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lodide Solutions +

Cemil B. SENVAR*

(Department of Physical Chemistry, Faculty of Science,
Ankara University) :

Ozet : Havasiz iyodiir-lyod gbzeltilerinin Y iginlari ile irradyasyonunda
molekiiler iiriinler ile serbest radikallerin tegekkiil verimlerine pH’in etkisi
incelendi. Iyod béyle bir ortamda meydaana gelen hidrojen atomlarimi ve iyo=
diir iyonu ise hidroksil radikallerini yakalamaktadir. Denel neticeler goster-
migtirki iodun azalma verimi G(—I;), Hidrojen peroksit’in tegekkiil verimi
G(H,0,) ile hidrojenin tegekkiil verimi G(H,) farkina egittir. Ote yandan
teorik miilahazalar ise G(—I;)’un G{H)— G(OH) farkinin bir dl¢iisii oldugunu
gosteriyor. pH 1 ile 6 arasinda arttikga, G(H;0;) degerlerinin G(Hz) deger-
lerine yaklagtigi bulunmugtur, Bu durumdan faydalanarak G(H) ve G(OH)
degerleri hesaplanmig ve bunlar literatiirdeki degerlerle kargilagtirilarak

miinakagas1 yapilmigtir.
*
L

Abstract: The effect of pH{”on molecalar product and free radical
yields is reported for y-ray irradiated air-free iodine-iodide solutions,
Iodine scavenges hydrogen atoms and iodide ion scavenges hydroxyl radiecals.
As the pH increases in the range from 1 to 6, G(H;02) approaches G(H;)
and the difference G(H)—G(OH) approaches zero. Values of G(H) and
G(OH) found in this work are compared with previous values.

Introduction

Free radical scavengers depress hydrogen and hydrogen
peroxide yields in irradiated aqueous solutions.!™ Solutes
reducible by hydrogen atoms lower the hydrogen yield and
solutes oxidizable by hydroxyl radicals lover the hydrogen
peroxide yield. These reactions depend on pH.57%

In the present work, the effect of pH on the relative number
of hydrogenfand hydroxyl radicals escaping from transient
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“spurs” resulting from the y-ray irradiation of water is reported.
By using dilute iodine plus icdide solutions the difference
between the hydrogen atom yield ard hydroxyl radical yield,
G(H)—G(OH), is obtained. The iodine scavenges hydrogen

atoms by the reaction

‘ H+L=H*4+1"+1 ' 1)
and the iodide atoms scavenge hydroxyl radicals by reaction (2)
OH +1- = OH- + L. v (2)

Then
I41I=1] (3)

If G(H) = G(OH), no ch#nge is expected in iodine concen-
tration because the iodine consumed in (1) is reformed in (3).
However it is found that jodine is consumed and that G(— I,)

and G(H,0,) are pH dependent.

Experimental

The solutions prepared with triply distilled water contain
5—60u M iodine and 0.13 to 1.0m M potassium  iodide. The

pH’s are adjusted from 0.61 to 6.0 with sulfuric acid. Pyrex cells
of ~ 12 cc. capacity are filled with oxygen-free solutions and
irradiated in a Co% y-irradiation chamber® supplying dosage
rates of 1.37 X 10* and 0.23 X 10%® ev/l. min. as measured by
the Fricke Dosimeter using a G(Fet**) yield of 15.6. The total
dose given is between 3 X 10® and 40 X 10% ev/l. Hydrogen
analyses are run in a Van Slyke micro-gas apparatus and the
ferric ion concentrations are measured by the optical absor-

bance at 3020 A,
Free iodine and hydrogen peroxide are determined by

triiodide ion absorption!® at 3500 A in a 10 cm. absorption cell.
The optical density of reaget solutions must be measured at the
same time as the irradiated sample. This is a necessary precau-
tion since the optical density of the reagent solutions change
appreciably with time.

The following stock reagent solutions are ‘used for deter-
mining iodine and hydrogen peroxide: (I) 10 g. of potassium
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hydrogen phthalate in 500 ml. of water; (Il) 33 g. potassium
iodide, 1 g. sodium hydroxide and 10 ml. of 1 % ammonium
molybdate in 500 ml. of water; (III) same as (II) w1thout ammo-
nium molybdate.

(i) a 50/50 mixture of (I) and (lI) and ‘an equal volume of
the sample to be analyzed is used to find total hydrogen
peroxide plus iodine.

(ii) a 50/50 mixture of -(I) and (lll) and an equal volume of
sample is used_ to measure iodine. In both cases the optical
density is multiplied by the factor 7.63 (for 10 cm. absorption
cells) to obtain the coacentrations in units of 1078 M, The dif.
ference between (iy and (ii) gives hydrogen peroxide.

