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1. Introduction
Iron (Fe) is required for many functions in
plants, including heme and chlorophyll
biosynthesis, photosynthesis, and as a
of Fe-S
enzymes. Although abundant in soils, Fe
highly

precipitates under oxidative or alkaline

component cluster containing

forms insoluble ferric-hydroxide
conditions that limit its availability for
plants. Therefore, plants have evolved the
mechanism to solubilize and efficiently take
up soil-Fe. Graminaceous plants release
mugineic acid family phytosiderophores
(MAs) into the rhizosphere that bind Fe(III)
ion and taken up into the roots. Then, Fe
has been thought to be translocated to the

shoot via xylem stream driven by
transpiration and root pressure, and then
unloaded to the leaf cells. However, the
precise mechanism of Fe translocation in
the intact plants is still unclear.

showed that Fe is

translocated to the youngest leaf without

Last year, we

transpiration stream. The fact suggested
that Fe
youngest leaf via phloem. In this study, we

might be translocated to the
compared the real time **Fe translocation in

the  intact  barley plants by a
Positron-Emitting Tracer Imaging System
(PETIS) after blocking phloem transport in

the leaves by heating the leaf tissue.

2. Materials and methods

2.1 Plant material and culture conditions
(Hordeum
Ehimehadaka no.1) seeds were germinated

Barley vulgare L. cv.
at room temperature (ca 24°C) on paper
towels soaked with distilled water. After
germination, the plantlets were transferred
to a plastic net floating on water in a growth
chamber under a mixture of incandescent
and fluorescent lamps with a 14 h light (20
°C)/10 h dark (15 °C) regime and a photon
flux density of 320 wmol m?s™. After two
days, the plants were transferred to
modified Kasugai’s medium: 0.7 mM K,SO,,
0.1 mM KCl, 0.1 mM KH,PO4, 2.0 mM
Ca(NO3j),, 0.5 mM MgSOy4, 10 pM H;BO;,
0.5 uM MnSO,, 0.2 uM CuSO4 0.5 uM
ZnSO4, 0.01 pM (NH,)MoeOz4, 0.1 uM
Fe-EDTA. The pH was adjusted daily to 5.5
with 1 N HCI or NaOH, and the nutrient
solution was renewed once a week. For Fe
deficiency, the plants were transferred to
the culture solution without Fe one week
PETIS
experiments. The absorption experiments

before the beginning of the
were performed at about 3 weeks after
germination.
2.2 Production of *’Fe

**Fe (half life: 8.27 h) was produced by
the **Cr(a, 4n)**Fe reaction by bombarding
a 1.5 mm thick Cr foil (natural isotopic
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composition, 99.9% purity, Goodfellow
Metals Ltd.) with a 100-MeV o beam from
the TIARA AVF cyclotron. Using a beam
current of 3 uA for 2 hours, about 1 MBq of
*’Fe was produced. The radiochemical
separation of the *’Fe from the target was
carried out with a method described by
Watanabe et al. (2002)". After pH
adjustment of the **Fe’” solution without
cold Fe to about pH 3 with 1 M KOH, the
2Pe’* was chelated with 197.4 umol of
deoxymugineic acid (DMA) in the dark for
one hour.

2.3 Experimental setting up

"'C-photoassimilates by heat-girdling

A part of the second youngest leaf of a

barley plant was heated by hot steam
generated by a soldering iron
(“heat-girdling”). The heated regions were
about 1 cm long. Another barely plant was
not treated. ''CO, (50 MBq) was supplied
from the second youngest leaves of barley
plants for 5 min. After 90 min of PETIS
BAS

performed (Figl).

analysis, image analysis was
’Fe Translocation from the roots to the leaf

A part of the expanded leaf (3-leaf) and
the youngest leaf (4-leaf) of Fe deficient
barley were treated with heat as previously
described. Another Fe-deficient barely plant
was not treated. **Fe**-deoxymugineic acid
(DMA) (0.28 MBgq, 19.9 fmol) was supplied
from roots of both plants. After 4 h
BAS

performed. The upper portion and the lower

absorption, image analysis was
portion from the heated area of the youngest
leaf and the expanded leaf were analyzed
for absolute amount of radioactivity by

Gamma-ray spectrometry.

3. Results and discussion

To examine the effects of phloem

transport on Fe translocation, we selectively
leaf by
the untreated plant,

blocked phloem transport in
“heat-girdling”. In
""C-photoassimilates were translocated from
the leaf to leaf sheaths, roots, and the
(Fig. 1B).

"C-photoassimilates were not translocated

youngest leaves However,
to any where from the treated leaf (Fig. 1A).
This result clearly shows that heat-girdling
effectively inhibit phloem transport in the
leaf.

In the

translocated to all parts of the plant (Fig.

untreated plant, >*Fe was

2B). *2Fe translocation to the upper regions
of the

suppressed in the treated plant, whereas it

youngest leaf was severely
was not affected in the expanded leaf (Fig.
2A). In the youngest leaf (4th-leaf), the **Fe
ratio of the upper portion and the lower
portion was suppressed to about 25 % by
heat-girdling (Fig. 2C). However, the ratio
was unaffected in the expanded Ileaf
(3th-leaf). In addition, translocation to the
2th-leaf  was  also  unaffected by
These

results demonstrated that Fe is translocated

heat-girdling (data not shown).
to the youngest leaf mainly via phloem and
partly via xylem, but to the older leaves via
xylem.

Zhang et al. (1995)” reported that Fe may
be translocated to the apex via phloem only
after remobilization from older leaves in
French bean. However, in our experiment,
*’Fe has arrived at the youngest leaf of Fe
deficient barley only 45 min after supplying
*Fe**-DMA to the roots. 45 min is too short
for **Fe to be translocated from older leaves
to the youngest leaf. Therefore, Fe may be
transferred from xylem to phloem in
DC(discrimination center) or/and roots, but
not in the leaves. We reported that DC may

play an important role in the regulation of
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Figure 1. BAS
translocation from the part of the second youngest leaf

images of !C-photoassimilate

(square) in barley treated with heat-girdling (arrowhead)
(A) and the untreated plant (B). Bar = 4 cm.
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Figure 2. Effect of heat-girdling on **Fe translocation
from the roots to the shoots in Fe-deficient barley. BAS
image of the **Fe translocation in Fe-deficient barley
treated with heat-girdling (arrowhead) (A) and the
untreated plant (B). Bar = 4 cm. C, The ratio of the **Fe
concentration of the upper region to the lower region.

distribution of minerals and metabolites in
graminaceous plants 7,

Based on the above results we propose a
novel model as shown in Fig. 3. a)
Fe’*-MAs is absorbed from the Fe’*-MAs
transporter “YS1’. b) Fe is translocated via
xylem to the older leaves. c¢) Fe is directly
transferred from xylem to phloem mainly in
DC or/and roots, then, translocated mainly

via phloem and partly via xylem to the

2004-025

youngest older
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Figure 3. A schematic model of direct phloem
transport of Fe from the DC or/and the roots to the
sink tissue in barley. Black arrow indicates xylem
transport, and white arrow indicates phloem transport.

youngest leaf. When Fe depletion in a plant
body is perceived by the plant, Fe may be
to the

after

retranslocated from older leaves
youngest leaf  via phloem

remobilization from older leaves.
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1. Introduction
Cadmium (Cd) is the heavy metal which is
the big

reduction  of

accumulated in rice grain. Now

discussions concerning the
maximum level of Cd in rice grain is on going,
which may cause difficulty in cultivating rice in
some area of Japan.

