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Abstract: Dosimetry of nanovolumes is of molecular 
radiobiology and highly gradiented radiation therapy 
importance. Weak electrons have a nanoscaled mean 
free path in a solid material and therefore emission of 
these particles can be employed for nanodosimetry. The 
approaches to nanodosimeters that exploits solid 
material surface nanolayer, nanofilm and nanodots are 
reviewed. 
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l.Introduction 

Dosimetry of nanovolumes is of great molecular 
radiobiology and highly gradiented radiation therapy 
importance. 
To measure the dose absorbed by the nanoscaled 
biomolecula the dosimeter has to have a linear size 
similar to the radiated object. There are two possibilities 
to reach this: 

•body/holder packed device, 
•the free body/holder device. 

In the first case the body shell that has a similar with the 
biomolecular volume that gives a significant impact to 
scatter radiation. I f the shell does not have the radiation 
compatible properties with the active volume of the 
detector, the measurements give a high uncertainty. 
Generally it is impossible to reach ideal radiation 
compatible properties of the shell. Therefore, the free 
body/holder device is preferable. This condition can be 
met, i f the nanodot is employed as the detector. 

To provide a uniform dose distribution to each 
biomolecule their community has to be positioned in a 
monolayer. Such the restriction brings the solution of 
the nanodot embedded in the nanofilm. 

When the dose gradient is supplied for the radiation 
therapy purpose, the value of the absorbed dose (D) can 
be calculated in the linear approach frame: 

dD 
D = —x 

ax , 

x - the coordinate. 

The radiation has a limitation of the dose delivering 
uncertainty {AD) that following the above formula 
depends on the coordinate uncertainty {Ax). The value 
of AD might be estimated as 

dD 
&D = —Ax 

ax , 
assuming that 

dD 
—— = canst 
ax 

I f the typical 

dD Q.SGv — » -
dx mm 

and AD < 0.01 Gy {D ~ 1 Gy), Ax < 200 urn 

To reach the high quality dose measurement a thickness 
of the detector should be less that the above value of Ax. 
Perhaps, a thickness of 2000 nm (2 um) could be 
assumed as the highest limit. 

To detect alteration of such a gentle substance as the 
nanoobject the contactless measurements are preferable. 
This challenge is fitted by emission of electrons from 
the detector. However because the latter has the 
nanoscaled dimensions, the electron mean path has to be 
around several nm. This can be reached, i f the electron 
has an energy around 1 eV that gives the mean free path 
of the electron in a solid material ~ 10-100 nm [1]. 
Generally, to escape such the weak electrons the 
following phenomena can be employed: 

•thermoelectron emission, 
•secondary electron emission, 
•secondary ion-electron emission, 
•photoelectron emission, 
•exoelectron emission. 

A thermoelectron emission mode needs high 
temperatures that can destruct the detector material. 
Secondary electron and ion-electron emissions have 
typically high absorption primary particles in the solid. 
Therefore such the emissions could supply the radiation 
impact to the dose accumulated by the detector in 
advance. 
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In a case of photocmission absorption of photons is 
quite less than electrons and ions and therefore this 
effect could give a negligible impact to the in advance 
accumulated close by the detector. 

To induce cxoclectron emission a weak "undisturbing" 
heating should be delivered to the emitter [2]. 

Taking the above into account both photoelectron and 
exoclectron emission phenomena are mostly preferable 
to detect radiation induced properties of the 
nanodosi meter. 

2. Photoelectron emission 

The nanoobject under examination must be excited with 
electrons having energy close to an electron work 
function cp, such that there is none to minimum change 
in structure. The emission current (7) is generally 
described as [3]: 

I = A(hv-<p)m, 
A 
h v - energy ot the photon, h v is slight higher that <p 
(prethreshold mode), 
m - index. 
As noted in [2], m >1 in the majority of electron 
transitions resulted by the photons. This means that the 
emission current "works" as the amplifier of cp. 
On the other hand, the value of cp depends on the design 
of the emitting layer energy bands, electron affinity, 
local states and surface charge [3]. The two latter could 
be deposited by radiation, i f the emitter has properties of 
dielectric or semiconductor. For instance the negative 
charge absorbed by the slowly surface states generally 
increasescp. 

When the electron leaves the atom, it acquires location 
uncertainty Ax because of the Heisenberg principle. To 
ensure that the emitted electron escapes from the 
nanoobject, its size should be larger than Ax: 

An Ap 

h - Planck constant, h= 4.14 10"15 eV sec; 
Ap - Uncertainty of the atom's momentum p. 
Assuming that the atom had the zero momentum before 
interaction with the photon, the "contact" between these 
two particles could increment p until the photon 
momentum value (hv/c, c- speed of the light). Therefore 

Ap = h VI c 

Typically <p = 5 eV for the solid matter [4]. Because the 
magnitudes of the photon energy should be in 
accordance with the condition h v>q>, one could calculate 
that Ax > 0.2 nm. However, in some cases, <p could be 
rather small and corresponding Ax significantly 
increases. 

Summarizing, the pre-threshold emission mode could be 
effectively applied to characterize solid nanoobjects 
when they are sized in a range from 10 to 100 nm; and 
the electron transitions induced by the photons give the 
value of the index m>l (disordered materials, indirect 
band-band as well as local state-band transitions in 
crystals as noted in [2]). 

3. Exoelectron emission 

Electron emission, when its current is induced or 
modulated because of relaxation processes within a 
surface layer of the solid is named as exoelectron 
emission (EE) [2], To reach EE two steps should be 
applied. First, a long term living local states of the 
tested object typically has to be provided with electrons 
in advance. After that heat is delivered to the object to 
induce relaxation of electron states. As a result EE is 
induced. This is a thermostimulated EE (TSE) mode. 

