《无机化学实验（下）》（强化班）课程教学大纲

一、课程基本信息
	英文名称
	Inorganic Chemistry Experiments (II)
	课程代码
	09041004

	课程性质
	基础课
	授课对象
	化学强化班

	学   分
	2
	学   时
	72

	主讲教师
	李亚红等
	修订日期
	2021.5

	指定教材
	实验讲义：《Experimental Inorganic Chemistry》；主编：李亚红，2020，9


二、课程目标：
（一）总体目标：
无机化学实验是高校化学化工类专业学生的第一门必修基础实验课，它是一门独立的课程，也是学习无机化学的一个重要环节。无机化学实验（一）（下）的主要任务是：通过实验课程使学生掌握基本的化学实验方法和无机化学实验的基本操作技能；掌握大量的第一手感性知识，经分析、归纳、总结，从感性认识上升到理性认识，加深对无机化学基本概念和理论的理解，提高知识应用能力；正确使用基本仪器，培养学生实验的操作能力、细致观察和记录现象的能力、准确测定实验数据和表达实验结果的能力；培养事实求实的科学态度和规范、细致、整洁的进行科学实验的良好习惯以及逻辑思维方法，为学生参加科学研究及实际工作打下坚实的基础。通过本课程的学习，掌握加热、溶解、搅拌、气体产生和收集、蒸发和冷凝的基本操作，并知道如何记录数据。通过本课程，学生还将学习主要元素及其化合物的化学性质和反应，了解如何制备无机化合物和配位化合物，了解如何确定化学常数及其相关的化学原理。
（二）课程目标：
通过实验课程使学生掌握基本的化学实验方法和无机化学实验的基本操作技能；掌握大量的第一手感性知识，经分析、归纳、总结，从感性认识上升到理性认识，加深对无机化学基本概念和理论的理解，提高知识应用能力；正确使用基本仪器，培养学生实验的操作能力、细致观察和记录现象的能力、准确测定实验数据和表达实验结果的能力；培养事实求实的科学态度和规范、细致、整洁的进行科学实验的良好习惯以及逻辑思维方法，为学生参加科学研究及实际工作打下坚实的基础。
课程目标1：掌握基本的化学实验方法和无机化学实验的基本操作技能；
1.1 掌握加热、溶解、搅拌、气体产生和收集、蒸发和冷凝的基本操作。

1.2学习主要元素及其化合物的化学性质和反应。
1.3了解如何制备无机化合物和配位化合物，了解如何确定化学常数及其相关的化学原理。
课程目标2：加深对无机化学基本概念和理论的理解，提高知识应用能力
2.1对实验现象进行解释并作出结论，或根据实验数据进行处理和计算的能力
2.2能独立完成实验报告，对实验结果进行分析和解释，得出合理的结论。
（三）课程目标与毕业要求、课程内容的对应关系：

表1：课程目标与课程内容、毕业要求的对应关系表
	课程目标
	课程子目标
	对应课程内容
	对应毕业要求

	课程目标1
	1.1
	实验1-17
	毕业要求1-4

	
	1.2
	实验1-17
	毕业要求1-4

	课程目标2
	2.1
	实验1-17
	毕业要求1-4

	
	2.2
	实验1-17
	毕业要求1-4


三、教学内容
实验项目1：Preparation of ammonium chloride
1. 教学内容

Mixing (NH4)2SO4 and NaCl. Heating the mixture and filtering. Condense the filtrates, and recrystallizing the crude product. Determining the purity of the product. 
2. 教学目标

Study and master the principle and the method for preparing ammonium chloride
实验项目2：Synthesis of CaO2
1. 教学内容

Synthesis of pure CaCO3. Synthesis of CaO2. Elemental analysis and quantitative determination of the product.
2. 教学目标

Synthesis of CaO2 and determine peroxide ion
实验项目3：Redox reactions and redox equilibrium
1. 教学内容

Testing the Redox reactions and electrode potential. Determining the effect of concentration on the electrode potential. Examining The effects of acidity and concentration on the redox reaction 

2. 教学目标

Understand the chemical battery and electrode potential
实验项目4：Non-metallic elements (Halogen, Oxygen, Sulfur)
1. 教学内容

Preparation of potassium chlorate and sodium hypochlorite. Testing the oxidation abilities of Cl2, Br2 and I2, and the reducing abilities of Cl-, Br- and I-. Determining the properties of the salts of halogen oxyanions.
 2. 教学目标

Know the method of preparation of gas and assembly of the glassware.
实验项目5：Isolation and identification of common non-metallic anions
1. 教学内容

Identifying the common anions and separating ions in a mixture.
2. 教学目标

Study and master the methods of isolation and identification of anions.