Cd is thought to be transported to grains
through sieve tubes when rice plants grew on Cd
contaminated soils and absorbed Cd". To
understand the mechanisms of internal
translocation of Cd in rice plants may offer a
way to reduce Cd accumulation in grains.

To know the distribution of Cd in rice plants
after absorption, we have established the
experiments for detailed analysis of Cd transport
by a positron-emitting tracer imaging system
(PETIS) and BAS system. We produced '®Cd
and '¥Cd for the application to rice roots and the

detection of Cd transport in rice plants.

2. Experiments

Rice plants (Oryza sativa L. var. Kantou)
were grown in a complete nutrient solution for a
month. The plants at 9"-leaf stage were used for
the experiments. Cd was applied to rice roots at
the concentration of 1uM in the nutrient solution
for 1 day before experiments.

'%Cd ("7 Ag(p,3n)'*Cd; 9.37 MBq) and '7'Cd

("®Ag(p,3n)'’Cd; 224 MBq) was applied to the
nutrient solution for absorption by roots. Cd
distribution to shoots was detected by PETIS for
18 hrs, followed by BAS after separation of
plant body into each leaf.

3. Results and discussion

Figure1-B and C show the PETIS images of
the translocation of '®Cd+'¥Cd after 12 hrs
absorption and the accumulation patterns Cd of
each part of leaves labeled on figurel-B,
respectively. The absorbed Cd was distributed
only to old leaves not to the leaves which
transpire actively. Accumulation of Cd at the
lower part of leaves started at two hours after
application, and increased gradually.

To know the position of Cd accumulation in
leaves, rice plant after absorption were separated
into each leaf and Cd accumulation was detected
by BAS (figure 2 A).
the basal part of each leaf sheath and not

Cd was accumulated at

transported to leaf blade, irrespective of leaf age.
Growing point and nodes (arrow) showed the
heaviest accumulation.

We recently analyzed the Cd concentrations
in both xylem exudate and phloem sap of rice
plants treated with 10 and 100 uM Cd for 3days.
From analysis of both phloem sap and xylem

exudates, Cd concentration in the phloem sap
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was significantly lower than that in the xylem
exudates, indicating, that Cd is not concentrated
during the transfer from xylem to phloem
(Tanaka et al. 2003). Our present results is
consistent with the analysis of sap above,
namely that the Cd transported through xylem
vessels are thought to be precipitated at the
lower part of leaf sheath and nodes, and lower
concentration of Cd in xylem vessels are moved
to leaf blade where Cd may be transferred to
phloem. Alternatively, Cd after precipitated at
the lower part of leaf sheath and node directly

move to phloem there. In rice plants, most of
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Figurel Cd accumulation in rice plant

A: Picture of rice plant set in PETIS system.

B: PETIS image of 105+107Cd accumulation
after 12 hrs absorption. C: Cd accumumulation at
positions of 1 and 2 marked in B

Cd absorbed from roots was accumulated in root
and only small parts of Cd in roots were
transported to shoots, indicating the existence of
a barrier between root and shoot. In shéots, Cd
translocation was inhibited at the lower part of
leaf blade and the nodes, suggesting that these
parts are also barriers for the translocation of Cd,

possibly for xylem to phloem transport.

References
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Figure2 Cd accumulation in rice plant
detected by BAS

A:BAS image of Cd accumulation after 12 hrs
absorption and separation of plant body.
B:Picture of plant body separated into each leaf
which absorbed Cd tracers for BAS. Nodes and
growing point are indicated by arrow.
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1. Introduction

More than 70% of the world’s rice is
produced in intensively cultivated, irrigated
paddy fields. In flooded paddy fields, the bulk of
the soil is hypoxic or anaerobic and the major
form of nitrogen available to plants is
ammonium. Rice plants evolutionally acquired
the ability to be resistant to these conditions".
This is in marked contrast to most well-aerated
agricultural soils in which nitrate is the

predominant  inorganic  nitrogen  species.
Ammonium is the preferred nitrogen species
taken up by rice and it is superior to nitrate in
terms of fertilizer efficiency in paddy fields®. It
has been demonstrated that influx of ammonium
into rice roots gradually increased between
2x10° and 1x10® M external ammonium?,
indicating that rice plants may acclimate to the
supply by
properties of their ammonium transport systems.

external  ammonium altering

To study the regulation of ammonium uptake
into rice roots, three ammonium transporter
genes (OsAMTI;1, 1;2 and 1;3; Oryza sativa
ammonium  transporter) were isolated and
examined™”). OsAMT1s belong to AMT1 family,
containing 11 putative transmembrane-spanning
domains. Southern blot analysis and screening of
the rice genome database confirmed that with
OsAMTI;1-1;3 the complete AMT1 family of
rice had been isolated. Heterologous expression
of OsAMTIs in the yeast Saccharomyces
cerevisiae mutant 31019b showed that all three
OsAMT1s exhibit ammonium transport activity.
Northern blot

analysis showed a distinct

expression in shoots and roots for OsAMTI;I,
root-specific and ammonium-inducible

expression for OsAMTI;2, and root-specific and

nitrogen-derepressible expression for
OsAMTI;3.
Real time monitoring of ammonium

translocation in rice by PETIS (positron emitting
tracer imaging system) demonstrated an active
uptake and movement of ammonium®. Here we
show the attempt of real time monitoring of
ammonium translocation using rice for wild-type
and transgenic plant constitutively expressing
OsAMTI;2 gene.

2. Experimental procedures
2.1 Transgenic Rice

The 35S promoter of cauliflower mosaic virus
(CaMV) from pBI221 was connected with ORF
of OsAMTI;2 cDNA. Rice was transformed by
et al’.

Transformants of rice were grown in greenhouse.

the procedure described by Hiei

Hygromycin resistance of rice seedlings was
assayed and screened. Homozygous plants for
the transgene were used in the experiments.

