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Development�of�a�triple-cation�Ruddlesden–Popper�perovskite�
structure�with�various�morphologies�for�solar�cell�applications
M. Mirhosseini, A. M. Bakhshayesh, R. Khosroshahi, N. Taghavinia & H. Abdizadeh
Journal of Materials Science: Materials in Electronics volume 31, pages2766–2776(2020)
January 2020
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�Zــ ــ��د« ÌiZe�¾ــ ÌÀr¼Å��d³�1ــ�ارش��ــ|ه�ا�ــÕارÂــ ¿�Õ³ــ��Äfzروش�ری�Zــ ــÌ¿ZfÌe�Äــz¸zf»�ÕZــ¶�[ ــ�Öور» �eاوای
�Zــ ــ�Ö[�ر�ــ��Öــ|�و�«�ــÅZ|ه��ــ|�[ ــZز�و��ــZfyZر�¯�ی�ــZÆ¿�Ö·Zfی ]�ÕZــÅ�¶z¸ze�Õــ�²[ــ��روÀی�fÀن�زیZــ و�ز«
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�Zــ ]�Äــ ÆmاÂ»ــ|��در� �Z]�Ö»ک�Zــ aــ^��و� ��ºfــ�Ì��®ــ در�ی
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ــ|� ــ�Öو�ne|ی Àی´�یZm�¶ــ ]Z«�Õــ�ژ ــ��ا¿ ]ZÀ»ــ�دن� ــZ¯�Äر�[ ]
ــ|ه�ا¿|�� ��d§ــ� �Ìa�Õــ�ا ــ|�[ ــ�دm�Õ|ی ــ�،�وارد�روی° a~ی
ــÂان� À ]ــ|روژن� ÌÅ�Äــ ]�|Ìــ ــ�ژÂy�Õر� ــ¶�ا¿ ــ¾�e^|ی [ZÀ[�ای
�Õــ�ژ ــ�Zا¿ ــ��§�ــ�Ö¸Ìو�[ Ì£�،ــ� ــ|�a~ی ــZک،�ne|ی a�ÖfyÂــ�
�ÄÅن�را�در�دو�دZــ¬¬v»ان�و�|À¼از�دا¿�ــ�ÕرZÌــ�]�ÄــmÂe�ÓZــ]

��dــ\�¯ــ�ده�ا�ــ¸mد�Âــy�Äــ��[ــÌyا
ذÌyــ�ه�¿ــÂر�Âyر�ــÌ|�در�Å|¿ÂÌaــ��ÕZــZÌ¼Ìی�Âe�Öــ���neیــÂeÂ§�Äا·°�fو�ــZÌ¼Ìی�Öآب،�ی°ــ�Öاز�¿Âی|[�e��zیــ¾�
روش�ÅــÌ·Âe�ÕZــ|�ا¿ــ�ژZa�ÕیــZن�¿aZ~یــ��«�Z]�Öــ|��در�ایــ¾�«�Z· ــÄ،�یــ®�§ÂeÂآ¿ــ|��ــÓ�Äیــz¸zf»�Äــ¶�¿ÅZ¼´ــ¾

Tape�casting� ˺

Fabrication�of�porous�titania�sheet�via�tape�casting:�Microဧructure�and�
water�permeability�study
Saber Ghannadi, Hossein Abdizadeh, Alireza Babaei
Journal of Ceramics International, Volume 46, Issue 7, May 2020, Pages 8689-8694
May 2020
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Triple�Layer�Heterojunction�WO3/BiVO4/BiFeO3�Porous�Photoanode�
for�E൶cient�Photoelectrochemical�Water�Splitting
Sadaf Khoomortezaei, Hossein Abdizadeh, and Mohammad Reza Golobostanfard
Journal of ACS Applied Energy Materials 2019, 2, 9, 6428–6439
26 August 2019
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�WO3/BiVO4�)BVO(/BiFeO3�)BFO(�[ــ�Zروش�
ــÂاص�§ÂeÂا·°�fو�ــZÌ¼Ìی�Öآن� yــ|�و� ���fÀــ �ــ¶-ژل��
�ÄیــÓو�دو��ÄیــÓ�®ــe�ÕZــÅ|¿آÂeÂ§�Ä]Zــ�»�ÕZــÅ�Ä¿Â¼¿�Zــ ]
�Äــ ــÓ�Äی ــ|�� ــÂeÂ§�dآ¿ ·Zuــ|��در� ��Öــ ــ�Äو�[�ر� «¬Zی�
�BFOاز��Öــ�Z¿�Öfــ�Ì·ZeZ¯ÂeÂ§و�§�dــÌ�Zyــ¶�[ــ�وز�Ì·|]
ــÂاص� y�n-pن�Zــ �¼Å�Ì£ه�Z³|ــ ¿ÂÌaد�Zــ nــ¾�ای ÌÀr¼Åو�
ــÅZ|ه� �»�Äــ f§Zء�یZــ ¬eآب�ار�ÖیZÌ¼Ìــ ــÂeÂ§�Äا·°�fو� �neی
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�ــ�ÖدÅــ�ÄاÌyــ��yــÂاص�Zm·ــ\�ا¯�ــÌ|�روÀ¿Z»�Õــ|�Âeا¿ZیــZ]�Ì»�Ö¿ــ�Ö[�ــZÌر�Õاز���ZÀــ��دوپ��ــÂ¿|ه2،�
ــÌÌ¤e�Äــ���mئــ�Öیــ®�Zaرا«fــ�،� �̄Õ�fÀــ��ÕZــÅ�f»راZa�Äد�[ــZزیــ�dÌــ�Z�uو��Õ|ر�ی®-[ ــZfyZر�ــ|��ــ�ÖیــZ¿اÂe
yــÂاص�«�vÀــ��[ــ�Ä§ــ�د�Õرا�در�آن�[ــ�ÄوmــÂد�«ــ�Öآورد،�mÂeــ�ÄزیــZد�Õرا�[ــy�ÄــÂد�m¸ــ\�¯ــ�ده�ا�ــd��ایــ¾�
yــÂاص،�ا¯�ــÌ|�رو�Õرا�[ــ�اZ¯�Õر[�دZÅیــÀ¿Z»�Öــ|���ÀــÂرZ³�ÕZÅز�e�،Õا¿�ی�ــÂfرÓ�ÕZÅیــ�Ä¿ــZزک،�دیÂدÅــ�Zو�

