GATE Chemisf'ry Fevision Motes

Phjsical Chemistry Formula and Problem Solving Boox

QUANTUM AMODEL SELECTTION

Definition .-

Match  each problem to box, oscullator, rotor, hydroyenfc
atom or approximation method before vsing ezuaﬁbns.
De(f'dfny rule .-

Test energy  Sign, 2ero-point valve and deﬁeneracy.

Key relation -

{ box »n Szuarea’; oscillator u+//2; rotor 3{3:1'—/7; hydroﬂen -2 Szuar;i/n szuareo’

GATE cluel -

Keywords about boundaﬂ'e_s, vibration, rotation or Coulomb
attraction f'denﬂﬁy" the model.

Common mistae -

/l/lixt'ny Zuanfuwz'number rules between models cavses fast
errors.

Worked cue :-

Use the recoym‘hbn clue HFirst. Beyf'n with box n szuared;

oscillator u+//2; rotor 3{3_-1‘-/); hydroyen -2 Szuared/n

Szuared, then apply the decfcfiny rule and rgect the stated

common mistace.

—>ﬁapi'c/ recall: Quantum model selection: T...

— Mistake repair: Mlklhj Zuanf’um-number ro...



QUANTUM AODEL SELECTION : EXAM ROUTE
Recoym'za the pattern -
Keywords about boundaries, vibration, rotation or Coulomb

attraction fdenﬂ#/ the model.

Start from the concept -

Match each problem to box, oscullator, rotor, hydroyemt

atom or approximation method before vsing ezum"fons.

Worv(fny relation .-

[ box n szuared/' oscillator u+//2; rotor J'Z’ZT-I-/); hya’roﬂen -2 Szuare /n Szuareo’

Solve in this .order

= write the species, stare or model clearly

= mark  symmetry, charge, Spin and conditions

— use the relation before fnSQany Nnumbers

— test dimensions and the extreme limit

Common mistake .-

M’x:’nﬂ Zuanf'u“m-number rules between models cavses fast

errors.

One-line decision -

e

Test energy _wyn, zero-point value and deﬂeneracy.

Bottom-line check -

\/erﬁfy the relation, condition and trend  before accepting the
aANnSwer.

— Mini application: Quantum model selectio...

— Correction cue. /Wf'xiny Zuanf'u.m—nurnber rv...



OPERATOR ANMD EXPECTATION TOOLKIT

Definition :-

Operators  represent observab/esj" normalization, e{genva/ue
equations and  expectation  valves  control  measurement
predfcﬁ'ons.

Deciding rule :-

Hermitian observables yiue real expectation valves.

Key relation .-

[ A i = psi; average A = brawet psi A psi }

GATE clue .-

Chec/ whef'hek the state s an e{gensf'afe before cla:'minﬂ
2ero uncertainty.

Common mistake -

An average valve need not be one measurement ovtcome.
Final check .-

Confirm the result against the deﬁ'm'ny assumption, then
fe.sf..w;he sign, Symmef:}yl charge or limiting chemical trend.
Worked cue -

Use the recognition  clue First. Beﬁin with A psi = a psi;
average A = braket psi A psi, then apply  the decidinﬂ
rule and reyect  the stated common mistace.

Rapid recall -

Operator and expectation toolkit: Hermitian observables give

real expecf'aﬁ'on valuves.



OPERATOR AMD EXPECTATION TOOLKET - EXAM ROUTE

ﬁecoymée the pattern -

Check whether the state s an eiyensf'af'e before clm'mfny
zero uncerfainty.

Start from the concept -

Operators  represent observables;  normalization, eigenvalue
ezuah'ons and expecw:'aﬁon values control measvrement

predfcﬁ'on.s.

Wort«(iny relation .-

EA psi = a psi average A = brawet psi A psi j

Solve in this order

— write the Specfesilrsf'afe or model cleaﬂy

— mark .SYmmef'ry‘ cha::ge, Spin and conditions

— use the relation before f'n.Serh'nﬂ numbers

— test dimensions and the extreme limit

Common mistacke .-

An average value rneed not be one measurement outcome.
One-line decision :-

Hermitian observables give real expectation valves.
Bottom-line check -

\/erf—py the relation, condition and trend before accepff'ny the
aAnSwer.

