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Share copy and redistribute the material in any medium or format for any purpose, even commercially. Adapt remix, transform, and build upon the material for any purpose, even commercially. The licensor cannot revoke these freedoms as long as you follow the license terms. Attribution You must give appropriate credit , provide a link to the license, and indicate if changes were made . You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use. ShareAlike If you
remix, transform, or build upon the material, you must distribute your contributions under the same license as the original. No additional restrictions You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits. You do not have to comply with the license for elements of the material in the public domain or where your use is permitted by an applicable exception or limitation . No warranties are given. The license may not give you all of the permissions
necessary for your intended use. For example, other rights such as publicity, privacy, or moral rights may limit how you use the material. 69%(13)69% found this document useful (13 votes)16K viewsSaveSave Valence Electrons and Lewis Dot Structure Workshee... For Later69%69% found this document useful, undefinedValence electron activities tend to be comprised of drawing electron dot diagrams or discussing the number of electrons in each shell of an atom. Although these concepts are important, you can
incorporate them into engaging activities instead. Button MaplInstead of merely drawing an electron dot diagram, let students use buttons to represent them. Provide students with a blank diagram, containing only the nucleus and some empty shells, and let them get to work. At first, they can merely place the correct number of buttons in each shell to represent a specific element. After they have had some practice, then they can use different colored buttons to represent those in the s orbital, the p orbital, the d
orbital, and the f orbital.Electron Musical ChairsThis easy way to teach about valence electrons is as hands-on as it gets! Place a box in the center of the room, and put two chairs on either side of the box. The box will represent the nucleus, and the chairs will represent the innermost shell of electrons. Place a piece of paper or an index card on each chair, one reading 1s1, and one reading 1s2. Then ask students to work as a class to figure out how many chairs should go in the next two shells of electrons, and what
each chair should be labeled.When they finish, have students pretend to be electrons and fill in the number of chairs needed to make an element with a small number of electrons, such as oxygen. Give them a bag full of tennis balls or other small objects to represent protons, and tell students to place the correct number of protons for that element into the nucleus. Then have them repeat the process with an element that contains more electrons, such as iron.Periodic Table Shout OutSo much can be done with the
periodic table - if only you could get your students to pay attention to it. But you can! Just draw a life-sized Periodic Table with sidewalk chalk on a large paved area. Let each student choose a square of the Periodic table to stand on (filling in the ones with fewer electrons first, if possible). Then ask them questions about the number of electrons they have, and let the appropriate students call out their answers. For example, you might say Who has exactly one electron in their outermost shell? and discuss which
students answered and why, or Noble gases - how many electrons do you need to fill your outermost shell? This easy way to teach about valence electrons will help students connect the concept of electrons to the periodic table.Like other chemistry activities, these valence electron activities are the perfect way to make an abstract concept more engaging, especially for kinesthetic learners. In fact, you may find that your most enthusiastic participants are those that have no patience for typical electron diagrams.
References This post is part of the series: Chemistry Lessons and ActivitiesAre you teaching a class about valence electrons? Chemical bonds? The periodic table? These chemistry lessons and activities will liven up your chemistry classroom. 0 ratings0% found this document useful (0 votes)3K viewsSaveSave Valence-Electron-Worksheet-with-Answer-Key For Later0%0% found this document useful, undefinedValence electrons are negatively charged subatomic particles (electrons) present in the outermost shell of an
atom.By this convention, valence electrons are ideally the electrons that get involved in chemical bond formation.Valence electrons lie farthest away from the atomic nucleus therefore these electrons experience the least force of attraction from an atoms positively charged nuclear center. The valence electrons thus possess maximum energy and can easily break free from the nuclear hold in order to participate in different kinds of chemical reactions.How to find Valence electrons?The Periodic Table is a tabular display
