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How to tell if a lewis structure has a dipole moment
These are problems using 3D molecules run in the application Jmol to help you visualize the molecule to determine if it is polar or non-polar. Step 1: Draw the Lewis structure. Note the number of electron regions around the central atom, and of these which are bonding or lone pairs (non-bonding pairs) Step 2: Use this info to determine the 3D
geometry of the molecule. You do this by remembering "VSEPR". Valence Shell Electron Pair Repulsion theory; around the central atom all regions of electrons repel each other to get as far away from each other as possible while pivoting around the central atom. Note that double bonds and triple bonds count as a single region of electrons. Step 3:
Determine if the molecular is polar or non-polar - a molecule is (i) non-polar if the charge distribution is symmetric and (ii) polar if the charge distribution is asymmetric (not symmetric). The Decision Process: After you draw the molecule in 3D representation using VSEPR rules, if the molecule has symmetry around the central atom, the bond dipole
moments will "cancel out" (like pulling in opposite directions) and the molecule will therefore be non-polar. However, if the molecule is asymmetric, the bond dipole moments won't "cancel out" and the molecule will have a net dipole moment and the molecule is therefore polar. To really understand how to do this, the Lewis structure is only the first
step. You need to consider the molecule in 3D (three dimensions). If you click on the example molecules (where it says 3D view) below you'll get a better understanding of why some molecules are polar and some not. Note: molecules with two atoms are not shown in these examples; they are always linear with sp hybridization. If the atoms are the
same, the molecule is non-polar molecule; if the atoms are different, the molecule is polar. What good is this? The polarity of a molecule will tell you a lot about its solubility, boiling point, etc. when you compare it to other similar molecules. Water, for example, is a very light molecule (lighter than oxygen gas or nitrogen gas) and you might expect it
would be a gas based on its molecular weight, however the polarity of water makes the molecules "stick together" very well. And it's a good thing, because if water was not so polar, we would certainly not be here. VSEPR Rules: Table of Molecular Geometry, Molecular Polarity Problems (with 3D solutions!). VSEPR Rules: Electron and Molecular
Geometry On Central Atom. Click for Print View. Electron Regions, shape, & hybridization Bonding Regions Lone Pairs Electron Region Geometry Molecular Geometry Examples 2
sp 2 0 linear linear BeF2, CO2 1 1 linear CO, N2 :N≡N: :C≡O: 3
sp2 3 0 trigonal planar trigonal planar BF3, CO32- 2 1 bent O3, SO2 1 2 linear O2 4
sp3 4 0
tetrahedral tetrahedral CH4, SO42- 3 1 trigonal pyramidal NH3, H3O+ 2 2 bent H2O, ICl2+ 1 3 linear HF, OH- 5
sp3d 5 0 trigonal bipyramidal trigonal bipyramidal PF5 4 1 seesaw SF4, TeCl4, IF4+ 3 2 T-shaped ClF3 2 3 linear I3-, XeF2 6
sp3d2 6 0 octahedral octahedral SF6, PF6-, SiF62- 5 1 square pyramidal BrF5, SbCl52- 4 2 square planar
XeF4, ICl4- Remember!... Step 1: Draw the Lewis structure, Step 2: Draw the 3D molecular structure w/ VSEPR rules, Step 3: Use symmetry to determine if the molecule is polar or non-polar. Click on the molecule's name to see the answer, but first try to do it yourself! _________________________________________________________ __ NOTE: No Chem 1E0301 students will have a formal tutorial during the week of November 2. You should try the problems on your own. Solutions will be posted. 1.a) Draw resonance forms for SO32- 26 valence electrons CO32- 24 valence electrons NO3- 24 valence electrons ClO3- 26 valence electrons ClO2- 20 valence electrons b) What are the bond orders for the centralatom-to-oxygen bonds in these species? For SO32-, the bond order is 4/3. For CO32-, the bond order is 4/3. For NO3-, the bond order is 4/3. For ClO3-, the bond order is 5/3. For ClO2-, the bond order is 3/2.br> c) What is the average formal charge on the oxygen atoms in each of these species? The average formal charge on oxygen in SO32- is -2/3.