实验项目6：Alkali metals, alkaline earth metals
1. 教学内容

Determining the properties of Na, K, Mg, Al. Testing the solubilities of the hydroxides of mag- nesium, calcium, barium and aluminum. Examining the flame reactions of IA and IIA elements. Preparing the insoluble salts of tin, lead, antimony and bismuth.
 2. 教学目标

Compare the reaction activities between alkali metal and alkaline earth metal. Practice the flame reactions and know how to handle metallic sodium and potassium.
实验项目7：Preparation and content analysis of calcined soda 
1. 教学内容

Purification of crude salt. Prepa- ration of NaHCO3. Preparation of Na2CO3. Deter- mining the purity of the product.
2. 教学目标

Consolidate the operations of analytical balance and titration.
实验项目8：Metals located in ds-block (Copper, Silver, Zinc ,Cadmium and Mercury)
1. 教学内容

Preparations and properties of the hydroxides or oxides of copper, silver, zinc, cadmium and mercury. Preparation and properties of the sulfides of Zinc, Cadmium and Mer- cury. Preparation of the coordination complexes of Copper, Silver, Zinc and Mercury.
2. 教学目标

Understand the acid and alkali properties of the oxides and hydroxides of copper, silver, zinc, cadmium and mercury
实验项目9：Synthesis of Potassium Trioxalatoferrate (III)
1. 教学内容

Synthesis of ferric hydroxide.  Synthesis of potassium trioxalatoferrate(III).

Determining the properties of the product.
2. 教学目标

Practice the basic operations of heating, filtration, evaporation。
实验项目10：Separation and identification of cations (I)
1. 教学内容

Identification of alkali metals and alkaline-earth metals. Identifi- cations of the ions in the p-block and ds-block elements
Separation and identification of the mixed ions 
2. 教学目标

Learn the separation and identification methods of the mixture of common cations.
实验项目11：Determination of the equilibrium constant of I3-↔I-+I2—titration operation
1. 教学内容

Conducting the equilibrium experiment between I3-, I- and I2.  Determining the he equilibrium constant ofI3-↔I-+I2 reaction.
2. 教学目标

Know the principles of the equilibrium movement. Practice titration operation.
实验项目12：Preparation of potassium permanganate

1. 教学内容

Preparation of K2MnO4. Converting K2MnO4 to KMnO4. Analyzing the  product 
2. 教学目标

Consolidate the operation of weighing by analytical balance, titration and vacuum filtration.
实验项目13：The elements of the first transition metal series (titanium, vanadium, chromium and manganese
1. 教学内容

Determining the important pro- perties of titanium, vanadium, chromium and manganese compounds.
2. 教学目标
Master the important properties of the transition metal compounds.

实验项目14：Preparation of basic copper carbonate
1. 教学内容

Preparation of reactant solution. Exploration of the reaction conditions and preparation of basic copper carbonate.
2. 教学目标
Exploring the reaction condition for preparing basic copper carbonate.
实验项目15：Main group metals (Al, Sn, Pb, Sb and Bi)
1. 教学内容

Testing the properties of Al, Sn, Pb, Sb and Bi. Examining the solubilities of the hydroxides of these elements. Determining the properties of the sulfides of these elements.
2. 教学目标

Test and compare the solubilities of hydroxides and salts of aluminum, tin, lead, antimony and bismuth.

实验项目16：Preparation of hydrated chromium (II) acetate
1. 教学内容

Make a NaAc solution. Using Zn powder to reduce CrCl3. Preparation of the hydrated chromium (II) acetate.
2. 教学目标

Study the principles and methods of preparing the easily oxidized and unstable compounds.

实验项目17：Preparing MnCO3 from MnO2
1. 教学内容

Using MnO2 as a oxidant to oxidize Na2SO3 and preparing Mn2+. Adding NH4HCO3 to MnSO4 solution, and adjusting pH value of the to produce MnCO3.

