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I 
 

摘 要 

铂基催化剂是燃料电池和石油化工等领域广泛应用的催化剂。由于铂的资源

匮乏、储量有限、价格昂贵，因此如何提高铂基催化剂的催化活性和稳定性，减

少在使用过程中的损失，提高其利用效率是相关应用领域一直持续研究的重要课

题。铂基材料在燃料电池电催化反应过程中具有过电位高，易毒化，选择性差，

易于团聚等缺陷。而研究表明铂基催化剂的活性与其粒径尺寸、分散性、表面结

构和电子结构密切相关。本论文旨在提高铂基材料的活性与抗毒化能力，从合金

化效应，载体效应，形貌调控等方面，充分发挥铂和其他金属间以及金属氧化物

载体之间的协同作用，改善催化剂表面特性从而制备出高性能的燃料电池阳极催

化剂。主要研究工作包括以下两个部分： 

(1) 通过水热法合成了形貌均一的 CeO2 纳米棒 (CeO2-r) 和 CeO2 纳米粒

子 (CeO2-p)。通过TEM表征发现合成的 CeO2-r 主要是由 (110) 和 (100) 晶面

围成的，而 CeO2-p 主要是由 (111) 晶面围成的。通过乙二醇还原法液相合成

了粒径约为 3 nm 的Pt纳米粒子并将其负载于 CeO2 上，制备出负载型催化剂。

通过 XPS 表征并与 Pt 纳米粒子对比，发现 CeO2 的加入使得Pt表面的电子结

构发生了改变，即 Pt 4f 的结合能正移，且在 Pt/CeO2-r 和 Pt/CeO2-p 中，Pt-

O物种的比例分别增大到了 52% 和 50%。这主要归因于催化剂中 Pt-O-Ce 键

的存在。0.5 M H2SO4 中的电化学循环伏安曲线可观察到 Pt/CeO2-r 和 Pt/CeO2-

p的 H 溢流 效应，这是由于在循环伏安过程中，H+ 由 Pt 表面向 CeO2 表面

发生二次转移造成的，说明了合成的催化剂中 Pt 均匀的分散在CeO2 上。电化

学性能测试表明，合成的 Pt/CeO2-r 和 Pt/CeO2-p 对于甲醇电氧化均表现出较

高的活性。其中 Pt/CeO2-r 的峰电流密度达到 7.5 mA·cm-2，分别是 Pt/CeO2-p 

和 Pt/C-JM 的 1.6 倍和 10 倍。电化学原位红外光谱研究表明，CeO2 对于 Pt 

甲醇电催化的促进作用主要表现为在低电位下显著地提高 CO2的生成速率，这

可能来源于甲醇氧化中间体的提前氧化。CeO2-r 对于 CeO2-p 体现出更加明显

的助催化效果，这主要是由 CeO2-r 具有更大的表面能，在反应过程中能够提供

更多的含氧物种。 
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(2) 采用液相法一步合成了 PtPb 双金属纳米枝晶 (PtPb SND) 催化剂。通

过 XRD 和 TEM 表征发现合成的纳米枝晶中 Pt 与 Pb 主要以合金的方式存在。

选区电子衍射表征的结果显示，发现合成的 PtPb SND 具有独特的单晶结构。通

过 EDS、ICP-AES 和 XPS 对 PtPb SND 的体相和近表面的元素组成进行表征，

发现在 PtPb SND 中 Pb 更倾向于向表面富集。通过控制反应时间，跟踪催化剂

的元素组成的变化，调控不同表面活性剂的添加量等一系列的条件控制实验。发

现 PtPb SND 中，Pb 原子是通过欠电位沉积的形式与 Pt 形成合金。整个枝晶结

构的形成则是遵循刻蚀/还原机理，是 Pb 欠电位沉积，氧化刻蚀和卤素阴离子吸

附三者的共同作用下的结果。PtPb SND 对于甲酸电氧化表现出了优异的电催化

性能以及良好的稳定性。其在0.1 V的低电位下，质量活性依然可以达到 2.7 A·mg-

1，分别是 Pd 黑的 4.4 倍，商业 Pt/C-JM 的 38 倍。这主要是 PtPb SND 特有的高

比表面和多孔道特性，以及 Pb 原子掺杂引起的第三体效应的导致的结果。通过

研究 HCOOH 电催化过程的原位红外光谱，发现在 PtPb SND 上，整个电催化反

应过程中完全观察不到毒化中间体 CO 峰的存在。说明 PtPb SND 可有效的减少

甲酸通过毒性中间体途径电氧化生成 CO，使其更多的是通过直接途径生成 CO2，

从而极大程度的释放了纳米粒子表面的活性位点，使催化剂在处于较低的电位时

也能表现出极高的反应活性。 

 