The average formal charge on oxygen in CO32- is -2/3. The average formal charge on oxygen in NO3- is -2/3 (note that N has a formal charge of +1 in this ion). The average formal charge on oxygen in ClO3- is -1/3. The average formal charge on oxygen in ClO2-, is -1/2. d) Choose all of the species of part a that violate the octet rule. The species that
violate the octet rule are SO32-,ClO3-, and ClO2- e) Give the AXnEm classes and predict the shapes of all the anions. SO32- - AX3E - triangular pyramidal CO32- - AX3 - triangular planar NO3- - AX3 - triangular planar ClO3- - AX3E - triangular pyramidal ClO2- - AX2E2 - bent 2. Oxalic acid, (COOH)2, has two ionizable hydrogens and contains a carboncarbon single bond. When one mole of oxalic acid reacts with one mole of calcium hydroxide,Ca(OH)2, the salt CaC2O4 is formed. a) Draw adequate Lewis structures to represent the bonding in the oxalate ion, C2O42-. There are 34 valence electrons. b) What is the carbon-oxygen bond order in oxalate ion? Bond order = (1 + 2 + 1 + 2)/4 = 1.5 c)
What is the formal charge on each oxygen atom in oxalate ion? Formal charge on oxygen = (-1 + 0 + (-1) + 0)/4 = -1/2 3. N2O has a linear, unsymmetrical structure that may be thought of as a hybrid of two resonance forms. Draw the two resonance forms of N2O. There are 16 valence electrons. (Also remember that N and O obey the octet rule.) 4. A
solid non-metallic element (A) from Group 5A was burned in excess oxygen to give a white solid (B) (Rxn 1). The white solid (B) dissolves in water to give a solution of a substance (C) (Rxn 2); (C) turns blue litmus red. To this solution of (C) was added an excess of aqueous KOH to produce an aqueous solution of (D) (Rxn 3). Write balanced equations
for Rxns 1, 2, and 3; identify A, B, C, D. Reaction 1: P4(s) + 5O2(g) --> P4O10(s). Thus A is P4, and B is P4O10 Reaction 2:P4O10(s) + 6H2O(l) --> 4H3PO4(aq). Thus C is H3PO4. Reaction 3:H3PO4(aq) + 3KOH(aq) --> K3PO4(aq) + 3H2O(l). Thus D is K3PO4. 5. Phosphoric acid, H3PO4, contains three oxygen-hydrogen single bonds. When one mole of
phosphoric acid reacts with one mole of sodium hydroxide, the salt sodium dihydrogen phosphate, NaH2PO4, results. a) Draw adequate Lewis structures for H3PO4 and H2PO4-. H3PO4 has 32 valence electrons. H2PO4- has 32 valence electrons. b) Calculate bond orders for all the phosphorus-oxygen bonds of H3PO4 and H2PO4-. In H3PO4, there is
one P-O bond of bond order 2, and three P-O bonds of bond order 1. In H2PO4-, there are two P-O bonds of bond order 1.5, and two P-O bonds of bond order 1. c) Calculate the formal charges on each oxygen atom in H3PO4 and H2PO4-. In H3PO4, all oxygen atoms have a formal charge of zero. In H2PO4-, two oxygen atoms (bonded to H) have a
formal charge of zero, while the other tow have a formal charge of -1/2. 6. For the molecules OCS, ICl3, IF5, SO2, PF3, and CCl2Br2: a) determine the AXnEm class; b) decide which have dipole moments, and for those that do, decide the direction of the dipole moment. OCS has 16 valence electrons. Its Lewis structure (with bond moments shown) is It
is an AX2 molecule, with a net dipole moment pointing to O. ICl3 has 28 valence electrons. Its Lewis structure (with bond moments shown) is It is an AX3E2 molecule, with a net dipole moment pointing towards the equatorial Cl (the two axial bond moments cancel). IF5 has 42 valence electrons. Its Lewis structure is It is an AX5E molecule, with a net
dipole moment pointing to the fluorine that is situated 180o from the nonbonding pair. SO2 has 18 valence electrons. Its Lewis structure is It is an AX2E molecule, with a net dipole moment pointing from S to a point midway between the O atoms. PF3 has 26 valence electrons. Its Lewis structure is It is an AX3E molecule, with a net dipole moment
pointing from P to the center of the triangle formed by the three fluorines. CCl2Br2 has 32 valence electrons. Its Lewis structure is It is an AX4 molecule, with a net dipole moment pointing from C and bisecting the Cl-C-Cl angle. 7. A gaseous molecule "X" is made by burning a yellow elemental solid in air. "X" is converted to "Y" by reaction with
oxygen in the presence of a catalyst. "Y" reacts vigorously with water to produce "Z" which turns litmus red. a) Identify "X", "Y", and "Z". "X" = SO2, "Y" is SO3, and "Z" is H2SO4. b) Write a balanced equation for each reaction. S(s) + O2(g) --> SO2(g) 2SO2(g) + O2(g) --> 2SO3(g) SO3(g) + H2O(l) --> H2SO4(aq) c) Draw Lewis diagrams and indicate