�dا�ــ�ÄfyZــ��Ö^ــ�ZÀ»�ÄــÀ�³ی�ÕرÂــ¿�ÕZÅرÂــ�À�
�ــ�Â¿Z¿��fÀــZfyZر�ÕZÅا¯�ــÌ|�رو�Âe�Õــ��دو�د�ــ�Äf¯¸ــ�Öروش�Åــ�ÕZ§ــZز�Z³ز�و�روش�Åــe�ÕZــ��3ا¿nــZم�
�Zــ ]�ÕزZ³ز�Zــ §�Õب�³ــ~ارÂ4،�ر�ــÖــ�·Zaــ�ر�Ì·�Õب�³ــ~ارÂر�ــ�Äــ ــÂان�[ e�Ö»ز�Z³ز�Zــ §�ÕZــÅــ�د��از�روش� «a�Ö~ی
ــZم�[ــ�د�¯ــ�Äروش�ZÅیــ�Å�ÖــÀf|�¯ــZÌ¿�Äز«Àــ|�ÌÆneــ�ات� ¿�6Öــ¼eا�ÄیــÓ�Õب�³ــ~ارÂل5،�و�ر�ــÂــ®�ای�و�ــ¼¯
�ÄیــÓل�8و�Zــ»�eرو|ÌÅ�،7ــ¶-ژل��ÕرزÂو§ــ�f°·ا�Õب�³ــ~ارÂــ|�ر�ــÀ¿Z»�ÖیــZÅروش���|Àــ�Z]�Öــ»�dــ¼Ì«³ــ�ان�
�ÕZــ ــ®�روش�د« ــÀf|��روش��CBDی �Åــ�� e�ÕZــ Åروش��Äــ �Â¼n»از�زی��)CBD(�ÖیZÌ¼Ìــ ــZم�� ¼u�Ö¿Zــ �¿
ــ�Öاز� ــ|��ی° �Z]Ö»ــ|�ارزان� Àای�§�،Õا�Äــ Àی�Åظ�Zــ v·د�و�از�Âــ ��Ö»م�Zــ n¿ــ¨��ا �¼eر�اZــ ــ�dو�در�§� ــ¾�ا� ÌیZa
Å��·Zــm�ÕZــ|�Õدر�ز«ÀÌــ�Äدوپ�ا¯�ــÌ|�روÕ،�ایnــZد�¿�Â¿ZــZfyZر�p-type�ÕZÅ«ــ�Z]�Öــ|�¯ــ�Ä«ــÂe�Öا¿ــ|�

�Âeــ����ZÀــ��«ــ��و�¿¬ــ�ه��ــÂرت�Ì³ــ�د�

 Chemical�bath�deposition� ˺
 Dopant� ˻

Wet�methods� ˼
 Pulsed�laser�deposition� ̊

 Aerosol-assis ted�chemical�vapor�deposition� ̋
 Atomic�layer�deposition� 6

 Sol-gel�electrophoretic�deposition� 7
 Hydrothermal� 8

Ag�and�Cu�doped�ZnO�nanowires:�A�pH-Controlled�synthesis�via�
chemical�bath�deposition
Amir Hossein Rakhsha, Hossein Abdizadeh, Erfan Pourshaban, 
Mohammad�Reza�Goloboఅanfard,�Valmor�Roberto�Maఅelaro,�Maziar�Montazeriane
Journal of Materialia, Volume 5, March 2019, 100212
March 2019

�Hp���Âeل��|ه��fÀ¯��fÀ��:و�¿¬�ه��»�Z]دوپ��|ه��OnZ�ÕZÅ�ºÌ�Â¿Z¿
�1ÖیZÌ¼Ìم��Z¼u�Ö¿Z�¿�ÄیÓروش��Z]|Ì
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¿�Â¿ZــNWAs(�ÕZÅ�ºÌ(�ا¯�ــÌ|�رو�p-type�Õدوپ��ــ|ه�[ــ�ZÀ��Zــ��¿¬ــ�ه� Äو�دوپ�¯ــ�دن�آرایــ��fÀــ�
�|Ìا¯�ــ�ÕZÅ�ºÌــ�Â¿Z¿�Äآرایــ��fÀــ��،Äــ ·Z�»�¾در�ایــ��dده�ا�ــÂن�[ــZــ¬¬v»�Õــ�ا]�Öــ�·Zqا«ــ�وز��Äــ]�Zــeو�«ــ��
رو�Õدوپ��ــ|ه�در�یــ®�§�ایÀــ|�¯fÀــ�ل��ــ|ه��Âeــ���pHدر�«Ìvــ��آ[ــÌ¬ve�Öــ�ªو�[�ر�ــ��Öــ|��¿nÌfــ�Äایــ¾�

��ÕZÅدوپ��ــ|ه�[ــ�ZÀ��Zــ��«ــ��و�¿¬ــ�ه�[ــÂد�� Ì¬veــª،�ر�ــ|�«Â§ــ�ªآرایــ�Â¿Z¿�Äــ