2.2 Plant Materials and Growth Conditions
Rice (Oryza sativa L) seeds were sterilized
and then thoroughly rinsed in water. Seedlings
were grown hydroponically first in tap water for
a week, and then in nitrogen-free nutrient
solution, which is described in the reference™.

2.3 "NH,* Synthesis
The radiotracer "N (half-life = 9.96 min) was
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produced in the cyclotron at TIARA by proton

irradiation of water. This procedure was
described in detail .

24 Ammonium translocation  activity
measurement by PETIS

To study "“NH,' uptake and translocation
from roots to whole plant, the roots of a single
plant were placed in a 16 cm height glass test
tube that contained 20 mL of culture solution
with nitrogen source (0.015 mM (NH,),50,).
P“NH," (50 MBq, carrier-free in 6 mL) was
added to the culture solution after synthesis with
gentle aeration for immediate mixing. The light
intensity was 500 umol m™s” unless otherwise
described. The PETIS analysis performed under
ambient conditions described in detail”. For
nitrogen-deficiency treatment, plants were
transferred to culture solution without nitrogen

source for 3 days.

2.5 Ammonium and amino acid determination
by capillary electrophoresis

'NH," and amino acids were grinding root
tissues in 0.01 N HCl at 4°C. Further procedures
are described in the reference®.

3. Results and Discussion

We succeeded in production of the transgenic
rice  expressing OsAMTI;2 ORF
constitutive promoter of CaMV 35S, designated

under

as OsAMTI;2 sense rice. Two transgenic lines
were established, which called S1 and S2.
Quantitative RT-PCR analysis revealed that
transcript for OsAMTI;2 is much accumulated in
the S2 plant compared to that in the S1 (data not
shown).

To evaluate the ability of uptake and
assimilation of ammonium in the OsAMTI,2
sense rice, quantitation of ammonium and
glutamine in roots after ammonium treatment

was examined (Fig. 1). Level of ammonium in
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Fig. 1 Levels of ammonium and glutamine in roots
quantified by capillary electrophoresis after
ammonium treatment. Nitrogen-deprived plants
(wild-type, WT; S1 and S2) was treated with 0.15
mM (NH,),SO, for 4 hr and subjected to the
quantitation.

roots of the S1 and S2 plants was approximately
1.4-fold and 4.5-fold higher than that in the
wild-type (Fig. 1A), while glutamine was also
accumulated in 1.4-fold in both S1 and S2 plants
(Fig. 1B), indicating that Overexpression of
ammonium transporter gene leads to efficient
uptake of ammonium in rice plant.

To confirm the ability of the OsAMTI,;2 sense
rice having efficient uptake of ammonium, shoot
BNH,* from
performed by the PETIS analysis

roots was

(Fig. 2).
Nitrogen-deprived S1 and wild-type plants were
transferred to 0.015 mM (INH;),SO, for 30 min
and then subjected fo the radioactive *NH,". At
after the
treatment, "N signal was detected at the

translocation  of

45 min radioactive ammonium
basement of leaf sheath in the wild-type (Fig. 2B
and 2C), whereas the signal was detectable in
most parts of the S1 plant (Fig. 2E and 2F).
Accumulation of the signal at the leaf sheath
was remarkably enhanced in the S1 compared to
that in the wild-type (Fig. 2G). These results
indicate that over expression of the OsAMTI;2
results in enhanced ability for uptake and

translocation of ammonium from roots.
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Fig. 2 Uptake and translocation of '*NH,* from roots to
shoot (A to F) and time-course study of translocation of
PNH,* into leaf sheath (G) in OsAMTI;2 sense rice. A
to C, wild-type; D to F, S1 plant. A and D, photo; B and
E, radioactive imaging by BAS1500; C and F PETIS
PN-imaging.

We focused on the initial steps of ammonium
uptake and translocation in roots in this study.
However, the ammonium translocation would be
also regulated by the nitrogen status via a
consequence of internal nitrogen cycling and
remobilization. Further studies will be needed to

evaluate the i1dea.
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1. Introduction
Broomrapes  (Orobanche  spp), root
holoparasites, can cause enormous damage
before their scapes appear above ground,
because their infestation occurs underground.
As a consequence, efficient control is
extremely difficult and infestation frequently
results in a severe reduction of crop yields.
Generally nitrogen fertilizer application
reduced the crop damage caused by these root

parasites’?.

Ammonium affects stimulant
production by host plants, seed germination
and shoot growth of parasites as well as
attachment to the host roots>”. The toxicity or
inhibitory effect of ammonium was ascribed to
the low activity of glutamine synthetase in root
parasites™. On the contrary, it is known that
nitrate  markedly = promoted  stimulant
production in the host roots®.

Broomrapes are efficient sinks for
host-derived solutes. A Previous study”
reported that net carbon fixation was 20%
higher in infected host plants, Nicotiana,
compared with controls. Broomrapes caused a
84% increase in net carbon flux moving
downward from the host shoot, and 73% of
this carbon was intercepted by the parasite,
almost entirely through the phloem. Further the
parasite also exerted a large impact on nitrogen
status of plants, notably nitrate uptake was
stimulated and the amino acid content of

xylem sap was lower. They noted that only

1.4% of absorbed N through the xylem from
host roots and 41% of N through the phloem
from host shoots would be intercepted by
broomrapes.

Then, translocation of “N-nitrate or
“N-ammonium in the root systems of red
clover (Trifolium pratense L.) infected by
broomrapes (Orobanche minor Sm.) by a
positron emitting tracer imaging system
(PETIS) was examined.

2. Materials and methods
2.1 Plant material

To make root systems of red clover infected
by broomrapes on one side, broomrape seeds
were sown in the soil mixed with vermiculite
diagonally under from red clover seeds. After 4
or 5 months, when broomrapes have infected
enough and formed tubers, red clover plants
with broomrapes were transplanted to the
culture solution”. They were grown in a
growth chamber (14 hours light 350 pmol
m?s” at 23°C, 10 hours dark at 18°C) for 7
days.
2.2 Experimental set up for “N-nitrate
translocation in the plant root system

Red clover roots were divided into two
bundles with or without a tuber of broomrape,
and fixed between two acrylic boards and
placed midway between a pair of PETIS
detectors. The end of the roots which hanged
out of the boards was soaked with 20 mL of
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the culture solution. About 100 MBq of
PN-nitrate or N-ammonium were added to
the culture solution to feed them from each
bundles of roots, and N translocation in the
root and shoot of host plant (red clover)'and a
broomrape tuber was monitored using PETIS
for 60 min.

