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The present study deals with the radiolysis of tetracycline hydrochloride dissolved in
aerated alkaline aqueous solutions containing 0.1, 0.5 and 1M NaOH, at 77 K, as followed
by ESR. The rate constants for the reactions between the electron and physical and
chemical traps which are present in these solutions are calculated. These values are k,p =
=96:10"% 1*mof 1 *s’! and keh = 1.3+10" I"mof? *§' . The reactivity of electrons  that
are formed in the radiolysis of water decreases in the following proportions: physical traps:
chemical traps: molecules of water: 4.8°10": 6.5°10%: 1.0. The electrons react preferen-
tially with the solute instead of the solvent.

Introduction

The interaction of gamma radiation with matter produces electrons, which can be
observed by ESR at low temperature when chemical traps’ ™ such as tetracycline hydro-
chloride (TC)* or physical traps®® as Na' ions, are present. In 1977 DZIEGIELWESKI
determined the rate constant for the reaction between the electron and TC, kch' in the
radiolysis of methanolic and aqueous solutions.* But the determination of the rate
constant for the reaction between the electron and a physical trap, k requires
knowledge of the concentration of physical trap.

It is possible to determine only the relation (kchfk n [physical trap])! from the
competitive reactions between the electron and these traps. In 1982 RAITSIMRING and
co-workers® calculated the concentration of the physical traps for 4M to 9M XOH solu-
tions (X represents Na, Li or K). Therefore, it was possible in the present work to obtain
the values of k and k4, in the radiolysis of 0.1, 0.5 and 1M NaOH containing TC, at
77 K. The elec[)ron formed in the radiolysis of water, at 77 K, reacts preferentially with
the traps instead of the solvent.
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Experimental

The water used was deionized by ion exchange and distilled in a quartz distiller. The
TC and NaOH used were of analytical grade. Three series of samples were prepared in
the presence of air with the following concentrations of NaOH: 0.1, 0.5 and 1M. Each
series of 14 samples (0 < [TC] < 0.052M) was prepared the same day and in the follow-
ing day these samples were irradiated simultaneously, at 77K, and the ESR spectra were
recorded on a JEOL JES—ME-3 spectrometer, at 77 K, after the irradiation. The three
series were irradiated with the same dose of 3 kGy in a °°Co-gamma cell 220 source
from Atomic Energy of Canada Limited.

Results and discussion

In the radiolysis of water, at 77 K, H- and a radical corresponding to an impurity
were formed besides OH- and HO,+'® (Fig. 1). When the radiolysis of water, at 77 K,
occurs in the absence of air, it is observed that the impurity comes from the air (Fig. 1b).

In the radiolysis of alkaline solutions, at 77 K, the air does not interfere in the forma-
tion of radicals observed by ESR (Table 1). In these solutions the electrons are observed
by ESR, because physical traps are present''*'? (Fig. 2a—c). When TC is added to these
solutions the electrons are also captured by chemical traps*>'® (Fig. 2d—f).

L -roa, |-mnt, T—on', a-H , O -lmpurity radical

Fig. 1. Radiolysis of water at 77 K, (a) in the presence of air, - - - - without air, (b) the impurity
radical was obtained by subtracting the ESR spectrum of water from Reference 10 from the
ESR spectrum of water of (a)

Fig. 2. Radiolysis of alkaline aerated aqueous solutions containing TC, at 77 K; ESR spectra
of alkaline solution, - - - - ESR spectra obtained by subtraction between alkaline solution andD

water spectra (a—d) or spectrum of TC in powder form (e, f). Reference 17 presents the
spectrum of TC in powder form
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Table 1
Influence of air on the relative yield of paramagnetic species formed
in the radiolysis of alkaline aerated aqueous solutions containing TC, at 77 K

