Gaurav Tiwari Chemistry Study Notes

ThePeriodic Table

Read this note online

The periodic table is the central organizing chart of chemistry. It arranges every known element
by atomic number and groups elements with similar chemical properties into vertical columns.
Knowing how to read it gives you immediate predictions about element behavior, reactivity, bond-
ing, ionization energy, and more.

The table’s structure isn’t arbitrary. The groupings reflect electron configurations: main-group el-
ements in the same column often have analogous valence-electron arrangements, and that’s what
controls their chemistry. The periodic table is the macroscopic shadow of quantum mechanics
applied to atoms, every recurring chemical pattern traces back to recurring electron orbital pat-
terns.

This study note covers the structure, the meaning of groups and periods, how to read element
boxes, periodic trends, the four blocks (s, p, d, f), the history of how the table was constructed,
the underlying quantum mechanical reason for its structure, and the most important practical
implications.

The periodic table is ordered by atomic number. Similar valence-electron arrangements help ex-
plain recurring chemical behavior.
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The PeriodicTable

Atomic number identifies the element. Symbol names it.
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Series marked * fit between groups 2 and 4. No elements omitted.

All 118 elements arranged in 18 groups and 7 periods, including potassium, calcium and elements 104 through
118; lanthanoids and actinoids appear in separate rows.

Structure of the Periodic Table

The periodic table has 18 columns (groups) and 7 rows (periods) in its standard form. Each box
holds one element, identified by its symbol, atomic number, and atomic mass. Elements are or-
dered left to right by atomic number, the number of protons in the nucleus.

Going across a period, atomic number increases by one with each element. Going down a group,
atomic number jumps by 8, 18, or 32 depending on which orbitals fill in between. The table also
has a separate two-row block for the lanthanides and actinides, which would otherwise stretch the
main table too wide for printing.

Groups (Columns)

Elements in the same group often share chemical similarities. For main-group elements, anal-
ogous valence-electron arrangements explain much of the pattern; transition elements require
attention to their d electrons too. The vertical organization is what makes the table “periodic”,
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properties recur as you move down a column.

Important named groups: Group 1 (alkali metals), Group 2 (alkaline earth metals), Group 17 (halo-
gens), Group 18 (noble gases). Each name reflects a shared chemistry: alkali metals form +1 cations
easily; halogens form —1 anions; noble gases barely react at all. Knowing the group usually tells
you the element’s characteristic behavior.

Periods (Rows)

Periods are horizontal rows. As you move across a period, atomic number increases by 1, and one
electron is added per element. The electrons fill specific orbitals (s, p, d, or f) determined by quan-
tum mechanics.

Period 1 has only 2 elements (H, He) because the 1s orbital holds only 2 electrons. Periods 2 and
3 each have 8 elements (filling 2s, 2p or 3s, 3p). Periods 4 and 5 have 18 elements each (s, p, d
orbitals). Periods 6 and 7 have 32 elements (s, p, d, f orbitals), with the f-block elements relegated
to the bottom of the table for layout reasons.

Reading an Element Box

Each element box typically shows three things: the chemical symbol (one or two letters), the
atomic number (top, smaller number, number of protons), and the atomic mass (bottom, larger
decimal, average mass weighted by isotope abundance).

For example, the carbon box shows C, 6, 12.011. Carbon has 6 protons (and in neutral atoms, 6
electrons), with an average atomic mass of about 12.011 atomic mass units. The decimal reflects
the natural mixture of carbon-12 and carbon-13 isotopes.

Some periodic tables also include electron configuration, oxidation states, and electronegativity,
all useful for predicting chemistry. Modern interactive tables show much more (melting point,
density, discovery year, applications) when you click on an element.

Element Categories

Beyond groups and periods, elements fall into broad categories based on properties:

Alkali metals (Group 1): soft, react violently with water, form +1 cations. Alkaline earth met-
als (Group 2): less reactive than Group 1, form +2 cations. d-block elements occupy Groups 3-12.
Under the IUPAC definition, a transition element has an incomplete d subshell in its atom or in a
cation it can form. Zinc is a useful reminder that d-block position and this definition are not iden-
tical. Metalloids: along the diagonal between metals and non-metals (B, Si, Ge, As, Sb, Te). Mixed
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properties. Halogens (Group 17): highly reactive non-metals, form —1 anions. Noble gases (Group
18): generally have low reactivity. The familiar lighter members have closed valence shells; xenon
forms several compounds, so inertness is not an absolute rule. Lanthanides and Actinides: f-
block elements at the bottom; rare earths and radioactive heavies.