— Mini application: Operator and expectati...

— Correction cve: An average valve need ro...



SPECTROSCOPY FORMULAS

Definition :-

Rotational, w'l;.;rahbnal and electronic spectra  vse energy
9apPs, Se/ecﬁon- rules and transition moments.

Deciding rule -

Heavier isotopes lower rotational and vibrational spacings.

Key relation -

: I -8 ’ ¥
(rof'ahonal Spac""ﬂ 2’3; vibration prezuency proportional roof’(b(/mu) ]

GATE clve :-

Use sy mmetry and a(a}oole chanye before calculaﬁny
ﬁrezuency.

Common mistake .-

An ex:'sﬁ'nﬂ mode <an be spectroscopically inactive.

Final check -

Confirm the result against the de@'m'ny assumption, then
test the ngn, Symme'l'ry, charﬂe or Iimt'f'thﬁ chemical trend.
Worked cue .-

Use the recoynfﬂon cue First. Beyin with rotational spacinﬂ
25; vibration -prezuency proportional roof‘(b(/mu), then apply
the decidinﬁ rule and reyect  the stated common mistace.

ﬁapt'd recall .-

5pecf'r05cop7’ formulas: Heaw'er 1sotopes lower rotational and

vibrational spacings.

— Kapid recall: Spectroscopy Formulas: Hea...



SPECTROSCOPY FORMULAS : EXAmM [ROUTE
ﬁecoym’ze the pattern .-

Use  symmetry and  dipole  change  before  cakulating

ﬁrezuency.

Start from the concept -
Rotational, vibrational and electronic  spectra  use energy

ﬂap.s', selection rules and transition moments.

Worb(inﬂ relation .-

[rofaﬁ'ona! Spauhﬁ 2’3/' vibration prezuency proportional roof(b(/mu) ]

Solve in this order

— write the speces, state or model clearly

— mark 57/mme7"r7/, chafge, spin and conditions s

— use the relation before t'nsen"inﬁ numlbers

— test dimensions and the extreme limit

Common mistake .-

An existing mode can be spectroscopically inactive.

One-line decision :-

Heauvier isotopes lower rotational and vibrational Spacinﬂs.
Bottom-line check -

\/em'wcy the relation, condition and trend before accepting the
aAnNnSwer.

Mini' application .-

Spectroscopy  formulas:  start  from  rotatioral  spacing  25;

vibration prezuency proportional roof(%/mu). i



THERMODYVAMEC IDENTITIES

Definition .-

Choose the potential whose natural variables match  the
process and use exact relations consistently.

Dec:'diny rule -

At ezufhbnbm the appropriate potential is minimized.

Key relation -

2

GATE clue -

H

VdFP - Sd‘T;' Delta & = Detta H - T Delta S j

Mark T, P, V and composition constraints Hrst.

Common mistake .-

A neyaﬁue Delta G says nof‘hiny about rate.

Final cheek - y

Confirm the result against the defining a55umpﬂon, then
test the .S{gn, Symmehy, char:ge or h'rm'f'fnj chemical trend.

Worked cve -

Use the recognition clue first. Beyin with d& = VdP -
SO(T; Delta G = Delta H - T Delta S, then app/y the
dea'dthy rule and reyect the stated common mistace.

Rapid recall :-

nermodyna mic identities ; At ezuihb rivm the appropriate
potential s minimized.

— Rapid recall: Thermodynamic identities:...

— Mistake repair: A neﬂah'ue Delta & $aYs..



THERMODYVAMEIC IDENTITIES : EXAmM ROUTE
ﬁecoymée the pattern --

Mark T, P, V. and composition constraints First.

Start from the concept -

Choose the potential whose natural wvariables match the
process and use exact relations consistently.