the shapes of the molecules "X" and "Y". SO2 has 18 valence electrons. Its Lewis structure is The molecule is AX2E, and is bent. SO3 has 24 valence electrons. Its Lewis structure is The molecule is AX3, and is triangluar planar. d) State whether "X" and "Y" possess dipole moments and, if so, in which direction they point. SO2 has a dipole moment
pointing from S to midway between the oxygen atoms. SO3 has no dipole moment. e) When 1 mole of "Z" is titrated with 2 moles of NaOH, a soluble salt "W" forms. Write an appropriate Lewis electron dot structure for the anion of this salt. "W" is SO42-. There are six resonance structures. One of them is Lone pairs (shown as pairs of dots) in the
Lewis structure of hydroxide In chemistry, a lone pair refers to a pair of valence electrons that are not shared with another atom in a covalent bond[1] and is sometimes called an unshared pair or non-bonding pair. Lone pairs are found in the outermost electron shell of atoms. They can be identified by using a Lewis structure. Electron pairs are
therefore considered lone pairs if two electrons are paired but are not used in chemical bonding. Thus, the number of lone pair electrons plus the number of bonding electrons equals the total number of valence electrons around an atom. Lone pair is a concept used in valence shell electron pair repulsion theory (VSEPR theory) which explains the
shapes of molecules. They are also referred to in the chemistry of Lewis acids and bases. However, not all non-bonding pairs of electrons are considered by chemists to be lone pairs. Examples are the transition metals where the non-bonding pairs do not influence molecular geometry and are said to be stereochemically inactive. In molecular orbital
theory (fully delocalized canonical orbitals or localized in some form), the concept of a lone pair is less distinct, as the correspondence between an orbital and components of a Lewis structure is often not straightforward. Nevertheless, occupied non-bonding orbitals (or orbitals of mostly nonbonding character) are frequently identified as lone pairs.
Lone pairs in ammonia (A), water (B), and hydrogen chloride (C) A single lone pair can be found with atoms in the nitrogen group such as nitrogen in ammonia, two lone pairs can be found with atoms in the chalcogen group such as oxygen in water and the halogens can carry three lone pairs such as in hydrogen chloride. In VSEPR theory the electron
pairs on the oxygen atom in water form the vertices of a tetrahedron with the lone pairs on two of the four vertices. The H–O–H bond angle is 104.5°, less than the 109° predicted for a tetrahedral angle, and this can be explained by a repulsive interaction between the lone pairs.[2][3][4] Various computational criteria for the presence of lone pairs
have been proposed. While electron density ρ(r) itself generally does not provide useful guidance in this regard, the laplacian of the electron density is revealing, and one criterion for the location of the lone pair is where L(r) = –∇2ρ(r) is a local maximum. The minima of the electrostatic potential V(r) is another proposed criterion. Yet another
considers the electron localization function (ELF).[5] Angle changes Tetrahedral Structure of Water The pairs often exhibit a negative polar character with their high charge density and are located closer to the atomic nucleus on average compared to the bonding pair of electrons. The presence of a lone pair decreases the bond angle between the
bonding pair of electrons, due to their high electric charge which causes great repulsion between the electrons. They are also used in the formation of a dative bond. For example, the creation of the hydronium (H3O+) ion occurs when acids are dissolved in water and is due to the oxygen atom donating a lone pair to the hydrogen ion. This can be seen
more clearly when looked at it in two more common molecules. For example, in carbon dioxide (CO2), the oxygen atoms are on opposite sides of the carbon, whereas in water (H2O) there is an angle between the hydrogen atoms of 104.5º. Due to the repulsive force of the oxygen atom's lone pairs, the hydrogens are pushed further away, to a point
where the forces of all electrons on the hydrogen atom are in equilibrium. This is an illustration of the VSEPR theory. Dipole moments Lone pairs can make a contribution to a molecule's dipole moment. NH3 has a dipole moment of 1.47 D. As the electronegativity of nitrogen (3.04) is greater than that of hydrogen (2.2) the result is that the N-H bonds