Element Families

2::::3 ;\n ;(tcaelst H Li, Na, K
g:lsgéige Earth Metals Be, Mg, Ca
Halogens ", cl,Br
g:)lz:)elgases He, Ne, Ar
Transition Elements :
Incomplete d subshell Fe, Cu, Ti
,E:’:)?Jtr:ilalls‘::tegory B, Si, Ge
,Il;\?(:‘n::ilc‘:?wz?nlt?;s 57-71 La, Ce, Lu
Actinoids Ac, Th, U

Atomic numbers 89-103

A family suggests behavior; exceptions still matter.

Eight element families with group numbers or atomic-number ranges and examples; transition elements are
identified by incomplete d subshells.

Periodic Trends

Several properties vary predictably across the table:

These trends let you predict element behavior without memorizing every detail. They emerge
directly from the underlying quantum mechanics of electron orbitals and effective nuclear charge.

Atomic radius: increases down a group (more shells), decreases across a period (greater nuclear
charge pulls electrons inward). Ionization energy: energy to remove the outermost electron. De-
creases down a group (outer electron is farther from nucleus), increases across a period. Elec-
tronegativity: tendency to attract bonding electrons. Decreases down a group, increases across
a period. Fluorine is the most electronegative element. Electron affinity concerns adding an
electron to a gaseous atom. A released-energy convention reports a favorable gain as positive; an
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electron-gain enthalpy convention reports the corresponding energy change as negative. Halo-
gens often gain electrons favorably, but chlorine and fluorine show why a simple arrow is insuffi-
cient. Metallic character: increases down a group, decreases across a period.

The Four Blocks

The blocks reflect the subshell being filled in the usual ground-state configuration pattern. The
assignments help explain the layout, while configuration exceptions require checking the actual
atom:

The block structure is what makes the table its characteristic shape. Each block has its own typical
chemistry, s-block forms simple ionic compounds, p-block forms covalent and ionic, d-block has
variable oxidation states, lanthanoids commonly have a +3 oxidation state, while actinoids can
show a wider range of oxidation states.

s-block: Groups 1 and 2, plus helium on an electron-configuration basis. Helium has a 1s? con-
figuration but sits in Group 18 because its chemistry resembles the noble gases. p-block: Groups
13-18 apart from helium. The characteristic filling pattern adds electrons to a p subshell. d-block:
the central region, conventionally Groups 3-12. A d subshell participates in the filling pattern; the
strict transition-element definition is a separate chemical criterion. f-block: the inner-transition
region associated with 4f and 5f filling. The lanthanoid and actinoid series are usually shown be-
low the main table to keep the chart compact.

History of the Periodic Table

Russian chemist Dmitri Mendeleev published his version of the periodic table in 1869, ordering
elements by atomic mass and grouping them by chemical similarity. Crucially, he left gaps for
elements he predicted must exist, and was vindicated when those elements (gallium, germanium,
scandium) were discovered with properties matching his predictions.

Earlier attempts existed: Newlands’ ”law of octaves” (1864), Dobereiner’s triads (1817). But
Mendeleev’s table was the first that worked at the periodic scale and had predictive power. It’s
the canonical periodic table that students learn today.

Henry Moseley (1913) refined the ordering by switching from atomic mass to atomic number, fixing
several anomalies (e.g., tellurium and iodine) where atomic-mass ordering disagreed with chem-
ical periodicity. The atomic-number ordering is what every modern table uses.
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lonization Energy as a Diagnostic

Firstionization energy, the energy needed to remove the outermost electron, is one of the cleanest
experimental confirmations of the table’s structure. Plot ionization energy against atomic number
and you see a sawtooth pattern: peaks at noble gases (full shells, hard to ionize), troughs at alkali

metals (one easily-removed outer electron).