of chemical elements, arranged in ascending order of atomic numbers. It consists of vertically arranged groups and horizontal rows called periods.There are a total of 18 groups and 7 periods in the Periodic Table. The elements situated in groups (1, 2, and 13-18) are called main-group elements.Groups 1 and 2 of the Periodic Table together make an s-block. On the other hand, the block comprised of groups (13-18) is called a p-block.For main-group elements, valence electrons can be determined from their position in
the Periodic Table i.e., their group number and/or the electronic configuration of elements. However, valence electrons are not always the electrons present in the outermost shell. All the elements lying in groups (3-12) constitute another block in the Periodic Table called a d-block. These d-block elements are transition metals that exhibit a variable valency.Thus, the valence electrons of d-block elements, unlike the s and p blocks, do not exist in the outermost shells only. Rather, their valence electrons can be present
in the inner/ core shells as well.Hence, we need to consider a lot of different ways when finding the valence electrons of a specific chemical element from the Periodic Table.For instance, Lets check the number of valence electrons in the most common atoms. How to find the Valence electrons from the periodic table?The position of a chemical element in the Periodic Table gives a major hint in determining that elements valence electrons.For the S and P block elements, the number of valence electrons is equal to the
group number in which the element is situated. For examples Lithium (Li) is present in group 1, therefore, it has 1 valence electron. Similarly, all the elements present in group 1 have a single valence electron only.Magnesium (Mg) and calcium (Ca) are both present in group 2, therefore, have 2 valence electrons each. Similarly, all the elements present in group 2 have two valence electrons only.Now, P-block contains the group 13, 14, 15, 16, 17, and 18. These groups are also written as Group 13 or 3A, Group 14 or
4A, Group 15 or 5A, Group 16 or 6A, Group 17 or 7A, and Group 18 or 8A.The valence electrons for P-block is also found by the same method as S-block. Just look at the Group number of element = it is equal to the number of valence electrons.For example-The boron atom belongs to Group 3A, hence, the number of valence electrons in the boron atom is 3.Same, the oxygen atom belongs to Group 6A, hence, the number of valence electrons in the oxygen atom is 6.Thats all, just remember the Group number of S and P-
block elements, and calculate their valence electrons.To find the valence electrons, look at the atoms main group number.For instance, the oxygen atom belongs to Group 6, therefore, the number of valence electrons in oxygen is 6.Same as, the boron atom is present in Group 3, hence, the number of valence electrons in boron is 3.BlockPeriodic table GroupNumber of valence electronsS-BlockAlkali metals Group 1 (I)1S-BlockAlkaline earth metals Group 2 (II)2P-BlockBoron group Group 13 or 3A3P-BlockCarbon group
Group 14 or 4A4P-BlockNitrogen group Group 15 or 5A5P-BlockOxygen group Group 16 or 6A6P-BlockHalogens Group 17 or 7A7P-BlockNoble gases Group 18 or 8A8Check Valence electron calculator to count the number of valence electron for any atomHow to find valence electrons from the electronic configuration?Electronic configuration describes the electronic structure of an atom i.e., the arrangement of electrons in its atomic orbitals. The total electrons present in a neutral atom are always equal to the total
number of protons present in its nucleus.The total number of protons present in an atom is represented as its atomic number (Z). Thus, Z also signifies the total electrons present in an atom. While writing the electronic configuration, we must remember that the integers 1,2,3 represent shell numbers, on the other hand, s, p, and d are sub-shells.Electrons are situated in the orbitals present in these sub-shells, each orbital having a maximum capacity of holding 2 electrons.For examples Lets find the valence electrons of
the nitrogen atom through its electron configuration. (7N) Step 1 Determine the atomic number from the elemental symbol in the Periodic Table. The atomic number of Nitrogen, Z=7Step 2 Write the electronic configuration. Electronic configuration of N: 1s22s22p3.Step 3 Identify the outermost shell of Nitrogen. Outermost shell = Shell number 2Step 4 Find the number of valence electrons by counting the total number of electrons present in the outermost shell. The outermost shell of nitrogen has (2s22p3),
therefore, the total valence electrons in nitrogen are (2 + 3) = 5.Lets take one more example to understand How to calculate the valence electron with the help of electron configuration.Calcium that has atomic number Z=20Electronic configuration of Ca: 1s22s22p63s23p64s2 Outermost shell: Shell number 4Valence electrons of calcium = 2Q The electron configuration of phosphorous is 1s22s22p63s23p3, Find its valence electrons?Answer The electron configuration of phosphorous is 1s22s22p63s23p3. Outermost
shell: shell number 3 The outermost shell of phosphorous has(3s23p3), therefore, the total valence electrons in phosphorous are (2 + 3) = 5 Q The electron configuration of aluminum is 1s22s22p63s23p1, Find its valence electrons?Answer The electron configuration of aluminum is 1s22s22p63s23p1. Outermost shell: shell number 3 The outermost shell of aluminum has(3s23p1), therefore, the total valence electrons in aluminum are (2 + 1) = 3Thats how you can easily find the number of valence electrons with the
