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

 𝐸𝑘 =
1

2
𝑚𝑢2 𝑊 = 𝑚 × 𝑎 × 𝑑

焦耳
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



 内能

 𝑞

Δ𝑇 𝑛


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

 𝐶 =
𝑞

Δ𝑇
𝑞 = 𝐶Δ𝑇

 𝐶𝑝 𝐶𝑉

 𝐶𝑝,𝑚
比热

 𝑞 𝑞



𝑞 + 𝑞 = 0
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

 𝑞𝑟𝑥𝑛 恒温

 燃烧热
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



𝑊 = −𝑚𝑔ℎ

 𝑚𝑔 = 𝑃𝐴

𝑊 = −𝑃𝑎ℎ = −𝑃𝑒𝑥𝑡Δ𝑉

 负 外压

变化
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 𝑈
平移动能

 𝑈 绝对值 Δ𝑈



 Δ𝑈 = 𝑞 + 𝑤 Δ𝑈 = 0
孤立系统的能量是恒定的



Δ𝑈
Δ𝑈 = 0 Δ𝑈 = −Δ𝑈
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 Δ𝑈 = 0





𝑊 𝑞
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

Δ𝑈 = 𝑈𝑓 − 𝑈𝑖 = 𝑞 + 𝑤

Δ𝑈 = 𝑞𝑉

 Δ𝑈

 𝑃 𝑊 = −𝑃extΔ𝑉

 Δ𝑈 = 𝑞𝑃 − 𝑃extΔ𝑉 = 𝑞𝑃 − 𝑃ext𝑉𝑓 + 𝑃ext𝑉𝑖

 𝑃ext = 𝑃𝑖 = 𝑃𝑓 𝑈𝑓 − 𝑈𝑖 = 𝑞𝑃 − 𝑃𝑓𝑉𝑓 + 𝑃𝑖𝑉𝑖

 𝑈𝑓 + 𝑃𝑓𝑉𝑓 − 𝑈𝑖 + 𝑃𝑖𝑉𝑖 = 𝑞𝑃

 𝐻 = 𝑈 + 𝑃𝑉 𝐻

 Δ𝐻 = 𝐻𝑓 − 𝐻𝑖 = 𝑞𝑃
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 Δ𝑈 = Δ𝐻 + 𝑃Δ𝑉

𝑃Δ𝑉 = 𝑃 𝑉𝑓 − 𝑉𝑖 = Δ𝑛𝑔𝑎𝑠𝑅𝑇



Δ𝐻

 Δ𝑈

 Δ𝐻 = Δ𝑈 + Δ𝑛gas𝑅𝑇 𝑞𝑃 =

𝑞𝑉 + Δ𝑛gas𝑅𝑇



𝑞𝑃 = 𝑞𝑉

 𝑞𝑃 𝑞𝑉
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 Δr𝐻

 Δr𝐻

 Δr𝐻

 Δ𝐻 Δ𝐻

𝑞𝑃

 Δ 𝑈 + 𝑃𝑉 = 𝑞𝑃



Δvap𝐻 Δfus𝐻

 Δr𝐻
⊖


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𝚫𝐫𝑯



 𝚫𝐫𝑯
⊖

 𝚫𝐫𝑯
⊖

 如果一个过程分阶段或步骤发生（即使只是假设），则整

个过程的焓变是各个步骤的焓变之和
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Δr𝐻
⊖
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

 Δf𝐻
⊖

 对于参考形式的纯元素，标准生成焓为0

 Δr𝐻
⊖

Δf𝐻
⊖[

 Δr𝐻
⊖

Δf𝐻
⊖[

 Δr𝐻
⊖

Δf𝐻
⊖
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

 Δr𝐻
⊖ = ∑𝑣Δf𝐻

⊖

Δr𝐻
⊖

Δr𝐻
⊖ = −2Δf𝐻

⊖

Δr𝐻
⊖ = Δf𝐻

⊖

Δr𝐻
⊖ = Δf𝐻

⊖

Δr𝐻
⊖ = Δf𝐻

⊖

 Δr𝐻
⊖ = Δf𝐻

⊖ +Δf𝐻
⊖ +Δf𝐻

⊖ −2Δf𝐻
⊖
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Δr𝐻
⊖

 规定H+(aq)的标准生成焓为0

 Δf𝐻𝑚
⊖

 Δf𝐻𝑚
⊖

22







Δr𝐻
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Δr𝐻
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Δr𝐻
⊖
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Δr𝐻
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Δr𝐻
⊖

 Δr𝐻
⊖
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