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摘要 

I 

摘要 

光解水制氢被认为是解决能源危机的最佳途径之一。众所周知，TiO2具有良

好的光催化性质，在早期为了便于大家更好的理解其结构与化学活性的关系，而

引入钛氧簇[Titanium oxo-clusters (TOCs)]作为它的模型。但是由于钛氧簇的禁带

宽度值接近或者大于锐钛矿型 TiO2 的禁带宽度值，于是人们考虑将其它金属离

子引入到钛氧簇中以减小其禁带宽度值。最近的研究表明，掺杂稀土的 TiO2 其

催化活性及在催化过程中的稳定性均得以增强。据我们所知，目前有关稀土掺杂

钛氧簇合物的文献非常少，而主要研究的是晶体结构，只有一篇对其性质进行了

报道，且文献中报道的该类簇合物中稀土金属掺杂数目最大为二。基于以上背景，

我们探索了稀土掺杂钛氧簇合物的合成条件，合成了一系列稀土掺杂钛氧簇合物，

并解析了它们的晶体结构及详细研究了其的光学性质、光电化学性质以及光催化

性质。具体内容如下： 

一、以对叔丁基苯甲酸为配体，通过溶剂热法合成了具有高稳定性稀土掺杂

钛氧金属簇合物Ln2Ti4(Ln = Eu (1)，Gd (2)和Sm (3))；Ln5Ti4(Ln =Ce (4)，Eu (5)，

Sm (6)，Pr (7)和Nd (8))；Ln8Ti10(Ln =Eu (9)和Sm (10))三个系列。研究了簇合物1，

5，9在甲苯中的荧光激发光谱和发射光谱，测试了三种簇合物1，5，9在甲苯中

的量子效率分别为7.05 %、29.63 %、45.33 %和荧光寿命分别为1.08923  0.01313 

ms、1.10652  0.01049 ms、1.26905  0.00746 ms。 

二、以对叔丁基苯甲酸为配体，通过溶剂热法合成了五个同构异质稀土掺杂

钛氧簇合物[Ln8Ti10(μ3-O)14(tbba)34(Ac)2(H2O)4(THF)2]·2Htbba (Ln = Eu (9)，Sm 

(10)，Gd (11)，Nd (12)，Tb (13); Htbba = 4-tert-butylbenzoic acid，Ac
-
 = acetate)。

该系列簇合物是目前报道的掺杂稀土量最大的稀土掺杂钛氧簇合物。光催化水氧

化性质研究表明，该系列簇合物具有较好的化学稳定性和高效的水氧化性能。簇

合物 9-11 水氧化法拉第效率分别为 77.3 %、53.7 %、46.5 %；TONs 分别为 2920、

631、633；TOFs 分别 973 h
-1、210 h

-1、211 h
-1。其水氧化性能差距较大可能是

由于它们的禁带宽度不同引起的。 

三 、 以 特 戊 酸 为 配 体 ， 合 成 出 十 二 核 稀 土 掺 杂 钛 氧 簇 合 物 ：

Ce6Ti6(OH)8O6(CH3COO)4((CH3)3CCOO)18(THF)3(H2O)6 (14)，紫外漫反射实验表
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II 

明与商用 P25 相比，该簇合物的吸收光谱发生了红移。对比相同条件下光催化水

分解实验，簇合物 14 的光催化分解水性能比商用 P25 有显著提高。 

四、以对叔丁基苯甲酸为配体，通过溶剂热技术合成了一个高稳定性的稀土

掺杂钛氧簇合物：La3Ti5(μ3-O)6(C5H8O2)2(C11H13COO)15(THF) (15)，探讨了该簇

合物在模拟太阳光下作为催化剂是否具有实现电子转移产氢的性质。 

 

关键词：钛氧簇合物 稀土掺杂钛氧簇 荧光 水氧化 光催化 
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Abstract 