3. Results and discussions

Monitored points in the plant and the pattern
of translocation of "*N were shown in Fig. 1.
As feeding N from root bundle with
broomrape tuber, translocation of N to
broomrape tuber (B) was clearly observed.
And translocation of '*N-ammonium to
broomrape inclined to increase slightly

compared with that of "N-nitrate, indicating
that nitrate would pass easier through
broomrape tuber than ammonium.

The pattern of *N-ammonium translocation
to basal shoot (A) from root bundle with
broomrape the same as that of PN-nitrate. Also
the pattern of translocation of *N-nitrate to
basal shoot (A) from root bundles with or
without broomrape tuber was the same, so that
it is not clarified that broomrape inhibited the
translocation "N to basal shoot of host plant.
However, the translocation of N-nitrate to
shoot (D, E) from root bundle with broomrape
tuber was less than that without broomrape
tuber, suggesting that broomrape would inhibit
translocation "*N to host shoots.
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Fig. 1 Monitored points in the plant and
the pattern of translocation of "N
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1. Introduction

In planta, photosynthesized sugars are utilized
not only as carbon sources but also as signal
molecules for growth and development. We
have shown that sucrose fed to the root of an
autotrophically grown A. thaliana intact whole
plant containing aequorin in its cytosol caused
weak luminescence moving from the lower to

leaves.”

the upper Previously, we have
established a simultaneous real time imaging
system for movements of sugar molecules and
aequorin luminescence in A. thaliana mature
plants, which consists of a PETIS (positron
emitting tracer imaging system) for measuring
radioactivity of '*F-deoxyglucose (**FDG) and a
VIM-camera system (a CCD camera equipped
with an intensifier) for detecting aequorin
luminescence, and the time course of *FDG
translocation in leaf was roughly comparable to
aequorin luminescence reflecting an increase in
[Caz"]q,t.z) In the present study, we tried to
confirm the results with several trials using the
established PETIS/VIM-camera dual monitoring
system. And we also tried to define some part of
the key molecules for the sugar-induced [Ca™]ey,
(cytoplasmic Ca®** concentration) increase and

the source / sink conversion mechanism.

2. Experimental procedure
2.1. Plant material
Seeds of A. thaliana (cv. Wassilewskija)

expressing apoaequorin were sown on 0.3%

gellan gum plate containing GM medium” with
1% sucrose (GM+Suc medium) and grown at
22.C under continuous light at 4,000 lux with
day-light fluorescent lamps. Two-week-old
intact plants were transplanted onto fresh plates
containing GM medium deficient of sucrose
(GM-Suc medium) and grown further 3 - 4
weeks under the same condition. In order to
reconstitute aequorin, the roots of intact plants
were washed with liquid GM+Suc or GM-Suc
medium, and immersed in the same medium
containing 2.5 uM coelenterazine overnight in

the dark.V

2.3. Dual monitoring of the translocation of
BEFDG and the [Ca“]cy, increase in plants

The dual monitoring system constructed by
previous work" was used for analysis. The roots
of a single plant were placed in a bottle
containing 10 ml of the culture medium without
sucrose. To maintain geometry, the stem and the
canline leaves were settled onto a flexible net
fixed by acrylic frames, and centered between
the PETIS detectors”. To start monitoring, 5 ml
of the medium was replaced with equal volume
of flesh media containing 100 mM glucose and
"FDG.

2.4. Identification of the genes specifically
expressed in leaves with the sugar-induced
[Ca™].: increase

To identify these genes, mRNA level of ca.
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8600 genes in the leaves of both GM+Suc and
GM-Suc plants were analyzed with DNA
microarray analysis. InteliGene II Arabidopsis
CHIP I and II (Takara Inc., Otsu, Japan) were
used for this analysis. Total RNA, isolated from
leaves of A. thaliana with a FastRNAg
Kit-GREEN using FastPREP machine (Bio 101.,
Carlsbad, CA, U.S.A) the
manufacturer’s quantified

according o
protocol,  and
spectrophotometrically, was labeled with Cy3
and CyS5 fluorescence dye and used as probes for

analysis.

3. Results and discussion
the  PETIS/VIM-camera  dual
monitoring system, the movement of sugar

Using

molecules and the aequorin luminescence in
leaves were simultaneously analyzed. As shown
in Fig. 1, ®FDG was gradually taken up from
root to upper part through the stem. As reported
in previous report®, the uptake rate in the lowest
pert (ROI-1) clearly oscillated with periodicity.
In this plant, the intensities of the oscillation
were gradually decreased from lower part to
upper part. This tendency was well conserved in
several trials, it seems to be supported our

hypothesis, the knot part has the buffering
capacity for sugars and minerals translocating in
the plant, and regulates supply of solutes to the
developing part. Unfortunately the intensity of
aequorin luminescence reflecting an increase in
[Caz“]cy‘ was too weak to visualize, but it was
well comparable and conserved in each plants.
Previously, we reported that AtSUC1 and
AtSUC2, sucrose/H" cotransporters and AtTPC1,
the voltage dependent Ca®* permeable channel
are the key molecule for the sugar-induced
[Ca®*]ey increase.” Though it is well known that
a lot of genes are regulated its transcription level
by sugar-signaling, the molecular determinants
for this response and sink/source conversion
mechanism are still unclear. To clarify this
question, mRNA level of 8600 genes expressing
in the leaves were analyzed by DNA microarray
methods. As a results, 200-300 genes which
encoding various

proteins  (Pectinesterase,

acetyl-CoA:benzylalcohol acetyltranferase,
myo-inositol-1-phosphate synthase -like protein
and so on). As further experiments, the
expression level of some of these genes in single
leaf with/without an increase in [Ca2+]cyt should

be analyzed.

50
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Fig. 1 Time-course study of the translocation of '*FDG into the stem of A. rhaliana mature plant.
Radioactivity curves at the numbered positions which settled from lower to upper part. Squared

areas were; ROI-1 and 3; stem, ROI-2 and 4; knot.
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3.1 Preparation of Hybrid Membranes Consisting of Polymer
Membranes and Nanowires using Ion Beam Irradiation

H. Koshikawa, Y. Maekawa and M. Yoshida
Department of Material Development, JAERI

1. Introduction

When polymeric membranes are irradiated
by heavy ion beams, each single heavy ion
particle deposits its energy to a substrate in a
region of less than 10 nm in diameter along the
ion-path through membranes. The damaged
region is susceptible to a proper etchant,
resulting in the formation of through-holes with
nanoscopic diameters, which are called “ion
track membrane”(Fig.1a).") We have developed
the ion track membranes made of thermally and
stable polymers such as
terephthalate) (PET) and
polyimide (PI), which can be applied to

mechanically
poly(ethylene
nanoscopic  electronic  devices such as
anisotropic conductive films and field emitters
through hybridization with conducting metals
and semiconducting alloys by electroplating.
(Fig.1b).*®

The anisotropically conducting films, which
consist of a insulating polymer with cylindrical
conductive copper wires, have been used as
conductive adhesive films in manufactures of
printed circuits and multi-tip modules. These
pores have been prepared by laser beam ablation,
which has resolution limitation of several
microns in diameter due to surface roughness
caused by heat damages. Since, smaller size
pores with smoother surfaces are required for
manufacturing high-density and high-capacity
electronic devices, we report herein the
application of the ion track membranes to the
fabrication of anisotropically conducting films
consisting of copper wires of a diameter which

is 40 times smaller than those of commercially

available films.