The sawtooth pattern repeats with each new period because the same outer-shell electron pattern
recurs. Ionization energy is direct experimental evidence that the periodic table reflects some-

thing real about atomic structure, not just a clever organization scheme.

Ionization Energy: Period 3

First ionization energy (eV), neutral gaseous atoms.

16

12

Na Mg Al Si P S
11 12 13 14 15 16

Mg - Al: first 3p electron is easier to remove.
P - S: pairing in a 3p orbital lowers the energy.

NIST values, rounded labels; atomic numbers beneath.

NIST first ionization energies from sodium to argon show an overall rise with dips at aluminium and sulfur;

values are labeled in electronvolts.

Electron Configuration and Quantum Origin

The periodic structure ultimately comes from quantum mechanics. Electrons in atoms occupy
orbitals with quantum numbersn, ¢, m_¢, m_s. The Pauli exclusion principle says no two electrons
share all four. As atomic number increases, electrons fill orbitals in order (1s, 2s, 2p, 3s, 3p, 4s, 3d,

4p...), and each orbital can hold at most 2 electrons.
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The period lengths 2, 8, 8, 18, 18, 32 and 32 follow the sequence of subshell filling. They are not
simply the capacities of successive principal shells: a shell with principal quantum number n has
capacity 2n?, and subshell energies overlap across shells. The block structure (s, p, d, f) is the
orbital-type structure of quantum mechanics. The chemistry recurs because the outer-shell elec-
tron arrangements recur as you move through the table.

Without quantum mechanics, the periodic table is empirical. With quantum mechanics, every
feature of the table, group structure, block structure, trends, falls out as a consequence of the
Schrédinger equation applied to electrons in atoms.

Worked Example: Predicting Element Behavior

Without looking it up, what should you predict about strontium (Sr, atomic number 38)?
Sr is in Group 2 (alkaline earth metals), Period 5. Predictions:

Every prediction comes from the periodic table’s structure alone, without any specific memoriza-
tion about strontium. This is why chemists value the table so highly, it’s a compact predictive tool
that scales across all elements.

Forms +2 cations (loses two outer s-electrons). Reacts with water to form Sr(OH), + H,. Less reac-
tive than barium (Ba, below it) but more reactive than calcium (Ca, above it). Larger atomic radius
than Ca, smaller than Ba. Lower ionization energy than Ca, higher than Ba.

The Modern Table: 118 Elements and Counting

The ITUPAC periodic table lists 118 recognized elements, from hydrogen to oganesson. Atomic
number, rather than atomic mass, determines their order. Natural occurrence and laboratory syn-
thesis are separate questions from table position: there is no universally accurate rule that every
element up to uranium is naturally abundant and every later element is absent from nature.

Many heavy elements are studied through nuclear reactions in reactors or accelerators. The exis-
tence, lifetime and identification of a new nucleus must be established experimentally. Predicted
regions of greater nuclear stability do not change the list of recognized elements until a discovery
is validated.

Common Mistakes with the Periodic Table

Reading atomic mass as atomic number. Atomic number is the integer; atomic mass is the deci-
mal. Confusing them gives wrong electron counts. Forgetting that hydrogen is a special case. H
is sometimes placed with Group 1 (one outer electron) and sometimes with Group 17 (one electron
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short of helium). It belongs to neither cleanly. Assuming all transition metals form the same
charges. Transition metals have multiple oxidation states; iron can be Fe?* or Fe**, copper Cu* or
Cu?*. Always check the specific compound. Ignoring effective nuclear charge. Trendsin atomic
radius and ionization energy depend on shielding by inner electrons, not just total proton count.
The effective nuclear charge increases more slowly than total charge. Confusing electron affin-
ity sign conventions. Some textbooks use positive values (energy released); others use negative
(energy added). Always check the convention.

Where the Periodic Table Shows Up

Chemistry classrooms: first thing on every chemistry classroom wall, used in every problem.
Materials science: selecting elements for alloys, semiconductors, catalysts, and supercon-
ductors. Pharmaceutical research: understanding drug-protein binding involves predictable
element behavior. Geology and astronomy: spectral analysis identifies elements in stars and
rocks via known emission/absorption lines. Nuclear engineering: isotope selection for reactors,
weapons, and radiotracers. Environmental science: heavy metal toxicity, pollutant tracking,
water purification chemistry.