Worb(t'ny relation .-

[ de = VdP - SdT; Delta G = Delta H - T Delta S l

Solve in this order

— write the species, state or model clearly

= mark  symmetry, charye, Spin and conditions

— use the relation before :'nserh'nﬂ numbers .
— test dimensions and the extreme limit

Common mistake .-

A neyaﬁ'ue Delta G says nofhc"ny about rafte.

One-line decision :-

At ezuflibrmm the appropriate potential s minimized.

Bottom-line check .-
\/er:'»Cy the relation, condition and trend before accepting “the

ansSwer.

Mini  application -
Thermodynamt'c identities: start from d6 = VAP -  SdT;

Delta & = Delta®H - T Delta S.

— Mini application: ﬂermodynamic identiti...



SOLUTION ANMD EQUILIBRIUM FORMULAS

Definition :-
Chemical potential, acf't'uffy, -puyacify and reaction Zuoﬁ'er:f

extend ideal eguations to real mixtures.

Dect'dfny rule .- :
L ]
Compare Q with K for reaction direction.

Key relation .-

= Delta & standard +|RT In Q

-—

[ myv = mu standard + PRT In a; Delta &

GATE clue -
Define the standard state before inserh'ny acf'fvffy.

Common mistake -
dimensionless

2w concentration IS not aufomm"ically a

ac ﬁuff‘y X

Final check .-
Confirm the result against the deﬁ'm'nﬁ assumption, then

test the S{gn, symmetry, chaa:ge or h'mfhhy chemical trend.

Worked cue -
Use the recoynfﬁ'on

standard + RT In a; Delta &
KT In @, then apply the decidfny rule  and rgjecf’ the

—_—

clue  First. Beyf'n with: mu = mo

= Delta & standard +

-

Sf'afed common mistace.

Rapid recall :-
Solution and ezuilibﬂbm formulas: Compare A with K +for

reaction direc tion. Y



SOLUTIZONVN ANMD EQUILIBRIUM FORMULAS : EXAM ROUTE

Recognize the pattern :-

Define the standard state before :'nserﬂnﬁ activity.

Start from the concept .-

Chemical  potential, activity, puyacﬂy and reaction Zuoﬂenf'

extend ideal ezuaﬁons to real mixtures.

Wormbj relation -

(mu = mu standard + RT In a; Delta G = Delta G standard +]W In @

Solve in this order

— write the species, state or model clearly

= mark  symmetry, charye, spin and conditions

— use the relation betore in.serﬁ'nﬂ numbers

— test dimensions and the extreme limit

Common mistake .-

Raw concevtration s  not aumeaf—l'cally a dimensionless
achl/h‘y.

Ore-line decision -

Compare Q with K for reaction direction.

Bottom-line check :-

Verffy the relation, condition and trend before accepting  the

ansSwer.

Correction cue /-

aw concentration Xy not aufomaﬁ'cally a dimensionless

acf’fuh‘y. Insf'ead, Compare QA with K for reaction direction.



ELECTROCHEMISTRY TOOLKET
Definition .-

Cell potential, Free energy, equilibrivm and composition are
connected f'hrouyh electron transter number.

Decfdfnﬁ rule -
At ezw'lt'brfum E cell is zero and Q@ ezuals K. .

Key relation .-

[ Deita & = -nFE: E = E standard - FT In a/nF J

/

GATE cdue -

Balance the redox reaction before Forming Q.

Common mistake .-

Do nrot mulh}oly E standard I::y stoichiometric coetHeients.
Final check -

Contirm the result ayainsf' f'h.e- deﬁ'm'ny assumption, then

test the .Sf?n, sy mmetry, chmye or Iimiﬁ'nﬂ chemical trend.

Worked cue -

¥

Use the recognition clue  First. Beﬂfn with Delta G
'n/:E; E = E standard - RT In a/n/:, then app/y the
o(ecidfny rule and rgyect the stated common mistace.

Rapid recall :-

Elecf'rochemt'.sf'ry foolkit: At ezut'lt'brwm E cell is zero and Q@
ezuals K

_’ﬁapfd recall: Elecf'rochemf.ﬁ'ry foolKit:...

— Mistae repair: Do not multiply E standa...