�

ــ�³�Zــ�fش�¿ÌــZز��À ــ�d[ــÌ·Âe�Äــ|�»� ــZت�ا·°�fی°ــ�Ö¯ــÂe�Äا¿Zیــ�ÖذÌyــ�ه��ــZز�Õ[ــZر�ا·°�fی°ــ�Öرا� ]
دار¿ــ|،�¿�Ìــ��Zyزن�Åــ�Zو�ÌÀr¼Åــ¾�د�ــZ´fهZÅی�Ö¯ــ�Äایــ¾��mیــZن�ا·°�fی°ــ�Öرا�[ــ�³�Ä«ــe�Z^|یــ¶�«ــÀÀ¯�Öــ|؛�
ــ®�و�»�^ــ��a~یــ��Õ«ــÂاد� ــ�Âو���ÀــÂر�mÂe�،ZÅــ�Ä[ــ��Äــ¼y�dــÂاص��Ìaوا·°�fی «À¿Zــ|�د�ــZ´fه�Z»�ÕZÅی°�ووی
ــ�À»�ÄــÂر�ا�ــZ¨fده�در�Å�¾¨¸eــÅ�ÕZ¼ــ�اه� ــZت�در�«¬ZÌس�ÅــqÂ¯�ÕZــ®�[ ــ¾�»�  ــ|�ای Ì·Âe�dــÌ¼Åــ\��ــ|��ا ¸m
ــ�د��از� ــ�،�و�« �ــÂف�¯ Ì�¿�®ــ ــZزک�§�وا·°�fی ¿�ÕZــ Å�ÄیÓ�d¼ــ��Äــ ــZن�را�[ ¬¬v»�Äــ mÂe�Öــ ــ�ÕZا·°�fی° Åو�[�د
�Õد�dــ]Zi�¶ــÌ·د�Äــ]�Äــ m¼¸ــ�Ä«ــÂاد�§�وا·°�fیــ®��ــ��ÄfyZÀــ|ه�در�ایــ¾�ز«ÀÌــ�Â»�ÄــÂم�[ــ�PZT1�Ä«ــ�Z]�Öــ|̄�
�Äــ �̄dــ\��ــ|ه�ا�ــmÂ»ب�Âــy�2ÕرÂــ¿-Ö°ی�f°·ب�و���یــ\�اÂــy�®یــ�f°·وا�Ìa�\ر�[ــ�رگ،���یــZÌیــ®�[�ــ�f°·ا

ــ��«ــÂرد�[�ر�ــ�Ö»�ارÌ³ــ�د� Ìyا�ÕZÅل�Zدر��ــ
ــ|� Ì·Âe�FTO4�ÕZÅ ــ �Ì��Õــ��رو ــ¶-ژل�3[ ــ�Äروش�� ]�PZTزک�Zــ ¿�ÕZــ Å�ÄیÓ�،ــ��رو Ìa�Äــ ·Z¬»در�
�ــ|ه�ا¿ــ|�و�[ــ�À»�ÄــÂر��uــÂل��ــZfyZر�¯�ی�ــ�ZÀ»�Ö·Zfــ\�و�[ــ|ون�eــ�ک،��ــ�ای���¼¸ÌــZت��uارeــfz»�Ö¸ــ¦�

�dا�ــ�Äــf§�³ــ�ار�«�Öو�[�ر�ــ�ªــÌ¬veرد�Âروش��ــ¶-ژل�«ــ�ÕZــÅ�f»راZaو�

Lead�Zirconate�Titanate� ˺
Electro-Optic�Coe൶cient� ˻

Sol-gel�Process� ˼
glass�Àuorine�doped�tin�oxide� ̊

Sol–gel�synthesis�of�PZT�thin�¿lms�on�FTO�glass�subဧrates�for�
electro-optic�devices
Ali�Shoghi,�Hossein�Abdizadeh,�Amid�Shakeri�&�Mohammad�Reza�Goloboఅanfard
Journal of Sol-Gel Science and Technology volume 93, pages623–632(2020)
September 2019