关 键 词：电催化；Pt；二氧化铈；PtPb；原位红外光谱 
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Abstract 

Platium-base catalysts are widely used in the field of fuel cell, petrochemical 

industry and other important areas. Being limited by the shortage of stock and high 

price, it is always very necessary to improve the activity, stability and utilization 

efficiency of Pt-base catalysts in related application fields. High overpotential, surface 

poisoning, low selectivity and agglomeration were main shortcoming of Pt-base 

catalysts used as the anode of fuel cell. Previous studies have illustrated that the activity 

of catalysts is strong correlated with the size, dispersion, surface and electronical 

structure. This work aims to improve the activity and antipoisoning ability of Pt-base 

catalysts. By different strategies such as alloying, support effect, and shape-control, the 

synergistic effect between Pt and other metals/metal oxides is utilized sufficently which 

promoted the activity of catalysts. Main research contents and corresponding results 

were listed below.  

(1) Uniform CeO2 nanorods (CeO2-r) and CeO2 nanoparticles (CeO2-p) are 

synthesized by hydrothermal method. HRTEM images indicate that the synthesized 

CeO2-r are covered by (100) and (110) facets which own higher surface energy 

compared to CeO2-p with (111) facets. Uniform Pt nanoparticles are prepared by glycol 

reduction and combined with CeO2 as catalysts (indexed as Pt/CeO2-r & Pt/CeO2-p) for 

methanol electrooxidation. According to the characterization of XPS, the binding 

energy of Pt 4f shift positively and the content of Pt-O species increased to 52% and 

49% in Pt/CeO2-r and Pt/CeO2-p respectively, illustrating the existence of Pt-O-Ce. 

Electrochemical characterizations further demonstrate the sufficient contact between Pt 

and CeO2 by the observation of H spill-over effect. Pt/CeO2-r shows excellent specific 

activity (peak current: 7.5 mA·cm-2) towards the electrooxidation of methanol which is 

1.6 and 10 times higher than Pt/CeO2-p and commercial Pt/C-JM. By in-situ FTIR 

spectroscopic investigation, much higher CO2 productivity is observed at low potential 

on Pt/CeO2-r that implies strong anti-poisoning ability during methanol 
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electrooxidation. The significant improved electrocatalytical performance is attributed 

to the existence of CeO2 nanorods with high energy surfaces.  

(2) In addition to this, bimetallic PtPb single-crystalline nanodendrites (PtPb SND) 

are synthesized via a facile one-pot method. The alloying of Pt and Pb is evidenced by 

the characterization of XRD and TEM. By SAED, we observed the special single-

crystalline structure of PtPb SND. The segregation of Pb atoms on the near surface of 

PtPb SND is demonstrated by EDS, ICP-AES and XPS results. By a series of controlled 

experiments, the morphology revolution of the dendritic structure is attributed to the 

combined result of Pb UPD, oxidative etching and specific absorption of halogen ions. 

Benefiting from the highly branched geometric construction and electronic structure 

influenced by the addition of Pb atoms, the as-prepared PtPb SND showed excellent 

activity and improved anti-poisoning ability for electrooxidation of formic acid. The 

massic activity at 0.1V (vs SCE) reaches to 2.7 A·mg-1 which is 4.4 times higher than 

Pd black and 38 times higher than Pt/C-JM. No adsorbed CO peak could be detected 

on PtPb SND even at relative low potentials by the characterization of in situ FTIR, 

illustrating that the indirect reaction pathway of HCOOH electrooxidation is severely 

inhibited which greatly releases the active site of catalysts.  

 

Keywords: platium; cerium oxide; nano-dendrites; in situ FTIR 
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