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Informations about Horizon, EMPIR 2020 19ENVO02
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RemoteAlpha project. Partners

https://www.euramet.org/researchinnovation/search-research-
projects/details/project/remote-and-real-timeoptical-detection-of-alpha-emitting-
radionuclides-in-the-environment/.

https://remotealpha.drmr.nipne.
ro/partners.php

Remote and real-time optical detection of
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Need for novel-type detection system for alpha M /ANTHE

emitters

,...Due to the short range of alpha particles, traditional
detectors which require direct interaction with the alpha
particles must be used in very close proximity to a
contaminated surface, around 1 cm...”

Crompton et al (2018), Sensors, 18, 1015; doi:10.3390/s18041015

MAGYAR AGRAR- ES
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» Attacks on nuclear power plants

» deployment of the dirty bomb (have a shocking effect on
public opinion.)

* previous serious reactor accidents (Chernobyil,
Fukushima)

,...Alpha particles represent the biggest risk to soft biological tissues compared to all
nuclear decay products due to their high energy, large mass and high linear energy
transfer. The amount of deposited energy is about 2 000 000 to 6 000 000 times higher
than that of an ordinary chemical reaction (ordinary chemical energy used by the cells in
the body), thus implying that a single alpha particle has the ability to severely damage or
kill all cells within its range (typically, two to four cells). Therefore, the release of alpha
emitting radionuclides in the environment, such as by nuclear terroristic attacks or
transportation accidents, as well as by severe emergencies in nuclear installations,

represents the greatest radiological threat for human beings if they enter the human
body...-

,...A detection system to measure large-scale contamination
of these radionuclides is currently not available...”

(Publishable Summary for 19ENV02 RemoteAlpha)
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The main objectives of the project: MIA ([

details and results of the project are in Publishable MAGYAR AGRAR- £5

ELETTUDOMANY| EGYETEM

Summary

- ,...New Instrumentation for the optical detection of alpha particle emitters in the environment...” (Newsletter: October, 2023
This Is a passive method

- To develop and establish a calibration system for the novel-type radioluminescence detector systems.

- To extend the optical detection system to an imaging functionality for mapping of alpha contaminations in the environment
using tripod and unmanned aerial vehicle (UAV)

- Feasibility study for an active, complementer method, namely laser-induced fluorescence (LIF) spectroscopic method for
the detection of alpha emitters

*Publishable Summary Publishable Summary

https://www.euramet.org/research-

innovation/search-research Remote and real-time optical detection of alpha-
projects/details?tx_eurametctcp_project%5Bproje emitting radionuclides in the environment
ct%5D=1687&cHash=c8e79ec377e929c4b2f6a63 (19ENVO02), Call 2019 0.22 MB

60dbc0968 5/9


https://www.euramet.org/download?tx_eurametfiles_download%5Baction%5D=download&tx_eurametfiles_download%5Bcontroller%5D=File&tx_eurametfiles_download%5Bfiles%5D=41352&tx_eurametfiles_download%5Bidentifier%5D=%252Fdocs%252FEMRP%252FJRP%252FJRP_Summaries_2019%252FEnvironment%252F19ENV02_Publishable_Summary.pdf&cHash=12ead0c1888c62ea914d66ab8815cc46

pha-radioluminescence phenomenon, Its

|

spectrum and measuring technique (Baschenko’s M1/ARS
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Remode optical delection of alpha particle sources
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Thomas Kerst’s results (Academic

Dissertation, 2017, Tampere University)

,,...EXcltation of NO by excitation transfer via interaction with N2
molecules appears to be able to explain our data. In this process,
molecular nitrogen in the long-lived N2 state excites ground state nitric
oxide to the NO state, while the N2 molecule loses its excitation and
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Table 1. The infensity of radioluminescence between 200 nmn — 400 nm for three different
gas environments. The intensity is expressed in relation to the intensity found in normal
air, highhzhfing the improvement in photon yield by changing gases. The energy
conversion efficiency shows how much of the energy deposited in air by an alpha particle

1s emitted as hght
Gas enviromment Radioluminescence Energy conversion Reference
mensity Efficiency
Arr 1 1-10* Ref 8
Nitrogen 6 610 Ref 8
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Demonstration of an order-of-magnitude enhancement of scintillation

MYA| 1=

MAGYAR AGRAR- ES
ELETTUDOMANYI EGYETEM

using a gas mixture of N2 +NO in UV-C solar blind range
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Fig. 1 Typical alpha radioluminescence spectrum measured in dry air
at normal temperature and pressure (NTP) and N, +NO gas atmos-
phere with 2 ppm NO. In air, more than 95% of the total intensity
is contained in the UV-A and UV-B spectral region (within 310 nm
to 400 nm), while the intensity of UV-C radioluminescence (below
280 nm) 1s very low (<35%). The radioluminescence signal in the

UV-C spectral region can be enhanced by more than three orders
of magnitude by purging the space around the alpha source with
N,+NO gas mixture. The spectra are measured with a CAS140D
spectroradiometer at the PTB lon Acceleration Facility (PIAF) with
a narrowly collimated beam of 5 MeV alpha particles. The intensities
are normalized to the 337 nm spectral line of air radioluminescence



The first laboratory CCD camera-based results on UV-C imaging and

ES. Krasnigi T. Kerst, M. Leino et al

Scannings Krasniqgi et al, 2021: Nuclear Inst. and Methods in Physics Research, A 987 (2021)
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Fig. 1. (color online) (a) Schematic of the UV-C imaging setup. Radioactive material
is placed either on the table or inside a steel chamber. The detection system is placed
between 0.4 to 0.53 m away from the sample. (b) Quantum efficiency curves of the
used detectors (ICCD camera and cesium-telluride photocathode photamultplier tube)
and transmission of the UV-C filters.



E.S. Krasnigl T. Kerst, M. leino et al
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Fig. 3. (color online) UV-C radioluminescence imaging of 3.7 MBq source (lower panel)
and a photograph of the sample in the experimental chamber (upper part). The alpha
source was placed on a steel chamber with a quartz window, flushed with N, (6.0

purity) at a rate of 5 L/min. The NO concentration was 50 ppb.
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Fig. 4. (color online) UV-C radioluminescence image of a 9.9 kBq smoke detector

ionizer. The concentration of NO at the N, atmosphere was about 3 ppm.

Uv-C
radioluminescence

.‘!‘.\ .

sample

‘ig. 6. (color online) Image of a wide area reference alpha-emitting source composed
f the uranium isotopes U-234, U-235 and U-238, with a total activity of 330 Bq over
m active area of 19.1 x 11.9 an®. The concentration of NO at the N, atmosphere

vas about 3 ppm. The scene was scanned using scanning PMT system at about 0.4 m
listance with a resolution of 1 deg and 30 s integration per point.

F5 Krasnigi T. Kerst, M. Leino e al

an average signal level of about 75 cps and a noise level of about 31
cps. To the best of our knowledge, this is the lowest activity imaged
using UV-C radicluminescence to date. The present results indicate that:
optimizing such imaging techniques can push the detection limit even
further down and such techniques might also be used for determination
of legal limits in the future.