OTF�ÄیÓزی��Õروش��¶-ژل�[��رو�Ä]�TZPزک�Z¿�ÕZÅ�º¸Ì§��fÀ�

�°¶�Â�e�)4ی���¼�dچ`:�Â�eی���FESEMآرای�ÕZÅ�ºÌ�Â¿Z¿�Äا¯�Ì|�رو�Õدوپ��|ه�[�Z¿¬�ه�و�
Ä¿Â¼¿ن�Z¼Å�HRTEMی��Â�e�:dرا��d¼ی���Â�e
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�Öــ ــ|�و�mــ~اب�« ــ^m�ًZf|ی ــ®�¿� ÌÀ°e�®ــ ــ��1ی ¼Ì¸aــ|ه�از� ��ªfــ �»�Ö°Ì»ــ�ا ��ÕZÅرZfyZــ ــZد�� nای
�ًÓÂــ\�)« ¼ــ�ZÀ»ص�و�Zــyــ�ای����dــve�Õــ�¼Ì¸aت�Zــ^Ì¯�eاز��Öــ� ]�Öــeار�u�Äیــ�ne�Zــ|��در�ایــ¾�روش�[ــ�Z]
ــ¶� ــ�ا«e�Ö°Ì^|ی ــZت�� ^Ì¯�e�Äــ ]�Õــ�¼Ì¸aت�Zــ ^Ì¯�e�¾ــ ــ�Ìن(،�ای ــ|�ا¯� «Z§��¨ــ �¼eا�Zــ ــ�ای��yــÔء�و�ی در��
�،Ö·Zfــ ــÂرف�و�¯�ی� ــZfyZر�ÕZÅآ« ــ|�� Ì·Âeآن�در��Öــ ــÂe�Äا¿Zی ــÂان�[ e�Öــ ــ¾�روش�« ــ�ÕZای ــÂ¿|��از�«�ای ��Öــ »
ــ|�در� Åد�Öــ ــZزه�« mا�®Ì»ــ�ا ��Äــ ]�Äــ ــ¾�¯ ÌیZa�Äــ ــ�ne�ÕZی ــÖ،�د« ¼eا�tــ� ــZfyZر�ی°ÂÀاyــ�dدر�� ــZد�� nای
ــ|� ــZت�m|ی ^Ì¯�e�¶Ì°ــ �e�Öــ ــ¾�Âeا¿Zی ÌÀr¼Åد�و�Âــ ــZد�� nــ��ای f¼¯�Äــ Àی�Å�Äــ nÌf¿ــ��و�در� eدل�Z f»ــ�ای���
ــ|� ــZت�«�fا¯ــ�ºا�ــZره�¯ــ�د��ÌÀ§ZÅــÂم�دÂ]�Õرای  �«�Zــ ــ�Âa�،Zــ�ZÅ�Äfو�ی Å�^Ì§ــ�� Ì�¿�Õــ|ه�ا ÌrÌa�ÕZÅ�¶°ــ��Zــ ]
[ــ�Äوا�ــ��Äد«ــ�ÕZذوب�[ــÓZ،�ر�ــZ¿ZیZ»�³�Öیــ�Ö[ــÓZ،��ــ�Öfz[ــ�ÓZو�«ــ|ول�ا�Óــy�®ÌfــÂب�)GPa�480(�در�
Å�Ö³ــfÆ]�ÕZــ�y�]�ÕــÂردار�ا�ــd���ــZfyZر�«�و«z¸zfــ¶� «¬Zی�ــ�Ä[ــ��ZــZی���ــ�ا«�ÕZÅ�®Ì§ــÂق�د«ــ�Z[ــ�ÓZاز�وی
ایــ¾��ــ�ا«mÂ»�®Ìــ\��ــ|ه�ا�ــ�d¯ــf]�ÄــÂان�از�آن�در�¯Zر[�دÅــm�ÕZ|یــ|�د«ــ�Z[ــÀ¿Z»�ÓZــ|��¨vــZت�mــZذب�
�Äــ¯�d�³§ــ�ÄــnÌf¿ان�Âــ e�Öــ ــÂاد�« ــ¾�د�ــ�Äfاز�« ــZب��Ì¨ــ�Öای eزZ]ه�|ÅZــ�»�Zــ ــ�Õ|Ìا�ــZ¨fده�¯ــ�د��[ Âyر�
�Ö^ــ�ZÀ»�¶ــ Ì·ق،�دZــ eا�ÕZــ ــ�2Zدر�د« Å|Ì]رZ¯ن�Â°Ì¸Ìــ��Zــ ]�Äی�ــZ¬»در��Zــ Åب�آن�Zــ eزZ]ــ�ان� Ì»دن�Âــ ــ��[ e�¾ÌیZa

�dا�ــ�Õ|Ìر�ــÂyت�Zــv¨در���ZــÅده�از�آن�Z¨fا�ــ�Õــ�ا ]
·ــ~ا�در�«�Z· ــZت�Ìaــ��رو�[ــÆ]�Zــ�ه�Ì³ــ��Õاز�اiــ���¼¸ÌــZت��uار�Öe[ــ��روÂ»�Õر§Â·ــÂژ�Õو�«Ì°�و�ــZfyZر�
�¨vــZت،�[ــÌ·Âe�Äــ|�یــ®��ــZfyZر�«�ZÀــ\�[ــ�À»�ÄــÂر�ا�ــZ¨fده�در��¨vــZت�Âyر�ــ�a�Õ|Ìداfyــ��Äــ|���¼¸ZÌت�
�uارeــ�ZÀ»�Öــ\�«mÂــ\�[ÀÌÆــ��ÄــZز�Õ»�ــ��¿Z§Â¿Zی^�ÅــÌ¿�ÕZ¼ــz¸zf»�Äــ¶Ì»�،3ــ�ان�¯�ی�ــ��Ö·Zfــ|ن�و�»�ــ��

«�Âfــ��Å�¶z¸zeــ�Z«ــ��ÖــÂد�

(Polymer-Derived�Ceramic�(PDC� ˺
(Silicon�Carbide�(SiC� ˻

Mesoporous�nano¿bers� ˼

Hafnium�diboride�nonwoven�mats�with�porosity/morphology�tuned�via�
di൵erent�heat�treatments
Raziyeh Ghelich, Mohammad Reza Jahannama, Hossein Abdizadeh, Fatemeh Sadat Torknik 
Mohammad Reza Vaezi
Journal�of�Materials�Chemiఅry�and�Physics,�Volume�248,�1�July�2020,�122876
July 2020