help of the atom electron configuration. How to find valence electrons from the orbital diagram?An orbital diagram is a diagrammatic representation of electrons occupying atomic orbitals. It can prove useful for determining the valence electrons present in an atom.Atoms use their valence electrons to form new bonds and achieve a stable electronic configuration. Lets see how it is done.The process of finding the valence electrons from the orbital diagram is the same as the electron configuration.The main difference
between the orbital diagram and electron configuration is that an orbital diagram shows electrons in form of arrows whereas an electron configuration shows electrons in form of numbers.Two nitrogen atoms, each using three of their five valence electrons available can combine to form a nitrogen (N2) molecule. A triple covalent bond will form with three bond pairs.While 2 unbonded electrons on each nitrogen will stay as a lone pair. In this way, each nitrogen atom will achieve an octet configuration. You can easily
find the valence electrons for various atoms using an orbital diagram and electron configuration.Also Read: How to find valence electrons in compounds?In chemistry, a compound is a substance that results from a combination of two or more different chemical elements.Lets say we have to find a number of valence electrons in a CO2 compound.CO2is a compoundthat is formed between two non-metal atoms (carbon and oxygen)Valence electrons in CO2 To find the total valence electron in CO2, look at the periodic
group of carbon and oxygen atoms.By looking at the periodic table, we come to know carbon belongs to the 4A group and oxygen belongs to the 6A group in the periodic table. Hence, carbon has 4 valence electrons and oxygen has 6 valence electrons.Valence electron of Oxygen=6 [ Periodic group of oxygen = 16 or 6A]Valence electron of Carbon=4 [ Periodic group of carbon = 14 or 4A] Total valence electron available in CO2 compound = 4 + 2*6 = 16 valence electrons [ CO2 molecule has one carbon and two oxygen
atoms] Lets take one more example to understand, how to determine the valence electrons in the compound.For example Find valence electrons in the PBr3 molecule.An easy way to find the valence electron of atoms in the PBr3molecule is, just to look at the periodic group of phosphorous and bromine atoms.As the phosphorous atom belongs to the 5A group in the periodic table and bromine is situated in the 7A group, hence, the valence electron for the phosphorous is 5, and for the bromine atom, it is 7. Total number
of thevalence electron in Phosphorous= 5 Total number of the valence electrons in bromine = 7 Total number of valence electrons available in PBr3= 5 + 73 = 26 valence electrons [ PBr3molecule has one phosphorous and three bromine atoms]How to determine valence electrons through the Bohr model?Bohr model describes the visual representation of orbiting electrons around the small nucleus. It used different electron shells such as K, L, M, Nso on.Valence electrons are found in the outermost shell of an
atomLets say you have the Bohr model of a Nitrogen atom, By looking at this, we can easily find the valence electrons for the nitrogen atom. Nitrogen Bohr modelFrom the Bohr diagram of an atom, we can easily find the number of valence electrons in an atom by looking at its outermost shell.So, we have to find a valence electron in the Nitrogen atom, for this, look at its Bohr diagram.Bohrs diagram of Nitrogen has only two electron shells (K and L), the inner shell is the K-shell and the outermost shell is L-shell.
Hence, the electrons found in the L-shell of the Nitrogen atom are its valence electrons because it is theoutermost shellalso called the valence shell.The L-shell or outer shell of the Nitrogen Bohr model contains 5 electrons, therefore, the number of valence electrons in the Nitrogen atom is 5.Lets take one more example to clarify the concept of determination of valence electrons through the Bohr diagram. Find the Valence electron of Oxygen through its Bohr diagram Oxygen Bohr modelSo, we have to find a valence
electron in the Oxygen atom, for this, look at its Bohr diagram.Bohrs diagram of Oxygen has only two electron shells (K and L), the inner shell is the K-shell and the outermost shell is L-shell. Hence, the electrons found in the L-shell of the Oxygen atom are its valence electrons because it is the outermost shell also called the valence shell. The L-shell or outer shell of the Oxygen Bohr model contains 6 electrons, therefore, the number of valence electrons in the Oxygen atom is 6.Therefore, by using the above explanation,
you can easily determine the valence of electrons by looking at the Bohr model of the atom.Also read:How to draw the Bohr model for any atom?Name of elementNumber of electronsElectronic configuration based on shellOutermost electrons (Valence shell electrons)Hydrogen (H)111Helium (He)222Lithium (Li)3[2, 1]1Beryllium (Be)4[2, 2]2Boron (B)5(2, 3]3Carbon (C)6[2, 4]4Nitrogen (N)7[2, 5]50xygen (0)8[2, 6]6Fluorine (F)9[2, 7]7Neon (Ne)10[2, 8]18Sodium (Na)11[2, 8, 1]1Magnesium (Mg)12[2, 8, 2]2Aluminum
