Q1) Use Hess's law to calculate the enthalpy change for the reactionPRIVATE 

(0)
WO3(s) + 3 H2(g) ( W(s) + 3 H2O(g)

from the following data:

(1)
2 W(s) + 3 O2(g) ( 2 WO3(s)
ΔH1 = -1685.4 kJ

(2)
2 H2(g) + O2(g) ( 2 H2O(g)
ΔH2 = -477.84 kJ

Solution: In equation (0) which we need to construct from (1) and (2), 1 WO3 is on the left side, in equ. (1) 2 of the are on the right side.

So probably we have to use -(1/2) x (1) (reverse (1) and multiply by 1/2)

In (0) there are 3 H2O on the right side, in (2) 2 of them also on the right.

So probably we have to use +(3/2) x (2)

(3/2) x (2) - (1/2) x (1):

3 H2(g) + 3/2 O2(g) + WO3 ( 3 H2O(g) + W(s) + 3/2 O2(g)

the 3/2 O2 cancel, giving

3 H2(g) + WO3 ( 3 H2O(g) + W(s) which is equation (0)

Thus ΔH = 3/2 ΔH2 - 1/2 ΔH1 = [-477.84 x 3/2 - (-1685.4) x 1/2] kJ = +125.9 kJ

choice A)
A) 125.9 kJ

B) 252.9 kJ

C) 364.9 kJ

D) 1207.6 kJ

E) 207.6 kJ

Q2) Choose the correct equation for the standard enthalpy of formation of CO(g) (gr indicates graphite).

Solution: Standard enthalpy of formation is the heat at constant pressure of the reaction in which 1 mol of the compound is formed from its elements in their most stable states.

A) C(gr) + 1/2 O2(g) ( CO(g)

correct: 1 mol CO formed from the elements in their most stable states.choice A)
B) 2 C(gr) + O2(g) + 2 CO(g)

no: 2 mol CO are formed

C) C(gr) + O(g) ( CO(g)

no: O atoms in gase phase are not stable

D) C(gr) + CO2(g) ( 2 CO(g)

no: one reactant is not an element and 2 mol CO are formed

E) CO(g) ( C(gr) + O(g)

no: CO is a reactant here, and O(g) is unstable

Q3) For an orbital a node is

A) an area where there is no chance of finding the electron

correct since the absolute square of the wavefunction is zero at a nodechoice A)
B) the midpoint of the orbital

no: the midpoint of an orbital is the nucleus, but not every node is there

C) an area in which at least one electron is present

no: at a node the electron probability density is zero

D) an area where there is a maximum probability of finding the electron

no: probability is zero at a node

E) the size of the orbital

a node has nothing to do with the orbital size

Q4) Determine the end (final) value of n (nf) in a hydrogen atom transition, if the electron starts in n = 2 (ni) and the atom absorbs a photon of light with a frequency of 4.57 x 1014 Hz.

Solution: The energy difference between the two states corresponds to
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Bohr's formula for H atom transitions yields the final answer (Ry is the Rydberg constant, in some older periodic tables wrongly called Bohr's constant):
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Thus with the numbers we obtain:
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choice A)
A) 3

B) 5

C) 7

D) 4

E) 1

Q5) Which one of the following sets of quatum numbers is correct?

A) n=4, l=3, ml=-2

correct: 0<=l<=n-1, |ml|<=l

B) n=2, l=0, ml=-1

not correct: |ml|>l

C) n=2, l=2, ml=0

not correct: l=n

D) n=3, l=2, ml=-3

not correct: |ml|>l

E) n=4, l=2, ml=+4

not correct: ml>l

choice A)
Q6) Calculate the frequency of green light emitted by a hydrogen atom with a wavelength of 486.1 nm.

Solution:
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choice A)
A) 6.17 x 1014 s-1
B) 1.46 x 1014 s-1
C) 6.86 x 1014 s-1
D) 4.33 x 1014 s-1
E) 1.62 x 1014 s-1
Q7) How many p electrons does a Ga atom have?

