

























Introduction


Welcome to Barron’s AP Chemistry Flashcards, which give you the flexibility to study 



chemistry in ways that textbooks and study guides do not.


This set of flashcards, which is organized along the lines of the current recommended AP 


Chemistry course content, will help you to review the fundamental concepts, definitions, 


nomenclature, equations, and other information covered on the AP Chemistry exam.


The purpose of these flashcards is to help you increase the speed at which you 


recognize fundamental facts and principals. This will free up time for more difficult 


parts of the AP exam. This set of cards has been reviewed and rearranged to fit the 


current arrangement of the AP Chemistry course. 


For additional review and practice, you should obtain a copy of Barron’s AP Chemistry 



Premium 2022–2023. This study guide contains more than 1,000 problems—multiple-



choice and free-response questions—and their associated answer explanations.
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The ten main categories as defined by the College Board for the AP Chemistry 


course are broad categories that include the core scientific principles, theories, and 


processes that govern chemical systems. Each of the categories is identified by a 


number on the front of the cards. You should refer back to these introductory cards 


if you need a refresher on what the numbers refer to. Note that some cards fall under 


more than one category. As you study, you may find that a different organization 


works better for you. Feel free to rearrange the cards. If you use the topic at the 


bottom of the cards you will see the interconnections among different areas of 


chemistry, a skill that will come in handy on the AP Chemistry exam. Finally, most 


of the cards have a prompt on one side and an explanation on the other, while some 


cards are “reversible” with prompts and explanations on both sides. 


Good luck!
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Description of the Main Categories


Note: The categories used for the flashcards are similar to, but not identical to the AP 



categories. They must be different because some material on the exam and used in 


the AP Course in Chemistry is not suitable for the flashcard technique of studying.


1. 


The first category regards the basics of the atom, where the proton, the electron, and the 


n


eutron that make up atoms are described. How these particles are put together make 


an atom, and how we get ions by losing or gaining electrons is covered. This category 


also covers the structure of the electron around the nucleus because this structure is 


related to atomic properties, which also led to the creation of the periodic table.


2. The second category deals with compounds (ionic and molecular) that are made 



from the elements that were introduced in the first category. The different types 


of compounds and how they form bonds and how they react with each other are 


important in this group. Also included is the correct naming of compounds based on 


the elements and the sequence in which elements are arranged. The names given to


compounds, such as ionic compounds, covalent compounds, acids, and bases, 


enable scientists understand how compounds react. 
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3. In category three we study the compounds themselves and how they are made, as 


well as the properties of different compounds. Part three is about intermolecular 


forces that have an effect upon boiling points, melting points, whether or not 


substances will mix with each other, or if they’re not miscible, and a variety of 


other relationships based upon the nature of the molecules themselves. These are 


often simple relationships that should be remembered so that they can be used to 


explain why chemical reactions occur (or don’t occur).


4. Category four investigates the reactions of one chemical with another. In the 


previous category it was the nature of the molecules and their simple properties 


that explained how they mix and how they boil and so much more. In this category 


we investigate how one chemical can react with another. We look at writing 


different types of chemical reactions, such as molecular, ionic, and net ionic 


equations. Other reactions such as combustion and oxidation-reduction (REDOX) 


reactions are important to recognize and use.


5. A very important topic for chemistry is the speed at which chemicals react with 


each other. If they react very slowly, sometimes we may say that no reaction is 


occurring at all. If they react extremely rapidly, we call these reactions explosive. 
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An understanding of these reactions and how we measure the rates of chemical 


reactions also helps us to understand the mechanisms of reactions. Other subjects 


such as the half-lives of first-order reactions, radioactive decay in order, and the 


kinetic–molecular theory of reactions are in this category.


6. Thermodynamics is the study of the movement of heat energy in chemical 



systems. Once the way energy moves in a chemical system is understood, the 


reason why certain chemical reactions occur and why others don’t is understood. 


By measuring the appropriate items in thermodynamics, we can make predictions 


about chemical reactions. An understanding of the first law of thermodynamics, 


the second law of thermodynamics, and the third law of thermodynamics will help 


you further understand why things happen.


7. This next category is called equilibrium. This is a very important part of chemistry 


because a chemical reaction doesn’t always go to completion. Some reactions stop 


without converting all reactants to products, and the result is a mixture containing 


both reactants and products. We learn about the factors that affect this mixture and 



allow scientists to manipulate conditions to optimize the production of products.
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 8. The eighth category deals with reactions of acids and bases. These two form 



one of the largest classes of chemicals that exist. Bases often are used to make 


soaps and detergents and other materials for cleaning. Acids, on the other hand, 


are often found in foods. Favorites, such as oranges, limes, and lemons, tend to 


be acidic. Importantly, acidic media tend to limit the growth of bacteria and help 


limit spoilage, keeping foods safe.


