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Section 1 Atoms, Molecules and Stoichiometry原子、分子和化學計量學
Atomic Structure
 原子結構
1. Atoms are made up of electrons電子, protons質子 and neutrons中子.

2. The neutrons中子 and protons質子 make up of nucleus原子核.

	Particle粒子
	Proton質子
	Neutron中子
	Electron電子

	Symbol符號
	p+ or 
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	Relative Charge 相對電荷
	+1
	0
	-1

	Charge / C電荷/(C)
	+1.602 (10-9
	0
	-1.602(10-9

	Relative Mass (12C = 12.0000)相對質量
	1.0073
	1.0087
	5.4(10-4

	Mass / g 質量
	1.673 (10-24
	1.675 (10-24
	9.109 (10-28


	Atomic number (Z)
原子序
	= number of protons質子數目 in the nucleus原子核; or

= number of electrons電子數目 in the neutral atom中性原子.



	Mass number (A)
質量數
	= number of protons 質子數目+ number of neutrons中子數目; or

= nearest integral整數近似值to the relative atomic mass相對原子質量 of an atom原子.


Radioactivity 放射現象
Radioactivity occurs when an unstable nucleus spontaneously disintegrate, emitting particles and/or energy in the process.

放射現象的發生是指一不穏定的原子核自動分裂，放射出粒子和能量的過程。
Three Types of Radiation 三種放射性衰變
· Alpha () particles 粒子
· Beta () particles 粒子
· Gamma () radiation 輻射
Alpha () particles 粒子
· High velocity helium nuclei高速的氦原子核
· Highly ionizing 高度離化
· e.g. 
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Beta () particles 粒子
· Electrons moving at speeds comparable to the speed of light.高速電子
· e.g.
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Gamma (radiation 輻射
· High energy electromagnetic radiation (photons) released by atoms with excess energy 高能量的電磁輻射
· Shorter wavelength and higher energy than x-ray與x-光比，能量較強。
· Less ionizing than - and - particle. 不帶電荷
· e.g. 
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	Examples:
	( radiation:
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	( radiation:
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	Z is increased增加 by 1 since a neutron中子 gives生成 an electron電子 and a proton質子
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	( radiation:
	Short wavelength短波 electromagnetic radiation電磁輻射, which accompanies the emission of ( and / or ( particles.


Only loss只有失去of - and -particles粒子 affects影響 the atomic number原子序 (z) of an element元素.
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	The penetrating power穿透力 of (-particle粒子, (-particle粒子 and (-radiation輻射 and their behavior反應 in an electric field電場.
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	The behavior反應 of (-,(- and (-radiation in an magnetic field磁場.


	Emission放射
	particles 粒子
	particles 粒子
	rays 輻射

	Nature (特性)
	Helium nuclei 

氦原子核
	Electrons 

電子
	Electromagnetic waves of short wavelength (10-13m) 高能量電磁波

	Symbol (符號)
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	Mass (質量)
(in a.m.u.=1.661(10-24g)
	4
	1/1840
	0

	Charge per particle

(1.6(10-19C) (相對電荷)
	+2
	-1
	0

	Speed (速度)
(Relative to speed of light)
(相對光速)
	5%
	3-90%
	100%

	Relative penetrating power (相對穿透力)
	1
	100
	10000

	Range(距離範圍) in air 
	A few centimeters
數厘米
	A few metres
數米
	> 100 m of air

	Relative ionizing power
(相對離化力)
	Strong 強
	Weak 弱
	Very Weak 十分弱

	Absorbed(截停) by
	A sheet of paper 

一張紙
	5mm Al 鋁
	Intensity強度 reduced by about half減半 by 25mm Pb鉛 or can be absorbed 截停by 1m concrete混凝土

	Effect of electric field(電場)
	Deflected to negative plate
向負電皮偏轉
	Deflected to positive plate 

向正電板偏轉
	Undeflected 不偏轉

	Effect of magnetic field(磁場)
	Small Deflection
輕微偏轉
	Large deflection in opposite direction as (-particles偏轉的方向與(粒子方向相反
	Undeflected不偏轉


Half-life半衰期
· The time for the radiation to be halved, or for the radio-nuclei to be reduced to half.
(該同位素的放射程度跌至其起始值的一半，或該放射性子核數目跌玉其起始值的一半的所需時間)
Uses of Radioisotopes 放射性同位素的用途
	Radiotherapy
放射治療:
	Radiation輻射 emitted 放射from radioisotopes放射性同位素 (e.g. cobalt-60鈷-60) can be aimed at and kill cancer cells癌細胞.