Z*f‘ Table 1 Properties of pitchblende samples

Sample Oigin ‘[.3;21:2] Mass [g] | Picture
.-..the feasibility of detecting low activity in environmental samples by
measuring their radioluminescence with the optical detection system ...”
A. Klose et al 2022: Journal of Radioanalytical and Nuclear Chemistry (2022) e T
331:5401-5410
« As calibration standard, pitchblende minerals were
prepared
 alpha-track-detection was used for analysing the
homogeneity of the alpha-emitter distribution on the
pitchblende samples
. _ Fig.3 Alpha-track of sample L
 alpha-spectroscopy was performed using a grid after 1 min exposure
jonisation chamber (GIC). with P10, a gas mixture of Sopp i ol e X NS
90% argon and 10% methane, at a pressure of 1.025 ;’i’;fﬁgﬁf 5 G o L R s i B
bar. analysed. For this example, the our 05T - e
number of tracks was counted. It .
1S 548 on a total area of 2.49 mm 2 ) o : Z o .
by 1.87 mm. TRy, Y e, SR
Preparation W ek, i
a == b ' -

Pitchblende bearing ores from different locations with a
comparatively high uranium content were cut mnfo 5 mm’
thick shices with a mucro-waterjet. The resulting surface 1s
flat but not polished. The shape of the samples 15 uregu-

lar and their surface sizes range from about one to 15 cm’.
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Fig. 4 Alpha-Track-Images of three different samples homogeneously distributed over the entire surface area. Areas contain-
Except for A and E from sample Mix, the alpha-emitters are ing much uranium and its daughters are labelled with “U™
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Fig. 1 The optical scanning system
The optical system is mounted at a distance of 2 m away from the

sample. Depending on the kind of measurement, the gas chamber can UVA and or UVC
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Fig. 6 Radioluminescence scans

The measurement i UVC yields the highest mtensity for all samples
(upper row) and the biggest radioluminescence glow. Both measure-
ments in UVA have a smaller glow due to the smaller field of view.

5408

The background rate i1s higher as for measurements mn UVC. Using the
artificial atmosphere (muddle row) leads to a three times higher signal
than measunng in air (lower row). All samples have a simlar surface
activity and a similar photon count rate.

Table 5 Companson of surface alpha count rate with photon count
rates of the radioluminescence measurements

Sample GIC (CPS) UVC

UNVA (CPS) UVA
(CPS) '

alr
(CP5)

P

15320039)
L 1023(32)
Mix 1493(39)

1ES
2E3
4E3

3E3

3E3
4E3

6E1

1E2
3E1




The two optical ranges and the developed lens-filter-PMT based MA\

measuring systems, M.Luchkov et al, 2022: Nuclear Inst. and A GYVAR AGRAR.ES
Methods in Phys. Research, A ELETTUDOMANYI EGYETEM

ot - M. Luchkov, V. Dargendorf, U. Glesen & al

For all measurements in the UV-C spectral region, the Hamamatsu

PMT with CsTe photocathode (H11870-09) was used with bandpass B
interference filters having a bandwidth of 16 nm and center wavelength |

of 260 nm (FF01-260/16-25, Semrock Inc.). '

-
QU
S

Nuclear Ingt. and Methods in Physks Research, A 1047 (2023) 167895

Radioluminescence
|

— Filter set

In the UV-A spectral range,
Hamamatsu [PMT with ultra-bialkali photocathode (H10682-210) was ) g I——
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Fig. 2. (a) Schematic drawing of optical systems developed in the framework D
RemoteALPHA project. Both, the UVFS and PMMA Fremellens systems share PMMA Fresnel lenses
same configuration: they utilize large receiving optics 1o maximize the geametric

Fig. 3. Lens-based radivluminescence detection sefups (&) Pused silica lens (Abet
factor, and the focal lengths have been chosen such that the radiduminescence ima . 2

Technologies) system mounted on a gonlometer and rotation stage (Newport M-
is not blurred substantially by the overapping FOVs between adjacent scanning poin BGM160PE and RVSB0CC) with Dyyss = 240mm and fiyss between 572mm to S99mm
(b) Transmittance spectra of UVFS [22] and PMMA [23] together with the P)\ in a wavelength range from 236nm to 285nm, respectively. (b) PMMA Fresnel lens

count sensitivity [24,25] specified by the manufacturer. (¢) Radioluminescence emissi systems with lenses (Orafol Fresnel Optics) having diameters D, = 452.9mm (SC 2045)
spectrum of NO measured at the PIAF at s nominal alpha particle rate of abo  3nd D: = 257.6mm (SC 210), and nominal focal lengths f; = 391.5mm and f; =
30 x 106s~F with a PTB-calibrated array spectroradiometer with UV-C and UV-A fill 225.5mm at 546nm. All lens systems can be coupled 1o Hamamatsu PMTs (H10682-210

G e oD 8 Sir) & ARY A ' with for UV-A spectral range and H11870-09 for UV-C spectral range) and UV-C filters
transmission [26,27]. The flow rate of N,+NO was set at 200mlmin”™ with Nz 2651625 Semmek Inc.) or UV-A filters (337 nm, 10 nm band pass filtess from
concentration of 5 uL L_x. Edmund Optics).



Test and demonstration of the radioluminescence

mapping capability

The radioluminescence mapping capability is demonstrated with the
UVFS telescope which has been used to obtain the radioluminescence
image of (a) deceleration of alpha particles at the exit port of the

PIAF microbeam, (b) dedicated Am-241 sample designed to simulate
an extended alpha source, and (c) low activity pitchblende minerals

with surface activity between 80Bgecm™ and 105Bgem™2.

 The detection efficiency of all systems

nas been measured at the PTB lon Accelerator Facility (PIAF) where alpha
narticles with a rate from 5 x 10 s! to about 4.5 x 10’ s, collimated to a
peam size of 100 um X 100 um, have been accelerated to energies up to
3.3MeV.

* The relationship between radioluminescence
photons and alpha activity is calibrated with a dedicated 210-Po activity

Mxlar kut and Meshods (n hyaca Kcaeath, A 10467 QR3] 167995

Gas flow ‘ -
(Alr, N2, NO) -
~ 9

s ~ 12um
Mylar foil

[ Quarnz cuvette
200-2500 nm

(b)

N ) .
\ A

. LN .
--_‘:—-‘_\Lt/-

Pitchblende samples

Fag 4 1a) Fiom of e 2phx perock eracton apDa = Sw FUAF. The FLA
mrrchoen wo Soosed o 3 guaex covese (Melowm Anxyscy cytmdecsl guaex
cuveite with two Siwa, vavelngh coge 00 am-2N00 mn, 100 mm et eyeh )
whth mud e Slad with dScwt pose (e Ny, Ny +NO mexnye) (b)) Phasogoeh
of the Am-24] mwae ok & Deger Goio) nede 2 gastx dame. (¢ Armey arwes
of pitchbends memwrs rarpiez. The Senpes wan o Som pachb nde-bex mng ores
wih 3 maTo water s o Bioo wih S mpoiuhied mirtace (hr detadx, e [29])



In all cases, the radioluminescence count rate is linearly propor-
tonal to the alpha particle rate. At a reference distance of 2 m between

the radioluminescence source (Le., the cuvette in which the alpha

particles are stopped) and the receiving optics, both lens systems

capture a part of the alpha particle path length around the Bragg peak
(i.e., the last 3cm of their path). Since the energy loss curves around

Luchloy, V. Damgendorf U Glessn a al

Table 1

Companson between calculated sensitivitles wsing Eq. (1) and those measured with the thmee lem-based radioluminscence defection systems.

Nuclear Inst. and Methods in Phyaics Research, A 1047 (2023) 167895
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Fig. 7. (a) UV-C radioluminescence count rate generated by 5SMeV alpha particles,
measured at the PIAF at a reference distance of 2m between the radiduminescence
source and the UVFS lens. The UV-C counting rate can be increased by more than
three orders of magnitude by purging the cuvette with a N,+NO gas mixture at a NO
concentration above 2 pL L', The UV-C sensitivity at 2 pl. L' & 13x 10°s ' MBq™ .
At NO concentrations above 2 pL L', the UV-C signal saturates. A similar trend is
observed also with the Fremel lens system. (b) Radioluminescence emission spectrum
of NO measured at the PIAF at a nominal alpha particle rate of about 30x 10° 5~ with
a PTBcalibrated amray spectroradiometer. Two minutes after stopping the flow of NO
and N,, the UVLC madioluminescence signal drops by a factor of 10 relative to the one
measured with N, +NO purging.

