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MASTERING THE
ACS INORGANIC
CHEMISTRY EXAM:
YOUR ULTIMATE
STUDY GUIDE

For  many  chemistry
students, the American
Chemical Society (ACS)
Inorganic  Chemistry
exam  represents  one
of the most challenging
milestones  in  their
academic  journey.
Un l i ke  o rgan ic  o r
physical  chemistry,
inorganic  chemistry
s p a n s  a  v a s t
landscape—from  the

intricate symmetries of
c o o r d i n a t i o n
compounds  to  the
subtle  behaviors  of
main  group  elements,
and  from  solid-state
s t r u c t u r e s  t o
o r g a n o m e t a l l i c
c a t a l y s i s .  T h e
Inorganic  Chemistry
Acs  Exam  Study
Guide  that  follows  is
d e s i g n e d  t o  c u t
through the noise and
g i v e  y o u  a  c l e a r ,
structured path toward
success.  Whether  you
are  preparing  for  a
cumulative  final  or
seeking to solidify your
understanding  for
graduate  school,  this
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guide  wil l  help  you
approach  the  exam
with  confidence  and
clarity.
L e t ' s  b e g i n  b y
acknowledging  what
m a k e s  t h i s  e x a m
uniquely  demanding.
The  ACS  Inorganic
Chemistry  exam  does
n o t  s i m p l y  t e s t
memor i za t i on ;  i t
demands a conceptual
g rasp  o f  pe r iod i c
t r e n d s ,  b o n d i n g
theories,  symmetry,
a n d  r e a c t i o n
mechanisms.  But  with
the  right  preparation
s t r a t e g y — a n d  a
though t fu l  s tudy
g u i d e — y o u  c a n
t r a n s f o r m  t h i s
cha l lenge  in to  an
opportunity  to  deepen
your  appreciation  for
one  of  chemistry's
m o s t  b e a u t i f u l
discipl ines.

UNDERSTANDING

THE STRUCTURE
OF THE ACS
INORGANIC
CHEMISTRY EXAM

Before  div ing  into
content  review,  it's
essential to know what
you are up against. The
A C S  I n o r g a n i c
C h e m i s t r y  e x a m
typically  consists  of
m u l t i p l e - c h o i c e
questions  designed  to
assess your knowledge
a c r o s s  t h e  m a j o r
subd isc ip l ines  o f
inorganic  chemistry.
T h e  e x a m  i s
standardized,  meaning
that the topics covered
are  consistent  from
one  vers ion  to  the
next,  though  question
difficulty may vary.

Key
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Topics
Typically

Covered
Atomic
Structure and
Periodic Trends
– Electron
configurations,
ionization
energy, electron
affinity, and
electronegativity
trends across the
periodic table.
Bonding
Theories –
Valence bond
theory, molecular
orbital theory
(for homonuclear
and
heteronuclear
diatomics), and
crystal field
theory.
Coordination
Chemistry –

Nomenclature,
isomerism,
ligand types, and
the
spectrochemical
series.
Solid State
Chemistry –
Unit cells,
packing
efficiency, lattice
types, and
defects.
Main Group
Chemistry –
Structure and
reactivity of
elements from
groups 1, 2, and
13–18.
Organometallic
Chemistry – 18-
electron rule,
metal carbonyls,
and catalytic
cycles.
Acids and
Bases in
Inorganic
Contexts –
Lewis and
Brønsted-Lowry
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theories, hard-
soft acid-base
(HSAB) principle.
Symmetry and
Group Theory –
Point groups,
character tables,
and vibrational
spectroscopy.

K n o w i n g  t h e s e
categories  helps  you
allocate  study  time
effectively.  If  you  are
weak in symmetry, for
instance,  you  should
dedicate extra sessions
to  that  topic  early  in
your  preparation.  A
g o o d  I n o r g a n i c
Chemistry Acs Exam
Study Guide will help
you identify these gaps
and  fill  them
systematically.

BUILDING A
STRONG
FOUNDATION IN
ATOMIC
STRUCTURE AND

PERIODICITY

Inorganic  chemistry
builds on the principles
of quantum mechanics
and  atomic  structure.
The exam often begins
with  questions  about
e l e c t r o n
configurations,
p a r t i c u l a r l y  f o r
transition  metals  and
ions .  You  must  be
comfor tab le  w i th
writing  ground-state
configurations  and
understanding  how
they relate to periodic
trends.

