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Please	
  keep	
  your	
  work	
  covered	
  and	
  keep	
  your	
  eyes	
  on	
  your	
  own	
  paper!	
  Cheating	
  or	
  
any	
  appearance	
  of	
  cheating	
  will	
  result	
  in	
  an	
  F	
  in	
  the	
  course	
  and	
  possible	
  expulsion	
  
from	
  the	
  University.	
  
	
  
A	
  periodic	
  table	
  is	
  given	
  at	
  the	
  end	
  of	
  the	
  exam.	
  You	
  may	
  rip	
  this	
  off	
  of	
  the	
  exam	
  and	
  
use	
  them	
  to	
  cover	
  your	
  work.	
  
	
  	
  
Please	
  write	
  the	
  exam	
  using	
  a	
  pen,	
  you	
  can	
  use	
  colorful	
  pen	
  however	
  avoid	
  red	
  pens.	
  	
  
	
  
Traditional	
  calculators	
  and	
  molecular	
  models	
  are	
  allowed.	
  	
  
	
  
Please	
  provide	
  detailed	
  explanation	
  for	
  your	
  answers.	
  	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  



	
   2	
  

1)	
  (5	
  points)	
  a)	
  Describe	
   the	
   reduction	
   of	
   CuS	
   to	
   Cu	
  metal	
   process	
  with	
   chemical	
  
reactions	
  

	
  
	
   2	
  CuS	
  +	
  3	
  O2	
  →	
  2	
  CuO	
  +	
  2	
  SO2	
  
	
  

CuO	
  +	
  C	
  →	
  Cu	
  +	
  CO	
  
	
  
	
  
	
  
b) Describe	
  the	
  process	
  of	
  obtaining	
  H2SO4	
  form	
  S	
  using	
  chemical	
  reactions	
  
	
  
	
  

	
  
	
  
	
  

Bonus	
   (1	
  points):	
  What	
   is	
   the	
  catalyst	
   commonly	
  used	
   in	
   the	
  production	
  of	
  
H2SO4?	
  

	
  
V2O5	
  
	
  
c)	
   Write	
   balanced	
   chemical	
   equation	
   for	
   the	
   reaction	
   of	
   Sodium	
   metal	
   with	
  

water.	
  
	
   2 Na (s) + 2 H2O (l)   2 NaOH (aq) + H2 (g)	
  
	
  
d)	
   Write	
  balanced	
  chemical	
  equation	
   for	
   the	
  reaction	
  of	
  heating	
  calcium	
  oxide	
  

with	
  carbon	
  
	
  

	
  
CaO (s) + 3 C    CaC2(s) + CO(g) 

	
  
e) Write	
   balanced	
   chemical	
   equation	
   for	
   the	
   reaction	
   of	
   Rubidium	
   metal	
  

with	
  dioxygen	
  
	
  
Rb(s) + O2 (g)   RbO2(s) 
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2)	
  Write	
  the	
  most	
  plausible	
  Lewis	
  structure	
  of	
  nitrosyl	
  chloride,	
  NOCl.	
   (use	
   formal	
  
charges	
  to	
  predict	
  the	
  most	
  stable	
  structure)	
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3)	
  (5	
  points)	
  Which	
  process	
  is	
  energetically	
  favorable:	
  	
  

a)	
  Adding	
   an	
   electron	
   to	
  K	
   to	
   form	
  K-­‐;	
   or	
  b)	
   losing	
   an	
   electron	
   to	
   form	
  K+?	
  
Explain.	
  
	
  
	
  
a)	
  adding	
  an	
  electron	
  to	
  K	
  to	
  form	
  the	
  anion	
  is	
  more	
  energetically	
  favorable;	
  
the	
  first	
  electron	
  affinity	
  for	
  group	
  one	
  metals	
  is	
  negative	
  (exothermic)	
  as	
  
the	
  incoming	
  electron	
  feels	
  more	
  attraction	
  to	
  the	
  nucleus	
  than	
  repulsion	
  
from	
  the	
  other	
  electron.	
  Losing	
  an	
  electron,	
  ionizing	
  to	
  form	
  a	
  cation	
  always	
  
requires	
  energy!	
  