Fig. 6. (a) Comparson of UV-C radioluminescence sensitivities in air measured at the
PIAF at a reference distance of 2m between the madioluminescence source and lens,
The sdopes of linear fits are 346)s™" MBg™' for the UVFS and 17(3)s”' MBq™' for the
Fresnel 1 (D; = 452.9 mm) lens systems at a background rate of 0.7(27)s! MBg™' for
both systems. Due to the finite FOV of both systems the sensitivities for alpha particle
energies of SMeV and 6.9MeV are similar. (b) UV-A radioluminescence count rate
generated by 5MeV, measured with the Fresnel 2 lens system (D, = 257.6 mm). The
signal dope is 3400(500)s ' MBg ™.
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Fig. 8. UV-C madioluminescence image of 8.3MeV alpha particles exiting the PIAF and stopping in the nitrogen filled quartz cuvette. This image is shown for illustrative purposes
to demonstrate the mapping capability of the UVFS lens system shown In Fig. 3(a) and has been measured at an alpha particle rate higher than 5x 107 57!, which is above the
counting capacity of the online mirobeam monitoring system. The area around the quanz cuvette where the accelerated alpha particles were stopped has been scanned with the
UVFS system from a distance of 2m The mdioluminescence Image has been superimposed on a conventional photograph, with the coordinates of both Images correlated by ray

tracing.
Fig. 10. UV-A radioluminescence image of the pitchblende mineral samples shown
in Fig. 4c¢) overlaid with the conventional image. The Image has been oblained by

scanning the area around the source panel with a UVFS system from 2m
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Fig. 9. UV-C radioluminescence tmage of the *'Am source [cf. Fig. 4(b)]. The radoluminescence image has been obtained by scanning the area around the sample with the UVFS
system from a distance of 2m with a 2 s counting time per scan pixel. The radiduminescence image has been superimposed on a conventional photograph, with the coordinates

of both images correlated by ray tracing.



Steps of the calibration procedure of the radioluminecence detectors:

determination of the sensitivity of the measuring system (240 mm UV
fused silica lens-based) with standard 210-Po and 239-Pu alpha sources

Journal of Radioanalytical and Nuclear Chemistry

Journal of Radioanalytical and Nudear Chemistry
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k. Sample  Radioluminescence Optical detection system
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. 5 3 ens T
Start = O filters . 2-stage
o > ’ goniometer
> | ' ; :
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(a) Marked scan area (b) Scanning pattern (c) Raw UV image Depth stage
camera goniometer
max 3.23 max 3.23
[13.2 3.2
3.0 ~ ~
ﬂ 3.0 2 Fig.2 a Radioluminescence imaging system built around a 240 mm samples placed in the artight enclosure are scanned by the optical
2.8 v P diameter lens telescope. The sysiem is mounted on a two-stage goni- system located 2 m away from the sample. The 2D image of the scene
0 o ometer (Newport an and has an Inte is obtaine sCannin optical system with the two-stage goni-
26t t {(Newport MBGMI6&0PE and RVSS30CC) and h Intel 15 obtained by ing the optical sy ith the oe goni
o o ealSense epth camera that captures an color image o ometer in pitch and yaw directions
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- L 2.4 S g : S the scene. b Schematic diagram of radioluminescence mapping. The
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(d) Smooth UV image

Fig.4 The radioluminescence mapping procedure of the 4.9 kBq
2%Pu source measured in air from a distance of 2 m. The depth cam-
era RGBD image a is used to select the scanning extent in pitch and
yaw axes. The raw UV image ¢ is smoothed using an averaging filter
with a kemnel size of 11 pixels. The smooth image d is then used to
establish the signal and background domains: the source is outlined in

(e) Denoised UV image

(f) Final blended image

red, and the background area (white) 1s selected according to the scan
pattern b of the detector. The smooth data is further denoised through
thresholding determined by the background signal. and the processed
image e is superimposed onto the color image a to produce the final
radioluminescence image f

Table 2 Sensitivity coefficients
for the used radioluminescence
imaging system configurations

Detector configuration

Sensitivity (s"'MBq™")

210po (vacuum chamber) 9y (airtight chamber)

derived with reference sources

of %o and °Pu UV-A. air

UV-C, N,+ NO (saturated)

660 + 80
123.000 <+ 14.000

760 =100
63.000 =7000

The sensitivities are specified for a distance of 2 m between the source and the detector (lens)

1
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Fig. 3 Relative alpha emission of *"°Po activity
standard measured with a 25 mm? silicon surface
bammer detector behind a 3.2 mm aperture and a
distance from the source surface of 15 mm. The
spectra have been measured at 0°, 42° and 69°
relative to the surface normal. The inset Shows the
*1%pPo sample with a diameter of 12 mm (central
part) deposited on the silver substrate.
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The next step In the calibration procedure: preparation and A review of the triple-to-double coincidence ratio (TDCR)
characterisation environmental samples of urban and rural areas method for standardizing radionuclides

R. Broda*

Radivisotope Centre POLATOM, 05-400 Otwock-Swierk, Poland
Received 16 January 2003

The equilateral triangle design fits well with the 3-PMT

Gravimedtric injection of standard Am-241 design of the triple to-double coincidence ratioTDCR
method. With this, the project defined surface activity.

solution into 2 each of sand, soil and In Pochwalski’s system (Fig. 1), the summing of the
outputs of three double coincidence gates (Nt) and the

|eaVES Samples frOm 600 Bq tO 11500 Bq ::.uurl]hdng UI;I T.hu_ﬁlum uf rjmlhlu} uuinuid;nws.(wu}
. . . including the lnple comncidences) were Lhe prima
activity environmental samples " e from S crimen.

differences trom Schwerdtel’s system. The experimen-
tally determined TDCR parameter, denoted by K

K = Nt /Np

will always fall within an interval 0K <1, since the
tnple coincidence-counting rate, Ny, 15 always lower
than the double coincidence-counting rate, Np.

As the counting efficiency approaches unity

Journal of Radioanalytical and Nuclear Chemistry

pnear 053

g

@—1,

the double- and triple- coincidence-counting rates will
approach the disintegration rate of the source

Nt — Ny,

Nu I‘Nu

and the ratio K will also approach umity

. N ) N
T ab T O K—ll,

Neutral

o Tsmera,

(al) Leaf samplcs (a2) Air, 64 h (83) N2+NO, 2h (ad) N:‘*‘NO, 1.5h Fig. 1. A simplified block-diagram of the TDCR system with By extrapolating to K — |, the values of the disin-

three-PMT detector. (a) Schwerdtel’s device, (b) Pochwalski's . ) . . .

device. HV—high voltage, P—preamplifier, A—amplifier, D— tegration rate, N, with counting efficiency ¢ = I can be
discriminator, C—coincidence gate (AND), S—summing gate calculated. Thus the ratio K was found to be a very
{(OR), N—counler. convenient experimental indicator of the counting

efficiency, or quenching, of a given sample.

