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Abstract. The radiation-induced conversion of the leuco-
cyanide of pararosaniline dye, [H2N<:::>ﬂ3EC-CN, to the
highly colored salt-isomer of the dye, lH,N@];=C=®
=NH; + CN™, in acidic aqueous solution (wavelength of
maximum absorption Amax = 540 nm) or polar organis solu-
tion (Amax = 550 nm), takes place in two separate pro-
cesses. The first is very fast (within <50ns), and the
second much slower following first-order kinetics with

a rate constan* that varies from 4 * 10° s™' to ~ 10°* s7!,
as the acidity or concentration of an oxidizing agent
increases. 1In oxygen-free acidic aqueous or organic
solutions (argon saturated) there is an unstable transient

species (Amax = 380 nm). When using O, or N,O-saturated
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aqueous or organic solution, there is no intermediate
absorption band at 380 nm, but the slow process of dye
formation at 540 or 550 nm is still sequential to the
initial fast process having somewhat faster kinetics than
in Ar-saturated solution.
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1. INTRODUCTION

Photochemical studies of solutions of substituted triphenyl-
-methanol or triphenyl-acetonitrile have shown that the ab-
sorption of short-wave ultraviolet photon energy results in
triphenylmethane dye production as salt formation due to
cleavage of OH or CN-(1°15)- The resulting highly colored

dye cation is stable in a weakly acidic polar environment and
unstable in a non-polar solvent or in any basic solvent. 1In

the presence of excess OH or CR ions, the reverse reactions

to colorless derivatives of the dye follow pseudo first-srder
kinetics, with rate constants that vary with [OH™), [cN7],

ionic strength, and the dielectric properties of the
system(ls'la). If the dielectric constant of the solvent is
below ~4, the colored species is shortlived(ls).

Recent radiolysis studies of dye formation have been made using
gamma rays and electrons over a wide range of intensities(l9'21).
It was shown that weakly-acidic polar-organic solutions of
tris-(4-amino phenyl)acetonitrile, namely pararosaniline cyanide,
that are sufficiently oxygenated can be used as accurate radia-
tion dose meters for absorbed doses in the range 10? - 10° rads
and dose rates up to at least 10'* rad * s”!'. Acidic aqueous
solutions of the same dye derivative may also be used for dosim-
etry: however, at dose rates greater than ~10'° rad + s !, the

dye yield becomes diminished and rate dependent.

Flash ultraviolet photolysis of alcohol solutions of leuco de-
rivatives of triphenylmethane dyes shows a fast initial reaction
occurring in less than 40 ns, with no apparent rate dependence
of dye yield(lz'ls'zz). The production of dye in this case is

complete within 100 us after the UV flash.

Although there have been pulse radiolysis studies of related
compounds su~h as Wurster's blue (23-25) and triphenylcarbino
no such examination has been made of the kinetics of ionizing

radiation-initiated reactions of solutions of leucocyanide dyes
of amino-substituted triarylmethane. The present work provides
an analysis of the kinetics of dye forma:tion due to pulse radio-
lysis of a typical symmetric form of these leuco dyes, namely

1¢26)



pararosaniline cyanide in aqueous or organic solution. The re-
sults give insight to reasons for the radiolytic dye yield being
constant over large variations of absorbed dose rate, for some
forms of the dye precursor in polar organic solutions.

2.. RADIOLYTIC DYE FORMATION

The leucocyanide does not revert to the dye spontaneously in the
presence of acid, but is stable in a moderately protonated en-
vironment until ionized by 1rradiation(2'6'7). For a simple
symmetric form of this class of leucocyanide dyes, namely tris-
-(4-aminophenyl)acetonitrile (H1N<::>D,EC-CN, referred to in dye
nomenclature as the cyanide of pararosaniline or basic red
(Colour Index of the parent dye, pararosaniline, is 42500)(27),
the bond strength of =C-CN is approximately 3.8 eV, and the
radiation threshold for cleavage of this bond is correspondingly

in the ultraviolet at about 330 nm wavelenqth(s'ls).