2. 教学目标

Learn the method of synthesis MnCO3 from MnO2.
四、学时分配
	序号
	项目名称
	学时分配
	每组人数
	必修/选修

	1  
	Preparation of ammonium chloride
	4
	1
	必修

	2
	Synthesis of CaO2
	4
	1
	必修

	3
	Redox reactions and redox equilibrium
	4
	1
	必修

	4
	Non-metallic elements (Halogen, Oxygen, Sulfur)
	4
	1
	必修

	5
	Isolation and identification of common non-metallic anions
	4
	1
	必修

	6
	Alkali metals, alkaline earth metals
	4
	1
	必修

	7
	Preparation and content analysis of calcined soda
	4
	1
	必修

	8
	Metals located in ds-block (Copper, Silver, Zinc ,Cadmium and Mercury)
	4
	1
	必修

	9
	Synthesis of Potassium Trioxalatoferrate (III)
	4
	1
	必修

	10
	Separation and identification of cations (I)
	4
	1
	必修

	11
	Determination of the equilibrium constant of  I3-↔I-+I2—titration operation
	4
	1
	必修

	12
	Preparation of potassium permanganate

	4
	1
	必修

	13
	The elements of the first transition metal series (titanium, vanadium, chromium and manganese
	4
	1
	必修

	14
	Preparation of basic copper carbonate
	4
	1
	必修

	15
	Main group metals (Al, Sn, Pb, Sb and Bi)
	4
	1
	必修

	16
	Preparation of hydrated chromium (II) acetate
	4
	1
	必修

	17
	Preparing MnCO3 from MnO2
	4
	1
	必修


五、教学进度
表3：教学进度表
	实验名称
	内容提要
	授课时数
	作业及要求
	备注

	Preparation of ammonium chloride
	Mixing (NH4)2SO4 and NaCl. Heating the mixture and filtering. Condense the filtrates, and recrystallizing the crude product. Determining the purity of the product.  


	4
	阅读书本P53-P54
	

	Synthesis of CaO2
	Synthesis of pure CaCO3. Synthesis of CaO2. Elemental analysis and quantitative determination of the product.
	4
	阅读书本P109-P110
	

	Redox reactions and redox equilibrium
	Testing the Redox reactions and electrode potential. Determining the effect of concentration on the electrode potential. Examining The effects of acidity and concentration on the redox reaction 


	4
	阅读书本P55-P58
	

	Non-metallic elements (Halogen, Oxygen, Sulfur)
	Preparation of potassium chlorate and sodium hypochlorite. Testing the oxidation abilities of Cl2, Br2 and I2, and the reducing abilities of Cl-, Br- and I-. Determining the properties of the salts of halogen oxyanions.
	4
	阅读书本P59-P63
	

	Isolation and identification of common non-metallic anions
	Identifying the common anions and separating ions in a mixture.
	4
	阅读书本P64-P68
	

	Alkali metals, alkaline earth metals
	Determining the properties of Na, K, Mg, Al. Testing the solubilities of the hydroxides of mag- nesium, calcium, barium and aluminum. Examining the flame reactions of IA and IIA elements. Preparing the insoluble salts of tin, lead, antimony and bismuth
	4
	阅读书本P69-P73
	

	Preparation and content analysis of calcined soda
	Purification of crude salt. Prepa- ration of NaHCO3. Preparation of Na2CO3. Deter- mining the purity of the product.
	4
	阅读书本P74-P76
	

	Metals located in ds-block (Copper, Silver, Zinc ,Cadmium and Mercury)
	Preparations and properties of the hydroxides or oxides of copper, silver, zinc, cadmium and mer- cury. Preparation and properties of the sulfides of Zinc, Cadmium and Mer- cury. Preparation of the coordination complexes of Copper, Silver, Zinc and Mercury.
	4
	阅读书本P77-P81
	

	Synthesis of Potassium Trioxalatoferrate (III)
	Synthesis of ferric hydroxide.  Synthesis of potassium trioxalatoferrate(III).

Determining the properties of the product.
	4
	阅读书本P82-P83
	

	Separation and identification of cations (I)
	Identification of alkali metals and alkaline-earth metals. Identifi- cations of the ions in the p-block and ds-block elements
Separation and identification of the mixed ions
	4
	阅读书本P84-P92
	

	Determination of the equilibrium constant of  I3-↔I-+I2—titration operation
	Conducting the equilibrium experiment between I3-, I- and I2.  Determining the he equilibrium constant ofI3-↔I-+I2 reaction.   
	4
	阅读书本P93-P96
	

	Preparation of potassium permanganate

	Preparation of K2MnO4. Converting K2MnO4 to KMnO4. Analyzing the  product 
	4
	阅读书本P97-P98
	

	The elements of the first transition metal series (titanium, vanadium, chromium and manganese
	Determining the important pro- perties of titanium, vanadium, chro- mium and manga- nese compounds.
	4
	阅读书本P99-P105
	

	Preparation of basic copper carbonate
	Preparation of reactant solution. Exploration of the reaction conditions and preparation of basic copper carbonate.
	4
	阅读书本P106-P108
	