(AD13[2, 8, 313Silicon (Si)14[2, 8, 4]4Phosphorus (P)15[2, 8, 515Sulfur (S)16[2, 8, 6]6Chlorine (C1)17[2, 8, 7]7Argon (Ar)18[2, 8, 8]8Potassium (K)19[2, 8, 8, 1]1Calcium (Ca)20[2, 8, 8, 2]2How to determine valence electrons from Lewis structure?If you have the structural representation of an atom in front of you, then you can tell the number of valence electrons present in it, without using the Periodic Table.Lewis structures are the simplest form of representing valence electrons using a line and dot model. Lets say
you have given a lewis structure of CH4 Lets take more examples to understand, How to count valence electrons using the Lewis structure of any compound or atoms. Example Lewis structure of CHCI3So, we have given a lewis structure of CHCI13, lets find valence electrons in it.In the above picture, (there are 18 dots of electrons + 4 single bonds means 8 electrons = 26 valence electrons in CHC13).Example Lewis structure of NC13 So, we have given a lewis structure of NCI13, lets find valence electrons in it.In the
above picture, (there are 20 dots of electrons + 3 single bonds means 6 electrons = 26 valence electrons in NCI13).Thats all, by looking at the lewis structure of any molecule, you can easily count the valence electrons in molecules or atoms.Also Read How to draw the lewis structure for any atom?How to determine the valence electrons of ions?Lets see how to determine the valence electrons of positive ions.Positively charged ions are formed by the loss of valence electrons.To find valence electrons of positively
charged ions, consider the magnitude of charge present.From the electronic configuration of the corresponding neutral atom, remove the electrons from the outer shell equal to the charge.Consider the remaining electrons as the valence electrons of the ion.Lets see how to find the valence electrons of negative ions. Negatively charged ions are formed by a gain of electrons in the valence shell.Consider the electronic configuration of neutral atoms for adding electrons in the outermost shell equal to the charge
present.The total electron count after this addition is the valence electrons of the negative ion.Lets check the valence electrons for some common ions.IonsGain or loss of electronsValence electronsLi+Lithium loses one electron2Be2+Beryllium loses twoelectrons2B3+Boron loses threeelectrons2C4-Carbon has gained four extra electrons8N3-Nitrogen has gained three extra electrons802-oxygen has gained two extra electrons8FFluorine has gained one extra electron8Na+Sodium loses one electron8Mg2+Magnesium
loses two electrons8Al3+Aluminum loses three electrons8Si4+Silicon loses four electrons8P3-Phosphorus gains three electrons8S2-Sulfur gains two electrons8ClChlorine gains one electron8K+Potassium loses one electron8Ca2+Calcium loses two electrons8How to calculate the number of valence electrons in polyatomic ions?Poly means many and ions are charged particles. Thus, polyatomic ions are species based on more than one different type of ions.For example Sulfate (SO42-) is a polyatomic ion, composed of
sulfur and oxygen atoms. Lets find total valence electrons are present in its structure. Step I: Count the valence electrons of each atom present in this polyatomic ion.Valence electrons of sulfur =6Valence electrons of oxygen = 64 oxygen atoms mean 4(6) =24 valence electronsStep II: Consider the overall charge present on the ionA minus two charge means two electrons are gainedStep III: Count all the electrons present The total number of valence electrons in SO42- = valence electrons of sulfur + total valence
electrons of oxygen + electrons gained = 6 + 24 + 2= 32 valence electrons are present in a sulfate ion, as can be spotted from its Lewis structure below.Lets take one more example, BrO2 molecule Total number of thevalence electrons in oxygen=6 Total number of the valence electrons in bromine=7 Total number of valence electron in BrO2= 7 + 6(2) + 1 = 20 valence electrons [ one bromine, two oxygen and one negative ion in BrO2that also count as a one valence electron]So, this is how you can easily find the
valence electrons for any polyatomic ions. You just have to count the valence electrons for individual atoms then add all of them and if a positive charge is given, then subtract the electrons, and if a negative charge is given then add the electrons.As we already noted, the elements lying at the center of the Periodic Table in a rectangular block called d-block behave differently from all the other elements. These are called transition metals.These also include the f-block elements lying in a small block, positioned below
the rest of the table. In transition metals, electrons occupy outer shells without first completely filling inner core shells. Similarly, transition metals can use their core-shell electrons in addition to the electrons from the outermost shell while bonding.That is why transition metals possess multiple valencies simultaneously.For transition metals, the effective number of valence electrons is equal to the number of electrons that occur after a noble-gas configuration.For example the titanium electron configuration is
1522522p63s23p64s23d2, it can also written as [Ar] 4s23d2 So, the number of electrons occur after noble gas configuration in titanium is (4s23d2) = 2 + 2 = 4Therefore, the number of valence electrons in titanium is 4. Lets understand this concept better with the help of some examples given below.Examples: Transition metal: Iron (26Fe) Electronic configuration of 26Fe : 1s22522p63s23p64s23d6, it can also written as [Ar] 4s23d6 4s is filled before 3d because s subshell is symmetrical in shape and closer to the