 9. Category nine considers oxidation-reduction reactions. While reactions of acids 



and bases involve the transfer of hydrogen ions and hydroxide ions between 


each other, in oxidation and reduction reactions electrons are transferred from 


one substance to another. The loss of electrons is an oxidation process, and the 


gaining of electrons is a reduction process.


10. Category ten can be considered as the “tools of the trade” for a chemist. 



This includes typical equipment that is used in a laboratory for a variety of 


experiments. Students will be familiar with this from doing the laboratory 


experiments run in the AP Chemistry course. In addition, some basic instruments 


used in the laboratory are also part of this category. Understanding what 


laboratory equipment is called and what it is used for is covered here.
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The Four Big Ideas


SCALE, PROPORTION, AND QUANTITY (SPQ)


BIG IDEA 1: Quantities in chemistry are expressed at both the macroscopic and 



atomic scales. Explanations, predictions, and other forms of argumentation in 


chemistry require understanding the meaning of these quantities, and the relationship 


between quantities at the same scale and across scales. 


STRUCTURE AND PROPERTIES (SAP) 


BIG IDEA 2: Properties of substances observable at the macroscopic scale emerge 



from the structures of atoms and molecules and the interactions between them. 


Chemical reasoning moves in both directions across these scales. Properties are 


predicted from known aspects of the structures and interactions at the atomic scale. 


Observed properties are used to infer aspects of the structures and interactions. 
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TRANSFORMATIONS (TRA) 


BIG IDEA 3: At its heart, chemistry is about the rearrangement of matter. 



Understanding the details of these transformations requires reasoning at many levels, 


as one must quantify what is occurring both macroscopically and at the atomic 


level during the process. This reasoning can be as simple as monitoring amounts 


of products made or as complex as visualizing the intermolecular forces among the 


species in a mixture. The rate of a transformation is also of interest, as particles must 


move and collide to initiate reaction events. 


ENERGY (ENE) 


BIG IDEA 4: Energy has two important roles in characterizing and controlling chemical 



systems. The first is accounting for the distribution of energy among the components 


of a system and the ways that heat exchanges, chemical reactions, and phase 


transitions redistribute this energy. The second is considering the enthalpic and 


entropic driving forces for a chemical process. These are closely related to 



the dynamic equilibrium present in many chemical systems and the ways in 



which changes in experimental conditions alter the positions of these equilibria. 
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#1 




Atomic Structures 


And Properties 




Define metalloid.


BASICS ABOUT ATOMS
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 A metalloid is an element that has properties of both metals and nonmetals.



 They are useful as semiconductors.



 Examples are silicon and germanium, which are used for transistors and 



integrated circuits.
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#2 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Three complete photoelectron spectra are shown below. Identify each element, and 


explain your reasoning.
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 In the first spectrum, the highest binding energy is observed for electrons that are 



closest to the nucleus (ris smallest). The height of the second peak is the same 


as the first, indicating the same number of electrons. This element has a 1s22s2



electron configuration and is therefore beryllium.


 In the second spectrum, the first peak is twice as high as the next peak. The first 



peak must have two electrons, causing a 1s2designation. The next electrons 


expected are the 2selectrons. The second peak height is half of the first peak and 


therefore is a 2s1. The 1s22s1electron configuration is that of lithium.



 A third peak in the last spectrum must be a 2p1electron. The element has an 



electron configuration of 1s22s22p1and is therefore boron.
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#3 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Define and describe the 


four quantum numbers.
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 The principal quantum number, n, indicates the shell (or principal energy level) 



of the atom in which an electron resides and is a rough measure of the distance 


from the nucleus. ncan have any value from 1 to infinity.


 The azimuthal quantum number,l, specifies the sublevel (or orbital) that an 



electron is located in. This number may be any number from zero up to n–1. This 



number specifies the shape of an atomic orbital.


 The magnetic quantum number, ml, indicates the orientation of a sublevel in 



space. The value of the mlquantum number can be any number from –lto zero 


to +l.


 The spin quantum number, ms, indicates the spin of the electron. 



An electron is not actually spinning, but it is a useful way of visualizing this 


property. Acceptable values for spin are +12and –12.



 Each electron possesses four quantum numbers. Each electron in an atom 



must have a set of four quantum numbers different from all other electrons 



in that atom.
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#4 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Define malleable.
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 Malleable is a property of metals.



 Malleable means that the substance can be hammered into new shapes.
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#5 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Define isotope.
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An isotope is an atom with a specific number of neutrons in addition to the protons 


and electrons defined by the atomic number. A given element may have several 


isotopes, each of which has a different number of neutrons while having the same 


number of electrons and protons.