Modern Significance

Despite being 150+ years old, the periodic table remains one of chemistry’s most important tools.
Every undergraduate chemistry course teaches it; every working chemist references it. New ele-
ment discoveries (the most recent confirmed in 2016) extend it but don’t change its fundamental
structure.

The periodic table’s enduring power is that it compresses a vast amount of chemical knowledge
into a single chart. Anyone who can read it can predict the basic chemistry of any element, a skill
no other organizational scheme matches. Mendeleev’s intuition in 1869 has held up better than
almost any other scientific framework of comparable age.

How Properties Trendin Practice

If you need a quick chemistry estimate without memorizing specific values, the trends are reliable:

These intuitions are why chemists internalize the table early. Once internalized, you stop looking
up properties and start predicting them.

Need a soft, very reactive metal? Look down Group 1. Need a hard, less-reactive metal? Look at
Group 2 or transition metals. Need an unreactive gas? Look at Group 18 (noble gases). Need a
strong oxidizing agent? Look at Group 17 (halogens), especially F and Cl. Need a good conductor
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of heat or electricity? Look at metals, and specifically Cu, Ag, Au. Need a semiconductor? Look at
the metalloid diagonal, Si, Ge first.

Worked Example: Predicting Halogen Reactivity

Within Group 17 (halogens), reactivity decreases going down the group: F > Cl > Br>1. Why? Smaller
atoms (higher up the column) attract incoming electrons more strongly because the nucleus is
closer to the outer shell, and there’s less inner-shell shielding. Fluorine, with its compact 2p va-
lence shell, grabs electrons hardest.

This trend explains chemical observations directly. Fluorine displaces chlorine, bromine, and io-
dine from their salts (F, + 2NaCl — 2NaF + Cl,); chlorine displaces bromine and iodine; bromine
displaces only iodine. The “displacement series” of the halogens is a textbook demonstration of
periodic trends in action.

Modern Periodic Table Layouts

The standard 18-column periodic table is the most common, but several alternative layouts ex-
ist. The "long form” includes f-block elements in their proper position (Period 6 stretches across
32 columns); the ADOMAH?” table arranges elements by quantum number; spiral periodic tables
emphasize continuity rather than period boundaries.

None replaces the standard table for everyday use, but each highlights different relationships. The
standard 18-column form is a compromise: compact enough to print on classroom walls, struc-
tured enough to encode the most important chemistry. It’s the table that’s been the working tool
for over a century.

The OpenStax chemistry textbooks provide further explanations of the chemical principles used
in this note.

Reading aPeriod and a Group

Sodium has atomic number 11 and a neutral-atom electron arrangement ending in 3s!. Chlorine
has atomic number 17 and an arrangement ending in 3s23p>. Both lie in period 3, while their dif-
ferent valence arrangements place them in different groups.

The tendency toward electron loss or gain is related to these arrangements, but a periodic position
alone does not specify every reaction. Ionization energies show broad trends with meaningful
exceptions arising from subshell energies and electron pairing. A trend should help explain a value
rather than replace the actual electronic structure.
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The points to check in this example are:

« Atomic number counts protons.
« A period reflects the principal-shell pattern in the ground-state filling sequence.

« Elementsin a group often share important chemical similarities, with exceptions and changing
behavior down the group.

Check Your Understanding

Try the questions before reading the answers.

Question 1. Is the modern table ordered by increasing atomic mass?
Answer. No. It is ordered by atomic number.

Question 2. What makes a sodium ion different from neutral sodium?

Answer. Nat has lost 1 electron, while the proton count remains 11.

FAQs

Whoinvented the periodic table?

Russian chemist Dmitri Mendeleev published the canonical version in 1869. He arranged ele-
ments by atomic mass and chemical similarity, leaving gaps for predicted but undiscovered el-
ements (gallium, germanium, scandium), all of which were later found with the predicted proper-
ties. Henry Moseley refined the ordering using atomic number in 1913.

What's the difference between groups and periods?