The main radiation products of pararosaniline cyanide (PR-CN) in
a mildly acid polar solvent are CN~ and the highly-colored car-
bonium cation. The latter is the triaminotriphenylmethyl salt
which is thLe parent dye, namely the tris-(4-aminophenyl) meth-
ylium ion, with the positive charge being highly delocalized

into the para-amino moiety at the quinonoid ring having extended
conjugation: (HzN@ z-C-@»nn:. The wavelength maximum

of the absorption band of the dye in slightly acidic polar or-
ganic solvent is 550 nm and in 20X acetic acid in water is 540 nm.
In photolysis studies using ultraviolet radiation, the production
of dye in such environments occurs with a quantum efficiency of
approximately 1.0f1:7-8:12) gy $9co gamma radiation, the
G-value is proportional to concentration of the leucocyanide at
low concentrations and decreases with increasing 0; concen-
tration(lg). An Oj-saturated solution of 2 mM PR-CN in 2-methoxy
ethanol, with acetic acid added at a concentration of 17 mM, has
a G-value of 0,062 molecules per 100 eV, for absorbed dose rates
of gamma radiation or electron radiation ranging from 1 to 10!*
rad - 8-')(21). Oxygenated aqueous solutions of PR-CN containing
20% acetic acid, on the other hand, show a marked variation of

dye yield as an inverse function of dose rate (10'? to 10'"* rad -



s_')(21). A possible explanation for this is the greater prob-

ability of back reactions of radiolytic free radicals with rad-
ical ions at these very high dose rates.

3. EXPERIMENTAL PROCEDURES

3.1 Pulse Radiolysis Equipment.

A 10-MeV electron linear accelerator (Haimson, Inc.) was used
to supply l-us pulses with a pulse radiolysis set-up described
previously(za). A field emission accelerator (Febetron 707)
was used as the other high-intensity source of radiation. It
produced single pulses of electrons having a maximum energy of
about 2 MeV and a maximum current output of ~3000 A in approxi-
mately a Gaussian-shape pulse with a full width at half maximum
of ~30 ns. Kinetic spectrophotometry provided a means for
analysis of optical density changes in the ultraviolet and vis-
ible spectra, with a time resolution of 50 ns. The optical
apparatus consisted of a continuous stabilized xenon lamp (Os-
ram X130450/y), a device for pulsing the lamp with a resulting
20-fold increase in light intensity for a period of ~0.5 ms,
high-purity silica optical components, a pulse radiolysis quartz
cell equipped for automatic filling and flushing, a double
gquartz prism monochromator (Opton MM 12), a fast rise-time photo-
multiplier (RCA-1P28) with the sensivity over a broad UV and
visible spectrum (240-650 nm). The two fast-response oscillo-
scopes (Tektronix 454 and 564B) were equipped with Polaroid
cameras, and were used to display spectral changes in optical
density for short times after electron pulses. Long-term stab-
ility afforded analysis after the pulses for time periods up to
several seconds.

3.2 Dosimetry.

Measurement of absorbed dose in the contents of the cell along
the optical path (5.1 cm) was accomplished by using 5 mM
K.Fe(CN) ¢ aqueous gsolution saturated with N0 with a small
amount of air added after saturation(zg). ‘The calculation of
absorbed dose was based on the following values of ferricyanide

yield due to oxidation of ferrocyanide by the OH radical:
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G[Fe(CN):'] = G[e;q] +G[OH] = 6.0 ions of absorping
species per 100 eV energy absorbed, where the molar

. - -1 -1
absorptivity 6420 = 1000 M cm

3.3 Pulse Monitoring.

In order to monitor variations in electron beam intensity from
pulse to pulse, a thin aluminum foil (0.03 mm thickness) was
placed 29 cm from the accelerator window perpendicular to the
beam axis. The front surface of the pulse radiclysis cell was
approximately 5 cm behind this foil. The foil was isolated from
ground by three 6.8-nF capacitors in parallel, each with very
high internal resistance. Since the charge depositeé (or associ-
ated voltage reading) on the foil during each electron pulse
leaked only very slowly, it could be measured at a convenient
time after the pulse, even after several minutes.

3.4 Sclutions cf Pararosaniline Cyanide (PR-CN)

The dye derivative PR-CN was synthesized from an industrial batch
of the hydrochloride salt of the parent dye* by combining in a
ball mill with NaCN. It was purified (as shown by loss of color)
by repeated cycles of dissolution in triethylphosphate and pre-
cipitation of the hydrophobic leucocyanide with cold distilled
water. When dried in a disiccator with P05, the final product
consisted of a fine white crystalline powder.