Essential
Concepts
to Review

Shielding and
effective nuclear
charge (Zeff)
Trends in atomic
and ionic radii
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Ionization
energies and
their anomalies
(e.g., nitrogen
vs. oxygen)
Electron affinity
and its periodic
variation
Electronegativity
scales (Pauling,
Mulliken, Allred-
Rochow)

These concepts are not
isolated—they  inform
everything  from  bond
polar i ty  to  lat t ice
energy.  For  example,
understanding  why
l i t h i u m  f o r m s  a
stronger  ionic  lattice
than  cesium  requires
y o u  t o  c o m b i n e
knowledge  of  ionic
charge,  radius,  and
lattice  enthalpy.  The
exam rewards this kind
of  integrated  thinking,
so practice connecting
concepts  rather  than
t r e a t i n g  t h e m  i n
separate  boxes.

MASTERING
COORDINATION
CHEMISTRY: THE
HEART OF
INORGANIC
CHEMISTRY

Coordination chemistry
is  often  the  largest
single topic on the ACS
Inorganic  Chemistry
exam. You can expect
multiple  questions
about  coordination
complexes,  including
their  nomenclature,
structure, bonding, and
reactivity.

Nomencla
ture and
Isomeris
m
You should be able to
name  coordination
compounds  according
to  IUPAC  rules.  This
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includes  knowing  the
o r d e r  o f  l i g a n d s
(alphabetical),  the use
of  prefixes  like  di-,  tri-,
tetra-,  and  oxidation
s t a t e  n o t a t i o n .
Additionally,  recognize
different  types  of
isomerism:

Geometric
isomerism (cis-
trans in square
planar and
octahedral
complexes)
Optical
isomerism
(chiral
complexes)
Linkage
isomerism
(ambidentate
ligands like
SCN⁻)
Coordination
isomerism
(exchange of
ligands between
cation and anion)

Crystal
Field
Theory
and
Spectroc
hemical
Series
One of the most tested
areas  is  crystal  field
theory (CFT). You need
to  understand  how d-
orbital  splitting  occurs
i n  o c t a h e d r a l ,
tetrahedral, and square
planar geometries. The
magnitude  of  splitting
(Δo  or  Δt)  depends  on
the  meta l  i on ,  i t s
oxidation  state,  and
the  na tu re  o f  t he
ligand. Memorizing the
spectrochemical  series
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i s  h e l p f u l ,  b u t
understanding  why
strong-field  ligands
(like CN⁻) cause larger
splitting is even better.
From  CFT,  you  can
pred ic t  magnet i c
properties  (high-spin
vs.  low-spin  for  d⁴–d⁷
configurations),  color
( c o m p l e m e n t a r y
wavelengths),  and
stability.  Questions  on
this topic often require
you  to  de te rmine
whether  a  complex  is
p a r a m a g n e t i c  o r
diamagnetic,  or  to
predict  the number of
unpaired electrons.

Ligand
Field
Theory

and MO
Diagrams
While  CFT  is  a  good
starting  point,  ligand
field theory (LFT) offers
a  m o r e  a c c u r a t e
p i c t u r e  b y
incorporating  covalent
bonding. For the exam,
you  should  know  the
basic  MO diagram for
an octahedral complex,
including  sigma-only
interactions  and  the
ordering  of  molecular
o r b i t a l s .  T h i s  i s
especially  relevant  for
questions about charge
transfer  transitions  or
the  nephelauxetic
effect.

SOLID STATE
CHEMISTRY:
STRUCTURES AND
PROPERTIES

Solid state chemistry is
another  core  area  of
the  exam.  You  wi l l
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encounter  questions
about  crystal  lattices,
unit cells, and packing
arrangements.

Key
Topics in
Solid
State

Unit cell types
– Simple cubic,
body-centered
cubic (BCC),
face-centered
cubic (FCC), and
hexagonal close-
packed (HCP).
Packing
efficiency –
Calculating the
percentage of
space occupied
by atoms in
different lattices.
Lattice energy
– Born-Haber
cycle and the

factors that
influence it (ionic
charge, ionic
radius, lattice
structure).
Defects –
Schottky and
Frenkel defects,
and their effect
on conductivity
and density.
Band theory –
Conductors,
semiconductors,
and insulators;
doping and p-n
junctions.

Solid  state  questions
o f t e n  i n v o l v e
calculations.  Practice
d e t e r m i n i n g  t h e
number  of  atoms  per
u n i t  c e l l ,  t h e
relationship  between
atomic radius and cell
edge  length,  and  the
density of a crystalline
s o l i d .  T h e s e
c a l c u l a t i o n s  a r e
straightforward  once
you have a systematic
approach,  so  include
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plenty  of  pract ice
problems in your study
sessions.

MAIN GROUP
CHEMISTRY:
PATTERNS AND
EXCEPTIONS

Main  group  chemistry
covers  elements  from
groups 1, 2, and 13–18.
While this might seem
like  a  lot,  the  exam
tends  to  focus  on
periodic  trends  and
anomalous  behavior
rather than exhaustive
m e m o r i z a t i o n  o f
properties.