III 

Abstract 

Photoinduced water splitting is regarded as one of the most promising energy 

sources forthe preparation of hydrogen.Titanium oxo-clusters (TOCs), as the earliest 

known model water oxidation catalysts (WOCs) of TiO2,offer an opportunity to 

understand the relationship between structure and chemical reactivity.Because the 

band gap of the TOCs is often close to or even larger than that of anatase, various 

metal ions are introduced into the TOCs to reduce their band gaps. Recent studies 

have demonstrated that, in addition to enhancing the photocatalytic activity, 

lanthanide-doped TiO2 can also increasethe stability of the most photoactive anatase 

phase. However, lanthanide-doped TOCs remain rare. To the best of our knowledge, 

only tenlanthanide-doped TOCs have been reported, and the largest number of 

lanthanide ions doped in TOCs is 2. Furthermore, only one literature was investigated 

on the property of the lanthanide-doped TOCs. Based on the above background, we 

reported in this dissertation the syntheses, crystal structures, fluorescent, photoelectric 

chemical and photocatalytic properties of the lanthanide-doped TOCs. The specific 

contents are as follows:  

1. A series of lanthanide-doped TOCs, Ln2Ti4(Ln = Eu (1), Gd (2), and Sm (3)); 

Ln5Ti4(Ln = Ce (4), Eu (5), Sm (6), Pr (7) and Nd (8)); Ln8Ti10(Ln = Eu (9) and Sm 

(10)), were synthesized through thesolvothermal reaction of rare-earth salts, Ti(O
i
Pr)4 

and 4-tert-butylbenzoic acid ligand. The phosphorescent life times of the clusters 

were 1.08923 ± 0.01313 ms for 1, 10652 ± 0.01049 ms for 5 and 1.26905 ± 0.00746 

ms for 9. The quantumyields(QY) in toluene were 7.050 %, 29.63 % and 45.33 % for 

1, 5 and 9, respectively.  

2. Five lanthanide-doped TOCs, [Ln8Ti10(μ3-O)14(tbba)34(Ac)2(H2O)4- 

(THF)2]·2Htbba (Ln = Eu (9), Sm (10), Gd (11), Nd (12), Tb (13); Htbba = 

4-tert-butylbenzoic acid, Ac
-
 = acetate), were synthesized through a solvothermal 

reaction ofLn(Ac)3·xH2O, Ti(O
i
Pr)4 and 4-tert-butylbenzoic acid ligand. Investigation 

on photocatalytic activity of 9-11 revealed that these stable compounds are efficient 
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catalysts for photoinduced water oxidation. The Faraday efficiencies are 77.3 % for 9, 

53.7 % for 10, and 46.5 % for 11, the turnover numbers (TONs) are 2920 for 9, 631 

for 10, and 633 for 11, and the turnover frequencies (TOFs) are 973 h
-1

 for 9, 210 h
-1

 

for 10, and 211 h
-1

 for 11. The differences in the photocatalytic activity among these 

compounds are related to the differences in their band gaps. 

3. A lanthanide-doped TOC, Ce6Ti6(OH)8O6(CH3COO)4((CH3)3CCOO)18(THF)3 

(H2O)6 (14), was synthesized through a solvothermal reaction ofcerium(Ⅲ) sulfate 

octahydrate and Pivalic acid ligand. UV/vis spectroscopy of thecluster reveals that the 

optical band gap is red-shifted with respect to anatase phase reported. Investigation on 

the photocatalytic property of cluster 14 revealed that its photocatalytic effect is 

significantly better than that of P25. 

4. A new lanthanide-doped TOC, La3Ti5(μ3-O)6(C5H8O2)2(C11H13COO)15(THF)] 

(15), was synthesized through a solvothermal reaction of lanthanum acetylacetone and 

with 4-tert-butylbenzoic acid ligand.The light induced electron transfer in the cluster 

15 under the simulated solar spectrum was discussed. 

Keywords: Titanium oxo-clusters (TOCs); lanthanide-doped TOCs; 

luminescence; water oxidation catalysts (WOCs); photocatalytic 
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