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Exercises Topic 2: Molecules

1. Usinghybridization concepts arVSEPR modetiescribe the molecular geometry and the sp
distribution of the bonding pairs of the followingplecules
a)SiH, b)PR c)XeR d)Pk

Solution:
a)  sp3hybridization b)

sp hybridization P(Z = 15)—<[Ne]3s?3p®

Trigonal pyramidal

c) sp*d? hybridization /7\\

Xe(Z = 86)—<<[ Kr]55%5p®5d° IR

spsdz d
d) sp*d hybridization T l T T T

P(Z =15)—£[Ne|35*3p>34°

tiritt )t

sp’d d

Trigonal bipyramidal

2. Give a detaile@xplanation of the molecular structure of ,and NQ. Determine whether they a
polar or not and indicate the major interactionghee two molecules in solid si.

Solution:
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ce-g ke [ [t[t] | — [t[t] [t]t
S p sp p
O(Z = 8)—s[He]2s72* T Pt — [ttt

Nz =) —o[Helst2rt |1 titlt] — [ttt

ec.
0(Z = 8)——[He|2s*2p*

linear, whereas Ngs a polar molecule. Intermolecular forces:, = dispersion; N, - dipole-
dipole

3. What is the force of attraction between molecufahe following substances? aBrs; b) FeC} ;c)
Br,; d) HF; e) HCI ; f) CHO g) F,SOy h) BFR.

Solution:

a) PBg: This is a covalent compound. In the Lewis strugtpl®sphorus is the central atom. |
bonded to the three bromiagoms. The phosphorus atom also has a lone pairefidre the moleculz
shape is a trigonal pyramid, which makes it a potempound. It therefore has dip-dipole forces

b) FeC}: This is an ionic compound of the metal F&* and the non-metal ClTherefore it has ion-
ion forces

¢) Br,: This is a covalent compound. All atoms are thmeséype, so the bonds are all -polar and
the molecule is nopolar. Therefore this has London (or dispersiongek¢

d) HF: This is a covalent compound. Hydro¢gmust be bound to fluorine. Since fluorine is on¢he
most electronegative atoms (F, O, N), this compamitidorm hydrogen bondin

e) HCI: This is a covalent compound with hydrogen bondechtorine. This is a linear, pol
molecule, so the force ofteaction is dipol-dipole



Chemistry for Biomedical Engineering. Exercises Topic 2
Open Course Ware Universidad Carlos Il de Madz@ll2/2013

Authors: Juan Baselga & Maria Gonzalez

f) CH,O: This is, formaldehyde, a covalent compound Wwith hydrogens and the oxygen bonded to
the carbon. The carbon-oxygen bond is a double Ifinde the hydrogens are not bonded to the
oxygen, this does NOT form hydrogen bonding. Ihmyever, polar, so the force of attraction is
dipole-dipole

g) H.SOy: This is a covalent molecule. In fact, it is atmacid. Recall that the structure of oxoacids is
that hydrogen is bonded to oxygen. Since hydrogetirectly bonded to electronegative oxygen, this
compound will form hydrogen bonds.

h) BRs: This is a covalent compound. Boron is satisfigith\& deficient octet. Therefore the structure
of this compound is that all three fluorines arad®d to the boron, with no other bonds or lonespair
The molecular geometry is trigonal planar. Sineertiolecule is the same on all sides, the molesule i
non-polar. Therefore this compound has dispersiohgndon) forces of attraction.

4. Which of the following molecules have either zergermanent dipole moment?

Dipole moment(= 0£0)

AX1Ey, HBr #0
AXE, [CO, =0
AXLE; SO #£0
AX.E, HO #z0
AXE; [Xek =

AXEy SO =0
AX3E; [PChk #z0
AX3E;, Brks #£0
AX,Ey |CH, =

AX,E; SK #£0
AX,E;, (XeF, =

AXsEy [PCk =0
AXsE; [CIFs #£0
AXeEy |SK =0

5. According to the Molecular Orbital Theory, dranetlenergy level diagram for the following
molecules: H', Hy, He", He,. Order them in increasing order of internucleatatice and of bonding
energy.

Solution: [H,"] = as’; [H,] = 04 ; [He,'] = 0 0's"; [Hey] = 052 0 &% Internuclear distance: & H, <
He," < He,; Bond energy He< He' < H," < H,

6. In each of the following pairs of molecules, whare has the highest bond energy?
a) Clz, C|2+

b) NO, NO

c) BN, BO

d) NF, NO

e) Be,, Be,"

Solution:

a) Cl,: Bond order = 1, GI: Bond order = 3/2; Highest £l
b) NO: Bond order = 5/2: NOBond order = 2; Highest NO
c) BN : Bond order = 2; BO: Bond order = 5/2; HighBS)
d) NF: Bond order = 2; NO: Bond order = 5/2; Highe§) N
e) Na,: Bond order = 0; N&: Bond order = 0.5; Highest Na
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7. Propose a hybridization scheme to account for #dadned by the central carbon atom in each of

the following molecules: (a) hydrogen cyanide, HGh) methyl alcohol, CEDH; (c) acetalehyde,
CH;COH

Solution:
"
H—C—OH O
| L
H—C=N H H3C H
— sp sp’ spf

8. For each of the following substances describéntip@rtance of dispersion (London) forces, dipole-
dipole interactions and hydrogen bonding: a) HElJc) BrCl; d) HF; ) Sild
Solution:

a) HCI: Dipolar; b) 4. Dispersion; c) BrClI: Dispersion; d) HF: Hydrogeonding; e) Silt Dispersion

9. For the following molecules (C&IHCCL, Br,C=CBr,):
a) Determine their molecular geometry
b) Indicate the hybridization of the carbon atoms
c) Order the chemical bonds in terms of increasingiyl
d) Determine whether the molecules are polar or not

Solution:
a), b) and d)
g w
C|\\‘/‘C\C| C|“‘/‘C\ | BrI;C:C;\Br
Cl Cl Br Br
sp’, apolar sp’, polar spf, apolar

C)U(C-CI) >u(C-Br) >p(C-H)

10. Arrange the following substances in order of iasiag boiling point: CsF, C{ CH;CH,OH,
CHsBr. Explain your reasoning.

Solution: CO, < CHBr < CH,CH,OH < CsF. CQis linear apolar; CkBr and CHCH,OH are polar
but the alcohol has hydrogen bonding; CsF is ait isailt.