	Main group metals (Al, Sn, Pb, Sb and Bi)
	Testing the properties of Al, Sn, Pb, Sb and Bi. Examining the solubilities of the hydroxides of these elements. Determining the properties of the sulfides of these elements.
	4
	阅读书本P69-P73
	

	Preparation of hydrated chromium (II) acetate
	Make a NaAc solution. Using Zn powder to reduce CrCl3. Preparation of the hydrated chromium (II) acetate.
	4
	阅读书本P115-P116
	

	Preparing MnCO3 from MnO2
	Using MnO2 as a oxidant to oxidize Na2SO3 and preparing Mn2+. Adding NH4HCO3 to MnSO4 solution, and adjusting pH value of the to produce MnCO3
	4
	阅读书本P113-P114
	


六、教材及参考书目
1. 教材：《Experimental Inorganic Chemistry》主编，李亚红。实验讲义，2020，9
2. 参考书
1、《无机化学实验》（第一版），郎建平、卞国庆，南京大学出版社，2009年。

2、《无机化学实验》（第四版），北京师范大学无机化学实验室等编，高等教育出版社。
3、《无机化学》上下册（第四版），北京师范大学等，高等教育出版社。

4、《无机化学》上下册（第三版），武汉大学等校编，高等教育出版社。
七、教学方法 
授课方式：讲述，演示，个别指导
基本要求：

1. 课前预习讲义，写出书面预习报告。

2. 通过实验课程掌握基本的化学实验方法和基本操作技能。
3. 正确使用基本仪器，准确测定实验数据和表达实验结果。
八、考核方式及评定方法
（一）课程考核与课程目标的对应关系 
表4：课程考核与课程目标的对应关系表
	课程目标
	考核要点
	考核方式

	课程目标1
	预习报告的撰写，基本操作技能 
	操作

	课程目标2
	实验数据的处理和分析，实验成败因素的总结，实验报告的规范书写
	操作


（二）评定方法 
1．评定方法 
（1）撰写预习报告。能独立撰写实验报告。预习报告的内容包括实验目的、实验原理、实验步骤、实验主要装置图，对实验结果的预测等。
（2）撰写实验报告。实验报告的内容应包括实验目的、实验原理、实验步骤、实验主要装置图、数据记录与处理、结果与讨论、对实验课本中思考题的回答，误差分析等内容。
    （3）指导教师对每份实验报告进行批改、评分。

    （4）成绩评定

     ① 实验课的考核主要采取平时实验和期末考试相结合。

     ② 实验成绩包括平时成绩和期末考试成绩两部分，各占比重70%和30%。平时成绩按每次实验的预习10%、实验操作40%、实验报告10%和实验结果40%进行综合评定。期末考试是操作考试。
2．课程目标的考核占比与达成度分析 
表5：课程目标的考核占比与达成度分析表
	       考核占比
课程目标
	平时（70%）
	期末（30%）
	总评达成度

	课程目标1
	40%
	15%
	{0.40ｘ平时目标1成绩+0.15ｘ期末目标1成绩}/55。

	课程目标2
	30%
	15%
	{0.30ｘ平时目标2成绩+0.15ｘ期末目标1成绩}/45。


（三）评分标准 
	课程

目标
	评分标准

	
	90-100
	80-89
	70-79
	60-69
	＜60

	
	优
	良
	中
	合格
	不合格

	
	A
	B
	C
	D
	F

	课程
目标1
	能很好地掌握基本的实验方法和基本操作；能正确地使用仪器；能安全开展实验并正确采集数据
	能较好地掌握基本的实验方法和基本操作；能正确地使用仪器；能安全开展实验并正确采集数据
	掌握基本的实验方法和基本操作；能使用仪器；能安全开展实验并采集数据
	基本上能掌握实验方法和操作；能使用仪器；能安全开展实验并采集数据
	不能掌握实验方法和操作；不会使用仪器；不能独立开展实验并采集数据

	课程
目标2
	能很好地对实验现象进行解释；能很好地根据实验数据进行处理和计算并得出合理有效的结论。
	能较好地对实验现象进行解释；能较好地根据实验数据进行处理和计算并得出合理有效的结论。
	能对实验现象进行解释；能根据实验数据进行处理和计算并得出合理有效的结论。
	基本上能对实验现象进行解释；基本上能根据实验数据进行处理和计算并得出合理有效的结论。
	不会对实验现象进行解释；不会根据实验数据进行处理和计算并得出合理有效的结论