Journal of Radioanalytical and Nuclear Chemistry

Table3 Activities of .
Method Sample activity (B
Neutral _ Neutral environmental samples c ample activity (Bq)
) : . measured gravimetrically Leaves 1 Soil | Sand 1 Leaves 2  Soil 2 Sand 2
(b1) Soil samples (b2) N,+NO, 20 min (c1) Sand samples (¢2) N,+NO, 20 min (deposited activity), and using
TDCR and imaging lE'E'I'IIIiIL]I.lEE Gravimetric 11,370 (110) 11,370 (110 9310100y 669 (T) 1284 (13) 1258 (13)
Fig.5 Processed radioluminescence images of environmental sam- overlapping with the corresponding color images. Image (a4) shows a TDCR (air) 1309 (13) 294 (3) 164.3 (18) 48 (3) 144) 8.2 (6)
ples of sand. soil, and leaves measured in an airtight chamber. Raw separate scan of the lower activity leaf sample (0.67 kBq) Imaging (air) 1390 (210) 200 (90) _ _ _ _
UV images are smoothed and denoised through thresholding before T - _
Imaging (N, +NO) 980 (110) 174 (25) 186 (26) 514(T) — —

Optical technigques report the total surface activity



The second calibration: developing the low-

photon flux radiance standards
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Figure 1: Radioluminescence optical radiation spectrum in the ultraviolet (UV) wavelength spectral range induced in the air by alpha-particles
together with the emitted optical radiation by selected UV-LED radiation sqQurces.
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https://remotealpha.drmr.nipne.ro/blog.php and NewsLetter,
2023 October

Varying the slit width from 0.01 mm to 7.5 mm
(fully open)

the alpha source activity can be simulated from
5.8-10% Bg to 8.3-10° Bg with the 340 nm UV-A

radiance standard
and

from 2.9-10° Bq to 5.7-10° Bqg with the 260 nm
UV-C

Fig. 7 (Left) Radiance standards based on
integrating spheres, designed and developed by
PTB with the help of BFKH. (Right) Mapping of
simulated radioluminescence by the low-photon flux
radiance standard at 260 nm measured by the
UVFS detection system.


https://remotealpha.drmr.nipne.ro/blog.php

A calibration methodology for the novel radioluminescence detector systems A PREPRINT

(a) satellite integrating
sphere, §=50 mm

precision,
pm-gauge
variable slit

Exit port . radiation

Figure 2: (a) Sectional schematic representation of the variable radiance, satellite integrating sphere-based configuration
of the low photon flux UV radiance standard. (b) Realized prototypes of the variable low-photon flux UV-C (260 nm;

left) and UV-A (340 nm; right) spectral range radiance standards for the calibration of the radioluminescence detector
systems.

https://oar.ptb.de/resources/show/10.7795/EMPIR.19ENV02.PA.20231027

Krasnigi et al: A calibration methodology for the novel radioluminescence detector
systems
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Mapping of alpha contaminations in the

environment using UAVs (Newsletter and Royo et
al 2023.)

Royo, P.; Vargas, A.; Colls, T.G.; Saiz, D.; Pichel Carrera, J.; Rabago, D.; Duch,
M.A.; Grossi, C.; Luchkov, M.; Dangendorf, V.; Krasniqi, F. Mapping of Alpha-

Emitting Radionuclides in the Environment Using an Unmanned Aircraft System. e 0 The Bresal leiis dBRcIbr SaicHise (R aH T A leas Ad-ohsehins (Hshi),
Preprints 2023, 2023101698. https://doi.org/10.20944/preprints202310.1698.v1

Table 1 displays a summary of the weight of each UAS payload element and the sum of all
components.

Table 1. Weight estimation of each component of the UAS payload.

Components Weight (grams)
Detector Structure and Landing Gear 2591
PMT detector 408
GBS MCA5270EM + onboard computer + 168
air-ground communications and wires
TOTAL 3467

PMT Detector .

R

4

-

- » ‘
MCA counter I ~

y—

Figure 1. Fresnel lens optical system detector optimized for use with unmanned aircraft systems.
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Figure 5. Unmanned Aircraft System candidates for mounting the alpha detector system.



,...Although alpha sources were used during the final flights,

In many preliminary tests they were replaced by LED sources
that simulate the UV emitted by the air
Radioluminescence...”

Figure 7. Radioluminescence detection system integrated with the DJI Matrice 600 Pro and ready to

By 73
=

Figure 8. Five UV-C LEDs fabricated to simulate alpha sources with Teflon sheets on top.
fly.

The LEDs and the 100 MBq #!Am source purged with N2+NO gas mixture have been used for
the test flights with the Fresnel lens detector performed in the Drone Research Laboratory
(DroneLab). The left side of Figure 10 shows the way the gas was administered to the americium
source, and the right side of the figure shows how the count rate increases when the source is purged.

Increase of counting efficiency using N,+NO gas
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0000900000000 009000 0000999000005 0409000%00% 30009002890 %00q000% 009 / \
quartz glass dome (#1) N
w 7/ \\:‘ .

e/
-
[
N

N\ silicon
// "\ rubber
\
/ \y o seal
,’,:'/ \ o
/] \ |
L) llll';"“ -‘l g
:. o , f { HD-PVC frame (“2) \ '|| =
£ e L) [ " |\ 5
. »o ses @ B e B o [ Am241 source with 1] ¥
ceesese o o * ewe e e ° = oo y V” mount (¥4a/b) lll/ y
- : X f / ’ ! - /
- "’V‘. Tt / 5 / //A : '
. X SMagmund SARJAIIOMBE SAM ML HOWVEG+ N N \\\\\\\\\\\\\\ Al 33 5 N
f N uminium base plate Rubber O-ring N
":’F,‘L 'Y \\ \\\\\\\\\\\\\k \\\\\\\\\

Figure 10. The N2+NO (50 ppm) gas administration to the 100 MBq **Am source (left panel) and the

corresponding increase in the detector’s count rate (right panel).



Figure 22. Flight performed with 5 LEDs and an americium source.

4. Conclusions

The main conclusion from the results presented in this manuscript is that alpha particles can be
detected remotely from an unmanned aircraft system (UAS5) by using optical detectors. To the extent

of the authors’ knowledge, this manifests the first time that alpha particles have been remotely
detected from a UAS. The described prototype system, with certain operational improvements, can

be used to assess contaminated areas without the need to put first responders at risk.



MATE's participation in the project M/ NE

MAGYAR AGRAR- ES
ELETTUDOMANY| EGYETEM

/°7{'
‘qdeas

sclence

As a consortium partner MATE with collaboration IDEAS Science Ltd.(managing

director Dr. Gyorgyi Bela)

* Is currently developing on-line curriculum which can be used in BSc and MSc level university

education, . . .
High-quality technological

solutions and consulting
services for environmental and
security problems.

 this curriculum can also be integrated into the training system of CBRN specialists, persons
responsible for nuclear medicine technologies, radiation safety officers, environmental protection and
waste management officers too.

* the topic of the project was simultaneously introduced into the MATE education system, and the
educational experiences gained In teaching the related subject will also be taken into account in the
development of the above-mentioned on-line course material.

CRYDET4)

(extracting from slide of 281" WORKSHOP ON ENERGY AND ENVIRONMENT, December 8-9, 2022,

G6dolld, Hungary) Manufacture of scintillation crystals and

-Partecipation in measuring campaign: Bucharest, IFIN-HH (Horia Hulubei detectors

National Institute, Romania, 2023. februar) with collaboration Crydet Ltd.

(managing director Zoltan Csiki ) o .
QUisBNEer el

- dissemination at leader hungarian institutes: Wigner Research Center for Physics, attosecond
ELI-ALPS Reseach Institute 7/9




Educational benefits )) Mﬁ\\

Deeper physical foundation on

alpha radiation (penetration depth in mediums, Bragg-Kleeman —rule, linear energy transfer
(LET), the Bragg-curve, computation in Bethe-Bloch formula, measuring methods by
conventional detectors: GM-tubes,

Molecular spectroscopy of diatomic molecules ( rotational, vibrational states, infrared
spectroscopy, Raman spectroscopy, electronic states associated with angular momentum,
Indicatings, electronic selection rules, the Franck-Condon principles, quantum mechanical
basics, fluorescence and Raman scatterings

The radioluminescence measuring methods, the so-called First Positive Group of Nitrogen and
the Second Negative Group of N2+ ions, optical Imaging systems, the lens-PMT, filter-CCD
camera systems

8/9



Conclusion )) Mﬁ\\

The teaching of the subject provides an excellent opportunity to
broaden physics education with which the principles of spectroscopy
and molecular spectroscopy In particular, as well as the teaching the
methods of the fundamentals of quantum mechanics, can become
attractive and important for engineering students extacting from slide of 28" WorksHOP

ON ENERGY AND ENVIRONMENT, December 8-9, 2022, G6dollé, Hungary)