 For example: C-12, C-13, and C-14. Each has 6 electrons and 6 protons; however, 



they have 6, 7, and 8 neutrons, respectively.
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#6 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




What is an amorphous 



substance?
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 Amorphous means without structure.



 Amorphous substances have no long-range crystal structure.



 Glass is an example of an amorphous substance.
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#7 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Which is the best representation of a porbital (i.e., an orbital where l= 1)? Choose all 



that apply.


(a) (b) (c) (d)
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Both (b) and (d) represent porbitals. The first is along the x-axis, and the second is 


along the z-axis.
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#8 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




What concept includes 


allotropes?
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 An element exhibits allotropy when it can exist as two or more distinct chemical 



structures.


 For example: the three allotropes of carbon, graphite, diamond, 



and C60 (buckminsterfullerene).



 Not all elements have allotropes.
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#9 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Define alkaline earth 



metals.
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Alkaline earth metals are the elements in the second group (column) of the periodic 



table. All:


 have ns2electrons for valence electrons



 are very reactive elements



 are metals that form 2+ ions
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#10 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Describe nuclear 



charge and the concept 



of effective nuclear 



charge.
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 Nuclear charge is the number of positive charges in the nucleus. This is the same 



as the number of protons in the nucleus (Z) and is also the atomic number.


 The concept of effective nuclear charge is that inner (core) electrons shield outer 



electrons from the nuclear charge. The outer electrons are attracted by a nuclear 


charge that is approximately equal to the number of valence electrons.


 The atomic radius decreases from left to right across the periodic table because 



the effective nuclear charge increases as the number of valence electrons 


increases. The increase in effective nuclear charge increases the attractive force 


on the valence electrons, resulting in a smaller atom.
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#11 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Define Hund’s Rule.
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Hund’s Rule states that all orbitals in a sublevel must fill with one electron before a 



second electron of opposite spin can be added to any orbital in that sublevel.
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#12 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Define a hydrate and 



give an example.
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 A hydrate is a substance that contains a fixed number of water molecules.



 The water molecules are written separately from the formula itself and connected 



to it with a dot in the center of the line between the chemical formula and the 


water molecules.


 For example, cobalt(II) chloride hexahydrate is CoCl2• 6H2O.
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#13 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Define magnetic 



quantum number (


m


l


).
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 The magnetic quantum number is the quantum number that specifies the orbital 



in which the electron is located.


 It specifies the orientation of the orbital in space.



 mlmay take any number from –lto +l, including zero.
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#14 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




The frequency of a photon is _________ to its wavelength.


a. directly proportional


b. inversely proportional


c. not related


If a or b is chosen, write the appropriate equation.
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Frequency is inversely proportional to wavelength, as shown in the equation:


vλ = c
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#15 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Halogen Atomic Radius (pm) Boiling Point (°C) Molar Mass (g/mol)


Bromine 1.14 53.9  158.8


Chlorine 0.99  –34.6 71.0


Fluorine 0.71 –188.0   38.0


Iodine 1.33 184.7 254.



Use the above data to sketch a graph of boiling point versus atomic radius and a 


graph of boiling point versus molar mass. What claims can you make from this data?
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It seems that there is a linear relationship between boiling point and 



(1) atomic radius and (2) atomic mass.


The relationship between boiling point and molar mass is not as linear.
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Use the above graphs to determine the approximate radius of each halogen.
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#16 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Define Bohr atom.
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 The Bohr atom is the model of the atom developed by Niels Bohr.



 This model viewed electrons circling the nucleus like a miniature solar system.



 Each orbit had a definite energy and electrons moving from one orbit to another 



and either absorbed or emitted the energy difference between the orbits.


 This theory replicated the Rydberg constant to less than ±0.5%.
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#17 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




 What are the electron configurations for the following?



 Also give the abbreviated configurations.



S


Sr2+
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 Complete Abbreviated



S: 1s22s22p63s23p4= [Ne] 3s23p4



Sr2+: 1s22s22p63s23p64s23d104p6= [Kr]
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#18 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Define ionization energy.
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 Ionization energy is the energy required to remove an electron completely from 



an atom in the gas phase.


 This energy is always added to the atom and is therefore always endothermic 



(positive sign).
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#19 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




What is the concept 


behind the atomic 



number?
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 The atomic number is the number that specifies the position of an element in the 



periodic table.


 It is also a number representing the number of protons in the nucleus of an atom.



 The atomic number defines the identity of an element.