Solutions of PR-CN were 0.1 to 5 mM concentrations of the dye de-
rivative in (1) triply distilled water containing 3.5 M acetic:**
or (2) 2-methoxy ethanol, reagent grade devoid of peroxides, con-
taining different amounts of glacial acetic acid or NaOH. Using
20-minute bubbling in a sealed vessel, the solutions were satu-
rated with oxygen or argon or combinations of these gases mixed
in order to vary the molecular oxygen concentration. Alterna-
tively, various concentrations of nitrobenzene were dissolved in

" )
Supplied@ by Eastman Organic Chemicals, Pochester, NY

L 2 ]
3.5 M acetic acid was required for sufficient solubility of
pararosaniline cyanide in water at room temperature




-5 _

argon-saturated solutions in order to study the effect of this
weak oxidizing agent on the kinetics of radiolytic dye produc-
tion. The solutions could also be saturated with nitrous oxide
or could be used with methanol added, which served to scavenge
solvated electrons or hydroxyl radicals, respectively.

To prevent photolysis of the solutions by the ultraviolet ana-
lyzing light, a uv cut-off filter (Schott WG-360) was used be-
tween the lamp and the cell. Pulse radiolysis was carried out
with analyzing light ranging in wavelength from 310 nm to 630 nm
and over a time scale from 0.1 us to several minutes. Over this
spectral region and time scale, the organic solvents alone did
not supply appreciable transient absorbing species, which would
add to the absorption of dye-related species of interest. The
irradiated solvents, in fact, did not exhibit optical absorption
in the wavelength region being studied.

4. EXPERIMENTAL RESULTS

4.1 Absorption Spectra.

The absorption spectra due to irradiation of 2 mM PR-CN in
0O:-saturated water containing 3.5 M acetic acid are shown in

Fig. 1, at two different times after irradiation. The molar ex-
tinction coefficient values werebased on measured values at the
maximum of the main dye absorption band, using yM concentrations
of the hydrochloride salt of the parent dye, pararosaniline(lg).
For solutions in 0j-saturated water containing 3.5 M acetic acid,
€ = 1.3 x 10° M! em™!; for solutions in 2-methoxy ethanol con-
taining 17 mM acetic acid, € = 1.4 x 10° M! em™!. Also shown
are unstable absorption bands formed for short times. The or-
dinate is given in terms of molar absorptivity, which is pro-
portional to the yield of absorbing species. Similar values of
molar absorptivity as determined previously by y-ray radiolysis
can be used for subsequent calculations of dye yield.

(19)

The main absorption band at the longer wavelengths (Amax = 540 nm)
is due to the conjugated quinonoid chromophore of the dye ion
and is formed by two processes: (1) a minor fast process ocrur-

ring within 50 ns;: (2) a relatively slow major process lasting



during the first 100 to 300 ps after the pulse, depending on

the dose rate. The shoulder or superimposed band in the short
wavelength side of the main visible band (~480 nm) is due to

the electronjc system of a less-symmetric, less-planar geometric
form of the trihedral molecular isomer rather than to the main
dye species absorbing at 540 nm. The twc forms have different

dichroic axes and thus have different relaxation resonances(ls).

If 0;-saturated acidic aqueous solutions are used, the main
absorption band once formed is stable for long periods, even
over several years, whereas the absorption bands in the ultra-
violet are rather unstable. A broad weak absorption appears

in 0O;-saturated solution in the blue and near-UV part of the
spectrum, but this fades slowly over several hours as slight
buildup occurs in the ultraviolet absorption below 350 nm. A
shart-1lived intermediate species forms a prominent band in this
region of the spectrum (Amax = 330 nm) for O;-saturated sol-
utions, and then decays simultaneously with dye formation. A
similar-unstable band (lmax = 380 nm) is formed within <«<50 ns
in Ar-saturated acidic aqueous solutions.