Fig. 1 The fabrication of conductive and
insulating hybrid membranes consisting of wires
in ion track membranes.

2. Copper wires - PET ion track membranes
Commercial PET films with 12 um in
thickness were irradiated by '*Xe** (450 MeV)
beams with a fluence of 3.0 x 10° ions/cm®. The
irradiated films were etched in 0.2 M NaOH
aqueous solution at 60 °C for 10.5 h. As shown
in Fig. 2(a), the clear hole patterns with 260 nm
in diameter were observed in the SEM image of

the surface of the PET ion track membrane.
Successive layers of gold (25 nm) and

copper (20 um) were coated at one side of the
PET ion track membranes as a cathode. Then,
the copper wires were deposited within the
pores of ion track membranes onto the copper
cathode by electrochemical plating in pHI
aqueous solution of 1.3M copper sulfate
(CuSO,) with periodic potential modulation
(-0.2V; 6sec, 0.2V; 1sec).

In order to observe the copper wires which
grew into the pores of the ion track membranes,
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Fig. 2 (a) TI{e PTion rack mane; 60

nm in diameter. (b) The copper nanowires;

260 nm in diameter, 12 um in height.
PET films must be removed from the copper
electrode. Only PET films were swelled with
partial dissolution and totally removed without
the damage of the copper wires when the hybrid
membranes were soaked in 10 M KOH/ethanol
(3:7 w/w) at 70 °C for 30 minute (Fig. 1c). As
shown in Figure 2b, the geometry of the copper
wires was observed by SEM and was found to
be 260 nm in diameter and 6.3 pm in height,
which were in good agreement with the size of
the pores.

Next, we evaluated the conductivity of the
membranes consisting of PET film and
perpendicularly aligned cylindrical copper wires
with 12 pm in height and 200 nm in diameter by
the measurement of the membrane resistance in
the directions perpendicular and parallel to the
surfaces by four terminal resistance method. The
membrane showed the resistances perpendicular
to the surfaces in the ranges from 1.5 x 107 to
1.5 x 10® Q/cm® and the average resistance is
estimated to be 6.9 * 3.7 x 107 Q/cm®. This
average resistance of the membrane is about
three times higher than the theoretical resistance
(2.1 x 107 Q/cm®) estimated using following
equations;

R, =1/S = pL/(n(r [2)°F) (1)

where p is copper resistivity (1.67 x 10°
Qcm), L is wire length (1.2 x 107 cm), r is
cross-sectional diameter of copper wires (0.2 x
10* cm), and F is an ion flux (the number of
pores 3.0 x 10" ions/cm®). Such lower
conductivity of the PET/Cu hybrid membranes
compared with the calculated value is likely to
result from the defects in copper wires during
the electroplating preparations, influence of the
interfaces between copper wires and the pore
surfaces of PET, and/ or the contact resistances
between the needle probe and the top of copper

wires.

3. Copper wires - PI ion track membranes

Commercial PI (Kapton, thickness 12 pm)
was irradiated by '**Xe*" (450 MeV) ion with a
fluence of 3x10° ions/cm® The PI ion track
membranes with cylindrical pores were prepared
by etching in pH9 sodium hypochlorite (NaClO)
at 60 °C. The clear pores with 200 nm in
diameter were observed in the SEM image of
the surface, as shown in Fig. 3a.

Fig. 3 (a) The PI ion track membrane;
200 nm in diameter. (b) The copper
nanowires; 200 nm in diameter, 12 um
in height.

— 134 —



JAERI-Review 2004-025

Successive layers of . gold (25 nm) and
copper (20 pm) were coated at one side of the PI
ion track membranes as a cathode. Then, the
copper wires were deposited within the pores of
ion track membranes onto the copper cathode by
electrochemical plating in pH1 aqueous solution
of 1.3M copper sulfate (CuSO,) with periodic
potential modulation (-0.2V; 6sec, 0.2V, lsec).
The PI film was removed from the copper
electrode with copper wires using a NaClO at
60 °C for 30 min; then, the geometry of copper
wires on copper electrode were estimated by
SEM measurement (Fig. 3b).

4. Cadmium sulfide wires - PET ion track
membranes

For another application of ion track
membranes to an electroluminescence device,
we utilize cadmium sulfide (CdS), which was a
semiconductor and can be deposited into the
pores of the ion track membranes by
electroplating method as mentioned above.

The PET membranes (12pm) with a pore
size of 160 nm were used. On the one side of the
membranes was coated platinum (25 nm), and
was deposited copper (20 um) as a cathode.
Then, the CdS wires were deposited within the
pores of ion track membranes onto the copper

cathode by electrochemical plating in dimethyl

sulfoxide solution of 0.05M cadmium chloride
and 0.19M sulfur with constant potential (-4V).
The deposited wires were confirmed to be CdS
crystals but not metal Cd with X-ray diffraction
of the deposition films; where the peak at 28.4°
assigning to CdS (101) reflection without any
peaks assigning to Cd crystals. The geometry of
the CdS wires, which was observed with SEM,
was found to be 160 nm in diameter, which were
in good agreement with the size of the pores.
Further studies are currently underway in
applying the etching and plating methods to
prepare hybrid films having CdS nanowires with
a diameter of less than 50 nm in PET and PI
matrix to develop light emitting devices.
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3.2 Study on Track-etched Pores in y-Irradiated PET Films

A. Hiroki, M. Asano, T. Yamaki and M. Yoshida
Department of Material Development, JAERI

1. Introduction

Swift heavy ion bombardment produces a
cylindrical damage along the incident axis in
polymer. Such localized damage called a latent
track is preferentially dissolved during the
chemical etching to give functional film
materials with uniform pores in the nanometer
range”. The track-etched membranes have wide
applications in industry as well as in high
technology area™.

The evolution of the tracks during the
etching is monitored by the conductometric
method that is suitable for the observation of the
size and morphology of latent tracks in a
polymer®. Scanning electron microscopy (SEM)
is also used to observe the track-etched pores on
the surface of polymer films. Such observations
of the track-etched pores would be of great
importance.