	Tracers 示踨物:
	Since radioisotopes放射性同位素 of an element元素 are chemically identical相同化學特性 to the non-active isotope穏定的同位素 of the element, we can use radioisotopes as traces探測 in medical醫療, agricultural農業 or biological system生物系統.

	Leak Detection 

探測裂縫:
	By adding a little radioactive isotopes少量的放射性同位素 to liquid液體 (e.g. oil油) or gas氣體, leaks裂縫 can be detected探測 in underground pipes地下管道 or tanks器皿 by using a portable detector of radiation可移動的輻射深測器.

	Radiocarbon Dating
碳-14定年法: 
	Living plants植物 both absorb吸入 and give out放出 carbon dioxide二氧化碳 and so the percentage of 14C碳-14的百分比 present in the tissues組織 remains保持 constant常數. However, when a plant植物 dies枯萎, the 14C碳-14 trapped藏著的 in it decays進行衰變 by beta emission放射出β粒子 with a half-life半衰期 of 5600 years.  Hence由此 by measuring量度 the activity of the 14C碳-14的含量 present in dead已枯萎的plants’ tissue植的組織 it is possible可能 to estimate鑑定 their age產出年數.

	Nuclear Power核能:
	Nuclear reactions核反應 result導致 in the release釋放 of a vast quantity大量 of energy能量, which is used to generate electricity發電.


Relative isotopes, atomic and molecular masses
相對同位素質量、相對原子質量及相對分子質量
Isotopes同位素
· Atoms原子 of same elements同一元素 with different mass不同質量 

· Due由於 to different不同的 numbers of neutrons中子數目
Relative Atomic Mass 相對原子質量
· Obtained by comparing比較 the mean of average平均值 atomic mass原子質量 of all isotopes所有同位素 of particular element該元素 with that of the 12C 碳-12 isotope同位素 (relative unit相對單位)

· The 12C isotope碳-12同位素being arbitrarily任意 assigned指定 a value數值 of exactly 12.
Relative Molecular Mass相對分子質量
· The mass of a molecule relative to a mass of exactly 12.00000 for carbon-12
一個分子在碳-12標度上的相對質量
Mass Spectrometer 質譜儀
What is mass spectroscopy質譜儀?

	
	

	


· The analysis分析 of ions離子 produced form gas molecules氣化分子 according根據 to mass to charge ratio電荷/質量比, giving information about molecular formula分子式 and structure composition結構成份.
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· Vaporization chamber氣化室: 
with heater加熱器to vaporize氣化sample樣本 if necessary

· Ionization Chamber電離室: 
gas atoms氣體的原子 or molecules分子 are bombarded撞擊 by high-speed electrons高速電子 to form形成 positive ions正離子.

· Negative charged accelerating加速 grids providing an electric field電場 that accelerates加速 the beam of positive ions正離子 thus formed.

· Whole spectrometer tube質譜儀 at extremely low pressure極低壓 to prevent防止 ionic collisions離子碰撞.

· An electromagnetic produces a magnetic field磁場, which deflects偏轉 the beams of ions離子 into circular paths曲形軌跡.

· Ions離子 with a high mass to charge ratio較高的質量/電荷比 are deflected偏轉 less較少 than those with a low mass to charge ratio較低的質量/電荷比.

· Ion detector離子探測器 to defect探測 the signal訊號 and pass傳遞 it onto a recorder記錄器
· Recorder記錄器: 
the electric current電流 was sent傳遞 to the computer and the peak峰will displayed顯示. 

