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1. (4 points) Give the ground state electron configuration and identify as paramagnetic
or diamagnetic:
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2. Consider electron affinities for O, S, Se and Te.

a) (2 points) Distinguish between electron affinity and electronegativity?

EA erergy for on ﬁ(s\ +te —2 K~ Ca—)

EN Gvbt't'-’lvj "{ an “"""‘", n a MGLPC,U-Q-L\ 4o e electhron
donent

b) (2 points) Is EA, positive or negative? Which will have the highest first electron

affinity ? Explain. TA, s W""\\j h}joc\-we_ and loocones letd
NS,Arue (?m@uﬂ\ Py Saw Pfomea owonN A &J‘ou.? SeT)
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c) (2 points) Is EA; positive or negative? Which will have the largest second electron

affinity ? Explain.  ° éﬂy, Mwa‘a& e —> yok o ‘wb)lln i
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3. Shown below for are the first ionization energies in kJ mol™ for group 15 and 16
elements. N: 1402 0: 1314

pP: 1011 S: 1000

As: 947 Se: 941

Sb:834 Te: 869

Bi: 704 Po: 812
a) (2 points) Account for the increasihg ionization energy as one proceeds down a group.

A cre W’j
_ ponns 89)\-5-\\6 \W“%ﬂ ) &, (eaa 5"\"-6*\3\\1 \Qou.n; cecdien Jo
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b) (3 points) Account for the decrease in ionization energy observed for N/O for P/S and

As/Se.

1 conenl €7 PO
i} 1 7 5 1 £ ao‘_,ky occu{)‘*’) P
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¢) (2 points) Why is this trend not observed for Sb/Te and Bi/Po?

S | Te £ fb‘,/ﬁ, Y, wag,a) vb//f""% ./ (aJOmbt
(‘(,Puﬁ & ,’ul-ﬂ")[ud een WJW_‘) hot o ng\c:‘m—n-}

4 (3 points) Distinguish between an mineral, an ore and a rock.
Mmianal — ol.t—g.‘m& shruduor
oce._ -  ohdad @m:ugl-\ nunenald o nadco + ecoronut
ok ~ Y guff you el 2

Bonus: What is your favourite mineral and why?



5. Determine the effective nuclear charge, based on Slater's rules, felt by

a) (3 points) 4d electron in silver

J
(k260 PN e )

1\/? B 5[(55) = 3&(]-00) = 383

b) (3 points) 5s electron in

NT-18(:%5) -2g(100) - 2 F.

c) (2 points) Which electron will be ionized first and why? Does this make sense?

oo BTl “’j lowedd  ZeFF ol ke ionizgd I°t >a B,
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6. (4 points) MnO has a melting point of 1785 °C and Mn,O; melts at 6 °C. Explain.

H no VT»‘&"\ V\/\Q/\t“ }{\5 = TOY\.I\C.
M n‘L—-\- OL‘



7. a) (2 points) What kind of bonding is found in solid Mg(OH)., Ca(OH). and Sr(OH), ?
Explain.

FOn.‘c,
med ok ca:}:‘tfw /VlOV’ Nﬂ;a‘Q RS
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- 2> |
b) (1 points) What trend in solubility was observed in the lab?

lnhevases Lrom r’\j ~8r  Ca =2 6,’

¢) (3 points) Using concepts of bonding discussed in class explain the basis of this
observed trend.
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8.(6 points) Given the data below predict the type of cubic unit cell and number of anions
found in that cell for each of (radii: Ba®* 135 pm, Cu* 96 pm; Cu®** 73, Li* 59 pm, O% 140
pm, I 220 pmand S;" 198 pm )

a) BaO
2o = 090 Ry Cobion Csel el
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9. (5 points) A particular metal has density of 7.2 g/cm® and an atomic radius 42
assuming it adopts a bee crystal structure, determine its molar mass and identify the

e, ﬁ bee - 26) .,,).
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10. (5 points) Ga-doped Si is a semiconductor. Using band theory suggest whether it is n-
type or p-type and explain how semiconducting properties arise.
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11. (8 points) When acetylene (ethyne) C;H; is passed through a solution of copper(I)
chloride a red precipitate of copper acetylide, Cu,C,, is formed. This is a common fest for
the presence of acetylene. Describe the bonding in the C,% ion in terms of molecular
orbital theory (draw the appropriate diagrams) and compare the bond order to that of Ca.
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“= 2) (5 points) Hydrogen azide, HN;, a liquid, will explode violently when subjected to a
snysical shock. Draw all possible Lewis structures, assign formal charge, a