�Ì»��fÀ°�و�ZخZfرÂÌÀ§ZÅ�ÕZÅم�دÂ]�Õرای|�[�ا�Õا�Z¨fده�در�ص¨Zvت�خÂر��Õ|Ìو�
¶z¸zeو��ÕژÂ·Â§رÂ»�Õرو��]�Öeار�uت�ZÌ¸¼���ÌثZe
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�Äــ ــ|ن�[ ]�Öــ �ÂÀ�»�Zــ ــ�Zا�� ــÂر�ZÅو�ی �Àــ��� �Âa�|ــ À¿Z»�Öــ ــ�اZ¯�Õر[�دZÅی ــ�وز�[ ــ|رن�ا« »�ÕZــ Ì¿د
�،Zfــ ــ¾�را� Ì¼Åو�در��dــ ــ|�ا� À»زZÌ¿�،|Àــ �Z]�Äfــ ــ��را�دا� ¼yــ��و� y�q�dــ Ì¸]Z«�Äــ ــ¦�¯ � À»�Öــ ا[�ارZÅی
Ì¬ve¬ــZت�و�ــ�Ö Ìدر�ایــ¾�ز«ÀÌــ��ÄــÂرت�f§�³ــ�Äا�ــd���ــÔوه�[ــ��ایــ¾�د�ــZ´fه��ÕZÅا¿ �ــZف�a~یــ��ذÌyــ�ه�
�Öــ°Ì¿و�f°·ــ¦�ا¸fz»�ÕZــÅر[�دZ¯ن�را�در�Zــ¬¬v»ت�Zــ ·Z�»از��Öــ¼Ìــ����z]ــ��Ìyا�ÕZÅل�Zدر��ــ�Õــ|ه�ا¿ــ�ژÀÀ¯
�Õــ�ژ ــ|ه�ا¿ ÀÀ¯ــ�ه� Ìyذ�ÕZÅه�Z´fــ ــÂاع�د� ــ¾�ا¿ ــ�Öاز�«�e�ºÆی ــ�1Zی° Åزن�Zy�]ا��dــ ــZص�داده�ا� �fyد�اÂــ y�Äــ ]
[ــÂده�و�[ــmÂe�Zــ�Ä[ــ�Äایــ¾�Ì�Â�yــ�d¯ــ�ÄذÌyــ�ه��ــZز�Õا¿ــ�ژ�Õدر��ــ��tرخ�«ــ�ÖدÅــ|�و�[ــ�Z§�آیÀــ|�ا¿�fــZر�در�
�ZــÅد��ایــ¾�³ــ�وه�از�ا[�ارÂــ��Öــ»�Äــf§�³ــ|رت�در�¿�ــ��«�a�ºfــ�Ì��®ان�یــÂــÀ��Äد،�[ــÂــ��Öــ|ود�¿¼ــv»�Õــ�eZ]
ــ�ه� Ìyذ�ÖــfÌ·و�f°·ا�ÕZــÅزن�Zy�Äــ ]�d^را�¿�ــ�Õ�fــ�Ì]�Õــ�ژ ــ��ا¿ ــ|�100-�10[�ا[ À¿اÂe�Öل�«ــÂر�« ¼ــÂــ��Äــ ]
¯ÀÀــ|؛��ــZرژ�و�د�ــZرژ��ــ|ن�آن�Åــ��Zــ�ی����eاe¨ــZق�«ــ�Öا§fــZد�و�ÌÀr¼Åــ¾�Âeا¿Zیــve�Ö¼ــ¶��ــ��ÕZÅ�¶°ÌــZرژ�

ــ|� ــ¶��ــZرژ�دار¿ ]Z«�ÕZــÅ�Õ�eZ]�Äــ ]�d^را�¿�ــ�Õ�fــ�Ì]رژ��ــ|ن�Zو�د�ــ
در�«ÌــZن�ا[�Zyزن�Åــ�ÕZ[ــ��Zaیــ�Ä¯�[ــ¾،��³ا§ــ¾�از���§Ìــ�dذاeــeÓZ]�Öــ�y�]�ÕــÂردار�ا�ــd��ایــ¾�آ·eÂــ�وپ�
�Öــeار�u�،ÕرÂــ¿�،ÖئZÀjfا�ــ�Öــ°Ì¿و�f°·اص�اÂــy�Äوا�ــ��Äــ]�،Äــf§Zش�ی�fدر�دو�[ ــ|��³ــ�Äــ¾�¯ــ]�¯�ÄیــÓ�®ــe
و�«°Ì¿Z°ــ�Ö¯ــ�Äدارد�ÆmÂeــZت�زیــZد�Õرا�[ــy�ÄــÂد�m¸ــ\�¯ــ�ده�ا�ــd��ایــ¾�«ــZده�[ــ�Äوا�ــ�Ì»�Äــ�ان�[ــZر�»Z[ــ¶�
�ÕZــÅو�ا[�ار�ZÅ�dــ�Ì·ZeZ¯�،ZÅر�Âــ�À��|ــÀ¿Z»�ÕدZزیــ�Öــ°Ì¿و�f°·ا�ÕZــÅر[�د�Z¯در��،ÓZویــ�ه�[ــ�tو��ــ��ÓZــ¶�[ــ¼u
ــe�Z¼ــZم�ایــ¾�او�ــZف�[ــ�Äد·Ìــ¶���§Ìــ�d[�ــZÌر� ]�Zــ�د؛�ا«ــÌ³�Öده�»ــ�ار�«ــZ¨fرد�ا�ــÂــ»�Õــ|ه�ا¿ــ�ژÀÀ¯ــ�ه�Ìyذ
�،dــÌ§د�و�ا§�ایــ����Âــ^Æ]ر�Âــ�À»�Äــ|��·ــ~ا�[ــ�Z]�Öــ\�¿¼ــ�ZÀ»�ZــÅزن�Zy�]ده�در�اZ¨fا�ــ�Õدارد�[ــ�ا�Äــ¯�ÖــÀÌیZa
�Äــ]��dد��ــ|ه�ا�ــZÆÀــ�Ìaــ|،�و�À¿Z»�Õــ�¸§�|Ìــ°¶�از��³ا§ــ¾�و�یــ®�ا¯�ــ�f»�Öــ^Ì¯�eر�ZfyZده�از�یــ®��ــZ¨fا�ــ
د·Ìــ¶�ایــ¾�¯ــ�Äاز�¿�ــ��«Ìvــ��زی�ــ�Öf¯ــe���y�ºــ��[ــÂده،��ÅیÀــf¼¯�Äــ��Õرا�ا�¼ــZل�«ــÀ¯�Öــ|�و�ÌÀr¼Åــ¾�در�

د�ــ�fس���eا�ــd،�«ــÂe�Öا¿ــ|��³یÀــ�ZÀ»�Äــ^�Ö[ــ�ا�Õایــ¾�«�ÀــÂر�[�Zــ|�
��eن�Zآ�ــ�ZــÅی��روش�Zــ��Äــ]�d^ــ�¿�Äــ¶-ژل2،�¯ــ��Ö¿Zــ�¿�ÄیــÓاز��Õــ�Ì³ــ�ه�Æ]�Zــ��رو�[ــÌa�Äــ ·Z�»در�
و�¯ــ�Å�ºیe�ÄÀــ��ا�ــd،��ــZfyZر��ــZ¿|وی��ÖrــÓ�¶»ZیÅ�Äــ�ÕZ«�و«z¸zfــ¶�ی°ÂÀاyــ�d/��³ا§ــ¾�/�«�و«z¸zfــ¶�

ی°ÂÀاyــ�dایnــZد��ــ|�

Supercapacitors� ˺
Sol-Gel�Deposition� ˻

Flexible�supercapacitor�electrodes�based�on�TiO˻/rGO/TiO˻�sandwich�
type�hybrids
Paraఅoo�Agharezaei,�HosseinAbdizadeh,�Mohammad�Reza�Goloboఅanfard
Journal of Ceramics International, Volume 44, Issue 4, March 2018, Pages 4132-4141
March 2018

TiO2/rGO/TiO2�ÄیZa��]�ÄیÓ�Ä��Õ|ی�^ÌÅذی��aف�Z� ¿زن�اZا[�خ�ÕZÅود�f°·ا
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�°¶�Â�e�)5ی���¼�dرا�Â�e�:dی��ور»�³�Äا§¾�و�Â�eی���¼�dچ`:�Â�eی���FESEMاز�«¬���
TiO2/Graphene/TiO2ذی��aف�Z� ¿زن�اZا[�خ�Öض��
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ــ¾� ــ®�Zmی´�ی ــ��«�vــÂب�«��ÖــÂد�و�ی ــ�ژne�Õ|ی|a~ی ــ¶�mÂeــ�Äا¿ ]Z«ــ�� ]ZÀ»از��Ö°ی�Õ|Ìر�ــÂy�Õــ�ژ ا¿
«�ZÀــ\�[ــ�ا��Õــ�ÕZÅ�dyÂ§�ــÖ¸Ì،��ــZÅ�dyÂی�Ö¯ــ��ÄــÔوه�[ــ��ایnــZد�«�ــ°Ôت�[��Öــ¼Zر�«Ìvــ��زی�ــ�Öfرو�
ــÌ¼Å�Äــ¾�Æmــ�dدر��ــZل��ÕZÅاÌyــ���aوÅ��ÅــÆm�Zــ�dا�ــZ¨fده�از�ایــ¾�ا¿ــ�ژ�Õدر� [ــ�Äاe¼ــZم�ا�ــ�Z]�Ö»�،dــ|��[
�Öــ»Âf¿اÂ¯ط�Zــ¬¿�Õ|Ìر�ــÂy�ÕZÅل�Â¸ــ���dــ|ا�¯ــ�ده�ا�ــÌaش��f�³ــ�Õ|Ìر�ــÂy�ÕZÅل�Â¸ــ|��ــÌ·Âe�Zس�[ــ�fد�ــ
�3)DSCs(�Öــ ــ�Õ|Ìآ· ــ¸Âل�Ây�ÕZÅر� ��،2)DSSCs(ر�Âــ ¿�Äــ ــZس�[ �u�Õ|Ìــ ــ¸Âل�Ây�ÕZÅر� ��،1)QDSCs(
ــ�À»�ÄــÂر� ]�Äــ ¯�|Àــ�Z]�Ö»�Öــ ــ�Äروش�ZÅی ¸¼m�4از�)PSCs(�dیZ°ــ ــ�a�Äو� ــ|�Zaی ــm�Õ|Ì|ی ــ¸Âل�Ây�ÕZÅر� و��
�ÖfیZ°و�ــ�aاد�Âرود�«ــ�Öــ��«ــÌa�Âــ¸m�d¼ــ��Äت�[ــZــ ·Z�»�Äــq�Å��|ا¿ــ�Äf§Zش�ی�fــ|ف��³ــÅ�¾ایــ�Äــ]�Ö]Zی�dد�ــ
ــÂاد� ــ�Zا�ــZ¨fده�از�« ــ¾�[ ÌیZa�ÕZــ ــ¾�uــ¶��ــ|ن�در�د« ÌÀr¼Åر�و�Âــ ¿�Õده��fــ~ب��³ــm�Öــ ــ�Äوا�ــ�Âe�Õ�Äا¿Zی ]
�ÕZÅر�ZfyZــ ��Äــ ¯�Öــ ¿Z»ــ¾�ز Ì·از�او��|Àــ ــ��«�Öر� �¿�Äــ ــ��[ eب�Â£�»و���e�\ــ�ZÀ»�،|ــÌ·Âe�Õ�Äــ ارزان�در��ــ�a�Öو�
ــÀ��ÄــÂان��¨vــZت�mــZذب�در� ]��bــ|¿|�و��ــ��Öــ§� »�Õ|Ìر�ــÂy�ÕZ ــ�ا�Õا�ــZ¨fده�در��ــ¸Âل ]�ÖfیZ°و�ــ�a
�ــ¸Âل��ZÅ«ــÂرد�ا�ــZ¨fده�»ــ�ار�Àf§�³ــ|،�[ــZزده�e^|یــ¶�¿Ìــ�و�)ÆÀe�5)PCEــ�Zدر�«ــ|ت�ز«ــZن��ــ���ــZل�از�14.1 
�Äن�[ــZــ¬¬v»�ÄــmÂe�Zــe�|ــ\��ــmÂ»�d§ــ��Ìa�ÕÓZایــ¾�¿ــ�خ�[ــ��dا�ــ�Äــf§Zا§�ای��ی�Ϊ�25.2درصــ�Äــ]�Ϊدرصــ