It is known that ultraviolet (UV) irradiation
and soaking in a special solvent as a
pre-treatment of etching process are useful
method for sensitizing the ion tracks™®. The
additional UV irradiation in the presence of
oxygen induces the modification of gel-like
layer structure formed in the track, resulting in
the acceleration of an alkaline etching of latent
tracks”. Since changes in chemical structure of
polymer induced by y-irradiation occur in the
more interior polymer films compared to UV
irradiation, the formation of track-etched pores
would be affected more effectively by
y-irradiation.

In the present work we investigated the
effect of y-wradiation on the formation of

track-etched pores in polyethylene terephthalate

(PET) films, compared with the results of SEM
observations and conductometry.

2. Experimental

PET films with thickness of 38 pm
(Hoechst JAPAN) were irradiated with '**Xe™*
jons of 3.5 MeV/n (3.0 x 10° ions/cm?®) at the
TIARA, JAERI (Takasaki,

irradiated films were exposed to y-rays with a

Japan). The

dose of up to 160 kGv in vacuo at room
temperature. The etching was carried out in a
0.2 M NaQOH aqueous solution at 70°C. Track
etching was performed by mounting an

irradiated film as dividing wall into a
conductometric cell made of Teflon. During
etching process, the electrical resistance, R, of
the cell was monitored as a function of etching
time. Assuming cylindrical geometry, the
effective pore diameter, d>. at a given time can
be calculated by
d, = (4l/nkNR)'"* 8}

where / is the sample thickness, & is the specific
conductivity of the etchant, and N is the number
of tracks in the sample. The pore diameter was

also observed by using SEM.

3. Results and discussion

The pore diameter of the PET films etched
for 6 hours i the 0.2 M NaOH aqueous solution
at 70°C and the bulk etch rate estimated from
the change of thickness for PET films are
plotted as a function of irradiation doses in Fig.
1. The pore diameters of the PET films
determined by the SEM observation gradually
decreased with increasing the y-irradiation doses.
As the irradiation doses reached 160 kGyv, it was
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Fig. 1 Effect of y-irradiation dose on the pore
diameter (d,) and bulk etch rate for PET films.
The pore diameter in this figure determined by
SEM after 6-hour etching in a 0.2 M NaOH
solution at 70°C.

approximately half of the pore diameter of the
non-irradiated PET films, as shown in Fig. 1. On
the other hand, the bulk etch rate of the PET
films increased with increasing the y-irradiation
dose. This is considered to be due to the
degradation of PET induced by y-irradiation
from the fact that PET is known as a polymer
decomposed by ionizing radiation.

Fig. 2 plots the effective pore diameters
calculated by equation (1) as a function of the
etching time. The effective pore diameter of the
PET film irradiated with the doses of 160 kGy
was larger than that of the non-irradiated one.
For example, the effective pore diameter of PET
film irradiated with the doses of (a) 0 kGy and
(b) 160 kGy reached about 220 nm and 240 nm
after 6-hour etching, respectively. The pore
diameters of PET film with 0 kGy obtained
the  SEM
conductometry were almost same within an

between observation  and
experimental error. However, as irradiated with
y-ray, the effective pore diameter calculated by
conductometry was in complete disagreement
with that obtained by the SEM observation,

especially in y-irradiation with 160 kGy. The

Bulk etch rate (nm/h)

250 7

o — ; , ‘
Etching time (h)

Fig. 2 Effective pore diameter (d,) calculated
from electric conductance as a function of
etching time in a 0.2 M NaOH solution at 70°C.
The PET films were y-irradiated with doses of
(a) 0 and (b) 160 kGy after 12°Xe ion irradiation
(3.5 MeV/n).

effective pore diameter was determined by Eq.
(1) based on the assumption that the pores are
cylindrical and the specific conductivity of the
etchant in the pores is equal to that in a bulk
solution. In these experiments, since the track to
bulk etch rate ratio was more than 100, the
above assumption would be justified. It is
suggested, therefore, that there is some reason
for generating the difference of pore diameter
obtained between the SEM observation and
conductometry.

We consider an existence of the swollen
state during the etching process. Recently, it was
indicated that the etching process consisted of
the several stages: 1) the electrolyte penetration
into the track, 2) the removal of radiolysis
products, 3) the swelling of polymer arcas
around the track, 4) the removal to the swollen
5) the of the
™ On the third stage. the

polymer, and formation
track-etched pore
crosslinking structure formed around the tracks
causes the swollen polymer by absorbing an

etchant to give a gel laver,
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Fig. 3 Proposed model for explaining the
difference in pore diameter obtained between the
SEM (d,) and electric conductometry (d,).

As illustrated in Fig. 3, we proposed the
model for explaining the difference in pore
diameter obtained between the SEM observation
(d;) and electric conductometry (dy). It is
guessed that the elecirical current passes
through the gel layer swollen by absorbing the
etchant as well as a bulk solution. Consequently,
the gel layer must be considered as an ion
transportable region in the conductometric
method. Actually in our experiments, the
diameter (d,) obtained by
conductometry exhibited the larger than that
from SEM

difference of pore diameter obtained between

effective pore

observation. Furthermore, the
SEM observation and conductometry increased
with increasing the irradiation doses, as shown
in Figs. 1 and 2. The formation of crosslinked
polymer network around the track was promoted
by the y-irradiation to prevent the removal of the
polymer chain. As a result, the thickness of gel
layer increased, followed by the decrease of the
removal rate of polymer from the PET film. For
instance, the thickness of the gel layer (=
(d2-d;)/2) of the PET film irradiated 160 kGy at

6-hour etching was estimated to be about 75 nm.
Thus the changes in the thickness of the gel
layer with y-irradiation have never been reported
in the previous papers, regarding other
pre-treatments such as UV irradiation and

organic solvent soaking.

4. Conclusions

PET films bombarded with '*Xe ions (3.5
MeV/n) were irradiated with y-rays and then
etched in NaOH aqueous solutions to prepare
the track-etched membrane. The difference
between the pore diameter obtained by the SEM
observation and the electrical conductometry
increased with increasing y-irradiation doses.
The formation of the crosslinked region around
the track was produced effectively by
y-irradiation, resulting in the increase of the gel

layer swollen by absorbing the etchant.
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3.3 Yield of OH Radicals in Water under Heavy Ion Radiolysis

M. Taguchi and T. Kojima

Department of Material Development, JAERI

1. Introduction

The heavy ion-induced chemical reactions
in aqueous solutions are strongly dependent on
concentrations and spatial distribution of OH
radicals from water molecules. Clarifying of
reaction mechanisms of OH radicals is very
important point both in radiation chemistry and
radiation biology. The héavy ion deposits
densely its kinetic energy around the trajectory.
The initial spatial distribution of OH radicals is
the same as that of energy deposition along the
trajectory. OH radicals, however, disperse time
by time within their life, and relevant chemical
reactions attributed to OH radicals are very
complicated. =~ Therefore, neither ‘average
LET’ nor ‘average vyield’ is suitable parameter
for detailed investigation at irradiation effects.
The purpose of this study is to understand
chemical reactions on the basis of physical
track structure theory.
We investigated OH radicals yields, which
change with the specific energy in water, at
reaction after the

specified times just

irradiation of several ten MeV/n C 1ons.