The Mole Concept摩爾定律
Mole摩爾
· One MOLE摩爾 of a substance (or species) 物質represented指 by a formula化學式 is the amount數量 containing含 the same相同 number of formula unit化學式 as the number of atoms原子數目 in exactly 12g of Carbon-12
一摩爾物質所包含的粒子數目相等於12g碳-12所含的碳原子數目。這些粒子可以是原子、分子、離子或電子。
Avogadro number (L) 亞佛加德羅常數
· 6.022 ×1023 

· Number of particles that one mole contained 1摩爾數所含的粒子數量
· Unit單位: mol-1 
Molar Mass 摩爾質量
· The MOLAR MASS摩爾物質 of a substance物質 is the mass in grams of one mole of it.
摩爾物質指一摩爾物質的質量，單位為克/摩爾 (g mol-1)
Important Relationships重要的公式關係 ~ Summary總結
	1.
	Mass of 1 mole if a substance or species (一摩爾數的物質的質量)
	=
	Formula mass式量 expressed in gram unit 以克為單位

	

	2.
	Number of moles 摩爾數
	=
	Mass (in g) 質量 (克)


	
	
	
	Molar mass 摩爾質量

	

	3.
	Number of moles 摩爾數
	=
	Number of formula units化學式單位數目

	
	
	
	Avogadro Number亞佛加德羅常數

	

	4
	Mass of 1 formula unit
一單位的化學式的質量
	=
	Molar mass 摩爾質量

	
	
	
	Avogadro Number 亞佛加德羅常數


Molar Volume摩爾體積
· The MOLAR VOLUME摩爾體積 of a substance物質 (at certain conditions特定的條件) is the volume occupied所佔體積 by one mole一摩爾 of the substance 物質(under those conditions在相同特定條件下).

· Molar volume摩爾體積 of different gases不同的氣體 at the same temperature相同的溫度 and pressure氣壓 are roughly equal大約相同.

At Room Temperature and Pressure常溫常壓 (R.T.P.)

	Gas氣體
	Formula化學式
	Molar Mass
摩爾質量(g mol-1)
	Molar Volume at 25oC and 1 atm. 摩爾體積 (25oC and 1 atm)

	Hydrogen 氫
	H2
	2.0
	24.1

	Helium 氦
	He
	4.0
	24.1

	Nitrogen 氮
	N2
	28.0
	24.0

	Oxygen 氧
	O2
	32.0
	24.0

	Chlorine 氯
	Cl2
	71.0
	23.7

	Ammonium 鋁
	NH3
	17.0
	24.1

	Carbon monoxide 一氧化碳
	CO
	28.0
	24.5

	Carbon dioxide 二氧化碳
	CO2
	44.0
	24.3


· The molar volume摩爾體積 of any任何 gas氣體 is approximately大約 24dm3 mol-1 at 298K (25oC) and 1 atmospheric pressure大氣壓強
At Standard Temperature and Pressure 標準溫度與壓強 (S.T.P.)

	Gas 氣體
	Formula 化學式
	Molar Mass 摩爾質量 (g mol-1)
	Molar Volume at 25oC and 1 atm. 摩爾體積 (25oC and 1 atm)

	Hydrogen 氫
	H2
	2.0
	22.397

	Helium 氦
	He
	4.0
	22.434

	Nitrogen 氮
	N2
	28.0
	22.402

	Oxygen 氧
	O2
	32.0
	22.397

	Ammonium 鋁
	NH3
	17.0
	22.079

	Argon 氬
	Ar
	40.0
	22.397

	Carbon dioxide 二氧化碳
	CO2
	44.0
	22.260


· The molar volume摩爾體積 of any任何 gas氣體 is approximately大約是 24dm3 mol-1 at 273K (0oC) and 1 atmospheric pressure大氣壓強
In General概括
	Number of moles of gas
氣體的摩爾數 
	=
	Volume of gas氣體的體積 at certain condition

	
	
	Molar volume氣體的摩爾體積 of gas under those condition


Ideal Gas Equation理想氣體方程式
Gas Law氣體方程式
Boyle’s law 波義耳定律
· At constant temperature在一定溫度下, the volume體積 of a fixed mass of gas一固定質量的氣體 is inversely proportional成反比 to the pressure壓強.