In the unirradiated leucocyanide solute there is negligible
absorption at wavelengths greater than 350 nm. At lower wave-
lengths, however, two prominent stable bands were found in neu-
tral 2-methoxy ethanol solution of PR-CN, with maxima at

257.5 nm (e = 3.8 x 10> M! cm™?) and 295 nm (e = 6.2 x 10 M!?
em !'). After adding 17 mM acetic acid to the solution, a slow
increase in the molar absorptivity was observed at 295 nm.
After about 24 hours, it remained constant (¢ = 9.6 x 10? M7!
cm~!). The stable absorption bands at the shorter wavelength
without radiolysis is probably due to n, n* transition in the
aryl groups held in polar solution(ls). The increase of ab-
sorption in the longer wavelength region with the addition of
acid probably indicates the slow development of proton charge-
-transfer states with the aniline groups, causing reorientation
of their steric configuration due to n, n* transition (16).

Figure 2 shows the absorption bands induced in 2 mM PR-CN in
slightly acid 2-methoxy ethanol, both under oxygen-free and
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oxygen-saturated conditions. Unlike acidic aqueous solution.
there is no absorption induced just below 350 nm wavelength.
The unstable intermediate (ln“ = 380 mm) is produced only in
oxygen-free conditions within 0.1 us and disappears within

100 us. During this period a slow component of dye formation
is added to the small fast component of dye formation with
first-order kinetics. reaching fairly high absorbance with a
maximum at 550 nm wavelength. As will be seen later, however,
the decay of the intermediate at 380 nm does not occur with
simple first-order kinetics. although the time scales for this
decay and the slower coaponent of dye formation are about the
same. The main absorption band of the radiation-produced dye
is slightly narrower in oxygenated solution at all stages. with
a shoulder forming at about S00 nm due to the slow component of
dye formation. This is also a first-order process. The slow
formation of the shoulder on the dye absorption band suggests
diffusion-controlled prctonation from the solvent, causing
tautomeric distortion of the otherwise relatively symmetric
propeller-shaped trihedral ions.

The presence of oxygen can contribute to scavenging of reducing
radicals produced in the solvent and acid by irradiation. With-
out such an agent to scavenge these nucleophilic radicals., satu-
ration in dye production would be expected to occur at fairly

low dose levels(;g'ZI). Such effects are seen in the oscillo-
scope traces shown in Pig. 3, for PR-CN solution in oxygen-free
organic solutions. Several successive pulses cause a change in
the transient absorbance of both the low wavelength absorption
band (xmax = 380 nm) and the main dye absorption band (Amax =

550 nm). The decay of the absorbing speciegs at 380 nm and the
dye formation having a maximum at 550 nm become slower and slower
with successive pulses. The amplitudes of the fast components

at these two wavelengths are not affected by successive pulses.
In oxygenated solution, the exhaustion of dye production by
successive pulses was not observed. The same kinetics and yields
were repeated for many successive pulses, similar to the first

pulse traces of Pig. 3.




Figure 4 shows the effect of N0 saturation on the kinetics

of dye formation due to irradiation of deaerated 2-mM solution
of PR-CX in 2-methoxy ethanol containing 17 =M acetic acid. By
effectively scavenging solvated electrons in this manner, the
intermediate absorption at 380 mm is quenched. vhich is similar
to the effect of saturating with oxygen. The fast component

of dye vield at 550 nm is approximately the same as with Ar-
-saturation. Although the total yield is greatly diminished,
there is essentially no difference in the kinetics of the slow
component of dye formation due to the presence of the electron
scavenger. Exhaustion ~f dye production by successive radiation
pulses also does not occur at this mild acidity, but it is shown
in Fig. 4 that lowering the pH introduces such exhaustion ef-
fects in N O0-saturated solutions similar to those shown in

Fig. 3 for less acidic Ar-saturated sclutions.

By adding 10 mM methanol to air-saturated acidic aqueocus sol-
utions, a severe exhaustion effect occurs in the slow components
at the two wavelengths. Although the first pulse gives typical
kinetics of decay of the intermediate absorption at 380 nm and
dye formation at 550 nm. a second pulse results in much slower
decay at 380 nm and much slower dye formation at 550 nm, also
with significantly reduced yield.