�ــ¸Âل�Ây�ÕZÅر�ــ�a�Õ|Ìو�ــ°Zیm�Öf¸ــ\��ــ|ه�و�Ì¬ve¬ــZت�و�ــ�Ö Ìرا�در�ایــ¾�ز«ÀÌــ�Äآ£ــZز�¯�د¿ــ|�
��¼m�¶ÌÆــ�e�ªاز���ی�PCEرا�در�ا§�ای���Öــ�Z�6¿¬ــ��ا�)ETL(ــ�ون�f°·ل�اZــ¬f¿ا��ÄیــÓ�ZÅل�Â¸در�ایــ¾��ــ
�ÕZÅل�Â¸در��ــ�ETLان�ÂــÀ��Äان�[ــÂــe�Ö»�Äــ¯�Õــ�¸§�ÕZÅ|Ìم�ا¯�ــZــ¼eن�ZــÌ»ــ|��از�À¯�Ö»�Zای¨ــ�Öی°ــ�f°·راZ]�Õآور
pho- ــZده ــ¾�« �e�\�Zz»�aی ــÂان À��Äــ �Âyر�ــ�a�Õ|Ìو�ــ°Zی�Öfا�ــZ¨fده�¯ــ�د،�¿Å�Ä¼ÌــZد�Õا¯�ــÌ¿ZfÌe�|ÌــÂم،�[
��dا�ــ�Äــf§�³ار�«�Äــ ·Z�»رد�Âدارد�«ــ�Äــ¯�Öــ]Ây�ÖیZÌ¼Ìو��ــ�Öی°ــ�f°·ا�،ÕرÂاص�¿ــÂــy�Õ�Äوا�ــ��Äــ]�toanode
در�Ì¼Åــ¾�uــZل،�¿�Â¿ZــZfyZرfz»�ÕZÅ¸ــ¦�¯�[ــ¾،�«�Â�zــ�³�Zا§ــ¾�و�¿Å�Ä·Â·Â¿ZــÀ]�¯�ÕZــCNT(�Ö(�7[ــ��ÄــÂرت�
�³ــ�fده�«ــÂرد�[�ر�ــ�Ö»�ار�Äf§�³ا¿ــ|�و�[ــ�Äوا�ــ���Õ�ÄــZfyZر�yــZص�و�yــÂاص�¿ــÂر�Õو�ا·°�fی�ــZن�¿ــÆÀe�Äــ�Zدر�
�ــ¸Âل�Ây�ÕZÅر�ــ�Õ|Ì[¸°ــ�Äدر��Ìــ¦�و�ــ�Ö Ìاز�ÂÀ°e·ــÂژ�Õاز�m¼¸ــ�Ì·ZeZ¯ÂeÂ§�ÄورÅــ�À��،ZــÂرZÅ،�ا[�Zyزن�Åــ�Zو�
�ÕZــÅ�Ä·Â·Â¿Z¿�،ÖــÀ]� �̄ÕZÅرZfyZــ�Â¿Z¿�Õاص�ذ¯ــ���ــ|ه�[ــ�اÂــyوه�[ــ��Ôا¿ــ|���ــ�Äf§� [Å�Õ�eZــ�Z«ــÂرد�ا�ــZ¨fده�»ــ�ار
�dــÆm�¾ــÌ¼Å�Äــ ]��|Àــ�Z]�Ö»�ÓZــ ــZر�[ ]�Õــ�ه� Ìyذ�dــÌ¸]Z«�¾ــ ÌÀr¼Åو��Öــ ·Z��Öی°ــ�f°·ا�ÖیZ¿Zر�ــ�Õدارا�ÖــÀ]�¯
ــZور�ر�ــÌ|¿|�¯ــÌ¨¸e�ÄــÅ�Ä·Â·Â¿Z¿�ªــÀ]�¯�ÕZــ�Öو،�را¿|«ــZن��ــ¸Âل�Ây�ÕZÅر�ــ�Õ|Ìراا§�ایــ�� «v¬¬ــZن�[ــ�Äایــ¾�[

«�ÖدÅــ|��[ــ��ÄــÂر�«�ــÌ¨¸e�Ä]Zــ�³�ªا§ــ¾�و�¿Ìــ��«mÂــ\�ا§�ایــ��
ــ��Ö»�Õ|ÌــÂد� ــ¸Âل�Ây�ÕZÅر� ��Õــ�ه�ور Æ]

�ÖــÀ]�¯ر�ZfyZــ��دو��ــÅ�Äا§ــ�ودن�[ــ�Zــ��[ــÅو�a�¾در�ایــ
ــZزک�«�و«z¸zfــ¶� ــÂار�¿ ــ®�¿ ــ¾�و�ایZnد�ی ]�¯�Äــ ·Â·Â¿Z¿ــ¾�و� �³ا§
�Õ|Ìر�ــÂyل�Â¸ده�از�آن�در��ــZ¨fو�ا�ــ�Öــeار�u��fÀــ®��ــ¼¯�Äــ]

�dــ§Zد��یÂــ^Æ]�Õــ�iÂ»ر�Âــ��Äن�[ــZرا¿|«ــ�،ÖfیZ°و�ــ�a

Quantum�Dot�Solar�Cells� ˺
Dye�Sensitized�Solar�Cells� ˻

Organic�Solar�Cells� ˼
Perovskite�Based�Solar�Cells� ̊
Power�Conversion�E൶ciency� ̋

Electron�Transport�Layer� 6
Carbon�Nanotube� 7

Hybrid�1D/2D�Carbon�Nanoဧructure-Incorporated�Titania�
Photoanodes�for�Perovskite�Solar�Cells
Aida�Amini,�Hossein�Abdizadeh,�and�Mohammad�Reza�Goloboఅanfard
Journal of ACS Applied Energy Materials 2020, 3, 7, 6195–6204
June 2020