2. Experimental

Water contaiming phenol at 0.5-100 mM
was saturated with oxygen to dissolve by
30-minute bubbling. The solution was put
into an aluminum irradiation cell with a
magnetic stirrer chip. The cell has an
aluminum window of 15-um thickness and
40-mm diameter which makes C ion pass
through the water sample.

Heavy ion used in this study was 220-MeV
2C™ provided from an AVF cyclotron in

TIARA facility. Fluence rate was about 5x10°

ions/cm’/s at the surface of the sample
solution.

irradiated  were
Liquid
Chromatography (HPLC) with a reversed
phase column (Shodex, Rspak DE-613) at
40 °C. Acetonitrile mixed with 70-%(vIv)
aqueous HsPO, solution (0.01 M) was used as

The aqueous solutions

analyzed by High Performance

an eluent at a flow rate of 1.0 mL/minute. The

irradiations and the data analyses were

performed as described

1.2)

in the previous
papers.

3. Results and discussion

Hydroquinone; resorcinol and catechol
were identified on the HPLC chromatogram as
irradiation products, which are induced by
addition of one OH radical to p-, m- and o-
position of phenyl ring. The number of
oxidized products per a single C ion (&), which
1s integration over entire trajectory, increased
super-linearly with an incident energy of C ion.
of the differential

(G’-value) are estimated by differentiating N

The values G-value

with a third order function of the energy. The
G’ -values of the oxidized products were in the

~ range of 1/10 to 1/2 of the G-values obtained

fO]‘ 60

Co y-ray irradiation. In the case of y-ray
irradiation, total G-value of the whole oxidized
products is larger than 90 % of the G-value of
OH radical. The G’-values of OH radicals were

estimated using following equation;

2G' (product)

G'(OH) =
(OH) ZG (product)

xG(OH) (1)

The estimated G -values of OH radicals were
plotted against specific energy of C ion (Figure
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1). The G’-values of OH radicals increase
monotonously with the specific energy. The
G’-values will approach to the constant value
(2.7) which is obtained for “Co y-rays.

The mean value of the reaction time of the
OH radical with phenol is regarded as (koy
[phenol])™” , where koy and [phenol] are the
rate constant of OH radicals with phenol and
the concentration of phenol, respectively.
Accordingly, the G’-values obtained for the
phenol concentrations of 0.5, 10, and 100mM
are the mean value of the reaction time of
about 1.5, 15 and 300 ns, respectively. The
G’-values are relatively large at the primary
stage and decrease with time after the end of
irradiation (the reaction time). The decreases
of the G-values with the reaction time are
generally observed for y-ray and electron beam

irradiation. OH radicals are consumed in
consequence of the reactions with hydrogen
and hydrated electron produced by the
irradiation.

The result suggests that the study with
consideration of reaction time by changing
concentration of solute is important to
establish a chemical track model on the basis
of physical track structure. We investigate the
G’ -value for the other ions taking into account

of difference in the reaction time.
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3.4 Development of Light Absorbance Measurement System
under Heavy Ion Irradiation Based on the Photon-counting

Method

M. Taguchi and T. Kojima

Department of Material Development, JAERI

1. Introduction
High energy heavy ions deposit their

kinetic energy in the narrow concentric region

with several tens nm radius around the trajectory.

The spatial energy distributions in water are
characterized by the atomic number and specific
energy (energy per nucleon). Investigations of
transient species produced in water about their
yields, behaviors and chemical reactions are
very important in order to understand the
irradiation effects of heavy ions.

The present study is aiming to understand
heavy ion induced chemical reactions by
analyzing time-behavior of transient species just
after the single heavy ion irradiation. We
developed the light absorbance measurement
system for measuring transient species based on
the photon-counting method from the viewpoint
of energy deposition theory that heavy ions
densely deposit their kinetic energy along the

trajectory.

2. Apparatus

In the case of conventional pulse radiolysis
system using high energetic electrons, optical
measurement system is easily constructed under
the atmospheric pressure to observe reactions of
radicals in water.

There are many difficulties for constructing
the heavy ion pulse radiolysis system as follows;
1) heavy ions have extremely short penetration
range in air and samples, and system is required
to be constructed in vacuum, 2) yield of radicals
are considered to be low because heavy ions
deposit densely their kinetic energy and free
radicals recombine each other in the track, 3)

high time resolution (1 ns) is needed for prompt

reaction  analysis  for  observing the
recombination process, and 4) high accuracy of
positions of irradiation and observation is
needed because one pulse of the ion includes
less than 10 ions.

We designed the new optical measurement
system under heavy ion irradiation for resolving
above four difficulties.  Figure 1 shows
schematic diagram of the light absorbance
measurement system having the irradiation cell,
optical analysis parts (light source and detectors).
Scintillator with 20-um thickness was set just
over the surface of the sample water in the cell
for emitting the light, which is used for
analyzing the chemical reactions induced by the
heavy ions. The analysis-light, which provides
information about transient species, was
measured from the downstream of the ion beam.

Intensity of the light shows the maximum
just after the timing of the heavy ion passing
through the scintillator and decays with time.
The heavy ion passed through the scintillator
enters into the aqueous solution and produces
transient species, e.g. OH radicals and hydrated
electrons. These transient species react with
solute, and their products absorb the light at the
specific wavelength. The absorbance change in
the sample solution as the function of time after
irradiation was obtained using pure water

sample as reference.