4.2 Kinetics of the Decay of Intermedjate Specjes.

For O;-3aturated aqueous acetic acid solutions of PR-CN, the
short-lived absorption band produced within 0.1 us at short wave-
lengths (lmax = 330 nm) decays in at least two processes. This
decay is displayed in Piq. S for two different absorbed doses
given in a 30-ns pulse. A fast decay is complete within 10 us,
while a slower component of decay in the first-order process
occurs with a rate constant k = 5.5 x 10* s~ ! and T, = 13 us.

A similar decay occurs for the quickly formed intermediate
species in Ar-saturated solution of PR-CN (lmax = 380 nm), as
shown in Pig. 3.

4.3 Kin C$ O n.

Radiolytic dye formation in both aqueous and organic solutions
consists of both a fast and a slnwer process. The fast process
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occurs in a time scale t «<50 ns. 1In acidic aqueous solution,
although the slower component is dose-rate dependent, it forms
with apparent first-order kinetics with 1;i of about 20 to 40 us
depending on the dose rate. Figure 6 shows the buildup of the
slow component (Amax = 540 nm) of dye formation in aqueous sol-
ution containing 3.5 M acetic acid and saturated with 0,. In
this solvent the rate constant increases with dose rates for
doses of 1.5 to 31.5 krad in a 30-ns pulse, as shown in Table I.
The G-value for the final dye production 300 us after the

pulse (Gm) decreases with dose rate, but Go for the fast compo-
nent of dye formation (~0.1 us after the pulse) does not vary
with dose rate. This is illustrated in Fig. 7, where G_ and

Go for dye production in oxygenated acidic aqueous sol ‘tion are
plotted as a function of dose administered in a 30 ns pulse.
The value of G_ for 5 x 10'° rad - s"‘ is nearly as great as
that for ®°Co vy radiation at ~ 102 rad - g 1(20,21)

For O;-saturated solutions of PR-CN in 2-methoxy ethanol con-
taining small concentrations of acetic acid (17 mM), the slow
component cf dye formation also follows first-order kinetics.

As shown in Fig. 8, however, the rate constant does not vary

with dose rate or with concentration of PR-CN. The rate con-
stant [k = 7.9 20.5 x 10* 57! (1!i = 9 us)] is greater than that for
aqueous acetic acid solutions at the lower dose rates, whereas

the value of G is smaller.

Whereas the rate constant is independent of concentration of
PR-CN, the value of G, (after 100 us) i- strongly dependent

on concentration; on the other hand, Go (after 0.1 us) does

not vary significantly with concentration, as shown in Table II.
(20’21), both values of Go and
G, for the oxygenated solutions of PR-CN in 2-methoxy ethanol

are independent of dose rate, at least up to ~10'* rad - s™!,

As was observed in earlier work

4.4 The Fffect of Acidity.

It was shown previously that the photolytic production of dye

from colorless leucocyanide progenitors is most efficient in

(30)

neutral to slightly acid solution The same work shows that

at very low pH the substituted triphenylmethane leuco-salt base
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is formed preferentially with release of CN  due to UV ir-
radiation. At very high pH the colorless leu¢o-carbinol is

the predominate species.

We have shown earlier that both the G-value for radiolytic dye
production from PR-CN in organic solution and the molar extinc-
tion coefficient (t) are pH-sensitive(IS). Maximum values of

G and € occur with a fairly weak acid (e.g. low molecular
weight carboxylic acid such as acetic acid or substituted
acetic acid) in concentrations of acid corresponding to about

three molecular egquivalents of PR-CN concentration.

Solutions of 2 mM PR-CN in 2-methoxy ethanol were studied by
varying the concentration of acetic acid from 85 mM to neutral

or the concentration of NaOH up to 1 mM., Table III shows the re-
sults of this study. Note that although the G-value is rela-
tively large for dve formation at high pH at ~100 us after ir-
radiation, the dye is not stable for periods exceeding a few
seconds, because of recombinations to leucocyanide and leuco-

(18) in the absence of H+ ions. The first-order

-1

-carbinol forms
dye formation has a rate constagt that varies from 2 x 10* g
for the most acidic condition (85 mM acetic acid) to 5 x 10 s~!
for neutral solutions. The spectrum of the unstable intermedi-
ate species under oxygen-free conditions and the absorption
band of the dye have shapes that do not change appreciably with
pH over the range of mild acidity and alkalinity studied here.
The absorption at 380 nm wavelength increases slightly with
increase of pH.