nucleus thus having lower energy. But once all the electrons are placed in their respective orbitals, the electronic configuration can be rearranged as [Ar] 3d64s2. The total number of electrons that can be involved in bond formation = is (6 + 2) = 8. But Fe rarely uses all eight electrons available. Fe loses only 2 of its valence electrons during chemical bonding which results in a ferrous (Fe2+) ion. Therefore, it is often said that Fe has 2 valence electrons only although it has a total of 8. We must note that 8 is also the
Group number of iron. Ferric (Fe3+) ions are also formed from Fe by loss of 3 electrons i.e., 2 electrons from 4s and 1 electron from 3d. In that case, the valency of iron is 3. One electron from the core 3d subshell also acts as a valence electron. Thus, a proof of the statement: transition metals exhibit a variable valency.The valence electrons present in a transition metal can be determined by writing its electronic configuration with the help of its atomic number and the charge present if any.Provide another example
below for you to make sure you understand this concept well.Transition metal: Copper (29Cu)29Cu is present in Group 11 of the Periodic Table.Electronic configuration of 29Cu : [Ar] 3d104s10Only 1 electron is placed in 4s because 3d104s1 is more stable than 3d94s2 due to a completely filled d subshell.The total number of valence electrons in copper (10 + 1) = 11.Valence electrons usually used for bond formation: 1 or 2Copper ions possible: Cu+ and Cu2+Preferrable valencies: 1 (from 4s) or 2 (1 electron from 4s
and 1 electron from 3d can be removed to facilitate chemical bonding)The first ten transition metal elements of the d-block, located in Period 4 hold a significant position among d-block elements. So, in the table given below, we are providing you with a list of the total number of valence electrons present in these elements and their preferable valencies.Read in detail How to find the valence electrons for transition metals (d-block elements)FAQValence electrons are the building blocks of an atoms electronic
configuration. They are negatively charged subatomic particles (electrons) present in the outermost shell of an atom.For main-group elements, valence electrons can be determined from their position in the Periodic Table i.e., their group number and/or the electronic configuration of elements.The latest updated version of the Periodic Table uses numbers 13-18 for p block elements.Previously, the Periodic Table was believed to consist of 8 groups only. In that case, the p block was represented by Roman numerals (III-
VIII).According to that convention, elements present in group III have three valence electrons. Those present in groups IV and V have four and five valence electrons, and so on until group VIII with eight valence electrons except helium which consists of two valence electrons.Eight valence electrons in the outermost shell represent a complete octet configuration thus extremely stable, inert chemical entities such as Noble gases.With the Roman numeral convention turning obsolete, the determination of valence
electrons from group numbers became a bit confusing, especially for the p block elements. Thus, an updated and more sophisticated way of determining valence electrons today is by using the electronic configuration of atomic elements.i) Valence electrons of phosphorus + 4(valence electrons of oxygen ) + 3 electrons gained 5 + 4(6) + 3 = 32 Valence electrons in PO43-ii) Valence electrons of nitrogen + 4 (valence electrons of hydrogen) 1 electron lost 5 + 4(1) -1 = 8 valence electrons in NH4+ Outer shell of calcium
= shell number 3, therefore, the number of valence electrons in calcium outermost shell (3s23p5) is = 2+5= 7SummaryTo determine valence electrons, consider the atoms main group number. The group number of elements is equal to the number of valence electrons.For example Chlorine belongs to group 7A in the periodic table, therefore, the number of valence electrons in chlorine is 7. The Argon atom is in group 8, thus, the valence electron in argon is 8.S- block has two groups Group 1 and Group 2, therefore,
the group 1 element has 1 valence electron, and group 2 element has 2 valence electrons.Same as P-block contains the groups 3A, 4A, 5A, 6A, 7A, and 8A, therefore, the number of valence electrons in each group element is 3, 4, 5, 6, 7, and 8 respectively.Electron in the outer shell of an atom's energy levelsFour covalent bonds. Carbon has four valence electrons and here a valence of four. Each hydrogen atom has one valence electron and is univalent.In chemistry and physics, valence electrons are electrons in the
outermost shell of an atom, and that can participate in the formation of a chemical bond if the outermost shell is not closed. In a single covalent bond, a shared pair forms with both atoms in the bond each contributing one valence electron.The presence of valence electrons can determine the element's chemical properties, such as its valencewhether it may bond with other elements and, if so, how readily and with how many. In this way, a given element's reactivity is highly dependent upon its electronic configuration.