ELECTROCHEMEISTRY TOOLKIT : EXAM ROUTE
ﬁecOﬁnlée the pattern -

Balance the redox reaction beﬁore ﬁormf'nﬂ Q.

. .

Start from the comceplamue] -,
Cell potential, +ree energy, ezuilnbn'um and composition are

connected f'hrouyh electron transter number.

Worb(inﬂ relation -

[—Delhﬂ G = —nFE,’ E = E standard - FT In Q/n/: }

Solve in this order

— write the species, :state. or model c/early
— mark Symmef'ry, chacge, spin and conditions
— use the relation before :b.serf'fny numbers

— test dimensions and the extreme limit

Commonrn mistake .-

Do nrot mulﬁ}oly E standard by stoichiometric coetHicients.
One-line decision -
At ezw'h'bn'um E cell is zero and Q ezuals K.

Bottom-line check -

\/erhfy the relation, condition a‘nd trend before accephhy the
aAnNnsSwer. »

Mhini application .-

¥
\
3
I
m
m
¥

Elecrrochem:'_sfry toolkit: start +Hrom Delta G

E standard - RT In Q/nF. .

— Mini application: Elecfrochemf'sf'ry toolL...



PHASE EQUILIBRIUM TOOLKIT

Definition -

Phase rule, Clapeyron slope, tie lines and lever rule
orﬂanfze phase'dfaﬂram Zuesh'ons.

Dect'dinj rOlg

Use the opposite tie-line Seymenf' for phase £raction.

Ke relation .-
7, v

{ F=¢ - P+ 2; dP/dT = Detta HNT Deita V) ]

GATE clue .-

Idenhfy components and phases at the chosen point.
Common mistake .-

Species count is not component count.

Final check .-

Confirm the result against the detining assumption, then
fest the sign, symmefry, charge or limiting chemical trend.
Worked cue .- .

Use the recoym’ﬁon clue First. Beﬂfn with F = ¢ - FIS
27 dP/dT = Delta H/(T Delta V), then apply the decidfnﬂ
rule and rgyect the stated common mistace.

feapf'c/ recall -

Pha se ezufla'brium toolkit: Use the opposite tie-line Sejmenf for
phase Fraction.
— /?apfd recall: Pha.fe ezw'hbrwm foolLit:...

— Mistake repair: Speces count (S rnot com...



PHASE EQUILIBRIUM TOOLKET : EXAm ROUTE
ﬁecoym‘ze the pattern -
fden'hHCY components and phases at the chosen point.
Start from the concept .-

.-
Phase Lrvle, Clapeyron slope, tie lines and lever rule
organize phase'diayram guestions.

Worb(fnj relation .-

LF- 2 6 ~ P A 2 dP/dT = Delta H/(T Delta V) J

Solve in this orfer

— write the species, state or model c/early

= mark  symmetry, chaige, spin and conditions

— uvse the relation before f'nSgrﬁnﬂ numbers

— test dimensions and the extreme limit

Common mistake .-

Species count s not component count.

One-line decision -

Use the opposite tie-line segment for phase Fraction.
Bottom-line check - .

\/eﬂ'ﬁy the relation, condition and trend betore accepting  the
ansSwer. .

Mini' application .-

Phase ezuihbﬂ'um toolkit: start Hom F = € - P + 2/'

dP/dT = Delta H/(T Delta V).

— Mini application: Phase eZw'h'bnbm tool...



KINVETIC FRATE TOOLKIT

Definition -
Integrated laws, steady state, Arrhenivs and
transition-state relations connect concentration and

activation parameters to rate.

Decfdihﬂ rule -
Units of « reveal overall order.

Key relation -

[ In « = In A - Ea/RT; « = «BT/h exp(-Deita & double daﬂgerq?v

GATE clue .-

Determine reaction order  from ew'o(ence, not overall
stoichiometry.