Solution: Ga: period 4, group 3A, thus it has 1s22s22p63s23p64s23d104p1 groundstate configuration and thus 2p63p64p1 = 6 + 6 + 1 = 13 p electrons

choice A)
A) 13

B) 1

C) 5

D) 10

E) 31

Q8) Consider the following reaction: 3 Li + Z ( Li3Z. What is the formula for the compound if we substitute magnesium for lithium?

Solution: In the coumpound there are 3 Li+ ions and thus a positive charge of +3.

Thus for charge neutrality the anion must be Z3-.

Since magnesium forms only Mg2+ ions, the formula with neutral charge must be

(Mg2+)3(Z3-)2 with 6 positive and 6 negative charges: Mg3Z2, choice A)
A) Mg3Z2
B) MgZ

C) Mg2Z

D) MgZ2
E) Mg3Z

Q9) Elements with       first ionization energies and       electron affinities generally form cations.

Solution: first ionization energy (IE1) of any element A is IE1 = ΔH1 of the reaction


A(g) ( A+(g) + e-(g)
ΔH1
thus if IE1 has a low value, then not too much energy is needed to remove the outermost electron from A to form the cation.

electron affinity of any element A, is EA1 = - ΔH2 of the reaction


A(g) + e-(g) ( A-(g)
ΔH2
thus if EA1 is only slightly positive, then not too much energy is gained when an anion is formed

Thus elements with  low  first ionization energies and  slightly positive  electron affinities generally form cations.

choice A)
A) low,slightly positive

B) high,very negative

C) high,positive or slightly negative

D) low,very negative

This choice is debatable, because it means an element which needs not too much energy to become a cation, but would need a lot of energy to become an anion. However, A) are the elements which generally form cations.

E) very high,very positive

Q10) The electron configuration of Indium (In) is

Solution: Indium: period 5, group 3A

thus: [Kr]5s24d105p1
and therefore (in sequence of increasing n and l for one n, not of increasing energy):

1s22s22p63s23p63d104s24p64d105s25p1
choice A)
A) 1s22s22p63s23p63d104s24p64d105s25p1
B) 1s22s22p63s23p63d104s24p64d105s25p15d10
C) 1s22s22p63s23p63d104s24d104p1
D) 1s22s22p63s23p64s24p64d105s25d105p1
E) 1s22s22p63s23p63d104s24p65s25p1
Q11) Choose the element with the highest first ionization energy (IE1)

A) P

B) S

C) Na

D) Mg

E) Al

Solution: All are in period 3 and along a period IE1 increases from left to right, with 2 exceptions: it decreases from Mg to Al and from P to S

P and S are the two with the highest IE1 values (most right in the period), but because of the second exception IE1(P) > IE1(S) and thus P has the highest IE1
choice A)
Q12) Place the following elements (As, O, Br) in order of increasing atomic radius.

O is in period 2, As and Br are in period 4. Since atomic radius increases with increasing period number, O is sure the smallest.

As and Br are in the same period. Along a period atomic radius decreases from left to right, because of the increase in effective nuclear charge (decrease of shielding).

Br being right of As is sure smaller than As and thus in the middle: O<Br<As

choice A)
A) O<Br<As

B) As<Br<O

C) O<As<Br

D) Br<As<O

E) As<O<Br

Q13) The lattice energy of MgCl2 is the energy change for which of the following processes?

