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Chemical Reactions under Mechanical Force
Mechanochemistry

 亚里士多德时期发现机械作用可以使物质发生变化并其有新物质生成

 20世纪初，Ostwald 提出机械力化学概念

用于产生机械力化学研究的工具：

球磨 研磨 高速搅拌 原子力显微镜 流体力场和超声球磨、研磨、高速搅拌、原子力显微镜、流体力场和超声



Single-Molecule Force Spectroscopyg p py



Different Mechanical Tests
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Polymer Chains under Ultrasound

气泡塌缩过程
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Acoustic Cavitation

Hot Spot Conditions:150
>1000 倍体积变化

剧烈塌缩

Hot Spot Conditions:
高温：5000~20000 K
高压：300~4000 atm
持续时间：~1 ns100
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温度变化：>1012 K/s
化学效应：弱化学键断裂

产生自由基
物理效应：冲击波 微射流
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An Acoustically Cavitating Bubble



Polymer Mechanochemistry

传统高分子链 含机械响应官能团高分子链

链拉伸

链拉伸

链拉伸

官能团响应

链断裂
链断裂

官能团响应

链断裂

链断裂基本发生在链中间，但具体位置不确定 链断裂发生在官能团部位，位置确定

应用：改变化学反应进程 改变分子构型 催化应用：改变化学反应进程、改变分子构型、催化
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Biasing Reaction Pathwaysg y

Nature, 2007, 446, 423
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Mechanical Reactions in Bulk Polymersy

Nature, 2009, 459, 68
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Mechanical Reactions in Bulk Polymersy
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Mechanically Induced Chemiluminescencey

Nature Chem., 2012, 4, 559



Mechanically Induced Chemiluminescencey
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Polymer Mechanochemistry for Catalysisy y y

Nature Chem., 2009, 1, 133
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Mechanically Induced Depolymerizationy p y

Nature Chem., 2014, 6, 623
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Polymer Mechanochemistry at Solid Interfacey y



Polymer Mechanochemistry at Solid Interfacey y

after sonication
before sonication
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Mechanically Throwing a Reaction into Reverse
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Flex Induced Polymer Mechanochemistryy y
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