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IMAT Chemistry: 15-Question Blueprint, Weight & Strategic Primacy

Chemistry serves as the great score differentiator on the International Medical Admissions Test. Under the current
MUR and CINECA regulations, Chemistry commands 15 questions out of the 60 total items, accounting for22.5
points out of the 90.0 maximum available score (exactly 25.0% of the entire examination).

When | conducted my empirical analysis of 2,358 topical items across Bank 13 and the historical score distributions
across Italian public medical faculties, the diagnostic telemetry revealed a stark reality: while thousands of
applicants achieve acceptable scoresin descriptive Biology, scores in Chemistry drop precipitously. The primary
obstacleis not conceptual complexity: itis the psychological shock of executing multi-step stoichiometry,
chemical equilibria expressions, and logarithmic pH calculations under strict time pressure with strictly zero

calculators.

The 15 chemistry questions are distributed across six core curriculum domains defined by the Italian ministerial

syllabus:

 Significant Point Weight: 15 items $\times$ 1.5 points = 22.5 raw points, equivalent to 25.0% of the total

examination score.

¢ Secondary Statutory Tie-Breaker: If two candidates are tied on total score and have identical Biology
scores, ranking priority on the national merit list is determined by the Chemistry score.

o Strictly Zero Calculators: Every arithmetic calculation must be resolved manually using scientific notation,
fractional approximations, and dimensional analysis.

* Periodic Table Prohibited: Candidates do not receive a printed periodic table in the test hall. You must
memorize atomic numbers ($Z =1$ to $30$), common atomic masses, group valencies, and periodic trend

trajectories.

Core Syllabus Domain

Atomic Structure &
Periodic Trends

Bonding & VSEPR
Geometry

Stoichiometry & Gas
Laws

Kinetics & Equilibrium

Acids, Bases & Buffers

Organic Chemistry

beambeprep.com/guides/|100% Offline Apps (iOS | Android | Windows | macOS)

Typical Question
Frequency

2 to 3 Questions

2 to 3 Questions

2to 3 Questions

2 to 3 Questions

2 to 3 Questions

3to 4 Questions

Total Point Value
(C+1.5°/7-0.4))

3.0to4.5Points

3.0to 4.5Points

3.0to 4.5Points

3.0to4.5Points

3.0to4.5Points

4.5t0 6.0 Points

High-Yield Ministerial Focus Areas

Electron exceptions (Cr, Cu), ionization
anomalies (Be-B, N-O), atomic radii

Hybridization, lone pair repulsion, bond
angles, hydrogen bonding criteria

Limiting reactant triage, molarvolume (22.4
L at STP), dilution equations

Le Chatelier perturbations, Kc expressions,
activation energy, catalyst role

Logarithmic pH scale, conjugate pairs,
Henderson-Hasselbalch, Ka values

Chiral centers, enantiomers, oxidation states
of alcohols, SN1vs SN2
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Crucial Conceptual Boundary
Will the IMAT provide atomic masses and physical constants in the question stem?

Yes, for specific numerical calculations (such as molar mass of unusual salts or the gas constantR = 0.0821
L-atm/(mol-K) ), the question stem provides the necessary constants. However, fundamental atomic numbers
for light elements (H through Ca) and standard valencies are expected to be known from memory.

Decimal Grinding Under Time Distress:

Attempting multi-step decimal long division on scrap paper burns 2 to 3 minutes per question. In IMAT Chemistry,
answer options are almost always separated by distinct orders of magnitude or clear numerical gaps. Round atomic
masses tointegers (e.g. Cl = 35.5, Cu = 64) and use scientific notation.

Computational Efficiency

Chemistry as the Deciding Tie-Breaker
Rank Protectionin Close Clusters:
When top applicants achieve 30+ points in Biology, their Chemistry scores create the sorting divide for elite
universities like Milan, Bologna, and Pavia. Securing 12 out of 15 correct in Chemistry reliably propels candidatesinto
the top 3% of the international applicant pool.
Admissions Strategy

Atomic Structure, Quantum Numbers & Periodic Law Trends

Understanding atomic architecture and the periodic law provides the foundational scaffolding for predicting
chemicalreactivity, bond character, and physical states.