Lattice energy for formation of 1 mol of the solid compound from the ions in the gas phase

choice A)
A) Mg2+(g) + 2 Cl-(g) ( MgCl2(s)

B) Mg(s) + Cl2(g) ( MgCl2(s)

wrong: this is the heat of formation

C) Mg(g) + 2 Cl(g) ( MgCl2(s)

wrong: not even heat of formation because the elements are not in their most stable form

D) Mg2+(s) + 2 Cl-(g) ( MgCl2(g)

wrong: neither the cation is in gas phase, nor is the compound in the solid state

E) MgCl2(aq) ( MgCl2(s)

wrong: that occurs when the water is evaporated

Q14) Which one of the following Lewis structures is definitely incorrect?
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1
Solution: (note: a dot denotes an electron, a line an electron pair - bond pair or lone pair

a. NO: correct: the incomplete octet at N is ok, because N has an odd number of electrons and there is no charge, octet at O is ok, [5 (N) + 6 (O)] e- = 11 e- are needed and 11 e- are in the structure.

b. HCN: [1 (H) + 4 (C) + 5 (N)] e- = 10 e- needed and are there in the structure, however, there is no octet at C, as it must be for a period 2 element with even electron number and enough electrons. Incorrect   choice A)
c. NO2-: correct: [1 (charge) + 5(N) + 2x6 (2 O)] e- = 18 e- needed and are there in the structure, octets at all 3 atoms as it must be

d. SO32-: correct: [2 (charges) + 6 (S) + 3x6 (3 O)] e- = 26 e- both needed and in the structure, octets at all 4 atoms

e. PCl5: correct: [5 (P) + 5x7 (5 Cl)] e- = 40 e- both needed and in structure, octets at all 6 atoms.

A) b

B) a

C) c

D) d

E) e 

Q15) Given the following bond energies (EB):

C-C347 kJ/mol

C=C614 kJ/mol

C-O358 kJ/mol

C=O799 kJ/mol

C-H413 kJ/mol

O-H463 kJ/mol

O-O146 kJ/mol

estimate ΔH for the reaction: H2O2 + CH3OH ( H2CO + 2 H2O

reactant bonds: 2 O-H and 1 O-O bond in H2O2, 3 C-H, 1 C-O, and 1 O-H bond in CH3OH

product bonds: 2 C-H and 1 C=O bond in H2CO, 4 O-H bonds in 2 H2O

ΔH = reactant bonds (must be broken) - product bonds (are formed)

ΔH = [2 mol EB(O-H) + 1 mol EB(O-O) + 3 mol EB(C-H) + 1 mol EB(C-O) + 

+ 1 mol EB(O-H)] - [2 mol EB(C-H) + 1 mol EB(C=O) + 4 mol EB(O-H)]

3 mol EB(O-H) and 2 mol EB(C-H) cancel:

ΔH = 1 mol EB(O-O) + 1 mol EB(C-H) + 1 mol EB(C-O) - 

- [1 mol EB(C=O) + 1 mol EB(O-H)]

= [146 + 413 + 358 - 799 - 463] kJ = -345 kJchoice A)
A) -345 kJ

B) -199 kJ

C) -105 kJ

D) +581 kJ

E) +299 kJ

Q16) The hybridization of I in IF3 is

A) dsp3
B) d2sp3
C) sp3
D) sp

E) sp2
Solution: In the Lewis structure to find out the hybridization we need to have 

[7 (I) + 3x7 (3 F)] e- = 28 e-. We put iodine, I, into the center of the structure, connect it with a single bond to each of the 3 F atoms around it, complete the octets at each F atom with 3 lone pairs and count the electrons we have so far in the structure.

[image: image6.wmf]
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around each F atom there are 8 electrons (octets at F atoms) and thus so far we have 

3 x 8 = 24 e-, thus 4 are still missing. Since iodine can expand its octet we place 2 lone pairs at iodine and the structure is finished:

[image: image7.wmf]
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Around iodine there are 3 bond pairs and 2 lone pairs, so we need 5 degenerate orbitals at I to put the 10 electrons into. 5 orbitals are in a dsp3 hybrid (one d, one s, and three p orbitals)

choice A)
Q17) Which of the following statements is TRUE?

A) When two atomic orbitals come together to form two molecular orbitals, bonding orbitals will be lower in energy compared to the antibonding orbitals.