	
  
 
The	
  ionization	
  energy	
  is	
  always	
  endothermic	
  (energy must be added in order to remove 
an electron);	
  the	
  electronic	
  affinity	
  is	
  rather	
  exothermic	
  (Adding an electron is usually 
energetically FAVORABLE).	
  According	
   to	
   these	
   trends,	
   it	
  would	
  be	
  easier	
   to	
  add	
  an	
  
electron	
  to	
  a	
  potassium	
  atom.	
  Note	
  that	
  this	
  seems	
  conter	
  intuitive	
  but	
  note	
  that	
  these	
  
values	
  correspond	
  to	
  transformation	
  in	
  the	
  gas	
  phase	
  (or	
  atom	
  /	
  ion	
  is	
  isolated)	
  
	
  
4.	
  (5	
  points)	
  Which	
  of	
  Na	
  or	
  Cl	
  will	
  have	
  the	
  greatest	
  first	
  ionization	
  energy?	
  Which	
  
will	
  have	
  the	
  greatest	
  second	
  ionization	
  energy?	
  Explain.	
  
	
  
First	
   ionization	
   energy	
   is	
   the	
   energy	
   to	
   remove	
   the	
   outermost	
   (highest	
   energy)	
  
electron	
   from	
  an	
  atom	
  in	
  the	
  gas	
  phase.	
   Ionization	
  energy	
  (generally)	
   increases	
  as	
  
you	
  move	
   down	
   a	
   column	
   in	
   the	
   periodic	
   table	
   (as	
   the	
   electrons	
   get	
   further	
   and	
  
further	
  from	
  the	
  nucleus)	
  and	
  increases	
  as	
  you	
  move	
  across	
  a	
  row	
  (as	
  the	
  effective	
  
nuclear	
   charge	
   increases	
   as	
   you	
   move	
   across	
   the	
   table	
   resulting	
   in	
   a	
   stronger	
  
attraction	
  between	
   the	
  electron	
  and	
   the	
  nucleus	
  and	
  also	
  a	
  decrease	
   in	
   the	
  size	
  of	
  
the	
  atom).	
  As	
  a	
  result	
  the	
  IE1	
  for	
  Cl	
  is	
  greater	
  than	
  for	
  Na	
  (same	
  row).	
  
Second	
   ionization	
   energy	
   is	
   the	
   energy	
   to	
   remove	
   the	
   outermost	
   electron	
   from	
   a	
  
cation	
  of	
  +1	
  charge,	
   in	
   the	
  gas	
  phase.	
   Second	
   ionization	
  energies	
  are	
  always	
  more	
  
positive	
   than	
   first.	
  Once	
   again	
   the	
  magnitude	
  of	
   the	
   second	
   ionization	
   energy	
  will	
  
decrease	
  down	
  a	
  column	
  (same	
  reason	
  as	
  above).	
  Trend	
  across	
  a	
  row	
  in	
  the	
  periodic	
  
table	
  is	
  not	
  so	
  well	
  defined	
  as	
  it	
  depends	
  on	
  the	
  “kind”	
  of	
  electron	
  being	
  removed.	
  
The	
  effective	
  nuclear	
  charge	
  felt	
  by	
  the	
  outer	
  most	
  electron	
  in	
  both	
  Na+	
  is	
  smaller	
  
than	
   that	
   felt	
   by	
   Cl+	
   ,	
   which	
   would	
   suggest	
   that	
   Na+	
   have	
   a	
   lower	
   second	
   IE;	
  
HOWEVER	
   the	
   second	
   electron	
  being	
   removed	
   from	
  Na	
   comes	
  out	
   of	
   a	
   2p	
  orbital	
  
rather	
   than	
  a	
  3p,	
  and	
  since	
   the	
  principal	
  quantum	
  number	
  governs	
   the	
  size	
  of	
   the	
  
orbital,	
  the	
  2p	
  is	
  smaller	
  than	
  the	
  3p	
  and	
  as	
  a	
  result	
  it	
  is	
  more	
  difficult	
  to	
  remove	
  the	
  
second	
  electron	
  from	
  Na.	
  
	
  
5.	
   (5	
   points)	
   Place	
   the	
   following	
   carbon	
   tetrahalides	
   (CF4,	
   CCl4,	
   CBr4	
   and	
   CI4)	
   in	
  
order	
   of	
   increasing	
   melting	
   point.	
   Provide	
   an	
   explanation	
   for	
   this	
   trend	
   and	
   be	
  
specific.	
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CF4,	
  CCl4,	
  CBr4	
  and	
  CI4	
  These	
  are	
  covalent	
  compounds,	
  with	
  no	
  net	
  dipole	
  –	
  must	
  use	
  
analysis	
   of	
   intermolecular	
   forces	
   to	
   determine	
   melting.	
   Melting	
   of	
   covalent	
  
compounds	
   depends	
   on	
   the	
   strength	
   of	
   intermolecular	
   interactions	
   (not	
   bonds).	
  