3. Results and discussion

Heavy ions used in this study were 220 MeV
C** jons provided from an AVF cyclotron in
TIARA facility. C ions have a relatively long
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penetration range at about lmm in water.
Repetition rate of C ion pulses was about 20
MHz. alumina  plate  (ALO;,
Desmarquest AF995R), which gives a short
lifetime light less than 1ns, was irradiated in

Sintered

order to evaluate the time resolution of the
constructed the light absorbance measurement
system preliminary. Photons from the alumina
plate were detected through an interference filter
at 330 nm by a photomultiplier tube (PMT).
The PMT is a head-on type with a quartz
window. Signals from the PMT were amplified
by the preamplifier and fed into the constant
fraction discriminator. The zero timing signal
was derived from the cyclotron and adjusted
The time
between the zero timing signal and the timing
signal of the light was obtained by the TAC
(Time-to-Amplitude Converter) with 500 ns full
scale and counted by the MCA (multi-channel

with the gate and delay generator.

analyzer). The time profile of light from the
alumina plate irradiated with C ions was
recorded. Observed pulses of the light were 3
ns FWHM and 20 MHz repetition.
pulse width of C ion from the cyclotron was

Therefore,

about 3 ns and time resolution of the light
absorbance measurement sysiem is considered to
be less than 1 ns. Since interval of C ion pulses
(about 50 ns) is too short to observe the
chemical reactions throughout in water, the

HX port, vacuum chambar

Cell

l\\
\

Tuning signal from cyclotson

Figure 1 Light absorbance measurement
system for heavy ions.

frequency of the ion pulsed reduced at 3MHz by
a sinusoidal chopper (S-chopper) installed just
after the beam emitting gate of the cyclotron.

Figure 2 shows the time profiles of light
from the scintillator observed directly (Io) and
through aqueous KSCN solution (I) at 480 nm.
Large peak observed at O ns was X-ray noise.
Difference between the time profiles of I and I
was observed in the range of 20 to 60 ns.

Water without solute is almost transparent at
(SCN),
radical in consequence of the reaction of OH

480 nm even after the irradiation.

radicals with SCN has strong absorbance at 480
nm. Therefore, the reduction of the light
intensity should be ascribed to the absorbance of
(SCN),  radical. Radical concentration (C;) can
be estimated by the following equation;

C, = log(Iy/T)/e/).
where € and 1 are the molar extinction coefficient
and the range of Cion in water, respectively.

Our light absorbance measurement system
developed based on the photon counting method
should be useful to observe the behavior of the
short lived free radicals under heavy ions
irradiation.
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Figure 2 Time profiles of light from the
scintillator observed directly (Ip) and through
aqueous KSCN solution (I) at 480 nm.

- 142 —



JAERI-Review 2004-025

3.5 Primary Process of Radiation Chemistry Studied by Ion Pulse

Radiolysis
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T. Kojima*** and H. Nanba****

ISIR, Osaka University*

Faculty of Engineering, Kyoto University**
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Department of Material Development, JAERI****

1. Introduction

Radiation effect of high energy and high LET
ion beams on the material is very interesting and
was investigated by many researchers, because
the highlly-densed irradiation
different effect from that by low-LET radiation,
such as y rays. We have studied the primary

makes the

process of the ion beam-induced radiation
chemistry by using the technique of ion beam
pulse radiolysis for emission spectroscopy.’™
The LET effect on the
emission could be discovered by using the ion

time-dependent
beam pulse radiolysis of the polystyrene.
However, the whole mechanism of LET effect
can not be elucidated, because the information
on the other important short-lived species, such
as electron and cation radical, can not be
obtained by the emission spectroscopy. The
behavior of other short-lived species can be
detected by using absorption spectroscopy.
However, there are many difficulties to the
absorption spectroscopy, such as the ion beam
intensity, the penetration of the ion beam into
material, the light source, and so on.

A new idea on the absorption spectroscopy
system is proposed to overcome the difficulties.
The points of the system are the production and
the detection of the analyzing. The preliminary
have been

time-dependent absorption data

obtained.

2. Experimental

Figure 1 shows the system for ion beam pulse
radiolysis for absorption spectroscopy. A
liquid sample is irradiated by 220MeV C5+
pulsed ion beam from the AVF cyclotron. A
thin scintillator floats on the liquid sample. The
pulsed ion beam produces the emission through
the scintillator, which is used as analyzing light.
The analyzing light is introduced to an optical
detection system through a lens and an optical
fiber. The single photon counting technique is
used in the optical detection system, because the
ion beam intensity is very small.

BGO (Bismuth Germanate; BigGe30q9) was
used as the scintillator. The lifetime and band of
the emission are 300 ns and 480 nm,

respectively.

Pulsed lon beam

Emission
intensity

windows

Plastic
scintiliator
With absorption

" {ime

Opticat
detection

system

Optical fiber
with focal lens

Fig.1 Absorption spectroscopy system for ion
beam pulse radiolysis
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3. Results and Discussion
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Fig. 2 Time-dependent behavior of analyzing
light of I and I, obtained in 220 MeV C>7 pulse
radiolysis of water monitored at 500 nm

To obtain the optical density, OD, in the pulse
radiolysis, both the analyzing light intensity with
the beams, I, and that without the beam, Ip, have
been measured. In this system, it is difficulty to
measure Iy because the analyzing light is
produce by the ion beam. To avoid the problem,
Iy was measured by using empty cell.

Figure 2 shows the typical outputs, I and I
from the photon counting system obtained in the
220MeV C5+ jon beam pulse radiolysis of water.
Both data were measured in the same condition
of the ion beam intensity and the measuring time.
The intensities at time=0 (around 20 ch) did not
agree. That was caused by that the optical
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Fig. 3 Time-dependent behavior of hydrated
electron obtained in 220 MeV C % pulse
radiolysis of water monitored at 600 nm

measuring system of the empty cell was not the
same as that of the cell containing the water.
Therefore, OD is calculated as follows.

I, xA

0.D. =log = log—]jl +log A
Where A is a factor which is caused by the
disagreement of the analyzing light intensity at
time = 0. The value of the factor A could not be
determined in the experiment. This means that
the zero position of the optical density can not
be decided.

Although the transient absorption contains the
problem on the absolute value, the trend of the
time-dependent behavior can be discussed,
because the factor A should not be so large.
Figure 3 shows the time-dependent optical
absorption of the hydrated electron obtained in
the 220MeV C>* ion beam pulse radiolysis of
water monitored at 480 nm. The raise of the
absorption was 20 ns, which was equal to the
time resolution of the system. The decay
consisted of two components, very rapid decay
with the lifetime of about 10 ns, and a slow
component. The similar result was reported by
W. G. Burns et al.” The kinetics is very different
from that observed in the case of low LET
radiation. Two-component decay is often
observed in the ion beam pulse radiolysis for
emission spectroscopy. The rapid decay is
caused by high]y~densed excitation of the ion

beam.

References

1) H. Shibata et al., Nucl. Instrum. Meth,,
A327,53,1993 ,

2) Y. Yoshida et al, Nucl. Instrum. Meth,
A327,41,1993

3) H. Shibata et al,
Meth.,B105,42,1995

4) W. G. Burns et al., Faraday Diss. Chem. Soc. 63
(1977) 47

Nucl.  Instrum.

— 144 —






