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Abstract 

 

    In this thesis, I present several methods to synthesize the one dimensional materials by 

employing bottom-up concept relied on the chemical reduction of the reagents. 

In Chapter 2, we have demonstrated a novel synthesis methodology for nanostructured 

materials. The reactive template strategy is exemplified by the preparation of Na@AAO and 

the use of it to generate high-density ordered arrays of carbon nanotube (CNT). Applications 

of the template structure and the halide source are discussed in the content. 

In Chapter 3, we conclude that amorphous carbon tubes were prepared via a 

template-assisted synthesis route. First, using AAO as the substrate, short a-CNT arrays are 

grown from SiCl3CCl3 at 1073 K by low pressure chemical vapor deposition. Elongation of 

the tubes into bundles joined at one end is achieved by filling the AAO channels with Na to 

generate the reactive template, followed by the reaction with C6Cl6. The fabrication of 

heterojunctions structure of CNT arrays is discussed. 

In Chapter 4, we conclude that the double-shelled amorphous SiO2/C nanotubes were 

prepared via the designed synthesis route. First, using AAO as the substrate, Na nanotubes are 

grown by decomposing NaH at 623 K to form the Na@AAO reactive template. For the 

formation of the outer amorphous carbon shell, hexachlorobenzene (C6Cl6) is used as the C 

source to react with Na@AAO. Following the above Wurtz type reaction, we employed an 



 III

analogous route which deposits the Si layer in the pre-grown a-CNT by reacting chlorosilanes 

with Na@a-C/AAO at 623 K. After the removal of AAO by HCl, we generated well-aligned 

coaxial double-shelled SiO2/C nanotubes successfully. These noble fabrications of the coaxial 

multi-shelled nanotubes in a controlled manner may facilitate probable building of a variety of 

nanodevices. 

In Chapter 5, graphitization of the a-CNT and the porous CNT generated both tubular 

and fibrous products but with different yields. A possible explanation for the phenomenon is 

routed in the original structure of the tubes. Apparently, the CNT with a porous structure is 

structurally stronger and more resistant to the collapsing of the tube walls than the CNT with 

a hollow tubular structure. The later does not have the internal support and probably collapse 

more easily to form CF at high temperature. The study shows the importance of the 

micromorphology to the structural transformation in a high temperature process. 

In Chapter 6, we have synthesized highly-ordered CNT arrays over a large area on AAO 

from acetylene by CVD. The growth property of carbon tubes were closely related to the 

structure of the deposition temperature and time. We found that the pyrolysis temperature of 

acetylene to deposit carbon atom starts above 773 K. Increasing the temperature of deposition 

to 1073 K, CNT with more ordered graphite structure can be obtained. The study provides a 

simple low cost, low temperature, and controllable technique to grow CNT. The 

highly-oriented and isolated CNT array membranes could be very useful in a variety of 

applications. 

In Chapter 7, by using Na@AAO as a catalytic template, we developed a novel process 

to deposit a-CNT from C2H2 in the channels of AAO. Employing sodium metal into the 

process lowers the energy barrier of acetylene decomposition, probably by forming stable 

intermediates sodium hydride and sodium acetylides. At elevated temperatures, these 

intermediates decompose to deposit tubular shaped a-C, to release H2 gas, and to regenerate 
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the Na catalyst. The catalytic template Na@AAO not only assisted the growth of a-C but also 

guided the tubular shape development. 
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利用活性模板Na@AAO製備一維管狀碳材料 

 

研究生：王隆昇                              指導教授：裘性天 博士 

國立交通大學應用化學所 

 

摘    要 

 

  本研究提供多樣性之化學合成法，成功地製備出各式一維奈米材料。 

  在第二章節中，我們研發出一種合成奈米結構材料的新穎方法。製備

Na@AAO的反應性模板並用來合成出高密度且整齊陣列的奈米碳管。同

時，並討論結合模板與鹵化物前驅物的相關應用。 

  第三章中，我們利用模板合成法成功地合成出非晶質奈米碳管。首先，

利用SiCl3CCl3當作前驅物在1073 K下以低壓化學氣相沉積法先在陽極處理

氧化鋁模板上形成短的非晶質奈米碳管，接著在氧化鋁模板的孔洞中先製

備出反應性模板，並在通過C6Cl6後成功的得到增長型奈米碳管陣列。碳管

陣列的異接合結構製備亦在文中探討。 

第四章中，我們藉由經過設計的反應途徑成功地得到雙層結構的非晶

質SiO2/C奈米管。首先使用陽極處理氧化鋁當作模板，在623 K下將氫化鈉

裂解形成Na@AAO的反應性模板並與六氯苯反應後先得到外層的非晶質碳

管。接著沿用伍茲反應，我們利用相似的過程將矽氯烷與Na@a-C/AAO在 
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623 K下反應並在先前製備出的非晶質碳管上沉積矽層。在利用氫氯酸移除

陽極處理氧化鋁後，我們成功地得到筆直排列的共軸型雙層SiO2/C奈米管。 

在高度精控所得到的共軸型多層SiO2/C奈米管，將能在奈米元件上有多樣性

的應用。 

  在第五章中，非晶質奈米碳管與孔洞型奈米碳管經過石墨化後會得到

不同比例的管狀與纖維狀產物。合理的去解釋此現象乃是由於原先奈米管

的結構變化而來。顯然的，多孔洞型結構的奈米碳管比空心的奈米碳管具

有較強的結構特性去阻抗管壁的崩潰。後者沒有內部結構的支撐，在高溫

下更容易崩潰形成碳纖維結構。此研究顯示了微米形貌在高溫過程下結構

轉變的重要性。 

  在第六章中，我們使用乙炔氣體當作反應氣體，以化學氣相沉積法在

陽極處理氧化鋁中形成大面積且排列整齊的奈米碳管。奈米碳管的結構成

長特性與沉積溫度和時間息息相關，我們發現到溫度到達773 K時乙炔會開

始裂解並沉積碳。當溫度升高至1073 K時，我們可以發現更加石墨排列的

奈米碳管。此研究中，我們提供了一種簡易、低廉、低溫並且容易控制的

技術成長奈米碳管，此高度整齊排列的奈米碳管陣列薄膜能具有多樣性的

應用。 

    在第七章中，利用Na@AAO當作催化性模板，我們研發出一種經由乙

炔氣體在陽極處理氧化鋁模板的孔道中形成非晶質奈米碳管。使用金屬鈉
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可以降低乙炔的沉積能障，並形成穩定的中間產物氫化鈉與乙炔鈉，當提

升溫度後，這些中間產物會進行裂解以形成管狀形貌的非晶質碳，同時間

釋出氫氣並獲得鈉催化劑。使用催化性模板Na@AAO不僅可以幫助形成非

晶質碳並且可以引領形成一維管狀材料。 
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