1. Subatomic Particles & The Four Quantum Numbers

An atom consists of a dense, positively charged nucleus containing protons and neutrons, surrounded by
electrons organized in quantized orbitals:

2. Electron Configurations & Aufbau Exceptions

Electrons fill orbitals following three fundamental quantum principles:

3. Periodic Trends & Ministerial Anomalies

Periodic properties vary systematically across periods (horizontal rows) and groups (vertical columns) driven by
two primary forces: the Principal Quantum Number ($n$) and the Effective Nuclear Charge ($Z_{eff} =Z - S$),
where $S$ represents core electron shielding:

¢ Fluorine is the Top-Right Summit: Fluorine ($F$) is the most electronegative element ($\chi=4.0$) and has
the highest non-noble ionization energy.

o Francium/Cesiumis the Bottom-Left Summit: Francium ($Fr$) and Cesium ($Cs$) possess the largest
atomic radii and the lowest ionization energies.

+ |soelectronic Rule: If species share identical electron numbers, the species with the highest atomic number
(most protons)is always the smallest.
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Crucial Conceptual Boundary
Isthe secondionization energy of an element always higher thanits first ionization energy?

Yes! The second ionization energy (IE2) is ALWAYS strictly greater than the first ionization energy (IE1) for
every element without exception. Removing an electron from an already positively charged cation
experiences a higher effective nuclear charge and zero increase in nuclear shielding.

Removing 4s Before 3d:

Stems frequently ask for the electron configuration of Fe2+ or Cu+. Students often write [Ar4s2 3d4 for Fe2+.
Remember: transition metals always lose their valence 4s electrons first before losing 3d electrons. Fe2+ is strictly
[Ar] 3d6, and Cu+is strictly [Ar] 3d10.]

Configuration Trap

lonization Energy Anomaly Direction

Nitrogen vs Oxygen:

Never assume ionization energy strictly increases across period 2. Oxygen has a lower firstionization energy than
Nitrogen due to spin-pairing repulsionin the 2px orbital. Similarly, Boron has a lower first ionization energy than
Beryllium due to the higher energy 2p subshell.

Periodic Anomaly

Chemical Bonding, VSEPR Geometry & Intermolecular Forces

Chemical bonds form when atoms share or transfer valence electrons to achieve stable noble gas electronic
configurations. The nature of the bond dictates molecular geometry, polarity, and bulk physical properties.

1. Types of Chemical Bonds

2.VSEPR Theory & Molecular Geometries

The Valence Shell Electron Pair Repulsion (VSEPR) model posits that electron pairs (bonding pairs and non-
bondinglone pairs) around a central atom orient themselves in three-dimensional space to minimize mutual
electrostatic repulsion. Lone pairs exert greater repulsive force than bonding pairs:

$$\text{Lone Pair - Lone Pair} > \text{Lone Pair - Bonding Pair} > \text{Bonding Pair - Bonding Pair}$$
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Steric Bonding Lone

Number Pairs Pairs Hybridization
2 2 0 $sp$

3 3 0 $sp"2%

3 2 1 $sp”2$

4 4 0 $spr3$

4 3 1 $sp”3$

4 2 2 $sp"3$

Electron
Geometry

Linear

Trigonal
Planar

Trigonal
Planar

Tetrahedral

Tetrahedral

Tetrahedral

3. Intermolecular Forces (Van der Waals Forces)

Intermolecular forces determine boiling points, melting points, vapor pressures, and solubilities:

IMAT Chemistry: Complete Syllabus Ma...

Molecular
Shape

Linear

Trigonal
Planar

Bent/
Angular

Tetrahedral

Trigonal
Pyramidal

Bent/
Angular

Ideal Bond Angle

$180\circ$

$120"\circ$

$<120"\circ$
(~$118"\circ$)

$109.5"\circ$

$<109.5Mcirc$
($107"\circ$)

$<109.5"\circ$
($104.5"\circ$)

Exemplar
Molecule

$BeClI_2,
CO_2,
HCN$

$BF_3,
SO_3,
NO_37-$

$S0_2,
0.3,
NO_2"-$

$CH_4,
CClI_4
NH_4"+$

$NH_3,
PCI_3,
H_30"+$

$H_20,
H_2S,
OF_2%

e Condition1: The molecule must contain an $H$ atom covalently bonded directly to $F, O,$ or $N$ (the

hydrogen bond donor).

o Condition 2: The partner molecule must possess an electronegative $F, O,$ or $N$ atom bearing at least
one lone electron pair (the hydrogen bond acceptor).