EE current (I) depends on temperature (T) of the tested 
specimen, behavior of IEE having a maximum. The 
total emitted charge (Q) is directly proportional to the 
number of the trapped by the local states electrons. 
Temperatures to reach EE are not enough to provide 
detectable thermoelectron emission current. 

In a case of insulators or wide gap semiconductors TSE 
is typically delivered by following mechanisms: 

• thermoionisation of local states trapping 
electrons [5]; 

• Auger transitions of electrons from local electron 
traps [5]; 

• field emission from the electron traps by 
imperfections because of heat induced electrical 
polarisation/depolarisation of the emitting 
surface layer [6]. 

When heat is accompanied with external photons having 
an energy > cp, photothermostimualted exoemission 
(PTSE) occurs. The PTSE of the semiconductors that 
have a narrow energy gap is provided as a single photon 
prethreshold photoemission [2]. To reach PTSE heat 
delivers: 

• modulation of the density of the electron local 
states induced by imperfections and emitting 
electrons 

• shift of the Fermi level because of the above 
modulation [2]. 

Radiation generates quasi free electrons or/and local 
states in the materials having the energy gap. As the 
result the local centers have a possibility to trap the 
electrons. Because of this a value of Q indicated the 
dose absorbed by the material. 

4. Surface nanolayer for detection of radiation 

A possibility to employ surface nanolayer of the solid 
material to detect radiation was demonstrated in [7]. A 
Silicon crystal was radiated by As + (50keV) ions. 
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Measured values of Q of PTSE were proportional to the 
delivered fluence of ions (Fig. 1). 
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Fig. 1. Emitted charge of PTSE in dependence on As + 

ions fluence supplied to Si [7]. 

A deepness of the surface layer that ions penetrated was 
around 40 nm [8]. The detected absorbed dose threshold 
is provided with the uncertainty (Q 1 / 2) of Q. Because 
Q 1 2 ~ 10 electrons the threshold of fluence is around 
10 1 0 cm"2. Taking into account that density of Si is equal 
to 2.3 g/cm3 [9] the dose detected threshold was around 
lOkGy. 

5. Nanodots as the detector 

Nanodots that contain Pb are good candidates to detect 
electromagnetic radiation. This possibility was 
demonstrated in [10]. 
The PbS nanodots embedded into the Zr oxide glass 
became the detectors. To indentify the principal 
possibility to use PbS nanodots the ultraviolet radiation 
was in use as the model. The light beam was 
characterized with a power density 140 mW/cm 2 and the 
range of the wave lengths from 250 to 400 nm. A size 
of the dots was around 2-4 nm, and the thickness of the 
Z r 0 2 film was 100 -1000 nm. A concentration of the 
PbS dots was 50%. Photoelectron emission 
measurements were employed. The maximum of the 
derivation of the emitted current to the photon energy 
was detected at 5.7 eV. Its entire square correlated with 
the radiation exposure. 
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Fig. 2. Square of the photoemission spectra maximum at 
5.7 eV of the system PbS nanodots-Zr02 nanofilm in 
dependence on radiation exposure [10]. 

Following the data in Fig 2 one could assume that at 
least the exposure of 5 minutes gives the reliable 
emission response. Assuming that in analogue with Si0 2 

glass Z r 0 2 has a similar absorption coefficient (a) one 
can get that a =0.0075 cm"1 at above radiation waves 
range [11]. Because the density of Z r 0 2 is equal to 5.68 
g/cm"3 the 5 minutes exposure indicatively corresponds 
to ~ 56 Gy as the greatest (the reflection was not taken 
into account). 

6. Nanofilm as the detector 

A polyvinylidene fluoride (PVDF) nanofilm having a 
thickness of 5.3 nm (30 nanolayers) was deposited on 
the optical glass substrate and radiated by ultraviolet 
photons in the same manner as in the paragraph 5 [13]. 

0 
Fig. 3. Structure of the PVDF molecule and its 
polarization (following [14]). 

The PVDF molecular film is a ferroelectric 
characterized with electrical self polarization provided 
because of the molecular structure (Fig. 3). 
Ultraviolet radiation that penetrated via the PVDF film 
deposited a positive electrical charge at the film-
substrate interface. It was assumed that the film 
coupled with the glass due to the Fluor attachment to the 
substrate. Because of the increased positive charge on 
the glass surface the film polarization became higher. 
Depolarization of the film was provided by heat, 
thermostimulated exoelectron emission was measured 
alongside. The maximum of the emission current 
occurred at the temperature related to the phase 
transition from ferro to para phase. The value of Q of 
the maximum correlated to the exposure of radiation 
that was supplied in advance (Fig. 4). 

-12000 
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Fig. 4. The exposure depended increment of Q provided 
by radiation of PVDF [13]. 
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The threshold of the exposure with duntiiun til 100 
seconds relates to the absorbed dose Until 20 < ly 

7. Conclusions 

1. Nanostructures like surface nanolayers, mmmlntN 
and nanofilms demonstrate that weak electmiiN 
emission emitted charge depends on r a d i a l m i i 

exposure. 
2. The indicated absorbed doses demonstrate a 

possibility to reach a nanodosimeter for the k< ly 
range. 

3. PbS nanodots and PVDF nanofilm are more 
sensitive to radiation dose in contrast with Silicon. 

4. To achieve the advanced detector that will be 
capable to measure lower doses further research is 
necessary to supply. 
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