Sample Air RY(H') RY(OH') RY(HOg Y RY(e-obs)
IM NaOH/TC(0.04M) Absent 29.2 1.1 0.2 25.1
IM NaOH|TC(0.04M) Present 28.4 0.8 0.2 21.2
RY(abs.)‘IRY(pres.) - 1.0 1.4 1.0 1.2
0.5M NaOH/TC(0.04M) Absent 20.2 1.4 0.2 13.6
0.5M NaOH|TC(0.04M) Present 259 1.3 0.2 13.2
RY(ahs_}IRY(PmS_] - 0.8 1.1 1.0 1.0

o [mpurity radwal
L HOI.
L an'
T OH® l

. 'A*‘:

M NaOH /0 02M TC
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The values of the rate constants for these reactions can be obtained considering that
Reaction (1), where the electron is trapped by Na' ion, competes with Reaction (2),
where the electron is captured by TC:

k

h
e +T =

. )
ke

€+TC— e, (2)
where T represents one physical trap formed by the solvated Na* ion;
e, and e represent the electron trapped by a physical trap and captured by a
chemical trap, respectively;
and k_p, are the rate constants of the Reactions (1) and (2), respectively,
Then

kph

Neony) _, kanlTCl

—_—— e 3
RY(c,) KpnlT] @)

Where RY represents the relative yield of species and RY(e- bs) =
obs

In Fig. 3 the (RY(eE)bs)JRY(e-t)} is plotted versus [TC] for three series of 0.1, 0.5 and

RY(e:) + RYg:)

1M NaOH solutions and it can be observed that the intercept corresponding to Eq. (3) is
equal to 1 for the 0.1M NaOH series, while for the other two series the intercepts are
1.27 and the slopes are larger, indicating that TC is more efficient for the capture of
electrons when it is dissolved in concentrated NaOH solutions. This fact is associated
with degradation reactions of TC,"*™'7 because compounds are formed that are more

efficient for electron capture than TC.!8720
L
2 20f
}-\—. %ﬂd
T L o
::§ 10 42 ® 0.1M NoOH
& o 0 SM NoOM
& 1M NaCH
ol 1 A i (AT
0 2 “ 3 8 0
102 [TC], mol / 100 mol of water

Fig. 3. {RY(eA ) / RY(e‘) )} against [TC) for the radiolysis of alkaline aerated solutions at 77 K.
obs t

(kch}kph [TC]) is 2.68; 6.57, 5.03 for 0.1, 0.5 and 1M NaOH solution, respectively

Therefore, the 0.1M NaOH solution can be considered a dilute solution, because the
alkali degradation does not affect this efficiency for TC and (k.plg 1M = 1.46-10°

l-mol™t- gt 8
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The value of k; of Eq. (3) can be obtained if one knows [T]q 1. RAITSIMRING
and co-workers® calculated [T] in 4 to 9M XOH (X represents Na, Li or K) conmdermg
the formation of the geminated ionic pair (¢'/H, 0"), where " recombines with H,0" ion
in the presence of physical traps. They also observed another paramagnetic species, O".
This species was also observed by TROUNG? and it is formed in the same concentration
| as e;. This species is expected to form in concentrated alkali solution and decreases the
| RYog.y(OH'+OH: — O'+H,; 0).
| n order to obtain [T] for 0.1, 0.5 and 1M NaOH solutions from the values obtained

by RAITSIMRING and co-workers,” a sample of 4M NaOH was irradiated, in the
. presence of air, at 77 K, and the experimental values (Table 2) show that the species
0" does not form in solutions where [NaOH] < 1M, but it forms in solutions where
. [NaOH] = 4M. Therefore, RY(e- 5= RY(e-) + RY(e-)in solutions where [NaOH] <1M

and 0 < [TC] > 0.052M. obs t c

The values of [T] obtained from the experiments performed by RAITSIMRING
and co-workers’ and the values of the rate constants for the reactions between the
- electron and physical and chemical traps are shown in Table 3. The average of k, equals
13x10'® Imol™ . The electrons are trapped specifically by Na® ions, though the
efficiency of electron capture by TC increases about 10 times because the TC is degraded
in alkaline solutions. The Na' ions are 7.4:10° times more efficient in trapping the
- electron than TC, in 0.1M < [NaOH] < 1M aerated aqueous solutions.