4.5 The Effect of Oxygen or Nitrobenzene.

The oxygen content of the 2-methoxy ethanol solutions of PR-CN
was varied by adding small concentrations of 0;-saturated sol-
ution to Ar-saturated solutions. The dye yield was found to
decrease with increasing 0; concentration, and the first-order
rate constant of dye formation increased with increasing oxy-
genation.

Table IV shows that the effects of varying the concentration of
a weak oxidizing agent (e.g. nitrobenzene) are similar to those
of varying the 0, concentration. The rate constant varies from
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about 4 x 10® s”! to 10° s7! as 0; or C¢HsNO; is added in small
amounts. By adding small amounts of 0, to solutions containing
0.1 mM C¢HsNO,., the rate constant increases to about 2 x 10° s7!,
The intermediate absorption (xmax = 380 nm) produced at very
short times decreases with increasing [C¢HsNO,] and [02] and
vanishes altogether for fully aerated or oxygenated solutions.
Parallel to this spectral change is a reduction in fatique ef-

fects at large radiation doses as [02] or [CcHNO;] is increased.

4.6 The Effect of Polarity of Solvent.

Using a solvent with greatly reduced polarity such as ethyl
acetate inhibits the photolytic formation of dye(lo'ls’al).
By using an Ar-saturated solution PR-CN in ethyl acetate, we
found that the yield of dye with Am = 550 nm and the yield

of the intermediate with Amax = 380a:m are an order of magnitude
less than in polar organic solution, using 2-methoxy ethanol as
solvent. In addition, the kinetics are of a higher order, and
the kinetics of the decay of the intermediate form are also more

complicated.

5. CONCLUSIONS

Up- irradiation of para-triaminotriphenylacetonitrile in acidic
polar solution, the intense absorption band formed in the visible
spectrum is generally assumed to be due to a change in the tetra-
hedral form of the dye precursor to a trihedral one that is asym-
metric and highly conjugated in one of the aniline groups. 1In

a strong polar field the positive charge of the carbonium cation
resides at the electronic system associated with the molecule in
its dipolar ground state, namely at the NH: end of the highly
conjugated aniline group(32). The radiolytic process is ac-
companied by hydrolysis or solvent protonation of the CN~ ion.

The triphenylmethane dye is formed by two separate processes:

(1) a minor but fast intramolecular internal conversion
lasting much less than 50 ns;

(2) a major pseudo first-order process involving much slower
reactions between the dye molecule and radiolytic products,
whéreby the highly polarized quinonoid structure of one of
the aniline groups, -0@- NH:, forms the chromophore of
the dye.
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The mechanisms by which these processes occur are still under

study.
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FIGURE ENDS

Absorption spectra of 2-mM pararosaniline cyanide
in aqueous solution containing 3.5 M acetic acid at
different times after irradiation (Ar- and O,-satu-
rated solutions).

Absorption spectra of 2-mM pararosaniline cyanide
in 2-methoxy ethanol, at different times after ir-
radiation (Ar- and O;-saturated solutions).

Oscilloscope traces of the relative change in ab-
sorbance of 2-mM PR-CN in Ar-saturated 2-methoxy
ethanol containing 17 mM acetic acid, at two wave-
lengths (380 and 550 nm), as a function of time
after 1 us electron pulses (dose = 1 krad per pulse).
Time scale: a - 10 us per division:; b - 100 us per
division.

Oscilloscope traces of the relative change in ab-
sorbance of 2-mM PR-CN in Ar- and N,O-saturated
2-methoxy etharol containing either 17 mM or 430 mM
acetic acid, at two wavelengths (380 and 550 nm), as
a function of time after 1 us electron pulses (dose =
1 krad per pulse). Time scale: a - 10 ps per div-
ision; b - 100 us per division.

Kinetics curves of decay of the intermediate oy =
330 nm for pararosaniline cyanide in 0O;-saturated
aqueous solution containing 3.5 M acetic acid at two
dose rates. Dose per 30 ns pulse: (1) 31.5 krad:;

(2) 11.2 krad.

Kinetics curves of dye formation (Amax = 540 nm) for
pararosaniline cyanide in 0;-saturated aqueous sol-
ution containing 3.5 M acetic acid at two dose rates.
Dose per 30 ns pulse: (1) 1.5 krad; (2) 18 krad.

