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Abstract: Position sensitive gaseous detectors with reflective photocathodes provide an attractive solution for
photon localization over very large sensitive areas, under intense magnetic fields mainly due to their ease of
construction. We report Quantum efficiency measurement of two new organic semiconductor photocathodes
PEDOT/PSS and TECEB in spectral region 190-250nm, which are proposed for use in photosensitive gaseous
detectors. Photocathodes were prepared by using resistive thermal vacuum evaporation technique. QE were
measured in vacuum at about 10™Torr and both the photocathodes exhibit non-negligible quantum efficiency up
to 230nm.
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I.  Introduction

Position sensitive gaseous detectors with solid photocathodes are of great interest in the field of
ultraviolet and visible photon detection [1]. These devices have been investigated with different geometries
combined with solid photocathodes to achieve optimal results in terms of single photon detection, having large
sensitive area, and compatible with high magnetic field. These designs include Multi Wire Proportional Counter
(MWPC)[2], Solid Scintillator Proportional Counter (SSPC)[3], Gaseous Electron Multiplier[4] and its
derivatives[5-8]. These modern devices are still under investigation for their potential use. In various fields,
these devices have been utilized for study of scintillators, medical imaging, plasma diagnostic [9], astrophysics
and particle physics [2].

A number of low ionization potential liquid and solid materials as photocathodes have been
investigated for their quantum efficiency properties use in position sensitive gaseous detectors for detection of
ultra violet and visible photons detection[1]. In vapor phase, successfully used photosensitive materials were EF
(IP= 6.08eV)[3], TEA (IP= 7.8 eV) and TMAE (IP= 5.28 eV)[10]. Best quantum efficiency results were
obtained for TMAE; therefore, it was employed in alarge number of experiments[11-14]. A major drawback of
TMAE isdifficult to handle it because it was reactive to Oxygen and to other materials [3] used in detector
fabrication and its read-out electronics [15]. Amongst solid phase UV photosensitive materials best known
Cslreceived attention because it is solid at room temperature and can be handled for a short exposure time in
air[16]. Although, its QE is lower than TMAE by a factor of 2[17], its QE decreases under exposure to
humidity, intense photon flux and ion bombardment at photocathode surface[18,19] it hasbeen utilized in a
variety of experiments[20]. The ageing properties of Csl [21] photocathodes allow us to continue our search for
locating new low IP compounds having better ageing properties as compared to Csl.

In this context the properties of 1,3,5-Tris(2-(9-ethylcarbazyl-3)ethylene)benzene (TECEB) Poly(3,4-
ethylendioxythiophene)-poly(styrenesulfonate) (PEDOT/PSS) allow us to investigate their QE.

I1.  Properties of Compounds
2.2 Properties of TECEB
TECEB [empirical formula:CssHssN3] with work function 5.2 eV, is a Solid yellow powder. It was
purchased from sigma-Aldrich chemical Incorporation LLC and used as it is. The structure of TECEB is
illustrated in fig.1.1ts molecular weight is 735.96 gm/mol soluble in organic solvents such as chloroform,
tetrahydrofuran (THF) etc, morphologically and thermally stable up to 313°C [22].

www.iosrjournals.org 33| Page


mailto:arajper1141@yahoo.com

Investigation of New Organic Photocathodes in Vacuum for Position Sensitive Gaseous Detectors

Fig.1 The structure of TECEB

2.2 Properties of PEDOT/PSS
PEDOT/PSS is a polymer blend with work function 5.20 eV [23], appears dark blue in color. It was

also purchased from sigma Aldrich chemical corporation LLC and used as it is. The structure of PEDOT/PSS is
shown in fig.2. Though it is hygroscopic and air sensitive but can be handled in air safely for few hours [24, 25].
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Fig.2.The structure of PEDOT/PSS

I11.  Experimental Techniques
In this work, we have used DC current measurement technique for QE studies of photocathodes under
vacuum. Experimental setup comprised of a test detector, a double beam spectrophotometer as mono chromatic
UV photon source having sample and reference beams (SHIMADZU UV 1601), a photodiode worked as
reference detector (HAMAMATZU Photodiode No. S1723 — 05), vacuum system(BOC EDWARDS), for test
detector evacuation up to 10 Torr,electrometers (KEITHLEY 6517A) and a vacuum evaporator (EDWARDS
Auto 306)vacuum system and thickness monitor SIGMA SQM 160 for layer thickness measurement.