7d identify \_D. \\
which structures are significant contributors, e xplatn \'0\"3 \H“‘—j ane [aderdt- siﬁh‘ -
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b) (5 points) Identify the VSEPR shape and suggest valence bond hydridization about each

nitrogen atom in the significant structures. Indicate bond angles and relative bond lengths
(i.e. short nitrogen—nitrogen bond, longer nitrogen- nitrogen bond) on your structures.
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¢) (2 points) Experimental studies have identified N - N bond lengths of 113 and 124 pm

and a H-N-N bond angle of 112°. Does your predicted Lewis struct
| findings? Why or why not?
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1. (2 points) What is smelting and why was Cu smelting feasible 1000s of years
before Fe smelting?

Sreling  hood 4 crdues b make. matad
'E’Qea\uﬁ ‘g agan couﬁ;‘j b:qﬂ:ﬁk.a,

Cu swallig befre Ve weomae T %wareJ much
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2. (2 points) Name three of the six main mineral families in which metals are
found in nature?

oxide S \\a\\‘m
su\fides

Si \licedes

p\\o5 p\\&\es

cc._,rb&r\cb\?f:

3. What is the ground state noble gas configuration of and how many unpaired
electrons are there in:
a) (1 point) Mo (Z=42)

Exa) Ss'4d° o

b) (1 point) Co* (Z = 27)

CA(} 247 3

e) (1 ﬁoim‘) P> (Z = 15) CU@’& 36?' 5?10 5) un‘:w\re&



10 s
4) (4 points) a) For the ground state of Cd, Ek (] A 5s

i) How many electrons have | = 2 as one of their quantum numbers? What are they?

SpA f 0= 2 oANS “dh {or CA ‘P\m/re\ a/\e;
oF 23 16 24" ovd 10 4d electos

i) How many electrons have n =4 as one of their quantum numbers? What are they?

n=4 Hs2 | 4p? 44 = 18 elodhong

iii) How many electrons have m; = -1 as one of their quantum numbers? What are 2 #
they? ——— g - [, & - : \;}' &
b (2
Sy i heR0 | @eloctrons
“p, Hd ()

b) (4 points) Draw the complete atomic orbital energy diagram for Fe (in the
ground state) showing how the electrons are distributed among the various
orbitals. Ensure that your diagram is clearly labeled. Explain the significance of i)
the Aufbau principle; ii) Hund's Rules: and iii) the Pauli Exclusion principle in the
placement and orientation of electrons in this diagram. .
Foo  15725°2p0 35> 3P 45 30
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5. a) (3 point) Indicate the smallest and largest species (atom or ion) in the
following group: Al, F, As, Cs*, I" and N. Explain your answer.

Lamosy A7 354 e 53probns v 9% elothon wH’lr\\ Ce)
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b) (3points) You measure the electron affinities for elements from Al, Si, P, S and
Cl and because you were never taught good lab skills, you write the energies
without noting to which element.they belong. The energies you record are 447
-348.7, —209{;?1 and -120°kJ mol™. Using your knowledge of trends in EA,
assign the measured EA to each of the atoms. Explain your answer.

ED shald N2  acvoss pontedic Nedde g b rn*j\»* ay 2=F
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c) (2 points) Rank the following ions/atoms in ader‘ of increasing ionization energy.

Explain your ranking. . A \
ST L e, by, (bins sl

e\ea. 2. -
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2 > 2 S ey Sl
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Bonus: The changes in EA as one goes down a group in the periodic table are not
nearly as large as the variation in ionization energies. Explain.
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6 a) (1 point) What is the electronic configuration for gallium (316a)?

D)f(/j 24'° Lis?"]’p]

b) (1 point) Apply Sla‘rers rules and calculate Thejéecﬂve nuclear charge on a 4s

electronon Ga? (|2 (2_5 2’? Q/-&E,\_, 5% ('fP

¢ B

\'

c) (1 point) Apply Slater's rules and calculate the effective nuclear charge on a 4p
electron on Ga?

9

d) (1 point) Apply Slater's rules and calculate the effective nuclear charge on a 3d
electron on Ga?