9/9
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Hatasfoknovelés nehézfem atomnak a )) MYA | (=

volimervazba ultetesevel

a - MLGT Platina-polimer toltésatmeneti folyamat kétfajta polimerhordozo
Pt = Pt Pt-1  |egység esetén a) két szomszeédos Pt atom kozott egy ill. b) harom
fenilén gylri talalhato. A fotogerjesztés utan az elektron a Pt atom
SO R— T korul lokalizalodik, ahol spmJe atbillen, mig a lyuk delokalizaltan
Sy(MLCT) e T, (MLCT) marad a polimervazban (Atvéve: Sheng és tarsai, 2013)
Fluorescence T,
s, || ' , Phosphorescence Szinguiett allapat: o molekulo Gsszes elektronjo porakban E =0

| kompenzalt spinii
- Triplett allapot: egy elektron-par von ozonos spinnel

5, =1 Lumineszcencia -Fényforrasok
Fidy Judit Egyetemi tanar

Pt-3 - J i I 2015,November 5
5 L

14

' L
S (MLCT) e e T l | T
g e
El - ) o - T ’ Alag Srinmulett Triplett
Fluorescene I1SC n sllapot Gerjesztett allapot Garjesztett llapat
VT~ T, 5, 3T, T,25,

| Phosphorescence Gerjesztésnel: 5, = 5, vogy 5, 5, Tiltatt otmenet



Anyag és modszer: a tanulmanyozott

S MA| 1=
napelemes polimertipusok

poli{p-fenilen)
vy polip-femlémvinilén)

Fyv s _§ politioten

A tanulmanyozott polimertipusok

aromas vazszerkezete (Cheng és tarsai,
2009)

ELETTUDOMANY| EGYETEM

5_/_/ J_<_/_< G\;J\/
0 0

CM
[ =
el \ \
—0 n —0 n _G I
MEH-PPV MDMO-PPV CN-PPV

MEH-PPV (Poli [2-metoxi-5- (2-etilhexiloxi) -1,4-fenilén-vinilén]:
MDMO-PPV (poli [2-metoxi-5- (3', 7'-dimetil-oktiloxi) -1,4-fenilén-vinilén,
CN-PPV (Poli [5- (2-etilhexiloxi) -2-metoxi-ciano-tereftalilidén]):

CHs{CHa)4 CHa(CH3z)eCH
mFHz[EHz].:EHg - 2(CHz}pCH3 M 2(CHz)gCHg OCHA{(CHy)aCHa
CH
g In 5 187 M‘/\ QEM
s” I 5

-

1]

A P3AT polimercsalad néhany tagjanak szerkezeti képlete. Sorrendben:
P3HT(poli(3-hexiltiofen-2,5- diyl)); P3DDT((poli(3-dodeciltiofén-2,5- diyl),

P30T (poli(3-oxiltiofén-2,5- diyl); P3BT ((poli(3-butiltiofén-2,5- diyl); Poly(3-
deciloxitiofén -2,5-,diyl).
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Anyag eés modszer: a Hubbard modeli )) MIA [ =

Kvantummechanikai modell:

Schrodinger- egyenlet: HY = EY¥ ; H:=a rendszer (kristaly) Hamilton operatora, valamennyi
energiaoperator tagot tartalmazza ( elektronok, magok kinetikus energiaoperatorat, elektronok és
magok paronkénti kdlcsénhatasi energiaoperatorat, elektronok-magok kélcsénhatasa, kulso tér )

energiaoperatorat)

Elvileg sincsen modszer egymassal kdlcsonhatasban allé rendszerekre vonatkozo feladatok

megoldasara! ¢)
Adiabatikus kozelités: az elektronok hulldmfiiggvényére vonatkozd Schrodinger egyenletet - @ HQHQHQ*
egyrészecskére vonatkozo egyenletre redukaljuk. d)

—e o o P—

Szoros csatolasu kozelités: atomokat kozelitjuk egymashoz, az elektronallapot ,nulladik” kozelitése az
izolalt atom elektronallapota. Kozelitéskor az atomi energiaszintekbdl savok alakulnak ki.

Hubbard modell: R e N NTE

A Hubbard modell elnevezés Hubbard, Kanamori és Gutzwiller 1963-ban (és a tovabbi években)
megjelent alapveto cikkeire utal (Hubbard, 1963, 1964, 1965, 1967, Kanamori, 1963, Gutzwiller,
1963) és azt a mély kérdést vizsgalja, hogy az un. 3d- atmeneti fémeknél (Fe, Ni, Co) tapasztalt erds
ferromagnességet, amely az elektronok spinjeinek nagyfoku rendezettségébdl szarmazik, okozhatja-e
az elektronok kozotti, spint6l fliggetlen Coulomb taszitas. (Tasaki, 1998, Mielke és Tasaki, 1993.).

ﬁ — ﬁhop + ﬁu.




Anyag és modszer: a Pozitiv Szemidefinit

Operatorok modszere

Az alapallapot energiaja és hullamfliggvenye:
HY, =E, ¥,

H=(H-E1)+E,1=P+E

ahol: 14

P pozitiv szemidefinit, azaz sajatértékei nemnegativak

Az alapallapot: AAT alaku: AT AT =0

.0, L0,

P|#) =0 w,) =[]t 7t




Eredmeények - SimSolar szimulacios keretrendszer )) MYA\ (=

€2 €3
I\Q___Q/ J " & 0 " ::-1?9453
VAR W A—
o VAN W g T
:c/ ! \x I/(;“’/r \0‘-—0/
-y

A PPV szarmazékok Hubbard modellje (fent) €s geometriai

szerkezete (lent: Granier és tarsai, 1986)
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A rendszer Hamilton operatora:

ahol

az un. kinetikus tag, és

8
Hy = Z Zﬂzlﬂn Mitr, +itry,
[

az un. kélcsénhatas: tag.

ty = tge'Vil, y; ;= (2”/%) fi] A dl az Gn. Peierls fazisfaktor;

J 1
j. Adl = —EB(X]' _xi)(yj +yi)
L

B = (0;0;—B) ;
A,=—-yB; A, =A,=0; (Landau-mértek)

d, ="/, azln. fluxuskvantum,
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Eredmeények: PPV-szarmazékok savszerkezete

kulso, allando magneses mezoben

Ce¢l: a vinilen-lanc jelenléte hogyan befolyasolja a korabbi, polifenilén (PPP) lancokra kapott eredményeket (Trencsényi €s tarsai, 2011)

Hamilton operator H, kinetikus tagjat a k-hullamszamvektor térbe kell transzformaljuk a 0=P+ Q(k),

A _ —ik (i+19) : Y. y
Citry g = (1/+/N¢) ZE gtk (47n) C,. %o Fourier transzformacionak megfelelden.

. b pl b1 =1, =103 =14, =1t = {g eseten
Hy = z CE,JM ©Cro vagy még altalanosabban:
; ; A ; O',% ¢ tz = t5, t1t3 — t4t6 €s (F)
to = (C1,E,’,a’ Coes i € Fa) , * €5 =€ Vagyez s
mqq1 == Myg * €c = €3 VA8Yy €y eseten,
My, = ( oo ) 1
Mgy Mgg Qk) =4 cos > (Y12 + V253 + V34 + Vass + Vso6 + Veo1)
1
a diagonalisok (€1; €;; €3; €4; €5; €¢; €7; €g). cos |5 (Yio2 + V253 + V354 T Vsoa + Veos + Vioe) + Vasy + V7o + Ve + ka
(e _ 2
A sévszerkezetet az M, matrix k-6l fiiggé sajatértékei adjak: [—(es = D (€6 — Dtatatstytsty + titytatytgtots]
€, — A Mmqg
det Amennyiben: y;5 + Va3 + V354 F Vass T Vs T Veor = Q2L+ )m; lEZ
mgq €g — A

— Q(k) =0 fiiggetleniil k-t61 és t és € paraméterektol



Eredmeények: napelemes PPV szarmazekok

savszerkezete

Napelemes MEH-PPV, MDMO-PPV esetén:

Teljesen lapos (diszperzidmentes) savszerkezet : 8
8
[
21+ 1 6 s
b = z D, (leZz) .
0
' i ﬁ— \
®:= a fenilen hatszogon athaladé magneses fluxus. = 5 LW _ %Q_M)_
2 2 4 -0 ] =0 n
. . . Lu
* Fiiggetlen a vinilén-lanc jelenlététol e T
0 3
* Az eredmény megegyezik Trencsényi €s tarsai (2011)
olifenilén (PPP) lancra kapott eredményekkel 27 , ,
P (FFP) P 4 : F feltételek nem allhatnak fenn!
* A vinilénlanc szerepe: 4 ' ' —
0 1 2 3 4 5 6 [ 8 9 10

k [1/m] £ 10°

2[t§ — (e,—A)(€g — D] tytatstststs
COS(V152 + V253 T V354 + Vass + V556 + Veo1)

és Q(k) ,,kozEéps6” tényezdjében jelenik meg.