· 
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Charles’ law 查理定律
· The volume of a fixed mass of gas一固定質量的氣體體積 at constant pressure在一定壓強下 is directly proportional成正比 to its absolute temperature絕對溫度(開氏溫度).

· V ( T or V = constant常數 ( T
Avogadro’s law亞佛加德羅定律
· At constant temperature and pressure在常溫常壓下, the volume of a gas氣體的體積 is directly proportional成正比 to its number of moles摩爾數.

· V ( n 

Ideal Gas Equation理想氣體方程式
· PV = nRT
· The ideal gas equation理想氣體方程式 can be expressed in other forms that are useful in calculation可以用以公式表示:
if n = number of moles of gas molecules 氣體分子的摩爾數
then n = mass of gas sample氣體樣本的質量 (m) ( relative molecular mass of this gas 氣體的相對分子質量(Mr)
so that PV = nRT becomes 
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· Alternatively另外, we can express表示 it in another way另一種形式:
if the volume of a fixed mass of a gas如果一固定體積的氣體 (n is constant常數) is V1 at absolute pressure絕對壓強 P1, and absolute temperature絕對溫度 T1; and at absolute temperature在絕對溫度 T2 and absolute pressure和絕對壓強 P2 its volume 其體積是is V2, then
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Partial Pressure of a Gas 氣體分壓
Air空氣: a mixture of gases 是一混合氣體
Dalton Law道爾頓分壓定律
· Ptotal = P1 + P2 + …+ Pn 
where P1, P2…Pn are called partial pressure分壓 

· Assuming假設 that each gas behaves ideally以上都是氣想氣體, the partial pressure 分壓of each gas氣體 can be calculated by ideal gas law以理想氣體定律計算:
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· Total Pressure (Ptotal)總壓強:
Ptotal = P1 + P2 + …+ Pn
= 
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The Faraday and the Mole法拉第和摩爾
Faraday’s Law of Electrolysis法拉第電解定律
· Quantitative relationships定量關係between the quality of electricity電量 pass in electrolysis電解 and the mass質量 of products formed生成物.

Quantity of electricity電量
Quantity of electricity 電量 
= 
current電流 
( 
time 時間
(coulombs庫倫 C)




(amperes安培 A) 

(seconds秒 s)
Which is 即 Q = It
Faradays first law of electrolysis法拉第第一電解定律
· The mass of a substance liberated at an electrode during electrolysis is directly proportional to the quantity of electricity passed
指出電解時，在電極析出的生成物的質量與流經有關電解質的電量成正比。
Faradays second law of electrolysis法拉第第二電解定律
· The quantity of electricity required to produce a mole of a substance from its ions is proportional to the charge on the ions. 
電解時，當相同的電量流經不同的電解質時，析出一摩爾數的生成物所需的電量與它的離子所帶的電荷成正比例。
· 96000C of electricity is required to produce one mole of electrons. 
析出一摩爾電子所需的電量為96000庫倫
· Faraday法拉第(F):
the charge電荷 or quantity of electricity電量 of one mole of electrons一摩爾電子 
Faradays Constant 法拉第常數
	No. of moles of product formed 

電解時所析出生成物的摩爾數
	=
	It

	
	
	nF


Empirical and Molecular Formulae實驗式與分子式
Empirical formula實驗式
· The simplest formula representing the ration of atoms of elements making up the compound/ion.
表示化合物所含的子或離子的最簡單整數比。
Molecular formula分子式
· The formula showing the actual number of atoms of each element making up the compound/ion.
表示共價化合物中，一個子所元素的原子的真實數目。
Example: Ethanoic Acid乙酸(CH3CH2COOH)

· Empirical formula實驗式: CH2O

· Molecular formula分子式: C2H4O2
	Compound 化合物
	Empirical formula 實驗式
	Molecular formula 分子式
	Structural formula 

結構式

	Carbon dioxide 二氧化碳
	CO2
	CO2
	O = C = O

	Water 水
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	Methane 甲烷
	
	CH4
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	Ethane 乙烷
	CH3
	
	