Results ‘and . Discussion

G(H,), G(H,Os)and G(-~1;) are plotted in Figure 1as a func-
tion of pH. Over the limited ranges studied, all dosage curves
- are linear. Note from Figure 1 that there is no observable
influence of potassium iodide concentration in the range from
0.13 to 1.0 mM. Also there is no effect of iodine concentration
in the range from 0.005 to 0060 mM. These results indicate
that all of the radicals diffusing from the spur into the volume
of liquid are succesfully scavenged. It is clear that tbe results
reported here, particularly for,H,0,, are in partial disagreement
with previously reported values. The difficulty in the analytlcal
method used is appreciable.

G(H,) is independent of pH and equals 0.43 in agreement
with the results of previous authors. % According to the results
of this work G(H,0;) and G(— ;) have a.flat maxima at a pH
of 2.0. Both yields slowly decrease with increasing pH. In
slightly acid and unbuffered solutions G(—1;) becomes very
small and G(H,0,) parallels the drop in G(—I,).

Schwarz, Losee and Allen? report an initial increase in
G(H,) at low pH’s but as iodine forms in the solution, GiH;)
again decreases to the molecular product yield of 0.39 (in 0.8
N sulfuric acid). The resalts of this work agree with these.
Since iodine is added to the solutions initially one expects, as
it is found, that G(H,) will be independent of pH. This result
is explained by assuming that the excess hydrogen forming
reactien ‘
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Fig. 1. Effect of pH on C(H;0,), G(H;) and G(—1;) in aqueous air-free
Iodine-Iodide solutions Irradiated by Co% y-rays.
(Open symbols, 0.13 mMj Dark symbols, 1.00 mM)

Ho HY 4= =H, 41 )

is effectively suppressed by reaction (1).

At a pH of 2, in these oxygen-free solutions it was found
that G(H,0O,) is 0.68, a value somewhat lower than 0.75 repor-
ted by Sworski® for aqueous aerated potassium bromide solutions.

The results reported here allow to calculate the difference
between the hydrogen atom yield, G(H) and the hydroxyl radi-
cal yield, G(OH). To do this, assume that all «<bulk» hydrogen
atoms and hydroxyl radicals react according to reactions (1)
and (2), respectively, and that iodine atoms recombine accor-
ding to (3), then

(-1 = GH) = GIOH) 5
Here one assumes that the yields, G(H) and G{OH), remain
constant over the iodine and iodide concentration ranges
studied. From Figure 1 we note that G(—I,) equals 0.26 and
from equation (5) that G(H) — G(OH) equals 0.52. This diffe-
rerce in radical yield decreases to 0.1 at pH 6.
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Experimentally we find that
G(—L) = G{H,;0,) — G(H,) (6)

From the simple reaction scheme 1, 2, 3 shown above and the
general aquation for material balance in aqueous radiolysis
reactions

G(—H;0) = 2G(H,) + G(H) = 2G(14;0;) + G(OH}, (7)
we may derive equation (6).
Rearranging (7) to
G(H) — G(OH)
2

= G(Hzoz) - G(Hz), (8)

then by combining (5) and (8), equation (6) is obtained.

The reason for this decrease in G(H) — G(OH) with pH is
not clear. Since G(—H,0) is independent of pH® it is concluded
thit OH radicals recombine more readily at low pH’s than at
higher pH’s. At any rate, as ths pH incresses, G(H) becomes
more azaly squal to G OH) anl G(H,0,) bscomes m ore nearly
equzl to G{H,).

The low pH's are obtainzd by adding sulfuric acid to the
solution. Thus the bisulfate ion miy act to scavenge hydroxyl
radicals by the reaction:

OH + HSO,~ = OH- + HSO, 9)

Capture of another hydroxyl radical by the HSO, radical gives
Caro's acid. Since Caro’s acid cannot be distinguished from
hydrogen peroxide by the method of analysis used here the
importance of reaction (9) in increasing the molecular peroxide
vield is uncertain.

G(H) and G(OH) each may be calculated by combining the
present data with that obtained using ferric sulfate-formic solu-
tions ‘with —or without cupric sulfate %1514, These systems
give the sum, G(H)} + G(OH).

At a pH of 2, G(H) + G(OH} equals 6.33 in dilute solutions
Combining this results with our value of 0.52 for the difference,
G{H} — G OH), it is found that GH) equals 3.42 and G(OH)
equais 288, These yields compare with 3.47 and 2.556 respec-
tively as obtained in the formic acid-oxygen system at pH=21.
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