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ZnPc thin films were prepared by spin coating method using different ZnPc:formic acid solutions of concentrations (0.0432 – 

4.32) mol·m
-3

. The optimal molar concentration value of the saturated ZnPc in formic acid (FA) solution equals 4.32 mol 

‧m
-3

. The  molar extinction coefficient (ελ) reaches  value of  1.85 ‧10
5 

L ‧ mol
-1

‧ cm
-1

.The surface morphology of thin 
films deposited by centrifugation on different substrates  analyzed by  atomic force microscopy (AFM) show the 
nanogranules in the films obtained by centrifuging 1 ml of ZnPc/FA solution of different concentrations on a glass substrate. 
The XRD analysis revealed the impact of FA solvent on the resulting ZnPc molecules with the formation of ZnPc-formate 
complexes. By increasing the thickness of the thin films from 2.1 μm to 8 μm  an  increase in the crystallize size from ~50 Å 
to ~256 Å is observed.  The iodine doping contributes to structural rearrangement and formation of ZnPcIx, 

ZnPc(HCOO-)xIy complexes. In the temperature range 200 - 300 
o

C, the transition of ZnPc into the stable β phase and the 
iodine undoped thin films occurs.   FTIR analysis confirmed the binding of hydrogen cations, formed upon FA dissociation, 
to the nonpyrrolic nitrogen atoms in the ZnPC molecule and desorption of formate ions from the central zinc ion at 
temperatures above 300 oC. Raman analysis confirmed the removal of molecular iodine from doped thin films at 

temperatures above 100 
o

C. XPS analysis confirmed the presence of the triiodide ion I
3- 

in the synthesized thin films and the 
connection of iodine with zinc in the ZnPc molecule (signal at 619, 8 eV), thus authenticating the proposed particle 
interaction mechanisms. Both undoped and iodine-doped ZnPc films form Schottky barriers with In and ITO contacts. The 

rectification coefficient increases with iodine doping of ZnPc. For the ITO/PEDOT:PSS/ZnPc/In structure with the I2-doped 

ZnPc film the resistance rd equals 9‧10
3

 Ω‧m
2

, while for the undoped film reaches 3.8∙104
 Ω∙m2

.
 
The values of the  short 

current density (Jsc),  the open circuit voltage (Voc) and the  efficiency increase when the absorbent layer thickness starts to 
increase from 800 nm  to 1200 nm. As the thickness of the photoactive layer increases from 800 nm to 1200 nm,  the Jsc and 

Voc achieve the highest values  of 34.64 mA/cm
2

 and 0.86 V when the adsorbent  thickness equals 1200 nm. The 
ITO/PEDOT:PSS/ZnPc/In Schottky diode and ITO/PEDOT:PSS/ZnPc:PDI/In bulk heterojunction photovoltaic devices with 

both undoped and I2-doped ZnPc film were obtained and the photovoltaic parameters were estimated. The FF values are 
significantly affected by the high values of the series resistances in the semiconductor films processed from chemical 
solutions. The fabrication of Schottky glass/ITO/PEDOT:PSS/ZnPc/In diode photovoltaic devices from chemical solutions 
indicates open circuit voltage about 1.03 V, almost equal to the theoretical value.  
  
CONCLUSION 

The  ITO/PEDOT:PSS/ZnPc (I2)/Al Shottky  and the bulk  heterojunction photovoltaic devices  with an efficiency  of  1.2 % 
and of about 3%, respectively were fabricated. 
 
ACKNOWLEDGMENTS 

This paper was supported financially by a grant from the Romanian Ministry of Research, Innovation and Digitization, 
CNCS-UEFISCDI, project PN-IV-P8-8.3-ROMD-2023-0048 (DSUPRAMED) within PNCDI IV and by the Ministry of 
Education and Research of the Republic of Moldova, MSU, subprogram #011209. 

  

 


	                  ​​ 
	Photovoltaic Properties of Zinc Phthalocyanine Devices 
	  
	Tamara Potlog1, Vadim Furtuna1, Ion Lungu1,   and Anton Airinei2 
	1Laboratory of Organic/Inorganic Materials for Optoelectronics, Moldova State University, 60 Al. Mateevici str., MD-2009 Chisinau, Moldova  
	2Laboratory of Physical Chemistry of Polymers, “Petru Poni” Institute of Macromolecular Chemistry, 
	41A Grigore Ghica Voda Alley, RO-700487 Iasi, Romania. 
	 