	Ethene

乙烯
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	Sodium fluoride
氟化鈉
	
	Not applicable

不適用
	Na+F¯

	Ammonium chloride

氯化銨
	NH4Cl
	
	


Determination of empirical formulae 實驗式的測定
From combustion data 從燃燒所得的數據中測定
During complete combustion完全燃燒, elements元素 in a compound化合物 are oxidized被氧化.  Carbon碳, hydrogen氫 and sulphur硫 atoms原子 are oxidized to 氧化成carbon dioxide二氧化碳, water水 and sulphur dioxide二氧化硫 respectively.  From the masses of products formed由生成物的質量, the number of moles of atoms originally present起始的原子質量數 in the compound化合物 can be worked out計算出來.  Hence因此, the empirical formula實驗式 of the compound化合物 can be deduced推測.

	e.g. 
	A hydrocarbon 碳氫化合物 is burnt completely完全燃燒 in excess oxygen過量的氧.  It is found that 1.00 g of the hydrocarbon碳氫化合物gives生成 2.93 g carbon dioxide二氧化碳 and 1.80 g water水.  Find the empirical formula實驗式 of the hydrocarbon碳氫化合物.

(relative atomic mass相對原子質量: H = 1.0, C = 12.0, O = 16.0)

	
	Let設 the empirical formula實驗式 of the hydrocarbon碳氫化合物 be為 C x H y , the simplest ratio最簡單整數比of x and y can be determined測定 by using the following table下表.

Carbon 碳
Hydrogen 氫
Mass 質量 (g)

Number of moles 
摩爾數 (mol)
Relative number of moles 
相對摩爾數
Simplest mole ratio 
相對摩爾數的最簡單整數比
Therefore因此, the empirical formula實驗式 of the hydrocarbon碳氫化合物 is ​​​________________.


From composition by mass從質量成分中測定
Based根據 on the percentage composition by mass 質量成分百分比of the compound化合物, the mass質量 of the atoms原子 of different elements不同元素 in the compound化合物 can be determined測定.

	e.g.     
	Compound A contains carbon and hydrogen atoms only.  It is found that the compound contains 75% carbon by mass.  Determine its empirical formula.

化合物A只佁碳和氫，其中碳的質量成分百分比為75%。計算化合物A的實驗式。

(relative atomic mass相對原子質量: H = 1.0, C = 12.0)

	
	Let the empirical formula of the hydrocarbon be C x H y , and the mass of the compound be 100 g.

設化合物A的實驗式為C x H y , 其質量為100g。

	
	Carbon 碳
Hydrogen 氫
Mass 質量 (g)

Number of moles 
摩爾數

Relative number of moles

相對摩爾數

Simplest mole ratio

最簡單的摩爾數的整數比

Therefore因此, the empirical formula實驗式 of Compound化合物 A is ​​​________________.



Determination of molecular formulae 分子式的推導
From composition by mass從質量成分中推導
Knowing the empirical formula實驗式 and the relative molecular mass相對分子式 of a compound化合物, the molecular formula of the compound化合物的分子式 can be easily worked out.

	e.g.
	Compound X is known to contain 44.44% of carbon, 6.18% of hydrogen and 49.38% of hydrogen by mass.  A typical analysis found that it has a relative molecular mass of 162.0.  Find its molecular formula.

在化合物X中、碳、氫和氧的質量成分百分比分別為44.44%、6.18%和49.38%。已知化合物X的相對分子質量是162.0，計算化合物X的分子式。

(relative atomic mass相對原子質量: H = 1.0, C = 12.0, O = 16.0)



	
	Let the empirical formula of the hydrocarbon be C x H y O z , and the mass of the compound be 100 g.

設化合物X的實驗式為C x H y O z , 其質量為100g。

	
	Carbon碳
	Hydrogen 氫
	Oxygen 氧

	Mass質量 (g)
	
	
	

	Number of moles

摩爾數
	
	
	

	Relative number of mole
相對摩爾數
	
	
	

	Simplest mole ratio

最簡單的摩爾數的整數比
	
	
	


The empirical formula實驗式 of compound化合物 X is ​​​_______________________.
Let the molecular formula分子式 of the compound化合物 X be (C6H10O5)n .