Experimental setup is schematically shown in fig.3.
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Fig.3. Schematic diagram of the experimental setup

Initially , the test detector was calibrated by measuring the QE of bare copper substrate and 545 nm
thick vacuum evaporated Csl photocathode and found reproduce able results of both the substrates which are in

great agreement with results available [26, 27](See fig.4 and fig.5).
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Fig.4. Comparison of QE of copper sample diamonds copper published [26]
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Fig.5. Comparison of QE of Csl sample diamonds and Csl FERMI Lab squares [27]

IV.  Results and Discussion:

TECEB photocathodes were prepared using vacuum evaporation technique in Edwards Auto 306
coating system at about 10®Torr, while PEDOT/PSS photocathodes were prepared using joule heater. A time of
about three minutes was required for transportation of the photocathode to the prototype test detector.The
prepared photocathodes were scanned in spectral sensitivity region 190-250nm. Both the photocathodes TECEB
and PEDOT/PSS exhibited non-negligible QE up to 230nm.QE results of TECEB and PEDOT/PSS
photocathodes in comparison with Cu photocathode are illustrated in fig.6 and fig.7 respectively, photosensitive
layer effect over metal is obvious in both cases. Photocathodes with different thickness were prepared but no
notice able change in QE was observed; this showed that thickness of photocathode layer has no effect on the
QE of the photosensitive materials under investigation.
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Fig.6 QE comparison of TECEB diamonds and copper sample squares.
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Fig.7 QE comparison of PEDOT/PSS diamonds with copper sample squares.

Results were also compared with Csl, the most popular solid photocathode used so far in gaseous
detectors employed in high energy physics experiments, for detection of UV photons. Fig.8 and fig.9 show the
QE comparison of TECEB and PEDOT/PSS with Csl sample respectively. Two photocathodes, TECEB and Csl
were about 500nm thick, as their thickness was monitored using a standard thickness monitor of Sigma
instruments (SQM-160) provided with Edwards Auto 306 coating system where as thickness of PEDOT/PSS is
subject to exposure time.
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Fig. 8 Comparison of QE of TECEB with Csl sample for spectral region 190-220nm
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Fig. 9 Comparison of QE of PEDOT/PSS with Csl sample for spectral region 190-220nm

It is obvious from fig.8 and fig. 9 that the QE of TECEB and PEDOT/PSS relative Csl for wavelength 190nm
are 11% and 3% respectively.

V.  Conclusion
Preliminary QE measurement results are inspiring. TECEB have a QE in the range 11% to 20% of the
Csl QE between 190 and 220nm, while PEDOT/PSS have a QE in the range 3% to 13% of the Csl QE in the
same spectral range. Since TECEB is solid at room temperature, can suit to build large surface area
photosensitive gaseous detectors as an alternative to Csl and should be studied in more details.

Acknowledgement
Authors would like to thank Professor Dr. Muhammad YarKhuhawar and Dr. Taj Muhammad Jahangir
of the Institute of advance studies and research in Chemical Sciences University of Sindh Jamshoro Pakistan for
constant support and fruitful discussions.

References

[1]. G. Charpak, V. Peskov, F. Sauli, Preliminary results of the study of gaseous detectors with solid photocathodes sensitive in the
spectral region from 105 to 300 nm, Nucl.Instr.And Meth.A323 (1992) 445-451.

[2]. V.Peskov, G.Charpak, P.Mine, F.Sauli, D.scigocki, J.Séguinot, W.F.Schimidt and T.Ypsilantis, Liquid and Solid Organic
Photocathodes,Nucl.Instr.And Meth.A269 (1988) 149-160.

[3]. G. Charpak, V. Peskov, F. Sauli, D. Scigock Ethyl ferrocene in gas, condensed, or adsorbed phases: three types of photosensitive
elements for use in gaseous detectors, Nucl.InstrAnd Meth.A 277(1989)537

[4]. F. Sauli, GEM: A new concept for electron amplification in gas detectors ,Nucl Instr.. And Meth.A386(1997)531.

[5]. P.Jeanneret,, Time projection and chambers and detection of neutrinos,Ph.D thesisNeuchatel university(2001).

[6]. L Periale, V Peskov, P Carlson, T Francke, P Pavlopoulos, P Picchi, F Pietropaolo, Detection of the primary scintillation light from
dense Ar, Kr and Xe with novel photosensitive gaseous detectors,Nucl.Instr.And Meth.A478(2002)377-383.

[7]. P.S.Barbeau,J.Miyammoto, and 1.Shipsy, Towards Cohrent Neutrino Detection using Low- Back ground Micro pattern Gas

Detectors.|IEEE NS-50(2003)1285.

[8]. R. Chechik, A. Breskin, C. Shalem, D. Mérmann, Thick GEM-like hole multipliers: properties and possible
applications,Nucl.Instr.And Meth.A535(2004)303.

[9]. V.Peskov,Complex/Multiparameters plasma diagnostics invuv and x-rays.Doctor of science thesis,(1982)kepitza institution for
physical problems USSR Academy of science, Moscow.

www.iosrjournals.org 36 | Page



Investigation of New Organic Photocathodes in Vacuum for Position Sensitive Gaseous Detectors

[10].
[11].
[12].
[13].
[14].
[15].
[16].
[17].
[18].
[19].

[20].
[21].

[22].

[23].

[24].
[25].
[26].

[271.