Variations of initial and final yields of dye (Go and
G’) in O;-saturated aqueous solution containing 3.5 M
acetic acid, as a function of dose rate.
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Fig. 8. Kinetics curves of dye formation (Amax = 550 nm) for
pararosaniline cyanide in 0;-saturated 2-methoxy etha-
nol solution containing 17 mM acetic acid at two dose
rates. Dose per 30 ns pulse: (1) 13.5 krad;

(2) 1.6 krad.
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TABLE I

Variation of rate constant for slow component of dye formation,
and initial and final dye yields, with absorbed dose per 30-ns

pulse in Oz;-saturated 2-mM PR-CN aqueous solution containing

3.5 M acetic acid.

Approx.
Dose/pulse Ave. Dose Rate k(s™1) G, G, G:
(krad) (rad/s) (molecules/100 ev) o
1.5 5 x 10'° 1.3 x 10° 0.023 0.115 4.8
2.5 8 x 1¢'° 1.35 x 10* 0.025 0.100 4.1
7.5 2.5 x 10! - 0.023 0.090 3.8
13.0 4 x 10*! 2.2 x 10* 0.023 0.072 3.
18.0 6 x 10! 3.4 x 10* 0.027 ¢.070 2.9
31.5 3 x 102 4.0 x 10" 0.022 0.058 2.4

'G”/Go was calculated using G° = 0,024,
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TABLE II

Variation of the dye yield with concentration of pararosa-
niline cyanide in Oj;-saturated 2-methoxy ethanol solution.

[PR-CN] G, G, (number of G,/G,
(mM) (molecules/100 eV) determ.)

1 0.013 - 0.031 '+ 0.002 (21) 2.4

2 0.014 0.059 + 0.004 (14) 4.2

5 0.015 0.119 s 0.008 (21) 8.0

——— e, < o —
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TABLE III

Variation of rate constant for slow component of dye formation
and initial and final dye yields with acidity in Ar-saturated
2 mM PR-CN solution in 2-methoxy ethanol.

- L d
Acidity k(s™!) G, G, G./G,

(molecules/100 eV)

85 mM

acetic oid 2 x 10° 0.013 0.069 5.3
acegc'“’a'cid 0.9 x 10° 0.014 0.134 9.6
neutral 0.5 x 10" 0.015 0.085 5.7
1.0 mM . 0.015 0.093 6.2

NaOH

3
Gw/Go was calculated using Go = 0.014.

L 2 2
Not first-order.
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TABLE 1V

Variation of rate constant for slow component of dye formation
and initial and final dye yields with concentrations of nitro-
benzene, in Ar-saturated 2 mM PR-CN solution in 2-methoxy etha-
nol containing 17 mM acetic acid.

{CeHsNO, k(s™?) G, G, G./G,
(mM) (molecules/100 eV)

0 0.86 x 10° 0.014 0.134 9.6

0.001 0.38 x 10* 0.015 0.122 8.1

0.01 0.36 x 10* 0.014 0.100 7.1

0.1 1.0 x 10° 0.014 0.088 6.3

1.0 6 x 10* 0.014 0.064 4.6

10 10 x 1o0* 0.014 0.029 2.1
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Abstract

The radiation-induced conversion of the leuco-
cyanide of pararosaniline dye, [H,N<:::M,EC-CN.
to the highly colored salt-isomer of the dye,
[H,N@11=C=®=NH: 4+ CN~, in acidic aqueous

solution (wavelength of maximum absorption Amax=

takes place in two separate processes. The
first is very fast (within <50 ns), and the
second much slower following first-order kinetic
with a rate constant that varies from 4 x 10° s_?
to ~10° s”', as the acidity or concentration of
an oxidizing agent increases. In oxygen-free
acidic aqueous or organic solutions (argon satu-
rated) there is an unstable transient species
“max = 380 nm). When using 02 or Nzo-saturatedt
aqueous or organic solution, there is no inter-
mediate absorption band at 380 nm, but the slow
process of dye formation at 540 or 550 nm is
still sequential to the initial fast process
having somewhat faster kinetics than in Ar-
saturated solution.
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