11. The total interaction energy of a pair of atomgii@n by the Lennard-Jones potential.
6 12

o= o2
where the values for A and B are known: A 2210-nf and B = 5.368- 1> J- nt®>. Make a sketch
of how the interaction energy Fand the force F vary with interatomic distance andwer the
following questions:
a) Calculate de equilibrium distancg at which energy is minimum (in nm).
b) Calculate the distanceat which the adhesion force is maximum (in nm).
c) Calculate de equilibrium bond energy (in J).

Solution:
Q ire e ; a) E(r) reaches a minimum when dE(r)/dr = O; & th
! point the equilibrium distance is, £ (2B/A)Y° =
! 3.2:10°m =0.32 nm
Emin ‘\
Fma) -
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b) Force is given by F=-dE(r)/dr, ang,Foccurs when TE(r)/dF = 0. So the distance at which the
adhesion force is maximum will be=(26B/7A)® = 0.3548nm.
c) Bond energy is E(r 2= -4.7-10"J

12. Determine the formal charge on each atom in theviing molecules. Identify the structure of the
lower energy in each pair

O H :Q: H

(b) O=C=§ :0—C=S:
(c) H—HC=N: H—C=N:

@ [N=c=N]" [N=c-{:]"

:?: 3 :("): 3- :?: 3
(@) FO—As—OQ: :0—As—0:| | O=As=0Q
:Q: :Q: HOX

13. Which of the following species are radicals? (&,Nb) CH; (c) OH (d) CHO (e) CIQ (f) BF,
(g) Bro.
Solution: CHs, OH, CIG;, BrO.

14. Determine the number of electron pairs, both bogdind lone pairs, on the iodine and phosphorus
atoms in (a) PGl (b) PC} (c) ICL," (d)ICI5"

Solution: a) 6 bonding pairs and no lone pairs; b) 4 bongaigs and no lone pairs; ¢) 2 bonding pairs
and 2 lone pairs; d) 3 bonding pairs and 2 lonespai

15. Dipole moments of halogen hydrides are HCI (1.05HBr (0.82 D) HI (0.38 D). Calculate the
average charge on each atom. (Hint: make use af lemigth table)
Solution: 2.75810°° for HCI, 1.83310° for HBr, 7.4410° for HI.

16. Water solubility depends on the ionic/covalent relter of compounds. Making use of the
electronegativity tables, predict which of the d@ing compounds is the more soluble in water (a)
MgCl, or KClI, (b) CaO or BaO, (c) MgS or MgO.

Solution: a)KCl; b)CaO; c)MgO

17. Place the following molecules or ions in ordeirmfreasing bond order (a) N-O bond in NO, INO
NOs (b) C-C bond in gH,, C,H4, CGHe (c) C-O bond in CkDH, CHO, CH,OCH..
Solution: a) NO > NO,> NGOs'; b) GH, > GH, > CGHg; ¢) CHOH = CHOCH; > CH,O

18. Write the VSEPR formula and molecular shape farheaf the following species (a) iodine
trichloride (b) Pk (c) I (d) 105 (e)N;O (f) IF,".

Solution: a) AXzE,, T-shaped; b) AXE,, see-saw; c) AXEs, linear; d) AXE, trigonal pyramidal; )
AX,, linear; f) AX,E, see-saw.
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19. Predict whether each of the following moleculedikely to be polar or non-polar (a)s@sN —
pyridine, similar to benzene except that one —CHwsupg is replaced by a nitrogen atom (b)
trichloromethane (c) C¥OH — methanol (d) CHCO-CH; — acetone.

Solution: a) polar; b) polar; c) polar; d) polar.

20. State the hybridization of the underlined atormreath of the following molecules (a) 8k (b)
BH,4 (c) HoN — CH(CH)—-COOH (alanine) (d) $CCCH, (e) HCOH
Solution: a)sp; b) sp; ¢) sp; d) sp; e) sp

21. Both NH, and NH" are angular species, but the bond angle in theehois less than in the latter.
What is the reason for this difference?

Solution: NH, has a tetrahedral distribution of electron pairshe angle is 109°. NHhas a
triangular distribution of electron pairs so thglens 120°.

22. Write the molecular orbital configuration of tii@lence molecular orbitals for (1,3(2) G,"; (3)
0,% (4) O.. (a) Give the expected bond order. (b) Which amamagnetic, if any? (c) Is the highest-
energy orbital that contains an electmor 1tin character?

Solution: a) (1) BO= 1.5;(2) BO= 2.5; (3) BO=1 (4) BO=2;®) ,0," and Q; ¢) Itis®

23. Based on their electron valence shell electrotigorations which of the following species would
you expect to have the lowest ionization energyF{a(b) F, (c) /> ?
Solution: F, because the outermost electron is located in arggrevel higher than,Fand i