J.Séguinot, The Cherenkov counters:Applications and limitations for identifying developments and prospects particles, CERN-EP
89-92-1989

H.W.Siebert, W.Beuch, J.Engelfried, F.Faller, S.G.Gerassimov, P.Lennert, K.Martens, R.Michaels, U.Miller, H.Reiseberg,
G.Walder, The OMEGA RICH,Nucl.Instr.And Meth.A343 (1994) 60-67.

U.Midller, W.Beuch, M.Boss, J.Engelfried, S.G.Gerassimov, W.Klempt, Plennert,K. Martens, D.Newbold, H.Rieseberg,H.-W
Siebert, VV.J Smith, OThilmann,G.Waélder, The recent performance of the Omega RICH,Nucl.Instr.And Meth.A371 (1996) 27-32.
E.albrecht, G.Vanapeldoom, A.Augustinus, P.Bailon, M.Battaglia, D.Bloch, E.Boundinov, J.M.Brunet, P.CarriéP.Cavalli,
E.Christophel, M.Devenport, M.Dracos, L.Eklund, B.Erzen, P.A.Fischer,E.Fokitis, F.FontanelliV.Gracco, A.Hallgren, C.Joram, et
al, Operation, Optimisation,and Performance of the DELPHI RICH detectors,Nucl.Instr.And Meth.A433(1999) 47-58.

J.Vavra, Long-term operational experience with the barrel CRID at SLD, Nucl.InstrAnd Meth.A433(1999) 59-75.

S.Dalla Torre, Status and perspectives of gaseous photon detectors, Nucl.Instr.And Meth.A639 (2011) 111-116.

Ph.Miné, G.Malamud, D.Vartsky, G.Vasileiadis, Organic UV photocathodes for gaseous particle detectors,Nucl.InstrAnd
Meth.A387 (1997)171-175.

.Breskin, Csl UV photocathodes: history and mystery, Nucl.InstrAnd Meth.A371 (1996) 116-136.

A.Braem, G. De Cataldo, M. Davenport, A. Di Mauro, A. Franco, A. Gallas, H. Hoedlmoser, P. Martinengo, E. Nappi, F. Piuz, E.
Schyns, Results from the ageing studies of large Csl photocathodes exposed to ionizing radiation in a gaseous RICH
detector,Nucl.Instr.And Meth.A.553(2005)187-195.

H. HoedImoser, A. Braem, G. De Cataldo, M. Davenport, A. Di Mauro, A. Franco, A. Gallas, P. Martinengo, E. Nappi, F. Piuz, E.
Schyn, Long term performance and ageing of Csl photocathodes for the ALICE/HMPID detector,Nucl.Instr And
Meth.A574(2007)28-38.

International Workshop on RICH,Nucl.Instr.And Meth.A 433 (1999)

E. Albrecht, G. Baum, R. Birsa, F. Bradamante, A. Bressan, A. Chapiro, A. Cicuttin, P. Ciliberti, A. Colavita, S. Costa, M. Crespo,
P. Cristaudo, S. Dalla Torre, C. D’Ambrosio, V. Diaz, V. Duic, P. Fauland, M. Finger, F. Fratnik, M. Giorgi, B. Gobbo, et al, Status
and characterization of COMPASS RICH-1,Nucl. And Meth. A.(553)215-219.

QiangPeng, Zhi Yun Lu, Yan Huang, Ming-GuiXie, Shao-Hu Han, Jun Biao PengandYong Cao, Synthesis and Characterization of
new Red-Emiting Poly Fluorene Derivatives containing Electron deficient 2-Pyran-4-Ylidene-Malono nitrile moieties,
Macromolecules 37 (2004) 260-266.

Do.Hoon Hwang, Suk-Kyung Kim, Moo-Jin Park, JeeHoon Lee, Bon-Won Koo, In-Nam Kang, Sung-Hyun Kim and Tae
HyoungZyung, Conjugated Polymers Based on Phenothaiazine and Flourene in Light-Emiting Diodes and Fieldeffect Transistors,
Chem-Matters 16(2004) 1298-1303.

A.M.Nardes, M.Kemennk, M.M.de Kok, E.Vinken, K.Maturova, R.A.J.Janssen,,Conductivity, workfunction and environmental
StablityofPEDOT:PSS treated withsorbitol, Organic Electronics, Vol:9,Issue.5 (2008) 727-734.

Kion Norman, Morten V.Madsen, SurenA.Gevorgyan and Frederick C.Krebs,Degradation Patterns in water and oxygen of an
Inverted Polymer Solar Cell, J.Am.Chem.Soc(2010),132,(47) pp 16883-16892.

V. Peskov, G. Charpak, F. Sauli,D. Scigock V. Diep,D. Janjic, Organometallic photocathodes for parallel-plate and wire
chambers,Nucl.Instr.And Meth. A 283(1989)786-791

A. Borovick-Romanov V. Peskovx*, Cs based photocathodes for gaseous detectors,Nucl.Instr.And Meth. A348(1998)269-274.

www.iosrjournals.org 37 | Page