« High-Yield Distractor: Diethyl ether ($CH_3-CH_2-O-CH_2-CH_3%) and acetone ($CH_3-CO-CH_3$)
contain Oxygen, but have zero $H$ bonded to $O$. They cannot form hydrogen bonds with themselves,

resultinginlow boiling points. However, they CAN accept hydrogen bonds from water molecules.

Crucial Conceptual Boundary

Symmetric Vector Cancellation:

Does hydrogen chloride (HCI) exhibit intermolecular hydrogen bonding?

No! Chlorine is highly electronegative, but its atomic radius is too large and its electron density is too diffuse
to establish the concentrated electrostatic field required for true hydrogen bonding. Intermolecular forcesin
pure HCl are standard dipole-dipole interactions.

Carbon tetrachloride (CCl4) contains four highly polar C-Clbonds. However, its tetrahedral molecular geometry is
perfectly symmetrical, causing the four dipole vectors to cancel vectorially to zero. CCl4 is completely non-polar

andinsoluble in water.
Geometry Trap
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Boiling Point Trend in Group 16 Hydrides
The Water Anomaly:
Down Group 16, boiling points normally increase due to expanding London dispersion forces: H2S (-60°C) < H2Se
(-41°C) <H2Te (-2°C). However, H20 boils at +100°C because extensive intermolecular hydrogen bonding overrides
London dispersion forces.
Intermolecular Benchmark

Quantitative Stoichiometry, Solution Chemistry & Ideal Gas Laws

Stoichiometry questionsin the IMAT test your ability to convert between masses, moles, gas volumes, and solution
concentrations without calculator assistance. You must memorize core conversion factors and execute rapid
dimensional analysis.

1. The Mole Concept & Mass Relations
2. Solution Chemistry & Dilution Mechanics

3. Theldeal Gas Law & Gas Mixtures

Anideal gasis atheoretical gas whose particles have negligible volume and experience zero intermolecular
attractive orrepulsive forces:

o Use $R\approx \frac{1}{12}$: In the gas equation $V = \frac{nRTHP}$, replace $R = 0.0821$ with $\frac{l}
{12}$. For $n = 3\text{ mol}$ at $T = 300\text{ K}$ and $P = 2\text{ atm}$, $V = \frac{3 \times (300/12)}{2} =
\frac{3 \times 25}{2} = 37.5\text{ L}$ in 8 seconds flat.

o The 22.4 Liter Multiplier at STP: To find moles from gas volume at STP, divide volume in liters by $22.4$.
Example: $4.48\text{ L}$ of gas $=\frac{4.48H422.4} = 0.20\text{ moles}$. Example: $11.2\text{L} =
0.50\text{ moles}$.

o Convert Milliliters to Liters Instantly: Remember that $250\text{ mL} = \frac{I{4N\text{ L}$, $500\text{ mL} =
\frac{IH2\text{ L}$, $125\text{ mL} = \frac{I{8\text{ L}$. Multiplying by fractions is 3 times faster than
decimal division.

Crucial Conceptual Boundary
If the temperature of agasincreases from 20°C to 40°C at constant pressure, does the volume double?

No! Charles's Law operates strictly on the absolute Kelvin temperature scale, NOT Celsius. 20°Cis 293 K, and
40°Cis 313 K. The temperature increase is only 313/293=1.068 (a 6.8% expansion), not a 100% doubling.

Forgetting the Kelvin Conversion:

Substituting Celsius temperatures directly into PV = nRT or Charles's law is the single most common mathematical
errorin IMAT Chemistry. Always add 273 to Celsius immediately before writing down any gas calculation.
Mathematical Trap
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Real Gas vs Ideal Gas Deviations
High Pressure, Low Temperature:
Real gases deviate most significantly from ideal behavior under high pressures (where particle volumes become
significant) and low temperatures (where intermolecular attractive forces cause particles to stick together, lowering
measured pressure).
Physical Concept

Chemical Thermodynamics, Reaction Kinetics & Dynamic Equilibrium

Thermodynamics governs whether areaction can occur spontaneously; kinetics governs how rapidly the reaction
proceeds; equilibrium dictates the extent of product formation.