For a main-group element, a valence electron can exist only in the outermost electron shell; for a transition metal, a valence electron can also be in an inner shell.An atom with a closed shell of valence electrons (corresponding to a noble gas configuration) tends to be chemically inert. Atoms with one or two valence electrons more than a closed shell are highly reactive due to the relatively low energy to remove the extra valence electrons to form a positive ion. An atom with one or two electrons fewer than a closed
shell is reactive due to its tendency either to gain the missing valence electrons and form a negative ion, or else to share valence electrons and form a covalent bond.Similar to a core electron, a valence electron has the ability to absorb or release energy in the form of a photon. An energy gain can trigger the electron to move (jump) to an outer shell; this is known as atomic excitation. Or the electron can even break free from its associated atom's shell; this is ionization to form a positive ion. When an electron loses
energy (thereby causing a photon to be emitted), then it can move to an inner shell which is not fully occupied.The electrons that determine valence how an atom reacts chemically are those with the highest energy.For a main-group element, the valence electrons are defined as those electrons residing in the electronic shell of highest principal quantum number n.[1] Thus, the number of valence electrons that it may have depends on the electron configuration in a simple way. For example, the electronic configuration
of phosphorus (P) is 1s2 2s2 2p6 3s2 3p3 so that there are 5 valence electrons (3s2 3p3), corresponding to a maximum valence for P of 5 as in the molecule PF5; this configuration is normally abbreviated to [Ne] 3s2 3p3, where [Ne] signifies the core electrons whose configuration is identical to that of the noble gas neon.However, transition elements have (nl)d energy levels that are very close in energy to the ns level.[2] So as opposed to main-group elements, a valence electron for a transition metal is defined as an
electron that resides outside a noble-gas core.[3] Thus, generally, the d electrons in transition metals behave as valence electrons although they are not in the outermost shell. For example, manganese (Mn) has configuration 1s2 2s2 2p6 3s2 3p6 4s2 3d5; this is abbreviated to [Ar] 4s2 3d5, where [Ar] denotes a core configuration identical to that of the noble gas argon. In this atom, a 3d electron has energy similar to that of a 4s electron, and much higher than that of a 3s or 3p electron. In effect, there are possibly
seven valence electrons (4s2 3d5) outside the argon-like core; this is consistent with the chemical fact that manganese can have an oxidation state as high as +7 (in the permanganate ion: MnO4). (But note that merely having that number of valence electrons does not imply that the corresponding oxidation state will exist. For example, fluorine is not known in oxidation state +7; and although the maximum known number of valence electrons is 16 in ytterbium and nobelium, no oxidation state higher than +9 is known
for any element.)The farther right in each transition metal series, the lower the energy of an electron in a d subshell and the less such an electron has valence properties. Thus, although a nickel atom has, in principle, ten valence electrons (4s2 3d8), its oxidation state never exceeds four. For zinc, the 3d subshell is complete in all known compounds, although it does contribute to the valence band in some compounds.[4] Similar patterns hold for the (n2)f energy levels of inner transition metals.The d electron count is
an alternative tool for understanding the chemistry of a transition metal.The number of valence electrons of an element can be determined by the periodic table group (vertical column) in which the element is categorized. In groups 112, the group number matches the number of valence electrons; in groups 1318, the units digit of the group number matches the number of valence electrons. (Helium is the sole exception.)