The basic idea is that each element must fall in some sort of order. Mendeleev 


originally based the order on atomic masses. It was later found that the order should 


be based on the number of protons in the nucleus of an element.
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#20 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Define electron, 



neutron, and proton.
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 An electron occupies space outside the nucleus.



°Mass = 0, charge = 1–, symbol is e–



 A neutron is an uncharged particle in the nucleus.



°Symbol is 1n, mass = 1



 A proton is a positively charged particle in the nucleus.



°Symbol is 1



1p, mass = 1, charge = 1+



°Number of protons defines the identity of an atom
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#21 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




What are the subatomic 



constituents of the 



atom?
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 The subatomic constituents of the atom are protons and neutrons 



in the nucleus and electrons around the nucleus.


 The atomic number Z= # of protons.



 The mass number A= # protons + # of neutrons.
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#22 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Define isoelectronic.
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 Any two substances that have identical electron configurations are isoelectronic.



 Many cations and anions of the representative elements have the same electron 



configuration as their nearest noble gas. Therefore, they are isoelectronic with 


that noble gas.


Example:


  Ar: 1s22s22p63s23p6



  Ca2+:1s22s22p63s23p6
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#23 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Give the orbital 


diagrams for the tin 


atom and its two ions.
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 The orbital diagrams use only the valence electrons if other orbitals are not 



needed.


 Tin has the abbreviated electron configuration:



[Kr] 5s24d105p2= [Kr] 4d105s25p2



 The tin atom has the orbital diagram: [Kr]



 The Sn2+ ion has the orbital diagram: [Kr]



 The Sn4+ ion has the orbital diagram: [Kr]





436






436






436
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#24 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Define chemical formula 



and give an example.
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 A chemical formula is the representation of chemical substances using their 



chemical symbols and appropriate subscripts for the numbers of atoms.


 A simple formula is



Ca(NO3)2



 This formula indicates a compound with one calcium atom, two nitrogen atoms, 



and six oxygen atoms.
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#25 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




 How many valence electrons do the following atoms have?



 Give the electron configuration of the valence electrons only.



°barium



°iron



°indium
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Element Valence Electrons Valence Electron 



Configuration


barium 2 (6s2)


iron 2 (4s2)


indium 3 (5s25p1)


Note: only sand pelectrons are counted as valence electrons.
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#26 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




In the quantum mechanical 


model, three constants 


are used to solve a wave 


equation of an orbital. What 


are these constants?
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The three constants are called quantum numbers.


 The principal quantum number, n, generally specifies the distance of an electron 



from the nucleus. It can have a value equal to any positive integer. It is also the 


first number in an electron configuration.


 The secondary quantum number, l, defines the shape of the orbital and can have 



any number from 0 to n− 1. This quantum number is often converted to a letter, 


s, p, d, or f, used in electron configurations. These letters come from old-time 



spectroscopic notation for “sharp,” “principal,” and “diffuse.”


 The magnetic quantum number, ml, refers to the direction in which a suborbital is 



oriented in space. This can have any integer value from +mlto −ml, including 0.
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#27 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Describe the three 



states of matter.
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 A solid retains both volume and shape, and molecules are relatively rigid in a 



crystal lattice.


 A liquid retains volume but not shape, molecules move freely in close contact, 



and strong attractive forces are present.


 A gas assumes the volume and shape of a container, molecules are almost totally 



independent of each other, there is little in the way of attractive forces, and it is 


highly compressable.
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#28 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Define weight and mass.
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 Weight is the force developed due to the gravitational acceleration of two 



masses toward each other. The weight of an object changes as the gravitational 


acceleration changes.


weight = force = mass × acceleration of gravity


 Mass is the amount of material in a sample. Mass does not change with the 



acceleration of gravity.
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#29 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




What is the difference 


between an orbit 



and an orbital?
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 An orbit is a fixed path that an electron follows around an atom. Depending on 



the approach, an orbit can hold 2, 8, 18, or 32 electrons. Suborbitals are paths 


followed by pairs of electrons. 


 An orbital is a region of space in which there is a 90% chance of finding an 



electron. Suborbitals represent nonoverlapping regions of space that contain 


electron pairs.
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#30 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




Explain 


electronegativity.
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 Electronegativity is a measure of an atom’s tendency to attract electrons.



 Difference in the electronegativities of two atoms indicates the direction and 



magnitude of a bond’s polarity.


 Electronegativity is one of the diagonal relationships in the periodic table.



 Fluorine (in the upper right corner of the periodic table) has the highest 



electronegativity, and francium (in the lower left corner of the periodic table) has 


the lowest electronegativity.
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#31 BASICS ABOUT ATOMS





Atomic Structures 


And Properties 




 Describe the concept of electron affinity.



 How do chemists use this concept?
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