Groups are vertical columns (1-18). Main-group elements often have analogous valence-electron
arrangements and related chemical behavior; exceptions and transition-element d electrons re-
quire further attention. Periods are horizontal rows (1-7); going across a period, electrons fill spe-
cific orbitals (s, p, d, or f) one at a time as atomic number increases.

How is the periodic table organized?

By increasing atomic number from left to right and top to bottom. Elements with similar chem-
ical properties are stacked vertically into groups. The shape reflects how electrons fill orbitals:
s-block (Groups 1-2 plus helium by configuration), p-block (Groups 13-18 apart from helium), d-
block (Groups 3-12, transition metals), f-block (lanthanides and actinides at the bottom).
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Whatis atomicnhumber?

The number of protons in an atom’s nucleus, which uniquely identifies the element. Hydrogen
has atomic number 1 (one proton); carbon has 6; uranium has 92. Atomic number determines the
element’s identity and (for neutral atoms) its electron count.

What are periodictrends?

Predictable variations in element properties across the table. Atomic radius decreases left to right
and increases top to bottom. Ionization energy and electronegativity show the opposite pattern.
Trends emerge from quantum mechanics applied to electron orbitals and effective nuclear charge.

Why are elementsinthe samegroup similar?

For main-group elements, analogous valence-electron arrangements are an important reason.
Chemistry is dominated by valence electrons (outer shell), so elements with the same valence
configuration form similar bonds, have similar reactivities, and produce similar compounds.

What are thenoblegases?

Group 18 elements (He, Ne, Ar, Kr, Xe, Rn, Og). The familiar lighter members have closed valence
shells and generally low reactivity. Xenon forms compounds, and group membership does not
make chemical inertness an absolute rule. Used in lighting (neon, xenon), inert atmospheres for
welding (argon), cryogenics (helium), and as carrier gases in chromatography.

What are transition metals?

A transition element has an incomplete d subshell in its atom or can form a cation with an incom-
plete d subshell. Iron, copper and titanium are familiar examples. Zinc lies in the d-block but is
excluded under this definition because its atom and usual Zn?* ion have filled d subshells.

Why is hydrogen sometimes placed with Group 1and sometimes Group 17?

Hydrogen has one electron, like Group 1alkali metals, but only one electron short of a full shell, like
Group 17 halogens. It can form +1 cations (like alkali metals) or —1 hydride anions (like halogens).
It belongs cleanly to neither group; some tables show it floating above both.

Whatisionizationenergy?

The energy required to remove an electron from a gaseous atom. First ionization energy removes
the outermost electron. Generally increases across a period (greater nuclear charge) and decreases
down a group (outer electrons are farther from the nucleus). Sawtooth patterns peak at noble gases,
dip at alkali metals.
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How many elements areintheperiodictable?

The IUPAC table recognizes 118 elements, from hydrogen to oganesson. Recognition depends on
validated discoveries; predictions of heavier nuclei do not add them to the table.

Whatis electronegativity?

An element’s tendency to attract electrons in a chemical bond. Fluorine is the most electronega-
tive (4.0 on the Pauling scale); francium is the least. Electronegativity differences between bonded
atoms determine bond polarity, large difference means ionic, small difference means covalent.

What's the connection between the periodic table and quantum mechanics?

The table’s structure (group columns, period rows, blocks) directly reflects how electrons fill
atomic orbitals predicted by the Schrodinger equation. Period lengths follow overlapping sub-
shell energies rather than the capacity of one principal shell; each block corresponds to a type
of orbital (s, p, d, or f). The Pauli exclusion principle limits orbital occupancy and produces the
periodic recurrence of properties.

Why are some periodic table boxes shaded different colors?

Color coding shows element categories: alkali metals, alkaline earth metals, transition metals,
metalloids, non-metals, halogens, noble gases, lanthanides, actinides. Different sources use dif-
ferent color conventions, but the categories are standard and reflect shared chemical behavior
within each group.

Why does halogenreactivity decrease going down the group?

Smaller atoms higher in the group attract incoming electrons more strongly because the nucleus
is closer to the outer shell with less inner-shell shielding. Fluorine grabs electrons hardest, so it’s
the most reactive halogen. This explains the displacement series F > Cl > Br > L.
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