are polar with a net negative charge on the nitrogen atom and a smaller net positive charge on the hydrogen atoms. There is also a dipole associated with the lone pair and this reinforces the contribution made by the polar covalent N-H bonds to ammonia's dipole moment. In contrast to NH3, NF3 has a much lower dipole moment of 0.24 D. Fluorine
is more electronegative than nitrogen and the polarity of the N-F bonds is opposite to that of the N-H bonds in ammonia, so that the dipole due to the lone pair opposes the N-F bond dipoles, resulting in a low molecular dipole moment.[6] Stereogenic lone pairs ⇌ Inversion of a generic organic amine molecule at nitrogen A lone pair can contribute to
the existence of chirality in a molecule, when three other groups attached to an atom all differ. The effect is seen in certain amines, phosphines,[7] sulfonium and oxonium ions, sulfoxides, and even carbanions. The resolution of enantiomers where the stereogenic center is an amine is usually precluded because the energy barrier for nitrogen inversion
at the stereo center is low, which allow the two stereoisomers to rapidly interconvert at room temperature. As a result, such chiral amines cannot be resolved, unless the amine's groups are constrained in a cyclic structure (such as in Tröger's base). Unusual lone pairs A stereochemically active lone pair is also expected for divalent lead and tin ions
due to their formal electronic configuration of ns2. In the solid state this results in the distorted metal coordination observed in the litharge structure adopted by both PbO and SnO. The formation of these heavy metal ns2 lone pairs which was previously attributed to intra-atomic hybridization of the metal s and p states[8] has recently been shown to
have a strong anion dependence.[9] This dependence on the electronic states of the anion can explain why some divalent lead and tin materials such as PbS and SnTe show no stereochemical evidence of the lone pair and adopt the symmetric rocksalt crystal structure.[10][11] In molecular systems the lone pair can also result in a distortion in the
coordination of ligands around the metal ion. The lead lone pair effect can be observed in supramolecular complexes of lead(II) nitrate, and in 2007 a study linked the lone pair to lead poisoning.[12] Lead ions can replace the native metal ions in several key enzymes, such as zinc cations in the ALAD enzyme, which is also known as porphobilinogen
synthase, and is important in the synthesis of heme, a key component of the oxygen-carrying molecule hemoglobin. This inhibition of heme synthesis appears to be the molecular basis of lead poisoning (also called "saturnism" or "plumbism").[13][14][15] Computational experiments reveal that although the coordination number does not change upon
substitution in calcium-binding proteins, the introduction of lead distorts the way the ligands organize themselves to accommodate such an emerging lone pair: consequently, these proteins are perturbed. This lone-pair effect becomes dramatic for zinc-binding proteins, such as the above-mentioned porphobilinogen synthase, as the natural substrate
cannot bind anymore - in those cases the protein is inhibited. In Group 14 elements (the carbon group), lone pairs can manifest themselves by shortening or lengthening single (bond order 1) bond lengths,[16] as well as in the effective order of triple bonds as well.[17][18] The familiar alkynes have a carbon-carbon triple bond (bond order 3) and a
linear geometry of 180° bond angles (figure A in reference [19]). However, further down in the group (silicon, germanium, and tin), formal triple bonds have an effective bond order 2 with one lone pair (figure B[19]) and trans-bent geometries. In lead, the effective bond order is reduced even further to a single bond, with two lone pairs for each lead
atom (figure C[19]). In the organogermanium compound (Scheme 1 in the reference), the effective bond order is also 1, with complexation of the acidic isonitrile (or isocyanide) C-N groups, based on interaction with germanium's empty 4p orbital.[19][20] Different descriptions for multiple lone pairs Further information: Sigma-pi and equivalentorbital models The symmetry-adapted and hybridized lone pairs of H2O In elementary chemistry courses, the lone pairs of water are described as "rabbit ears": two equivalent electron pairs of approximately sp3 hybridization, while the HOH bond angle is 104.5°, slightly smaller than the ideal tetrahedral angle of arccos(–1/3) ≈ 109.47°. The smaller