ÖfیZ°و��a�Õ|Ìر�Âخ�ÕZÅل�Â¸��ZÌ¿ZfÌe�|¿آÂeÂ§�Ä]ه�|��Ä§Zاض�ÖÀ]�¯�Õ|ی�^ÌÅر�ZfخZ�Â¿Z¿
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�°¶�ÌeZ¼��)6®�§�ایÀ|�ا¿Z¬fل�[Zر�در�§ÂeÂآ¿|�
TiO2-CNT-graphene
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�
�Äــ ــZد�Õرا�[ ــZت�زی ÆmÂeــ�� Ìyا�ÕZÅلZــ ــDSSC(�²(1،�در�� ــ�Äر¿ ــZس�[ �u�Õ|Ìــ ــ¸Âل�Ây�ÕZÅر� �
وا�ــ��Õ�Äرا¿|«ــZن�¿�ــ^�Zf[ــ�Å�،ÓZیÀــ��Õ�Äــ�dyZ¯ــÂe�،ºا¿Zیــ��Ö¼¸°ــ�د�در�Åــ��دو�¿ــÂع�¿ــÂر�«�ــ�ºÌ¬fو�zaــ��
ــ�ده�ا�ــd��[ــ�Zایــ¾�uــZل�ا§�ایــ�� �ــ|ه�و�ا¿ �ــZف�a~یــ��Õدر��ــ°¶،�ر¿ــ�²و�«Ìــ�ان��ــ¨dÌ§Z،�[ــy�ÄــÂد�m¸ــ\̄�
�Õ�ÄــÀ»و�دا�dــÌ·و�f°·ت�اZ¿Zــ�Â¿�¶ــÌ^«از��ÖeÔ°آ«ــ|ن�[ــ��«�ــ�ªئــZ§�Äز�[ــZــÌ¿�ZÅلÂ¸ایــ¾��ــ�Õیــ|ارZaن�و�Zرا¿|«ــ

ــ®�«�Z]�Öــ|� mــ~ب�e¬�ی^ــZ]�Zری
�ÕÓZــ ــZن�[ ــ��Õ�Äرا¿|« ــ�Äوا� ]�2)QDSC(م�دات�Âــ f¿اÂ¯�²ــ ــ�Äر¿ ــZس�[ �u�Õ|Ìــ ــ¸Âل�Ây�ÕZÅر� �
�dان�[�دا�ــÂــÀ��Ä�3[ــ)QD(م�دات�Âــf¿اÂ¯��|ــ�ده�ا¿ــ ــ�Äدار¿ــ|�mÂeــ�ÄزیــZد�Õرا�[ــy�ÄــÂد�m¸ــ\̄� �̄Õیــ¶�ا¿ــ�ژ|^e

:|Àــ �Z]�Ö»ــ�� ــ�ÕZزی Å�Ö³وی��Õدارا�ZÅل�Â¸ــ ــ¾�� ــÂر�در�ای ¿�ÕZــ Åه�|ÀÀ¯
�  ÓZ]�Ö·Â»�Ö�Â»Zy�\ی��
�  ºÌ�Àe�¶]Z«�`³|¿Z]�Õا¿|ازه�
� Âeا¿Zی�Öا�Z¨fده�از�ا·°�fون�داغ 

[ــ�Zایــ¾�uــZل�[ZزدÅــ�Öایــ¾��ــ¸Âل�e�ZÅــÀ¯�ZــÂن�[ــ�5.6�Äدرصــ�Ϊر�ــÌ|ه�ا�ــ�d¯ــ�Ä[ــ�À»�ÄــÂر�ا§�ایــ��
»Ì¸]Zــne�dــZر��ÕــZز�Õآن�ÅــZ]�Zیــ|�ا§�ای��یZ[ــ|�

QD�ªــÌ¼ذ��Âر�¿¨ــÂــ�À»�Äــ]�Äــ¯�dا�ــ�ZــÅــ¶�آن�z¸zf»�ÕژÂــ·Â§رÂ»�ZÅه�Z´fــ°¶��¼ــ|ه��ایــ¾�د�ــ�»
�Äــ ÀÌÆ]�|ــ ــ|�[Zی ــ�Öدار¿ ــ�ÕZ[�ر³ Åــ�²ا¿|ازه� ــ�ÕZر¿ Åل�Â°·Â»�Zــ ]�Äی�ــZ¬»در��Äــ ¯�4)QR(�Õا�Äــ ¸Ì»و�و�ذرات��Zــ Å

�ــZز��ÕــÂد�

Dye�Sensitized�Solar�Cells� ˺
Quantum�Dot�Sensitized�Solar�Cells� ˻

Quantum�Dots� ˼
Quantum�Rods� ̊

Tandem�ဧructured�quantum�dot/rod�sensitized�solar�cell�based�on�
solvothermal�synthesized�CdSe�quantum�dots�and�rods
Mohammad�Reza�Goloboఅanfard,�Hossein�Abdizadeh
Journal of Power Sources, Volume 256, 15 June 2014, Pages 102-109
June 2014
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¦¸fz»��¾�Â·در�دو�رزو�CdSe�\Ì¯�e�QRsو��QDsاز��HRTEMی��Â�e�)7�¶°�
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�Zــ]�QRو��QD�|ــÌ·Âe�Äــ]�Äــ·Z¬»�¾در�ایــ
ــ|ازه،��ــ°¶�و�§ZزÅــ�ÕZ¯�ی�ــfz»�Ö·Zf¸ــ¦�از� ا¿
��یــ�ªروش��ــZ»�eÂ·Âل�a�1داfyــ��Äــ|��در�ایــ¾�
روش��ــ°¶�و�§ــZز�¯�ی�ــ�Ö·Zfذرات�Ì·Âeــ|��ــ|ه�
�ªریــ�eم�Âــ��از�روش�«��ــeــ�ل�fÀ¯�¶ــ]Z«ر�ZÌــ�]

ــ|� �Z]�Ö»�2ــ�م ³
ـÌÀr¼Å�Äــ¾�[ــv¿�ÄــÂه� در�ایــ¾�«¬Z·ـ
�ÕزZا�ــ|mروش��Äــ¶�[ــz¸zf»�ÕZــÌ¿ZfÌe�|ــÌ·Âe
ــZد�Õدر� ــZل�زی ¿Z¯ــ�ات�و� ¨u�Õدارا�Äــ ¯�ÕزZــ §
�QRو��QDــ~ب� mر�Âــ �À»�Äــ ]�Äــ ¿Â¼¿�tــ� �

ــ��Äــ|� fyدا�aــ�� Ì¿�|ــ �Z]�Ö»

Solvothermal�Method� ˺
Hot�Injection� ˻

Öض�����¬»�¾ÌیZaی��Â�e�.ZÌ¿ZfÌe�|¿آÂeÂ§از��FESEMوی��Z�e�)8�¶°�
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