Since	
   these	
   compounds	
   have	
   no	
   net	
   dipole,	
   induced	
   dipole	
   effects	
   will	
   be	
   most	
  
important.	
   As	
   the	
   number	
   of	
   electrons	
   in	
   the	
  molecule	
   goes	
   up,	
   it	
   becomes	
  more	
  
polarisable	
   and	
   able	
   to	
   form	
   stronger	
   induced	
  dipole/induced	
  dipole	
   interactions,	
  
therefore	
  strongest	
  interactions	
  occur	
  for	
  CI4	
  and	
  weakest	
  for	
  CF4.	
  
	
  
	
  
6.	
   (5	
   points)	
   predict	
   and	
   draw	
   the	
   molecular shape of the following molecules 
according to the VSEPR theory:	
  
	
  
a)	
  NF3	
  
26	
  electrons	
  in	
  total:	
  AB3E	
  will	
  have	
  a	
  Trigonal	
  pyramidal	
  geometry	
  
	
  
b)	
  SO3	
  
AB3	
  :	
  Triangular	
  plane	
  or	
  planar	
  trigonal	
  
	
  
c)	
  H2Se	
  
Bent	
  structure	
  AB2E2	
  
	
  
d)	
  SbF5	
  
Trigonal	
  bipyramidal	
  
	
  
e)	
  [BH4]-­‐	
  
tetrahedral	
  
	
  
f)	
  bonus	
  (1	
  point)	
  :	
  IF7	
  
pentagonal	
  bipyramidal	
  
	
  
7)	
   (5	
   points)	
   Remembering	
   the	
   principle	
   of	
   electronegativity,	
   determine	
  whether	
  
these	
   single	
   bonds	
   are	
   polar	
   and	
   (if	
   appropriate)	
   in	
   what	
   direction	
   is	
   the	
   dipole	
  
moment.	
  
	
  
a)	
  N-­‐H	
  
Polar	
  H	
  |à	
  N	
  
b)	
  F-­‐Br	
  
Polar	
  Br	
  |à	
  	
  F	
  
c)	
  C-­‐H	
  
slightly	
  Polar	
  H	
  |à	
  	
  C	
  
d)	
  P-­‐Cl	
  
Polar	
  P	
  |à	
  	
  Cl	
  
e)	
  H-­‐H	
  
Non	
  polar	
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8)	
  (5	
  points)	
  Calculate	
  the	
  effective	
  nuclear	
  charge	
  for	
  K	
  in	
  the	
  following	
  electronic	
  
configurations:	
  
-­‐K	
  :	
  1s22s22p63s23p63d1	
  
-­‐K	
  :	
  1s22s22p63s23p64s1	
  
	
  
For	
  K,	
  Z	
  =	
  19	
  
supporting	
   rules	
   Slater	
   effective	
   nuclear	
   charge	
   experienced	
   by	
   the	
   electron	
  
configuration	
  for	
  4s	
  is	
  :	
  1s22s22p63s23p64s1	
  
	
  
Zeff	
  =Z-­‐S	
  
=19-­‐[(8x0.85)+(10x1.00)]=2.20	
  
	
  
effective	
   nuclear	
   charge	
   experienced	
   by	
   the	
   nuclear	
   3d	
   electron	
   configuration	
   is	
  
:1s22s22p63s23p63d1	
  
Zeff	
  =Z-­‐S	
  
=	
  19	
  –(18x1.00)	
  
=1	
  
	
  
What	
  is	
  the	
  energetically	
  most	
  stable?	
  and	
  why?	
  
It	
   is	
   therefore	
   the	
   electron	
   in	
   4s	
   (rather	
   than	
   in	
   3d)	
   is	
   under	
   the	
   influence	
   of	
   the	
  
greater	
  effective	
  nuclear	
  charge	
  and,	
  in	
  the	
  ground	
  state	
  of	
  K,	
  the	
  atomic	
  orbital	
  4s	
  is	
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