[5]11234567891011121314151617181H1He22Li1Be2B3C4N506F7Ne83NalMg2Al13Si4P5S6C17Ar84K1Ca2Sc3Ti4V5Cré6Mn7Fe8Co9INi10Cul1Zn12Ga3Ge4As5Se6Br7Kr85Rb1Sr2Y3Zr4Nb5Mo6Tc7Ru8Rh9Pd10Ag11Cd12In3Sn4Sb5Te617Xe86Cs1Ba2La3Ce4PrSNd6Pm7Sm8Eu9Gd10Th11Dy12Ho13Er14Tm15Yb16Lu3Hf4Ta5W6Re70s8Ir9Pt10Aul 1Hg12T13Pb4Bi5Po6At7Rn87Fr1Ra2Ac3Th4Pa5U6Np7Pu8Am9Cm10Bk11Cf12Es13Fm14Md15No16Lr3Rf4Db5Sg6Bh7Hs8Mt9Ds10Rg11Cn12Nh3F14Mc5Lv6Ts70g8Helium
is an exception: despite having a 1s2 configuration with two valence electrons, and thus having some similarities with the alkaline earth metals with their ns2 valence configurations, its shell is completely full and hence it is chemically very inert and is usually placed in group 18 with the other noble gases.The valence shell is the set of orbitals which are energetically accessible for accepting electrons to form chemical bonds.For main-group elements, the valence shell consists of the ns and np orbitals in the outermost
electron shell. For transition metals the orbitals of the incomplete (n1)d subshell are included, and for lanthanides and actinides incomplete (n2)f and (n1)d subshells. The orbitals involved can be in an inner electron shell and do not all correspond to the same electron shell or principal quantum number n in a given element, but they are all at similar energies.[5]Element typeHydrogen and heliums- and p-blocks(main-group elements)d-block(Transition metals)f-block(Lanthanides and actinides)Valence
orbitals[6]1snsnpns(nl)dnpns(n2)f(nl)dnpElectron counting rulesDuet/Duplet ruleOctet rulel8-electron rule32-electron ruleAs a general rule, a main-group element (except hydrogen or helium) tends to react to form a s2p6 electron configuration. This tendency is called the octet rule, because each bonded atom has 8 valence electrons including shared electrons. Similarly, a transition metal tends to react to form a d10s2p6 electron configuration. This tendency is called the 18-electron rule, because each bonded atom
has 18 valence electrons including shared electrons.The heavy group 2 elements calcium, strontium, and barium can use the (n1)d subshell as well, giving them some similarities to transition metals.[7][8][9]Main article: Valence (chemistry)The number of valence electrons in an atom governs its bonding behavior. Therefore, elements whose atoms have the same number of valence electrons are often grouped together in the periodic table of the elements, especially if they also have the same types of valence orbitals.
[10]The most reactive kind of metallic element is an alkali metal of group 1 (e.g., sodium or potassium); this is because such an atom has only a single valence electron. During the formation of an ionic bond, which provides the necessary ionization energy, this one valence electron is easily lost to form a positive ion (cation) with a closed shell (e.g., Na+ or K+). An alkaline earth metal of group 2 (e.g., magnesium) is somewhat less reactive, because each atom must lose two valence electrons to form a positive ion with a
closed shell (e.g., Mg2+).[citation needed]Within each group (each periodic table column) of metals, reactivity increases with each lower row of the table (from a light element to a heavier element), because a heavier element has more electron shells than a lighter element; a heavier element's valence electrons exist at higher principal quantum numbers (they are farther away from the nucleus of the atom, and are thus at higher potential energies, which means they are less tightly bound).[citation needed]A nonmetal
atom tends to attract additional valence electrons to attain a full valence shell; this can be achieved in one of two ways: An atom can either share electrons with a neighboring atom (a covalent bond), or it can remove electrons from another atom (an ionic bond). The most reactive kind of nonmetal element is a halogen (e.g., fluorine (F) or chlorine (Cl)). Such an atom has the following electron configuration: s2p5; this requires only one additional valence electron to form a closed shell. To form an ionic bond, a halogen
atom can remove an electron from another atom in order to form an anion (e.g., F, Cl, etc.). To form a covalent bond, one electron from the halogen and one electron from another atom form a shared pair (e.g., in the molecule HF, the line represents a shared pair of valence electrons, one from H and one from F).[citation needed]Within each group of nonmetals, reactivity decreases with each lower row of the table (from a light element to a heavy element) in the periodic table, because the valence electrons are at
progressively higher energies and thus progressively less tightly bound. In fact, oxygen (the lightest element in group 16) is the most reactive nonmetal after fluorine, even though it is not a halogen, because the valence shells of the heavier halogens are at higher principal quantum numbers.In these simple cases where the octet rule is obeyed, the valence of an atom equals the number of electrons gained, lost, or shared in order to form the stable octet. However, there are also many molecules that are exceptions, and
for which the valence is less clearly defined.Valence electrons are also responsible for the bonding in the pure chemical elements, and whether their electrical conductivity is characteristic of metals, semiconductors, or insulators.vteBonding of simple substances in the periodic
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most stable allotrope is considered.Metallic elements generally have high electrical conductivity when in the solid state. In each row of the periodic table, the metals occur to the left of the nonmetals, and thus a metal has fewer possible valence electrons than a nonmetal. However, a valence electron of a metal atom has a small ionization energy, and in the solid-state this valence electron is relatively free to leave one atom in order to associate with another nearby. This situation characterises metallic bonding. Such a
