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ABSTRACT 

 

       The simple fabrication process involving minimal material usage makes solution-

processed organic solar cell (Courses) devices very attractive for harvesting solar 

energy. However, production of these devices on a commercial scale has been slow due 

to their relatively low power conversion efficiency and stability problems. It is expected 

that these obstacles will be surmounted in the future with rigorous studies actively being 

done in this field of research. Besides, a complete understanding of some basic 

electrical responses of these OSC devices has not been achieved yet. Consequently, 

seeking for interesting materials suitable for OSCs application and understanding the 

materials contribution are of great importance especially when strategies are targeted for 

the enhancement of OSCs. Tris (8-hydroxyquinolinate) metals (Mq3) are well known in 

the fabrication of stable organic light emitting diodes (OLEDs) and also for their unique 

optoelectronic properties. Very recently, tris (8-hydroxyquinolinate) aluminium (Alq3) 

prepared by thermal evaporation has been used as a buffer layer and dopant material to 

improve the performance of OSCs. However, its employment in solution-processed 

organic solar cells is still rare. Little attention has been paid on the behaviour of this 

material when applied in organic solar cells. Therefore, benefiting from the properties of 

Mq3 and easy fabrication process of solution-processed organic solar cell, the current 

thesis is focused on characterizing the OSCs related physical properties of tris (8-

hydroxyquinolinate) gallium (Gaq3) and aluminium (Alq3) (as representatives of the 

Mq3 materials) and then applying them in solution-processed organic solar cells. The 

solution-processed OSC devices are based on ternary bulk heterojunction structure 

(three components blended all together) of dihexylisexithiophen/Mq3/methanofullerene 

(DH6T/Mq3/PCBM). The optoelectronics, spectroscopic, electrochemical, structural, 

morphological, and thermal properties of Mq3 materials are first investigated before 



 III

incorporating them into the photovoltaic active layers of the devices. From the analysis 

of physical properties of Mq3 materials as well as the assessment on the electrical 

characteristics of the devices, this work suggests that Mq3 can be a good candidate to be 

applied in solution-processed OSCs. The photovoltaic and electrical characteristics of 

the devices demonstrated that the photocurrent, open circuit voltage, and the 

performance of the devices have improved by approximately six times compared to the 

devices without Mq3 incorporation. The basic contribution of Mq3 materials for this 

improvement is believed to originate from the increase in the number of exciton 

generation and their dissociation into free charge carriers. This can be due to the 

enlarged area of the donor-acceptors boundaries between each of the DH6T/Mq3 and 

DH6T/PCBM moieties, thereby broadening the absorption of photons. Next, Mq3 

incorporation can result in the stabilization of the mobility of the charge carriers within 

the DH6T donor and Mq3/PCBM acceptors producing a balanced transportation for the 

holes and electrons. The results indicated promising approaches for Mq3 materials to be 

applied in solution-processed OSCs as incorporation of Mq3 into the devices active 

layers considerably enhanced the overall performance and reproducibility of these 

devices. 
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ABSTRAK 

 

      Peranti sel suria organik (Courses) berasaskan larutan sangat menarik bagi 

menghasilkan tenaga suria kerana melibatkan penggunaan bahan yang minima melalui 

suatu proses pembuatan yang mudah. Walaubagaimanapun, penghasilan peranti ini pada 

skala komersial amat perlahan disebabkan kecekapan penukaran kuasa yang rendah 

secara relatifnya dan masalah kestabilan peranti.  Tetapi, apabila kajian penyelidikan 

yang rapi dalam bidang ini digiatkan, dijangka halangan ini akan dapat diatasi pada 

masa depan. Pemahaman yang lengkap belum lagi dicapai bagi beberapa aspek asas 

elektrik dalam peranti OSC ini. Maka, pencarian bahan yang menarik dan sesuai bagi 

kegunaan OSC dan pemahaman terhadap peranan bahan, merupakan perkara penting 

terutamanya bagi mengatur strategi untuk meningkatkan prestasi peranti OSC.  Logam 

tris (8-hydroxyquinolinate) (Mq3) dikenali ramai dalam penghasilan diod pemancar 

cahaya organik (OLED) dan juga sifat unik optoelektroniknya. Baru-baru ini, tris (8-

hydroxyquinolinate) aluminium (Alq3) yang disediakan melalui kaedah  pemendapan 

terma telah digunakan sebagai lapisan penampan dan bahan pendop bagi meningkatkan 

prestasi peranti OSC. Namun begitu, penggunaan bahan ini dalam sel suria organik 

berasaskan larutan masih jarang dijalankan. Hanya sedikit perhatian yang diberikan 

kepada sifat bahan ini apabila digunakan dalam sel suria organik. Oleh itu, berdasarkan 

kepada manfaat sifat bahan Mq3 dan proses pembuatan yang mudah untuk 

menghasilkan sel suria organik berasaskan larutan, tesis ini ditumpukan kepada 

mencirikan sifat-sifat fizikal berkaitan dengan OSC, yang menggunakan tris (8 

hydroxyquinolinate) galium (Gaq3) dan Alq3, sebagai wakil daripada bahan Mq3, 

kemudian menggunakannya dalam pembuatan sel sel suria organik berasaskan larutan. 

Peranti dibuat berasaskan kepada simpang-hetero pukal ternari 

dihexylisexithiophen/Mq3/methanofullerene (DH6T/Mq3/PCBM). Sifat optoelektronik, 
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spektroskopi, elektro-kimia, struktur, morfologi, dan haba merupakan ciri awal yang 

dikaji sebelum bahan Mq3  digunakan sebagai lapisan aktif dalam peranti fotovoltaik. 

Hasil kajian ini mencadangkan bahawa Mq3 merupakan suatu bahan yang berpotensi 

untuk diaplikasikan dalam OSC berasaskan larutan, berdasar kepada analisa ciri fizikal 

bahan serta taksiran terhadap ciri elektrik peranti tersebut. Ciri fotovoltaik dan ciri 

elektrik peranti menunjukkan bahawa arus-foto, voltan litar-terbuka, dan prestasi 

keseluruhan peranti telah meningkat sebanyak kira-kira enam kali berbanding dengan 

peranti tanpa Mq3.  Sumbangan asas bahan Mq3 kepada peningkatan ini, dipercayai 

berasal daripada peningkatan bilangan eksiton dan pemisahan eksiton menjadi pembawa 

cas  bebas. Ini disebabkan kawasan sempadan penderma-penerima telah dibesarkan 

antara setiap komponen  DH6T/Mq3 dan DH6T/PCBM, yang akhirnya menyebabkan 

pelebaran bagi serapan foton. Kemudian, penggunaan bahan Mq3 telah menyebabkan 

angkutan antara lohong dan elektron menjadi seimbang yang berpunca daripada 

kestabilan mobiliti pembawa cas di antara  penderma DH6T dan penerima Mq3/PCBM. 

Keputusan kajian menunjukkan bahawa bahan Mq3 yang digunakan sebagai bahan 

lapisan aktif dalam peranti bagi pembuatan OSC  berasaskan larutan, mampu memberi 

peningkatan bagi prestasi keseluruhan serta kebolehhasilan-semula peranti ini. 
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