Legkisebb magneses indukcio :
[ = 0esetén: B = 4,1085 - 104 T !

A fenilén hatsz0g néhany angstromnyi oldalmeérett .

Ahhoz hogy az effektust kihasznalhassuk a bezart teriilet 10%—
szeres novelesere lenne sziikseg!

Teljesen lapos savszerkezetii PPV a (4.11)
feltételek szerint:

t,=t,=t,;=t,=t.=t;=2.4 eV, t,=t,=2.2 eV, t; = 2.6 eV,
€1= €,4=0.51; &, = g5= &= g5= &,= gg=1.1t;

0 1 2 3 4 5 G 7 8 g9 10
k [1/m] x10°

t,=t=t=t,=t=t;=2.4 eV, t,=t,;=2.2 eV, t; = 2.6 eV,
§= &= &= 6=1.2eV, £,=4.8 eV, &= g,=2.64 eV, &,=7.2 eV..



Eredmeények: PPV-szarmazéekok alapallapota

(alacsonykoncentracios eset, legalso sav felig toltott)

Pozitiv Szemidefinit Operatorok modszere

Blokkoperatorok:

A0 = Q160 T Q26047 0 T AsCiti, o

jﬁﬂ.a = EJEE';',.;:,.._-; + bg EI'+;',,;_-; + bﬁe?h"',.cr-
,.-El}:gﬁ = d351'+;.'=|,_-, + d45?+F,_.a + dﬁEhF..m
j;;qr,, = JﬂE?#,i,a + fs EI+F,..:|r + f55?+f*~,.m
:"-lﬂl‘l'El,ﬂ- — H4E_L'+;q,,.:r + ETETH_"-,-.:H
Aes = hybisi o + hg€iiiya

Ai7o = kgCiviy o T KaCiviyan

ahol s = r =a = a és ay; a,; ag; bs; ...; ke komplex szamok.

N

H=(H-E1)+E,1=P+E,1

7
_ /\’I" A N N
B <2 zm—1Af,m,a Arme T HU) +qN1,
Lo B

Fedési egyenletek:

A ket Hamilton operator azonossagabol
ay;Qz; ... ; kg; kg

uj egyutthatok meghatarozhatoak.

Az atalakithatosag feltetelei:

(Legfontosabb):

tet . 2 Lol . 2TT
62 exp{—z—”gﬁ Adl}=: 23 exp{l—CD}
t1t2t4t5 CDO g t1t2t4t5 CDO

negativ valos szam

k ’r , ,
c O = gcbo , Kk tetszOleges egész szam

a) pl. B=0 eseten paratlan szamu negativ t, esetén
valosul meg

b) & = (®*V/,)d,; (I tetsz6leges egész szam)
esetében paros szamu t,-nak kell negativnak lennie

Ez utobbi megegyezik Trencsényi és tarsai (2011)

eredménnyel
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Eredmeéenyek - PPV alapallapot szerkezete )) MYA\ | 1=

Az alapallapot levezetésenek stratégiaja:

Xe X5
(Ao X 1=0 - By(LI1, %7 10) =0
X4 X7 Ve Vs 0:J’ Lo ‘ Lo
j?,.:,j {r‘i[‘lgd'j f—;-l-ﬂ, } =0
xZ x3 x8 yl jf.a-.i Xalls + XgQg — 0
5 *":1‘1'..-1-.2 Izbz —I‘ IE'EJE -I‘ IE-'EJEl =0
yz y3 "&I‘.-ﬂ'ug Igdg + Iqrdq_ + Iﬁdﬁ =0
jf.a.qr xafs +x5fs +xefs =0
38 3 6 Ai s X787 T X394, =0
AT — x 6T + 61‘—> - > + é\’l‘a - > —
lo miz o IYnC i+d+7,,0 YkC ' i+d+7y,0 A xahg + X7, = 0
m=2 n=1 k=5 a,
jl'.a-.? Vikg + xgkg = 0
"""""""""""""""""""""""""""""""""""""""""""""""""""" A2z Y1y T ¥zdy T Veag = 0
i L i Ny i Y :*lﬂna',g,g Vaby + y3bs + ygbg =0
De az alapallapot eléeréséhez a hullamfuggvéenynek a Hy F I p—"
. . , , : -y . i, 3ll3 slle =
kdlcsdnhatasi tag magterébe is kell kertlnie! s
A3 o4 Vefs + vefs =0

A 2,3,5,6 csomopontoknal a dupla betoltést kell elkerulni,
o spinvetuletekre nem végzunk produktumot:

(v =Np) = | [#,10)

-
I

ahol pl. o= T és |0} a Fock-féle vakuumallapot
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altalanositasa
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Eredmenyek: a PPV alapallapot fizikai jellemzese, )) Mﬁ\\

Az alapallapot jellemzese:

 telitett ferromagneses,
. a spinvetuletek korrelaltsagat a H;, kdlcsdnhatasi tag okozta, nem a kulsé B magneses mezé(!),

¢« O = ((2”1)/2)@0 esetén (teljesen lapos, diszperzidmentes savszerkezet) a ferromagneses alapallapot un. Mielke-Tasaki formaban valosul meg
( a legalso sav diszperziomentes e€s az alapallapot teljesiti az 6sszefuggbseqgi feltetelt)

a rendszer toltdttége p = /5, azaz minden egységcellahoz 1 db elektron tartozik,
a legalso sav félig betoltott

A modszer altalanositasa:

3N 8

* (Roncali, 2007)



Eredmeéenvek: Politiofén-fulleren tipusu napelemek i
O o pusd nap M/ NIE
maximalis hatasfokara adott becslések

MAGYAR AGRAR- ES
ELETTUDOMANY| EGYETEM

Energy E
A
K ' n-material
LUMO, 00
E,; N(E)dE
P LUMO, n . g.t ng,abszorber ( )
gp E.. max — 0
Homo, | = Ee J, EN(E)dE
e e—
p-material HOMO,
(absorber) . N(E) az AM 1.5 beesd szolaris  fotonfluxus
Position x tapasztalati, mért energiafiiggése (Hulstrom és
tarsai, 1985)
Az exciton gerjesztodese és tovabbi atalakulasa a A donor és akceptor anyagok relativ LUMO, HOMO energiaszintjei és a
PPV: C4z, donor/akceptor napelemben Gunes és hatasfokkeéplet értelmezese (Minnaert, Burgelmann, 2007)
tarsai (2007)
Dol a) csak az egyik anyag abszorbealja a fotonokat, ez a p-tipusu donor anyag, a polimer, esetiinkben a
% P3HT,
. 3.0 _ 35 b) minden olyan foton, amelynek energidja nagyobb Eg,abszorber-nél és csakis ezek nyelddnek el a
o I T — —3.8 donorban és valtanak ki fotoeffektust,
S 40 a ¥
&’ - § . c) valamennyi fotonelnyelddés a polimerben a folyamat végén szabad elektron és lyuk toltéseket
S S0 47 =, & eredményez Eg,1 hasznos energiaval.
f -5.1 =
6.0 - d) Mellékfeltételként teljesiilnie kella ALUMO = LUMO (donor) - LUMO (akceptor) = 0,2 eV
- 62 egyenldtlenségnek,