1. Chemical Thermodynamics: Enthalpy, Entropy & Gibbs Free Energy

$\DeltaH$ $\Delta S$ $-T\DeltaS$ $\DeltaG =\DeltaH - . -
(Enthalpy) (Entropy) Term T\Delta S$ RECREIEIVS e
Negative ($< 0$, Positive ($> 0%, Always Always Negative Spontaneous at ALL
Exothermic) More Disorder) Negative ($\Delta G < 0%) temperatures

Positive ($> 0$, Negative ($< 09, Always Always Positive Non-spontaneous at ALL
Endothermic) Less Disorder) Positive ($\Delta G > 09) temperatures

Negative ($< 0$, Negative ($< 0$, Positive Negative at Low $T$; Spontaneous ONLY atlow
Exothermic) Less Disorder) Positive at High $T$ temperatures

Positive ($> 0%, Positive ($> 0%, Negative Positive at Low $T$; Spontaneous ONLY at
Endothermic) More Disorder) 9 Negative at High $T$ hightemperatures

2. Reaction Kinetics & Activation Energy
Chemical kinetics measures reaction velocity ($Rate = -\frac{\Delta[R]H{\Delta t} = \frac{\Delta[P]}{\Delta t}$):

3. Dynamic Chemical Equilibrium & Le Chatelier's Principle
Forareversible reaction $aA + bB\rightleftharpoons cC + dD$:

+ What a Catalyst DOES: Lowers activation energy ($E_a$), increases rate constant ($k$), accelerates time to
reach equilibrium.

+ What a Catalyst NEVER Does: Does NOT change $\Delta H$; does NOT change $\Delta G$; does NOT
change equilibrium yield; does NOT change equilibrium constant ($K_c$).

¢ Any stem claiming a catalyst shifts equilibrium position orincreases product yield is a definitive distractor.

Crucial Conceptual Boundary
Does adding aninert gas (such as Helium or Argon) at constant volume shift the chemical equilibrium position?
No! Adding aninert gas at constant volume increases total pressure, but does NOT alter the partial pressures

or concentrations of the reacting gases. Because partial pressures remain unchanged, the reaction quotient Q
remains equal to Kp, and the equilibrium position does not shift.
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Catalysts Alter Rates, Never Yields:

A catalyst accelerates how rapidly equilibriumis achieved by lowering activation energy. It speeds up the forward
and reverse reactions by the exact same factor. It cannot increase the equilibrium concentration of products or alter
Kc.

Kinetic Invariant

Kc vs Reaction Quotient Q
Predicting Shift Direction:
If Q <Kc, forwardreaction proceeds to form more products (shiftsright). If Q > Kc, reverse reaction proceeds to
form more reactants (shifts left). If Q = Kc, the systemis at dynamic equilibrium.
Equilibrium Decision

Acids, Bases, Buffer Systems & Aqueous Equilibria

Acid-base chemistry questions require rapid facility with logarithmic concentration relationships, conjugate pair
identification, and buffer neutralization dynamics.

1. Acid-Base Definitions & The Autoionization of Water
2. Strong vs Weak Electrolytes

3. Buffer Solutions & The Henderson-Hasselbalch Equation

Abuffer solutionresists changes in pH upon the addition of small amounts of strong acid or base. A buffer consists
of aweak acid and its conjugate base (e.g. $CH_3COOH + CH_3COONa$) or a weak base and its conjugate acid
(e.g. SNH_3 + NH_4CI$):

o If$[H +]1=1.0\times10*{-n}$, then $\text{pH}=n$.

o If $[H"+]=m\times 10*{-n}$ (where $1<m <109%), then $\text{pH} = n - \log_{10}m)$.

e Memorize basic logs: $\log 2 \approx 0.30$, $\log 3\approx 0.48%, $\log 5\approx 0.70$.

o Example: If $[H*+] = 2.0 \times 10 {-4\text{ M}$, $\text{pH} =4 -\log2=4-0.30=3.70%$ in 5 seconds flat.
o Example:If $[H"+] = 5.0 \times 10" {-9\text{ M}$, $\text{pH}=9 -\log5=9-0.70 =8.30%.

Crucial Conceptual Boundary
Does mixing equal volumes of 0.1MHCland 0.1M NH3 produce a neutral solution of pH7.0?