bond angle is rationalized by VSEPR theory by ascribing a larger space requirement for the two identical lone pairs compared to the two bonding pairs. In more advanced courses, an alternative explanation for this phenomenon considers the greater stability of orbitals with excess s character using the theory of isovalent hybridization, in which bonds
and lone pairs can be constructed with spx hybrids wherein nonintegral values of x are allowed, so long as the total amount of s and p character is conserved (one s and three p orbitals in the case of second-row p-block elements). To determine the hybridization of oxygen orbitals used to form the bonding pairs and lone pairs of water in this picture,
we use the formula 1 + x cos θ = 0, which relates bond angle θ with the hybridization index x. According to this formula, the O–H bonds are considered to be constructed from O bonding orbitals of ~sp4.0 hybridization (~80% p character, ~20% s character), which leaves behind O lone pairs orbitals of ~sp2.3 hybridization (~70% p character, ~30% s
character). These deviations from idealized sp3 hybridization for tetrahedral geometry are consistent with Bent's rule: lone pairs localize more electron density closer to the central atom compared to bonding pairs; hence, the use of orbitals with excess s character to form lone pairs (and, consequently, those with excess p character to form bonding
pairs) is energetically favorable. However, theoreticians often prefer an alternative description of water that separates the lone pairs of water according to symmetry with respect to the molecular plane. In this model, there are two energetically and geometrically distinct lone pairs of water possessing different symmetry: one (σ) in-plane and
symmetric with respect to the molecular plane and the other (π) perpendicular and anti-symmetric with respect to the molecular plane. The σ-symmetry lone pair (σ(out)) is formed from a hybrid orbital that mixes 2s and 2p character, while the π-symmetry lone pair (p) is of exclusive 2p orbital parentage. The s character rich O σ(out) lone pair orbital
(also notated nO(σ)) is an ~sp0.7 hybrid (~40% p character, 60% s character), while the p lone pair orbital (also notated nO(π)) consists of 100% p character. Both models are of value and represent the same total electron density, with the orbitals related by a unitary transformation. In this case, we can construct the two equivalent lone pair hybrid
orbitals h and h' by taking linear combinations h = c1σ(out) + c2p and h' = c1σ(out) – c2p for an appropriate choice of coefficients c1 and c2. For chemical and physical properties of water that depend on the overall electron distribution of the molecule, the use of h and h' is just as valid as the use of σ(out) and p. In some cases, such a view is
intuitively useful. For example, the stereoelectronic requirement for the anomeric effect can be rationalized using equivalent lone pairs, since it is the overall donation of electron density into the antibonding orbital that matters. An alternative treatment using σ/π separated lone pairs is also valid, but it requires striking a balance between maximizing
nO(π)-σ* overlap (maximum at 90° dihedral angle) and nO(σ)-σ* overlap (maximum at 0° dihedral angle), a compromise that leads to the conclusion that a gauche conformation (60° dihedral angle) is most favorable, the same conclusion that the equivalent lone pairs model rationalizes in a much more straightforward manner.[21] Similarly, the
hydrogen bonds of water form along the directions of the "rabbit ears" lone pairs, as a reflection of the increased availability of electrons in these regions. This view is supported computationally.[5] However, because only the symmetry-adapted canonical orbitals have physically meaningful energies, phenomena that have to do with the energies of
individual orbitals, such as photochemical reactivity or photoelectron spectroscopy, are most readily explained using σ and π lone pairs that respect the molecular symmetry.[21][22] Because of the popularity of VSEPR theory, the treatment of the water lone pairs as equivalent is prevalent in introductory chemistry courses, and many practicing
chemists continue to regard it as a useful model. A similar situation arises when describing the two lone pairs on the carbonyl oxygen of a ketone.[23] However, the question of whether it is conceptually useful to derive equivalent orbitals from symmetry-adapted ones, from the standpoint of bonding theory and pedagogy, is still a controversial one,
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