Eredmenyek - a politiofén Hubbard modellje

Ng
s _ rl.'1" ~ ] rl."l" e
Hy = E E £[Tci+1'5.:rci+“*" tt CitrggCitrye
g (=1

I rl.'1" ) rl."r' L]
+t' (€, oo + e itrro )

i

|"."I.' L] |"."I.' |"."I.' i)
Tt (Ef,chrj,a + c;'.|-;-4lgc[+rg.ﬂ ) + ty {c;'+r3,uci+r] )

4.0
+ EEﬁHr:.:r + Ef-ﬁ'f"'f".ﬂ'}
E;| ~(1 o+,
.. o — , e
t t' LN
|F 7 IF ..r| J'r f’f e \\ Jtr
."- w = 4 . ”‘*—fh__‘__- - o i
d_:'w-_.- .,_-.:-_-'____h. J ".I ., .';
:- 3 % ' E. 5 _.' III'- HH{“F |
— Sl I"., ry . I.-'I
I— ] r x."'x ) {.
i1y i
! rn . |
IE_j b ‘ij Il"mf_.-' @ ';".r. l‘..'_r l:.’- Ji.!"
E:l Eg EE t I-J t” T
—1 0 —3,6 —3,5 —2,5 —2,8 —3,2
Eﬂ}r!_ﬂ?: = _3.9?2

A politiofén Hubbard modellje. Balra fent: a rendszer
Hubbard paraméterei, jobbra fent. geometriai jelolések,
lent: a modellparaméterek konkrét értéekei (Lu és Men,
(2007) és Farchioni, Grosso, (2001) adatai alapjan)

i+a

MA| 1=
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)

8
6 —
[ Ci
‘ i ——
LUMOD [ _____.__'_,_—____—_
E:‘ E -____—'___ I:l
-] [
s ol
E i, i ___I___"——___I__I.lj__
W 4 . !-'l______‘-——_____
-6 I 0656 == X
ry ‘
-W“'l
J| 2 3 ) & [3 8 ::r H "
PTT
G
aF
sk CB )
2 < of -
= -
g E-2f B
E: S |
| N
_E_- -
_E. /
_ml:r —1ﬂu

0.5 0.5
Wavevector (k/n) Wavevector (K=)

A P3HT-re altalunk (fent, balra) és a szakirodalom altal a P3HT-re, PTT-
re (poly(3,4_-dialkil-2 ,2,5,2-tertiofén)) ill. a politiofénre megadott
savszerkezet (lent: Lu, Meng, 2008, fent jobbra: szerk. Farchioni,
Grosso, 2001)
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Eredmeények - a rendszer hatasfokgorbeje )) MYA\ (=

§ - . . Yacuum
! LUMO |
2
i -353 |-3E3 |-B5E | RS | 3y | pa
- I — 4.5
] S
o J—
G| gy N ——
¥ 4 -52 | 525|529
S E02 | RE | gas
g HOMO
4
-
Od FHT FOT PIGDTY BlCen POERI Ced Al
A maximalis hatasfok (bal oldali abra) valamint a vizsgalt
limercsalad HOMO és LUMO szintjei (] |dali abr
p(,) e, csalad HO O’es U Os ., Je.. (JObI,D © Eja ab a) A P3HT, P30T, P3DDT politiofén szarmazékok ill. BM-
valtozasa az E; csomoponti potencial fuggvenyeben C60, PCBM ill. Cq, fullerének HOMO és LUMO szintjei
a CV modszerrel mérve (az ITO és Al elektrodak
A P3HT az E3 — -3.97 eV-hez tartozik munkafuggvényeivel) ( Al-lbrahim és tarsai, 2005).
A=0.4eV - - == Eu
2.13 eV
LUMO ]
Allitasunk: a fellleti dipolustdl szarmazo eltolddas 3.57 eV
modellezhetd magabdl a savszerkezetbdl Vazquez | s
és tarsai, (2005) alapjan 4.65ev | 1:48eV . . .
3 ) ) HOMO A P3HT:ICBA (poly(3-hexylthiophene):indene-C60 bisadduct)
5.95 eV keverék vakuumszint eltolédasa egy kozel 200 meV, a
I - OO meéréshez rendelhetd érték levonasa utan (Guan és tarsai,
. ICBA 2010, 2011)
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spin-palya csatolas effektusanak figyelembevetelével

Eredmenyek - politiofen oxidaciojanak vizsgalata )) MIYA =

E tl u V4 u V4 V4 V4
, 1 A Hamilton operatorban a spin-palya csatolas effektusanak
y r figyelembevétele:
1c 1+“I 13 e T S S S § ’ ’ ’ ’ e
® € az 1+r, es r+a=t (Born-Karman feltétel) csomopontok kozott a

spinfliggd t.'; tY; t1); 17 hopping tényezdk ill.

ell: ert: ell: ez' ugyancsak spinfliggé csomoponti potencialok

felvétele . A ,vegyes” potencidlokat e]*; e;'; el': €X' = 0 —nak

vettem (Kucska es Gulacsi, 2018).

A P3HT polimer O, adszorpciojanak modellje a poliaminotriazol polimer
modellje (Gulacsi és tarsai, 2010, 2013) alapjan valamint Lu és Meng
(2007) szerint

Cel: a politioféen oxidaciojanak irodalmi
adataira tamaszkodo konkret alapallapoti
hullamfuggveny megadasa
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Eredmenyek )) Mﬁ\\

Gy7., = a6 + a;,c? + ay:c7 ) )
1.0.e 1.1 I.'|"‘." (T 1,2 L+1-'.;r:r 1.5 1+1-‘| Ket megOIdaS: a) —th — 1,96 eV,
Gate = Q2260470 T Q236430 T 025647,0 —tﬁl = 2,042 eV,
- iy il ~ —_— lT * —_ _4‘
Gitle = 33Ci+i,0 T Q3400470 T A35Ci 470 ( tCN) 1,922 %107 eV,
—tt = —-1,88%10"% eV
Gﬂrla T l:144'|:'1+1-'i + L E-cl+?"i o '[:":"'- =TJ J‘]

_______________________________________________________________________ b) —ti1 =2,0775 eV,

- 4+ —
Ggit = Hr-} 1+r 1t Q?Ewar ‘|‘H4EL+1~4¢ + Q?E:+a LGEza tCN 20775 €V,
—t.* = 0,135 eV,

o I|:LE,E'|'--"|:+1':.,.:.r + {IE.EEE'+'P,.:I + ﬂ2.5c1+r|,a, 11
(—ti"* = —0,189 eV

G-ELT F4 i+ry T+F{"L+.1T+F4 i+, L-I_F?clh:zl

7 — TTat ~ LAt Z TLat ~
o Z {t{' !+1-‘ Tc!+ﬂr + t |_-|-:|-' A l‘|'|'.1 + t 1-|.-1p Tc!+.r_'[,]. 4 =t
; {'Pruiﬂ,ﬂi!!ﬂ;m: _l l 11 l ~ Ga.,-Jg]GEEGE,, [.T |D:|'
st & Mo _ _ =
+ !_H‘ 1 I,.|.f_[’1*‘|‘f‘l’.{.'.-|'-."5;|l :TT+'-"-:1 !1L+E4 T:LHT, a1 =1 » =Tl
+ Eu T A hullamfiggveny minden cellaban 5db T es 4 db | spint elektront tartalmaz. A GHL es EL