Relative molecular mass相對分子質量 of (C6H10O5)n  = 162.0

n (12.0 ( _____ + 1.0 ( _____ + 16.0 ( _____ ) = 162.0


n = _____

Therefore, the molecular formula分子式 of compound化合物 X is ​​​_______________________.
Composition by mass derived from formula從化學式推導質量成分
Knowing the molecular formula分子式 of a compound化合物, the composition by mass 質量成分of each of the constituent elements構成元素can be easily worked out.

	e.g.
	Calculate the mass of metal iron in 20 g hydrated iron (II) sulphate, FeSO4 · 7H2O.

計算20g的水合硫酸鐵(II)(FeSO4 · 7H2O)中，鐵的質量。

(relative atomic mass相對原子質量: Fe = 55.8, S = 32.1, C = 12.0, O = 16.0)

	
	Relative molecular mass相對分子質量 of FeSO4 · 7H2O = 

Percentage by mass 質量百分比of Fe 鐵=

Mass質量 of metal iron鐵 = 




Chemical Equation and Stoichiometry化學方程式和化學計量學
Stoichiometric coefficients計量系數
· The relative amounts of reactants and products (measured in mole)
反應物和生成物的相對摩爾數。
· Indicated by the coefficients in the balanced equation
在化學程式中，位於各反應物和生成物的化學式前的數字稱為計量系數。

Stoichometric Calculations involving Reacting Masses有關反應質量的化學計算
Question

2.4 g of magnesium鎂 were allowed to react進行反應 with 200cm3 of 0.80M hydrochloric acid氫氯酸.

(a) What mass of magnesium remained計算剩餘的鎂的質量?

(b) What volume of gas was evolved at room condition計算在常溫常壓下，所產生的氣體體積?
Answer

Reaction involved上列化學反應可用以下的化學方程表示:


 Mg(s) +2HCl(aq) ( MgCl2(aq) + H2(g)​

(a) Molar mass摩爾質量of Mg = 2.4 ( 24 = 0.10
no. of moles of HCl used 已反應的HCl摩爾數
=  molarity摩爾濃度( volume of solution溶液的體積(in dm3)
=  0.80 ( 200 ( 1000 = 0.16
0.16 mole摩爾 of HCl would react會進行反應 with 0.08 mole摩爾 of Mg to give 產生0.08mole of H​2.
Mass of Mg remaining剩餘的鎂的質量 = 0.02 ( 24 = 0.48g

(b) Volume of H2 evolved所放出的H2氣體 (at room conditions常溫常壓) 
= 0.08 ( 24000
= 1920cm3 
Stoichometric Calculations involving Volumes of Gases有關氣體體積的化學計算
Question

100cm3 of hydrogen氫 were exploded進行爆炸 with 160cm3 ​Oxygen氧. What is the final volume最終體積 if all volumes were measured所有體積均被量度 at 

(a) 110oC and 1 atmosphere大氣壓強,

(b) 25o​​C and 1 atmosphere大氣壓強.

Answer

(a) 2H2(g)  + 
O2(g)  ( 
2H2O(g)
2 moles

1 mole

2 moles (from equation由化學方程得知)
2 volumes 
1 volume
2 volumes (by Avogadro’s Law由亞佛加德羅定律得知)
100cm3

50cm3

100cm3

volume體積 of unreacted尚未反應的 O2 =160 - 50 = 110cm3
Final volume最終體積 = volume體積 of unreacted 尚未反應O2 + volume 體積of  

steam formed生成的蒸汽

= 110 + 100 = 210cm3

(b) 2H2(g)  + 
O2(g)  ( 
2H2O(l)
2 moles

1 mole

volume of liquid water is negligible可忽視水的體積
2 volumes 
1 volume


100cm3

50cm3



Final volume最終體積 = volume體積 of unreacted尚未反應的O2 = 110cm3
Stoichometric Calculations involving Concentrations and Volumes of Solutions
有關溶液的濃度和體積的化學計算
To perform Stoichometric Calculation進行化學計算前, we must know:

1. The nature of the reaction反應之本質, which depends on the exact forms the chemicals take when dissolved; and

2. The amounts of chemicals present in the solutions溶液中所含化學藥品的分量, that is, the concentration of each solution即各溶液的濃度.

Unit單位:

· mol dm-3
· the number of moles 摩爾數of solute溶質 dissolved溶解 in 1dm3 (or 1000cm3 or 1litre) of solution溶液.
· Old unit used: M (molarity) [1M = 1 moldm-3]

Question

The purple colour紫色 of KmnO4 solution錳(VII)酸鉀溶液 is due to the MnO4- ions錳(VII)酸根離子.  When 5cm3 of 0.0004 M KmnO4 solution溶液 are diluted稀釋 to 1dm3, the solution溶液 still appears pink粉紅色 to normal eyesight.  Calculate計算 how many mole摩爾數 of MnO4- ions錳(VII)酸根離子 are there in 1 drop滴 of the diluted solution已稀釋的溶液, assuming若 there are approximately大約 20 drops滴 in each cm3)

Answer

No. of moles摩爾數 of KMnO4 in 5cm3 of solution溶液
= molarity of solution溶液摩爾濃度  ( volume of solution溶液體積 (in dm3)

= 0.0004 ( 5 ( 1000 = 2 ( 10-6 

Volume體積 of 1 drop滴 = 1 ( 20 = 0.05cm3
( No. of moles of MnO4- ions present in 1 drop of the diluted solution
 (1滴已稀釋的KMnO4溶液含有的MnO4-離子的摩爾數)
= 2 ( 10-6 ( 0.05 ( 1000 = 1 ( 10-10 
Simple titrations 簡單滴定

Volumetric analysis容量分析 is a method used by chemists to determine測定 the quantity數量 or concentration濃度 of a substance物質 by measuring量度 the volume體積 of some solutions液體.  The technique技術 involved is called titration滴定.

A. Acid-base titrations酸鹼滴定
1. Titration with an indicator採用指示劑的滴定
The end point終點 of a titration滴定 can be detected測定 by using a suitable indicator合適的指示劑.

	Acid-base pair
不同的酸鹼組合
	pH at end point

在當量點時的pH
	Indicator
指示劑

	Strong acid-strong base

強酸和強鹼
	7
	Phenolphthalein, methyl orange

酸酞、由基橙

	Strong acid-weak base

強酸和弱鹼
	< 7
	Methyl orange

由基橙

	Weak acid-strong base

弱酸和強鹼
	> 7
	Phenolphthalein
酸酞


2. Titration without indicator不採用指示劑的滴定
Apart from除using indicators指示劑, the end point終點 can also be detected測定 by following the changes改變 in pH value值, temperature溫度 or electrical conductivity導電性 during the course of a reaction反應.

B. Redox titrations氧化還原滴定
Redox titrations氧化還原滴定 are well exemplified示範 by the titration滴定 of iodine碘with thiosulphate硫代硫酸鹽 and the titration滴定 of acidified potassium permanganate酸化錳酸鉀 with reducing agents還原劑 such as iron (II) sulphate solution硫酸鐵(II)溶液.

1. Iodometric titration碘滴定–titration滴定 involving iodine碘 which is a mild oxidizing agent一種溫和的氧化劑. 

The equation for the reaction反應 between iodine碘 and thiosulphate硫代硫酸根離子 is as follows:

I2 (aq) + 2S2O32–(aq) ( 2I¯ (aq) + S4O62–(aq)

Starch solution澱粉溶液 is the most commonly used常用 to indicate指示 the end point終點.
2. Titration滴定 involving reduction還原 of acidified potassium permanganate酸化錳酸鉀
No indicator is needed 無需指示劑as acidified potassium permanganate酸化錳酸鉀 itself本身 serves as用作 an indicator指示劑.  As the reduction還原 of MnO4¯ (aq)錳酸(VII)根離子 to Mn2+ (aq)錳(II)離子 having the colour change 顏色改變from purple紫 to colourless or very pale pink粉紅 at the end point終點.
mass number does not change 質量數不變�atomic number increased by 1原子序加1





mass number reduced by 4 質量數減4�atomic number reduced by 2 原子序減2
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