"free" electron can be moved under the influence of an electric field, and its motion constitutes an electric current; it is responsible for the electrical conductivity of the metal. Copper, aluminium, silver, and gold are examples of good conductors.A nonmetallic element has low electrical conductivity; it acts as an insulator. Such an element is found toward the right of the periodic table, and it has a valence shell that is at least half full (the exception is boron). Its ionization energy is large; an electron cannot leave an
atom easily when an electric field is applied, and thus such an element can conduct only very small electric currents. Examples of solid elemental insulators are diamond (an allotrope of carbon) and sulfur. These form covalently bonded structures, either with covalent bonds extending across the whole structure (as in diamond) or with individual covalent molecules weakly attracted to each other by intermolecular forces (as in sulfur). (The noble gases remain as single atoms, but those also experience intermolecular
forces of attraction, that become stronger as the group is descended: helium boils at 269C, while radon boils at 61.7C.)A solid compound containing metals can also be an insulator if the valence electrons of the metal atoms are used to form ionic bonds. For example, although elemental sodium is a metal, solid sodium chloride is an insulator, because the valence electron of sodium is transferred to chlorine to form an ionic bond, and thus that electron cannot be moved easily.A semiconductor has an electrical
conductivity that is intermediate between that of a metal and that of a nonmetal; a semiconductor also differs from a metal in that a semiconductor's conductivity increases with temperature. The typical elemental semiconductors are silicon and germanium, each atom of which has four valence electrons. The properties of semiconductors are best explained using band theory, as a consequence of a small energy gap between a valence band (which contains the valence electrons at absolute zero) and a conduction band
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predicting and rationalizing formulas for stable transition metal complexes, especially organometallic compounds.[1] The rule is based on the fact that the valence orbitals in the electron configuration of transition metals consist of five (n1)d orbitals, one ns orbital, and three np orbitals, where n is the principal quantum number. These orbitals can collectively accommodate 18 electrons as either bonding or non-bonding electron pairs. This means that the combination of these nine atomic orbitals with ligand orbitals
creates nine molecular orbitals that are either metal-ligand bonding or non-bonding. When a metal complex has 18 valence electrons, it is said to have achieved the same electron configuration as the noble gas in the period, lending stability to the complex. Transition metal complexes that deviate from the rule are often interesting or useful because they tend to be more reactive. The rule is not helpful for complexes of metals that are not transition metals. The rule was first proposed by American chemist Irving
Langmuir in 1921.[1][2]The rule usefully predicts the formulas for low-spin complexes of the Cr, Mn, Fe, and Co triads. Well-known examples include ferrocene, iron pentacarbonyl, chromium carbonyl, and nickel carbonyl. Ligands in a complex determine the applicability of the 18-electron rule. In general, complexes that obey the rule are composed at least partly of -acceptor ligands (also known as -acids). This kind of ligand exerts avery strong ligand field, which lowers the energies of the resultant molecular orbitals
so that they are favorably occupied. Typical ligands include olefins, phosphines, and CO. Complexes of -acids typically feature metal in a low-oxidation state. The relationship between oxidation state and the nature of the ligands is rationalized within the framework of backbonding.Compounds that obey the 18-electron rule are typically "exchange inert". Examples include [Co(NH3)6]Cl3, Mo(CO)6, and [Fe(CN)6]4. In such cases, in general ligand exchange occurs via dissociative substitution mechanisms, wherein the
rate of reaction is determined by the rate of dissociation of a ligand. On the other hand, 18-electron compounds can be highly reactive toward electrophiles such as protons, and such reactions are associative in mechanism, being acid-base reactions.Complexes with fewer than 18 valence electrons tend to show enhanced reactivity. Thus, the 18-electron rule is often a recipe for non-reactivity in either a stoichiometric or a catalytic sense.Computational findings suggest valence p-orbitals on the metal participate in
metal-ligand bonding, albeit weakly.[3] However, Weinhold and Landis within the context of natural bond orbitals do not count the metal p-orbitals in metal-ligand bonding,[4] although these orbitals are still included as polarization functions. This results in a duodectet (12-electron) rule for five d-orbitals and one s-orbital only.The current consensus in the general chemistry community is that unlike the singular octet rule for main group elements, transition metals do not strictly obey either the 12-electron or 18-
electron rule, but that the rules describe the lower bound and upper bound of valence electron count respectively.[5][6] Thus, while transition metal d-orbital and s-orbital bonding readily occur, the involvement of the higher energy and more spatially diffuse p-orbitals in bonding depends on the central atom and coordination environment.[7][8]-donor or -donor ligands with small interactions with the metal orbitals lead to a weak ligand field which increases the energies of t2g orbitals. These molecular orbitals become
non-bonding or weakly anti-bonding orbitals (small oct). Therefore, addition or removal of electron has little effect on complex stability. In this case, there is no restriction on the number of d-electrons and complexes with 1222 electrons are possible. Small oct makes filling eg* possible (>18e) and -donor ligands can make t2g antibonding (