What to
Focus On

The inert pair
effect – Why
heavier elements
in groups 13–15
prefer lower
oxidation states
(e.g., Tl⁺ instead

of Tl³⁺).
Diagonal
relationships –
Similarities
between Li and
Mg, Be and Al, B
and Si.
Allotropy –
Different forms
of carbon,
phosphorus, and
sulfur.
Hydrides,
oxides, and
halides – Trends
in acidity,
basicity, and
structure across
a period or down
a group.
Unique
behavior of the
first element in
each group –
For example,
why nitrogen
forms N₂ while
phosphorus
forms P₄.

The  exam  does  not
e x p e c t  y o u  t o
r e m e m b e r  e v e r y
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reac t ion ,  but  you
shou ld  be  ab le  to
predict general trends.
For  instance,  if  you
know  that  acidity  of
oxoacids  increases
with  the  oxidation
state  of  the  central
atom, you can answer
questions about H₂SO₄
vs .  H₂SO₃  wi thout
having  to  memorize
specific  pKₐ  values.

ORGANOMETALLIC
CHEMISTRY AND
CATALYSIS

O r g a n o m e t a l l i c
c h e m i s t r y  i s  a
r e w a r d i n g  b u t
sometimes intimidating
t o p i c .  T h e  A C S
Inorganic  Chemistry
exam  typically  covers
the  18-electron  rule,
metal  carbonyls,  and
basic  catalytic  cycles.

The 18-
Electron
Rule
This  is  the  organizing
p r i n c i p l e  o f
o r g a n o m e t a l l i c
chemistry.  You  should
b e  a b l e  t o  c o u n t
electrons for any given
complex,  including
contributions  from the
metal (oxidation state),
anionic  l igands  (2
e l e c t r o n s  e a c h ) ,
neutra l  l igands  (2
electrons  each  for  L-
type  l igands),  and
c o v a l e n t  b o n d s .
Common  exceptions
include  16-electron
comp lexes  (e .g . ,
Vaska's  complex)  and
14-electron  complexes
(e.g., Zeise's salt).
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Important
Reactions
and
Catalytic

Cycles
Oxidative
addition and
reductive
elimination
Insertion and
elimination
(migratory
insertion, β-
hydride
elimination)
Catalytic cycles
– Hydrogenation,
hydroformylation
, and the
Monsanto acetic
acid process

You  do  not  need  to
m e m o r i z e  e v e r y
catalytic cycle in detail,

b u t  y o u  s h o u l d
understand  the  key
steps  and  the  role  of
the  meta l  center .
Questions  often  ask
you  to  identify  the
rate-determining  step
o r  t o  p r e d i c t  t h e
product  of  a  catalytic
r e a c t i o n  g i v e n  a
starting  material.

SYMMETRY AND
GROUP THEORY: A
PRACTICAL
TOOLKIT

S y m m e t r y  i s  a
l a n g u a g e  t h a t
permeates  inorganic
c h e m i s t r y ,  f r o m
v i b r a t i o n a l
spectroscopy to crystal
field  splitting.  The
exam  expects  you  to
assign point groups to
simple  molecules  and
to use character tables
for basic applications.
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Steps for
Assigning
Point

Groups
Identify the1.
molecule's shape
(linear,
tetrahedral,
octahedral, etc.).
Check for a2.
center of
inversion (i).
Look for proper3.
rotation axes
(Cn).
Check for mirror4.
planes (σh, σv,
σd).
Use a flow chart5.
or decision tree
to arrive at the
correct point
group.

Using
Character
Tables
You  should  know how
to  de te rm ine  the
s y m m e t r y  o f
vibrational  modes  (IR
and  Raman  activity)
and  how  to  reduce  a
r e d u c i b l e
representation. For the
exam,  practice  with
common  point  groups
like C2v, D3h, Oh, and Td.
Questions  may  ask
whether  a  particular
vibration is IR-active or
Raman-active,  or  how
many stretching modes
a molecule has.

ACIDS, BASES,
AND THE HSAB
PRINCIPLE

The  concept  of  acids
and bases in inorganic
chemistry  extends  far
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beyond  the  Brønsted-
Lowry  definition.  The
HSAB  (hard-soft  acid-
base)  principle  is  a
power fu l  t oo l  f o r
predicting  reaction
outcomes and stability.

Key Ideas
Hard acids
(small, highly
charged cations
like Al³⁺, Ti⁴⁺)
prefer hard
bases (small,
highly
electronegative

anions like F⁻,
OH⁻).
Soft acids
(large,
polarizable
cations like Hg²⁺,
Pt²⁺) prefer soft
bases (large,
polarizable
anions like I⁻,
S²⁻).
Application of
HSAB to predict
solubility,
complex
stability, and
reaction
pathways.