Table 2

Values of %(e _, ) and of RY(OH') in the radiolysis of alkaline solutions

obs
([NaOH] < 4M) in the presence of air at 77 K

NaOH concentration

0.1M 0.5M M aMm
%l ) 12.8 36.2 47.3 84.3
RY o1+ 1.4 1.4 1.4 0.61
Table 3
Rate constants for the reactions between the electron and physical and chemical traps
ind of 3
Kindo (NegHE (1), 1" K, ('mol™ +5™1)
Physical <1 <1.5-10" 9.6+10"5
Chemical 1 1.5-10"7 2.2-10'°
Chemical 0.5 7.9:10'° 1.5-101°
Chemical 0.1 1.9-10' 1.5-10°
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Table 4
Radiolysis of aqueous solutions, at 77 K: rate constants for reactions between
electrons and species present

Reaction Reactions of electrons® K, I*'mof ! ¢! Reference
1 ¢ +H;0—>H*+0OH 2.0:10" 21
2 £+ T —TC 1.5-10° 4
3 ¢ +TC ——— ¢ 1nd

0.IMNaOH © 1.5:10 "
4 ¢ +¢ —— H, +OH +OH" 5.0°10° 21
H,0
5 & +NO3 —— No% 8.5-10° 1
6 ¢ +Hy0, —— OH - +0OH’ 1.2:10'¢ 21
7 ¢ + NpO; (CO3 )3 —— NpO; (COx)¥ 1.3+10'° 1
[CO;;)
8 e +TC——— ¢ 1.5-10%° *x
0.5MNaOH ¢
9 €+0, —0; 1.9-10'° 1,21
10 §+H ——H: 2.2+101° 121
11 & +TC ——— & 2.2-10%° *x

1M NaOH ¢

12 ¢ +H+ —H; +OH’ 2510 21
H, O
13 & +0OH— OH 3.0-10'° 21
14 e +T e 9.6°10'° xx
< 1M NaOH

*In Reactions (1) to (13) the chemical species that react with the electron are considered as
chemical traps and in reaction 14, T is considered as physical trap.
**The value of K was obtained in this work.

able §
Reactivity of eicctron.s formed in the radioly—:—i:bfi‘f:ﬁaOH}TC aerated aqueous solutions at 77 K
Gl:i"::zit::i with in relation to
4.8:10" Physical traps Solvent
6.5+10% Chemical traps Solvent
7.4+10° Physical traps Chemical traps
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It is interesting to note in Table 4 that the rate constants (reactions 2 to 13) vary from
10° to 10'® 1-mol'-s™' and are independent of the kind of chemical trap (molecules,
cations or anions). Therefore, the reactivity of the electron formed in the radiolysis of
water is also independent of the kind of chemical species that behave as chemical traps.

Table 5 shows: the order of reactivity of the electron formed in the radiolysis of water
with physical and chemical traps with regard to solvent. The electrons react especially
with solutes, though the proportion between solutes and solvent varied from 1:53 to
1:556.

MIYAZAKI and co-workers??™?* ascribed the occurrence of the selective reaction of
abstraction of the solute hydrogen atom by a hydrogen atom produced during radiolysis
of the solvent to channels formed by the solvent molecules at 77 K. The hydrogen atom
can migrate through the channels formed by solvent molecules and react with the solute
molecule.?5™27

The values of the rate constants for the reactions between electron and solutes may
indicate that electron shows a behaviour similar to H-, when they are formed in the
radiolysis of alkaline aerated solutions, at 77 K.

*

This work was supported by the Brazilian Atomic Energy Commission (CNEN).
The authors wish to thank the “Industria Farmacéutica Laborterdpica Bristol” of Sio Paulo for
kindly providing us with tetracycline hydrochloride.
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