absence of oxygen.
- Dose absorbed and dose rate.

- Temperature and pH of solutions.
The nature of solvent depends on whether it is polar or not. Polac solvents facilitate
the rapid formation and stabilization of solvated electrons and make them more ellicient

for reduction [2,3].

CH,

e+ CH — OH (polar solvent) — = &~
CHy

The mechanisms of radiolysis are directed according to the nature of solute. If

dolv leasily} . ... .(7)

solute scavenge electrons other mechanisms will affect on the solvent and the scavenging
sojute will be reduced. The ketone soiute, 5, may scavenge also radicals or absorb energy
{e.g. Fluorescent, phospherescent or aromatic materials) and interact with the solvent to

produce radialytic products as follows:

Sfesoiv. -5 CH
- . J""'\-..\_‘
S ———A~—— S . CH—-—OH —=Products . . ... (3)
-__/ 5
CH3
S.+R.—¥-S-R U - 3

The detailed mechanisms of formation of radiolytic products S-R are discussed
elsewhere [1-8]. These mechanisms show the scavenging elfect of ketones 5 for R* and
solvated electrons that were utilized in case of radiolysis pure 2-propanol to produce hydrogen
and methane. Therefore, the addition of S (furanic ketones} caused a decrease in the radiation

yield (G) for hydrogen and methane as obvious from Tables (1,2). Lowering the ketone con-
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centration Cause 4n 2[ieClive Jllizanon of radiaton E'H?r’.;:r' FOC Droguction of more radglaly lic
‘preducts (as the energy lost for excitabion and deexcitation of conjugated used Ketones is
smaller in low concentrations than in higher ones). This interpret the higher negative G

. value for ketone at fow concentration as shown in Table (2).

The dose rate and absorbed dose mainly atiect the radiation yields due to capidity
ol some reactions than others. For example, the physical and physicochemical changes are
more effective at high dose rates due to their short period of reaction, where as the chemical
stage reactions are effective at moderate or low doses {3]. The variations in working conditions
(such as absocbed dose and dose rate) interpret the dilferences of G values of hydrogen
ang methane obtained fcom different studies conducted on radiolysis of 2-propano! as iltustrated

in Table (I1).

Oxygen bhas an important role o play wn mechanism selection. It reacis with
H* to form 'OZH radicals and changes the nature of the [inal radiolytic products. Also,

it can scavenge easily solvated electrons to form O which reacts with H' to form O.H
Y 2 2

which [orms HZOZ as [oilows:

Qy v H s Hdz N A T+))
02 + eSOlV‘_‘y 02 PR (1
o;.H‘__>- H0'2 N { F3)
'Hdz’?'H"———*- H,0, (1
HO, — 2 OH R 7'}

272
This unerprets why in the presence of atmospheric oxygen the main radiolytic reactions
are due to the attack of ‘OH radicals [3,26-30} and the formation of different radialytic

praducts that are identilied in details m other work {35).
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Table (1): Radiolytic products of 2-propanc! (pure).

Ref | dose rate dose | GiH,) GeH) | GIC,HY) | GICH) | GIC Ry | GICH,CH O) ﬁm”uﬂnug
| KGy/fhr) (KGy) 3
2 0.37 10 - 500 4.52 - 2,52 2.0 - 1.0
3 | 0.305-0.240 10 - 300 6.4 - 3.5 2.1 - 1.65
33 3.0 1.2.- 7.2 Az 1.90 0.9 3.0
23 6.3 1.6 - 12, 13 1.69 2.75
4 5.5 0.030% 5.5 _
26 5.5 0.0304 4.9
25 3.7 0.064 17 - 4.0
30 i 23 3.33 1.66 1.15 2.89
32 0.13 0.006-0.112 3.8 l.6 0.026 0.003 0.0013 1.10 3.1
26 6.3 0.0016-14.2 3.7 1.2 0.12 0.1 0.22 0.89 3.2
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Table (2} Radiolytic products of Z-propanol with Furanyl Ketones .\lﬂll.l R
at different concentrations and absorbed doses. ©
conceniration dose rate dose .
et R (molar) (KGy/hr) (KGy) G :._mv OAOIﬁ_- — Glketone)
.01
_ R S a— 0.302 20 - 300 4.7 -3.2 175 -1.5
. 4.7 - 2.8 1.95 - 1.25
2 16 x 107 4.2 - 2.3 2.2 - 1.2
3.6 x 107" ¢.37 10 - 500 2.3 - L4 1.2 - 11
1.558 1.2 - 0.9 0.6 - 0.7
3 @» OCH,| 1.06 x 1072 0.305 - 0,24 | 20 - 300 |5.45 - 3.6 1.65 - L4
1.06 x 10 -1 3.95 - 2.25 1.3 - 1.2 _
7]
3,4 _ .n:m: CH, 1.162 x E~|E 5.2 - 3.5 1.9 -1.7 20 -5
1.62 x 107" 0.3065 - 0.24 | 20 - 300 4,2 -1 1.5 - L% 5- 1.8
1.0G1 . 2.2 - 1.8 L1 -0.75 3.7 - 0.9
5 — (CH,}, — CH, 001 0.3 20 -300 | 727 a0
_ 0.1 3.2 - 2.1 1.4 - 0.9
o 0.0l . 4.3 - 3.0 1.75 - 1.6
7 CH;, 0.25 20 - 300
0.1 3.3 - 2.5 1.65 - 1.3