No! HClI (strong acid) and NH3 (weak base) neutralize to form ammonium chloride (NH4CI). In aqueous
solution, the ammonium cation (NH4+) undergoes salt hydrolysis: NH4+ + H20 = NH3 + H30+, producing an
acidic solution with pH < 7.0 (typically around 5.1).

Barium Hydroxide Dissociation:

Forgetting that Group 2 metal hydroxides such as Ba(OH)2 or Ca(OH)2 release TWO moles of OH- per formula unit
causes severe pOH errors. 0.05 M Ba(OH)2 yields 0.10 M OH-, making pOH =1.0 and pH =13.0, not 12.7.
Hydroxide Multiplier
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Respiratory vs Metabolic Acidosis
The Bicarbonate Bufferin Medicine:
Hypoventilation causes CO2 retention, shifting the carbonic acid equilibrium to the right and driving respiratory
acidosis (low arterial pH, elevated PaCO2). Renal compensation responds by retaining bicarbonate (HCO3-) over
several days to normalize pH.
Clinical Acid-Base

Organic Chemistry: Nomenclature, Stereochemistry & Mechanisms

Organic chemistry accounts for 3 to 4 questions per paper, testing functional group recognition, IUPAC
nomenclature, isomerism classification, and fundamental reaction mechanisms.

1. Functional Groups & IUPAC Hierarchy

Priority sequence for IUPAC naming (highest priority functional group determines principal suffix):

2. Isomerism: Structural, Geometric & Optical

3. Core Organic Reaction Mechanisms

» Step 1. Immediately eliminate any $CH_3$ or $CH_2$ carbon (bonded to 3 or 2 identical hydrogens; cannot
be chiral).

o Step 2:Immediately eliminate any $sp”2$ or $sp$ hybridized carbon (double or triple bonds; not
tetrahedral).

o Step 3:Inspectremaining $sp”3$ carbons bonded to four distinct groups.

e Example: 2-butanol ($CH_3-CH(OH)-CH_2-CH_3$). Carbon 2isbonded to $-H, -OH, -CH_3,$ and $-
CH_2CH_3$. Exactly one chiral center ($2"1=2$ enantiomers).

Crucial Conceptual Boundary
Can atertiary alcohol be oxidized to a carboxylic acid using acidified potassium dichromate?

No! Tertiary alcohols have no hydrogen atom attached to the carbinol carbon. They cannot undergo
oxidation without breaking carbon-carbon covalent bonds under destructive conditions. Acidified potassium
dichromate remains orange; zero color change to green occurs.

Ethanol vs Dimethyl Ether:

Both ethanol (CH3CH2OH) and dimethyl ether (CH3OCH3) have the identical molecular formula C2H60. However,
ethanol possesses a polar -OH group and exhibits hydrogen bonding (boiling point +78°C), whereas dimethyl ether
is an ether with weak dipole interactions (boiling point -24°C).

IsomerTrap
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Chirality in Clinical Pharmacology
The Enantiomeric Target Lock:

Biological enzymes and receptors are chiral proteins constructed exclusively from L-amino acids. Consequently,
only one enantiomer of a chiral drug typically fits into the receptor binding pocket. Inibuprofen, (S)-ibuprofenis a
potent anti-inflammatory, while (R)-ibuprofen is pharmacologically inert.

Pharmacology Application
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Active Recall Launchpad
RECOGNITION ILLUSION REVERSAL

THERECOGNITION ILLUSION: WHY FAMILIARITY ISN'T MASTERY

Passive re-reading creates the dangerousillusion of competence. In high-velocity medical entrance exams like the
IMAT, true mastery is demonstrated strictly by your ability to retrieve mechanisms and calculate values under clock
pressure without hints. Convert this guide into active neural recall using the synchronized tools below.

IMAT General Knowledge Sovereign Suite 2,358-Item Topical QBank

Stereoisomer calculation: 2 chiral centers yielding 4 stereoisomers
Calcium carbonate reaction with HCl yielding CO2 volume at STP
Haber process equilibrium shift upon temperature elevation (exothermic rxn)
Equimolar acetic acid and sodium acetate buffer pH calculation
Firstionization energy anomaly: Beryllium higher than Boron (2s vs 2p)

SN2 mechanism back-side attack producing Walden inversion of configuration
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