Common mistake .-

The SIOwQ.Sf"/oob(fnﬂ ezuaﬁon Is not always rate def'ermlhf'ny.
Final check -

Contirm the result aﬂainsf the de@'m'ny assumption, then
test the S{gn, symmetry, cha»:ge or /fmff'fnﬂ cheMical trend.
Worked cue -

Use the rec0ﬁnl'ffbn clue First. Be\gfn with In « = In AN
Ea//?T; K = «BT/h exp(-Delta & double dajger/ﬁ), then

app/y the decfdfnﬂ rule  and rgect  the stated Common

mistae.

fk"apt'a’ recall ;-

Kinetic rate toolkit: Units of « reveal overall order.



KENVMETIC RATE TOOLKIT : EXAmM ROUTE

ﬁecognl?e the pattern .-

Determine  reaction  order  from  evidence, not  ouverall
stoichiometry.

Start from the concept .-

Integrated laws, steady state, Arrhenivs and
transition-state relations connect concentration and

activation parameters to rate.

WOrv(fnﬂ relation .-

( In K = In A - Ea//\’T; K« = «BT/h exp(—DeH'a & double daﬂyEn’/}T)

Solve in this order

— write the species,«state or model clearly

— mark  Symmetry, charge, spin and conditions
— use the relation betore fnserh'nﬂ numbers

— test dimensions and the extreme limit

Common mistae .-
®

The slowest-looing ezuah‘on s not always rate def’ermfnfnﬁ.

One-line decision -

Units of « reveal owverall order.

Bottom-line check -

\/erhcy the relation, condition and trend before accepting the

ansSwer.

— Mini application: Kinetic rate tool«it:...

— Correction cve. The slowesf—!oov(:by equa...



STATISTICAL MECHANICS TOOLKET

Definition .-

Partition +unctions generate  populations and f'hermodynamic
Zuanf’h"fes from MICroScopic energy levels.

Dect'c/fny rule -

Low temperature emphasizes the 9round manitold.

Key relation -

[ g = Ssum g exp(-E/«T); U = «T squared d In Z/o’T J

GATE clve -

Separate  independent  translational, rotational, vibrational
and electronic factors.

Common mistake .-

Deﬁeneracy must be induded in population ratios.

Final check -

Contirm the result a\gm'nsf the deﬁ'm'ny assumption, then
test the ngn, symmefry, charye or /fmff’fnﬂ chemical trend.

Worked cve .-

Use the recoynfﬁon clue. First. Beyt'n with g = Sum g
exp(-E/KT)/' UV = «7T 3200:’36{ d In Z/dT‘ then app/y the
decidinﬂ rule and rgjecf' the stated cormmon mistace.

Rapid recall -

Statistical mechanics toolkit: Low temperature emphasizes the
9round manitold.

—>f('a,ofd recall; Statistical mechanics tool...



STATISTECAL MECHANICS TOOLKET : EXAM ROUTE
ﬁecoym"ze the pattern .-

Separate :'ndep:endenf' translational, rotational, vibrational

and electronic factors.

Start from the concept -

Partition +unctions yeneraf'e popvlations and f'hermodynamic

Zuanh'ﬂes from microscopic energy levels.

Worb(iny relation .-

FZ = sum g exp(-E/v(T); ) = KT Szuared d In Z/dT J

Solve in this order

— write the speces, state or model clearly

— mark  sympetry, charge, spin and conditions
— use the relation betore inserﬂnﬂ Nnumibers

— test dimensions and the extreme limit
Common mistae .-

Deyeneracy must be incduded in popvlation ratios.

One-line decsion .-

Low temperature emphasizes the yround manitold.

Bottom-line check .-

\/ert'ﬁy the relation, condition and trend before accepf'iny the
aAnNnSwer. . o
Mini application -

Statistical  mechanics  toolkit:  start  Fvom g = sum B

exp(—E/v(T); U = «T Szuarec/ d In Z/dT




SURFACE AnD COLLOID TOOLKEIT

Definition :-

Adsorption, capillarity, micelles and colloidal  stability  rely
on coueraye, interfaces and co:—npeﬁ'nﬂ interactions.

Decidinﬁ rule -
Sf'ronﬂ adSorph'on can inhibit cm"aly.sis by site blocv(iry.

