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中文摘要 

本研究之目的係以氮摻雜的方式，提高二氧化鈦光觸媒於可見光光催化之活

性。研究分成二階段性實驗，第一階段係以高頻電漿法，針對商用型二氧化鈦光

觸媒進行表面氮電漿改質，進而產生具有氮摻雜之二氧化鈦光觸媒；第二階段則

是利用高頻電漿輔助化學氣相沉積(RF-PECVD)技術以四異丙基鈦酸鹽(TTIP)做

為前驅物，並以氮氣分別作為電漿源以及載流氣體，將其沉積生長為 TiO2薄膜；

藉由控制改變不同的實驗參數以期盼能獲得具有相同氮摻雜的二氧化鈦薄膜，將

改質前後的光觸媒分別進行物理特性與化學成分之分析；並且利用氣相異丙醇搭

配紫外光及可見光的光源方式評估改質前後氮摻雜之二氧化鈦光催化活性。 

第一階段實驗結果顯示，以可見光 400 nm- 450 nm處的吸收度而言，在高

頻電漿環境下，其表面改質操作參數以電漿輸出功率：300 W、改質溫度：400℃、

氮氣流量：700 sccm及電漿照射時間：10 min的改質條件，具有相對較佳吸收

度；而對於在 X光繞射分析與表面分析結果，其以 N2 plasma改質過程處理之二

氧化鈦並無造成銳鈦礦晶相結構的改變或顯著降低其比表面積。化學元素鍵結分

析結果則顯示以 N2 plasma改質處理的二氧化鈦光觸媒由於氮原子摻雜於 TiO2

晶格中，故分析能譜中具有微量 N2元素存在，並且在紫外光與可見光光源照射

下，皆具有降解異丙醇的能力。 

第二階段實驗結果顯示，以高頻電漿輔助化學氣相沉積技術於不同條件下所

生長的薄膜，不管在有鍛燒退火之氮環境下或是無鍛燒退火的條件下，其

薄膜型態皆呈現非結晶質結構，但以化學元素分析圖譜中得知在 Ti 2p3/2、O1s

的能譜中，可明顯的發現以高頻電漿輔助化學氣相沉積生長的薄膜具有 Ti與 O

元素存在，但由於在晶相分析結果上無法證實此製程程序下之薄膜為二氧化鈦型

態，而只能由化學元素分析圖譜中推測可能為 TiO2-xNx(titanium oxynitride)的觸

媒，然而在對於在光催化活性測試上，針對亞甲基藍於紫外光與可見光光源照射

下，其薄膜在紫外光下具有分解亞甲基藍的能力，但在可見光光源下其效果較不



 III

顯著，但仍有些微分解之情形。 

 

關鍵字：氮摻雜、高頻電漿法、可見光。 
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Abstract 
The purpose of this research was to enhance the visible-light photocatalytic 

activity of titanium dioxide (TiO2) by nitrogen-doping method. In this study, 

radio-frequency (RF) plasma with nitrogen-rich environment was applied for two 

separate processes: i). Surface modification of commercial anatase TiO2 powders, and 

ii). growth of nitrogen-doped TiO2 thin films by plasma-enhanced chemical vapor 

deposition (PECVD) using titanium tetraisopropoxide (TTIP) as the precursor. In both 

experiment, various operating parameters were evaluated to obtain visible-light 

induced TiO2 photocatalysts. The physical and chemical characteristics of the TiO2 

samples (in powders and thin films) were analyzed and correlated with the 

photocatalytic activity such as photo-degradations of gaseous 2-propanol (or aqueous 

methylene blue) under UV and Visible irradiations.  

Results from the first part of this research show that the modified TiO2 powders 

with the optimal photon absorptivity in the visible-light spectrum were produced 

using the following operating parameters : RF power of 300 W, N2 flow rate of 700 

sccm, treatment temperature of 400℃, and plasma time of 10 min. X-ray diffraction 

(XRD) analysis showed no discernable TiO2 phase transition or reduction of specific 

surface area. Furthermore, X-ray photon spectra indicated that a small amount of N 

(0.7% at vol.) was incorporated into the TiO2 lattice, causing the shift of the 

absorption curve. All samples exhibited active decomposition of gaseous 2-propanol 

under either visible or UV illumination. 

Results from the second part of the research show, the growth of TiO2 thin films 

with amorphous structure, regardless whether the samples were annealed in N2 

atmosphere or not. XRD analysis did not yield a definitive titanium oxide crystallinity, 

although chemical element analysis verified the presence of Ti (2p3/2), O (1s) and N 

(1s) for the films grown by RF-PECVD in N2 environment. Therefore, the film 
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composition could only be inferred as TiO2-xNx (titanium oxynitride). 

Photo-decomposition studies showed that the TiO2-xNx films (growth conditions: RF 

power of 150 W, N2 flow rate of 400 sccm, substrate temperature of 400℃, plasma 

time of 120 min, and N2 anneal temperature of 700℃ for 4hr) successfully 

decomposed methylene blue. However, only slight decomposition of methylene blue 

was observed when the thin films were illuminated by visible light.  

 

Key word：nitrogen doped, radio-frequency (RF) plasma method, visible light 
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