Choice A) Certainly true: to have a bonding effect, orbitals must be lower in energy than the 2 initial orbitals and to have an antibonding effect, orbitals must be higher in energy than the 2 initial orbitals

B) Electrons placed in antibonding orbitals stabilize the ion/molecule

wrong: the opposite is true

C) The total number of molecular orbitals formed is not always equal to the number of atomic orbitals in the set.

wrong: the 2 numbers MUST be always equal

D) The total number of antibonding orbitals is always less than the number of bonding orbitals in a given ion/molecule

wrong: not always, for example H2 has 1 bonding and 1 antibonding orbital

E) Electrons placed in antibonding orbitals will increase the bond order

wrong: they will decrease it

Q18) Use VSEPR theory to decide which one of the following molecules or ions will definitely have at least one 90o angle in it (the central atom in each molecule is underlined).

A) PCL5
B) AlCl4-
C) NH3
D) CO2
E) H2O
Solution
PCl5: [5 (P) + 5x7 (5 Cl)] e- = 40 e- are needed:
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Since we have all the 40 e- in the structure (5x8), it is complete and there is no lone pair on P. Thus because of the 5 bonds we have a regular trigonal bipyramidal structure of the molecule, where each apical P-Cl bond has 3 90o bond angles with the 3 equatorial P-Cl bonds.

choice A)
[image: image9.wmf]
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AlCl4-: [3 (Al) + 4x7 (4 Cl) + 1 (charge)] e- = 32 e- are needed

Since we have all 32 electrons needed in the Lewis structure (4x8), it is complete and there is no lone pair at Al. Thus because of the 4 bonds we have a regular tetrahedral structure and there are no 90o bond angles in this ion:

[image: image10.wmf]
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NH3: this is a trigonal pyramidal structure (tetrahedral arrangement of electron pairs with 1 lone pair), thus there are no 90o bond angles:

[image: image11.wmf]
7
CO2: this is a linear molecule without any 90o bond angles:

[image: image12.wmf]
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H2O: This has a bent structure (tetrahedral arrangement of electron pairs with 2 lone pairs), there is no 90o bond angle in the structure:
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Note that Word maybe will shift some atoms out of their places in the pictures. Happened in the picture for Q14, where an oxygen atom is moved from its place in d to another atom in e. Further, a triangle denots a bond pointing out of the plane, while a dashed line denotes a bond pointing behind the paper plane.

Q19) Which one of the following molecules has a zero net dipole moment?

A) SO3
B) CO

C) CH2Cl2
D) SO2
E) NH3
SO3 has a regular trigonal planar structure with only O atoms in the corners and no lone pairs on S. Thus all bond moments in such a structure will cancel and SO3 has no dipole moment.

choice A)
CO has a linear structure and because of the 2 different atoms a bond moment and thus also a dipole moment.

CH2Cl2 has a tetrahedral structure in which 2 of the corners are occupied by H and the other 2 by Cl. Thus these different bond moments cannot cancel and therefore it has a dipole moment.

SO2 has a trigonal planar arrangement of electron pairs in which the lone pair at S occupies one of the corners. Thus it has a bent structure and therefore a dipole moment.

NH3 has a tetrahedral arrangement of electron pairs in which 1 corner is occupied by the lone pair at N. Thus it has trigonal pyramidal structure and therefore a dipole moment.

Q20) The number of pi orbitals in the oxalate ion (C2O42-) is

Solution: to have octets on all atoms the Lewis structure of the oxalate ion must be:
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In the oxalate ion there are 2 C=O double bonds, 2 C-O single bonds, and 1 C-C single bond. The 3 single bonds are all sigma bonds, while a double bond has 1 sigma and 1 pi bond in it. Thus in 2 C=O double bonds there are 2 sigma bonds and 2 pi bonds.

choice A)
A) 2

B) 1

C) 0

D) 3

E) 4
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