31 - b3y — 1sle) - TE5

e) (1 point) Based upon these values of effective nuclear charge, what trends do
you expect of observe in terms of 1%, 2", 3", and 4™ ionization energies? Be

specific. ] wuﬂf)
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7) (4 points) a) Draw two possible resonance Lewis structure for POCl; (use
trends in electronegativity to identify the central atom) and defermine the formal
charge on each atom in the resulting molecules.

32 e\oe C‘\—(D ~nS e b 8) Based on VSEPR theory identify the geometry of the electron groups, the shape
- T A of the molecule, whether if the molecule is polar or non polar and the valence bond
C@. xx“@' C?[c D g hybridization required for the predicted shape. Use the space provided to draw
% O» \ " '_l molecule as needed.
\ #il o) b E DRAW LEWIS STRUCTURE FOR MOLECULE HERE
XA o e QO ¥ — q’ a) (4 points) SeOs
Lo e ) > O .
g = > X 26 {
)(‘;2- o o \ = Geometry trigonal planar
s ot h [ pl
\ B
;Cﬁ]& .- = Shape rigonal planar
+* wx
b)(1 point) Based on calculation of formal charges on each atom in the molecule,
which resonance structure is expected to be dominant?. Explain. Bond angle___120 )
A - & o \
Stable structure will have O formal charge on all atoms -% b - L VTP
Polar ? no N ~ o
¢) (2 points) Based on VSEPR theory, would you predict the same molecular ot { (}\"
geometry from each resonance structure? What electron configurations and o NEA
molecular geometry are predicted? VB hybridization sp2
Yes, 4 groups, therefore tetrahedral electron
configuration, no lone pairs, therefore tetrahedral b) (4 points) PHs
geometry
Geometry tetrahedral
e, X0 \ol\
d) (1 point) What valence bond hybridization is dictated by these structures? Shape trigonal aMC
Explain?
Tetrahedral so VB says sp®
Polar ? yes
¢) (3 points) In the valence bond analysis, what type of orbitals are involved in Bond angle <109 * 6 L - W X } j\. LS
each of the central atom to terminal atom bonds? - S ) /
J ' " P 1 Py
P-Cl 8p3 and p : P-O sp3 and p; P-O d and p ~ | U\ E : s DLE™S

A /\ /Q /\ Q A Li g VB hybridization sp3
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9) a) (4 points) Construct MO diagrams for the formation of Oz. Your diagram
should show the relative energies of the atomic and molecular orbitals and the
molecular orbitals should be labeled as a ¢*, nmand n". Show the electrons in
appropriate orbitals. —

e 1L Ve g

O Oz

b) (3 points) Using this MO energy-level diagram, would you expect Oz to have
lower or higher first ionization energy than atomic oxygen? Explain.

Would expect Oz to have a lower IE because the outermost electrons ion Oz occupy
antibonding orbitals, this means the highest occupied orbital will have higher
energy in Oz thanin O

N

' /3\ LCO
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10) (4 points) Construct an MO diagram for CN. Your diagram should show the
relative energies of the atomic and molecular orbitals and the molecular orbitals

\-‘ should be labeled as o o”, mand « etc. Show the electrons in appropriate orbital ‘
-[}a ol 4

dicate clearly any ussump‘ho yo\‘oike in consfruc‘hn this
SELL WL b

O,Az,uw& oL \ou_,e»
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b) (4 points) Based on this diagram, determine the bond order and
diamagnetism/paramagnetism of CN', CN, and CN". Which of these three species
will have the shortest bond length.

CNT (625)2 (6°25)2 (m2p)4 (02p)2 BO = 3 , dia(SHORTEST)
CN (02s)2 (0'25)2 (m2p)4 (02p)1 BO = 2.5, para '
€N (025)2 (o 25)2 (2p)4 BO = 2, dia )

(1) anon es) = CM
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11. (5 points) You are given a small bar of an unkno

wn metal. The density of the
metal is found to be 105gcem3, X-ray diffraction €Xperiments indicate the metal
assumes a face centered cubic unit cell, with an atomic radius of 144.¢ Pm. What is
your metal? . 2~ T T
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12) (2 pPoints) Carbonic acid (H2€03) is q weak acid formed when €O, j bubbled
through water. Write the chemical reactions that occur as q result 6f hydrolysis
of carbonic acid and its conjugate base.
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