" N operatorok mindegyike vagy T vagy | spini elektront kelt az elemi cellaban, ezért valamelyik
+ Z Ly E:‘+rﬁ.a5i+w.¢ + fJ't*:"ﬂ:'+;r-1..:r*:"ﬂi+'r‘1:..:: iranyu spinbol biztosan lesz 6 db egy cellaban. Mivel azonos spinnel rendelkezo elektronok

a=T.l csak kiillénbézd csomopontokra kerilhetnek, ezért biztosan lesz mindegvik csomoponton
. .'l. .-_"I' -~ . - - - . . A .
+ t( :+r'5-::r o T € H.,,ﬂ oCitrgy T IH. Citrge T €5 z+rw) valamilven spini elektron. Lathato, hogy ez nem teljesilne. ha EL;H ; nem lenne jelen a
’
R hullamfiiggvénvben.
+ H.c.+ Z Eﬂn[""""ﬂ.ﬂ'} } ’
n=2.23,66

&
Hy = E E Upnisi TH4d,
n=1
I
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Uj tudomanyos eredmények (1/5) )) MYA\| (=

1. Polifenilen-vinilen szarmazekok savszerkezete allando, kulsO magneses mezo
jelenlete eseten

A szakirodalmi elozmenyek alapjan modellt allitottam fel polifenilen-vinilen (PPV)
szarmazekok altalanos matematikai vizsgalatahoz kulso, allandd magneses mezo jelenlete

esetére. Ezek a szarmazékok a polimervazhoz kapcsolodo oldalcsoportokban kulonboznek
egymastol. A modell parameterei tetszolegesek.

Megmutattam, hogy ezen PPV polimerszarmazekok esetén is letrejohet a savszerkezet valamennyi
savjanak egyideju egyenesse valasa (teljesen lapos savszerkezet), hasonléan a mar korabban
polifenilén lancolatu polimerekre megjosolt esetekhez hasonléan. Meghataroztam a teljesen lapossa
valas felteteleit a parameterekre vonatkozoan. Megadtam a teljes kilaposodashoz tartozo magneses
indukciok értékeinek halmazat, megmutattam, hogy ez a halmaz megegyezik a polifenilen lancokra
kapott indukcio ertekek halmazaval. Igazoltam, hogy a teljes kilaposodasra a hosszabb vinilenlanc

nincsen hatassal, csak a hatszog feniléngyldrin atmeno fluxus a meghatarozo. Ugyanakkor reszletesen

megmutattam a vinilenlanc hatasat a savszerkezetre.
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Uj tudomanyos eredmények (2/5) )) MYA\| (=

2. A napelemes alkalmazasok legfontosabb polifenilen-vinilén szarmazékainak savszerkezete allando
KlulsO magneses mezo jelenléte eseten

Megmutattam, hogy a legfontosabb napelemes polimerek, MEH-PPV, MDMO-PPV esetén a teljesen
diszperziomentes savszerkezet nem kovetkezhet be. lllusztrativ ellenpeldan, ahol a valamennyi sav
egyideju egyenesse valasanak feltetelei nem allnak fenn, szamitogepes szimulacio segitsegevel
igazoltam ket sav esetében, hogy bar a magneses mez0 a savokat lapositja, mindig marad diszperzio.
Meghataroztam az egyes savokhoz tartozo azon legkisebb magneses indukcio ertékeket, amelyre az
adott sav leginkabb egyenesse valik. Meghataroztam a savszerkezet periodusat.
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Uj tudomanyos eredmények (3/5) )) MYA\| (=

3. Polifenilén-vinilen szarmazekok alapallapota allando, kilsb magneses mezob jelenléte eseten

A pozitiv szemidefinit operatorok modszerével az osszefuggosegi feltételt kieleqito, telitett ferromagneses
alapallapoti hullamfuggvenyt vezettem le a vizsgalt PPV szarmazekokra. A rendszer cellankéent 1 db delokalizalt n-
elektront tartalmazott (a legalso sav félig betoltott).

Megadtam a modszer alkalmazhatosaganak feltételeit. Ezek kozul a legfontosabb, hogy a kezdo paraméterek
kozott marad egy kenyszerfeltétel. Megmutattam, hogy a modszer, az altalam alkalmazott felbontas mellett csak
diszkret magneses indukcio ertekek eseten lehetseges, ezen értékek halmazat meghataroztam. Ez a halmaz
tartalmazza a polifenilén lancokra korabban publikalt magneses indukcio ertékek halmazat, az el6z6 pontbel
értekeket, am annal bovebb. Ezen elObbi reszhalmaz esetén, mivel a teljes savszerkezet egyenesse valik és
teljesul az osszefuggoseéqi feltetel, a ferromagneses alapallapot Mielke-Tasaki ertelemben valosult meg.

Megadtam az alapallapot energiajanak altalanos, implicit alakjat.

Megmutattam, hogy a ferromagnesseget az elektronok kozotti spinfuggetlen Coulomb kolcsonhatas okozta, a
rendszer nem tartalmazott magneses atomokat vagy mas magneses reszleteket, amelyekkel a kuls6 magnes

mez0 kozvetlenul kolcsonhatott volna.

Modszeremet altalanositottam olyan polimerekre, amelyekben a szomszedos szengyuriket a vinilénlancnal
hosszabb lanc (tobb valtakozo egyszeres, ill. kétszeres kotés) kapcsolja 6ssze. 46/44
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Uj tudomanyos eredmények (4/5) )) MYA\| (=

4. Politiofen-fulleren tipust napelemek maximalis hatasfokara adott becslések

Politiofen szarmazekok PCBM akceptoru napelemjeinek maximalis hatasfokat hataroztam meg a
politiofén Hubbard modelljeben egy kiszemelt modellparameéter fuggvenyeben. Az irodalombol
valasztott P3HT:PCBM adatokbol és a P3HT irodalmi Hubbard parametereibdl kiindulva a maximalis
hatasfokra lokalis maximummal rendelkez6 fuggvényt kaptam. Megallapitottam, hogy a P3HT a
modellparameter szerint az optimum kozelében helyezkedik el, ezaltal a modellparameter valtozasaval
jaro molekulakonstrukcios eljarasok csak kevessel novelik az elerhetdo maximalis hatasfokot.
Megmutattam, hogy a leirt politiofenszarmazéekok HOMO, LUMO energiaszintjeinek valtozasi jellege
hasonlosagot mutat bizonyos, a P3HT-t0l alkil oldalcsoportban kulonbozo egyes poli(3-alkiltiofének)
meressel meghatarozott ertékeinek valtozasi jellegevel, ezert a modellparaméter azonosithato
kulonbozO, szintetizalt oldalcsoportok hatasaval. Ramutattam mas azonosithatosagi lenetosegekre.
Felvetettem az eredmenyek szamitogep szimulacios finomitasanak lehetoseget a donor €s akceptor
anyagok vakuumszintjei eltolodasanak a szakirodalomban javasolt.
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5. Politiofén oxidacioja a spin-palya csatolas figyelembevetelevel

A politiofén oxidaciojara mint konkret esetre vezettem le alapallapoti hullamfuggvenyt a pozitiv
szemidefinit operatorok modszerevel a jellemz0 irodalmi adatokra tamaszkodva a Hubbard modell
szerint a spin-palya csatolas hatasanak figyelembevételevel. Két megoldast adtam, amelyek a spin-
palya csatolas mertekeben nagysagrendben kulonbozott. A rendszer elektron koncentracioja magas, a
legfelsO sav felig toltott esetere vonatkozik. Bizonyos parameéterek adodtak a felbontasi es a pozitiv
szemidefinit alakra atiras modszere miatt. Irodalmi adatokkal tamasztottam ala a konkrét ertekek
nagysagrendbeli helyesseget.

Az adott peldakkal igazoltam, hogy a pozitiv szemidefinit operatorok modszere konkret napelemes
vizsgalatokra nagysagrendileg alkalmazhato.
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