Key relation .- .

[ Lanﬂmufr theta = KP/(/-FKP); Delta F =2 ﬂamma/r J

GATE clue .-

Check low- and h{gh-pre;&ure or concentration limits.

Common mistake .-

Empirical Freundlich behavior cannot predicf' saturation.

Final check -

Contirm the result against the =de1q'nt'nﬂ assumption, then
test the S{'gn, symmetry, chage or l:'m:'h'nﬂ chemical trend.

Worked cue -

Use the recoﬁnfhbn clue HFirst. Beﬂfn with Lanymw'r theta =
KP/(/+KP); Delta P = 2 gamma/r, then apply the

decfdfnﬁ rule and rgjecf the stated common mistace.

Rapid recall - »
Surface and colloid  toolkit: Sf'ronﬂ ad.s'orphbn can Iinhibit

caf'a/ysfs by site b/oc»(fnﬂ.
—’ﬁapi'd recall: Surface and colloid tool«i...

— Mistae repair: Empirical Freundlich beh...



SURFACE AND COLLOID TOOLKIT : EXAmM ROUTE

Recognize the pattern .-

Cheek low- and h(gh‘pressure or concentration Ilimits,
Start from the concept .-

Adsorption, capillarity, micelles and  colloidal stability
on coverage, interfaces and competing interactions.

Worb(inﬁ relation - .

[Lanﬂmufr theta z"KP/(/+KP); Delta P = 2 gamma/r J

Solve in this order

— write the species, state or model clearly

- mark Symmef'ry, chafge, spin and conditions

— use the relation betore Inserting  numbers

— test dimensions and the extreme limit

Common mistae .- .

Empirical Freundlich behavior cannot predicf satvration.

Onre-line decision .-

Sf'ronj adsorption can inhibit catalysis by  site b/ocb(fnﬂ.

Bottom-line check -

re/y

Verf-py the relation, condition and trend before acceph'nf the

aANSwer.

Uini application .-

Surface and colloid foolkit: start from Lanﬂmuir theta

KP/(/*)"KP)/' beltg. B = 2 3amma/r.

— Mini application. Surface and colloid to...

-




K RECALL : PHYSICAL CHEMISTRY FORMULA AnD PROBLEM SOLVIAG ©

— Quantum model selection ‘box n szuared; oscullator v-!—//Z; ro...
= Operaf‘or and gepectati.. v A ps = a X1 average A = bracket...
— Spectroscopy formulas : rotational .Spa(fnﬂ 283; uvibration fr...

Y

— Thermodynamfc identities : d& = VP - Sdi; Delta & & Delta it o
— Solution and eguiliori... : mu = o standard + KT In a; Deta G...
— Electrochemistry toolkit : Delta & = -nFE; E = E standard - RT...
— Phase eguiliorivm  toolkit g =c - R g o’P/dT = Delta HIF D

— Kinetic rate toolkitt : In « = In A - Ea/ﬁ?} uw = KBT/J‘: exp(...

L)

|

— Statistical me(hanfc.s... ) sum g exp(—E/v(T); U = ul square...

— Surface and coﬂo:‘af to... o Langmuir theta = KP/(/+KP2; Delta P...
Recall method -

Cover the r{ghf‘ side, say the relation or decfdfnﬁ rule
alovd, then ven'ﬁ/ it. Kepeat weak rows atter ome hour.

Three-way recall
— say the definition without /ooK:‘ny

— write the relation and assumptions
— name the most /Mely exam mistace

Final recall Al

Quantum model selection and  Surface and colloid  tool«it:

connect both to their decio(:'nﬂ relations.

Self-test -

EXP/a:'n Solution and ezuihbrt'Um formulas in  fwo lines, then

state s common mistace.



GATE MLSTAKES & FIwnAL CcHECK

Physt'cal Cheml'sf'ry Formula and Problem Solw'nﬁ Boox .-

— Quantum model s... Mf)(l'r)ﬁ Zuathm-nurnber W

— Operator and ex... : An average valve need no...

— Spectroscopy fo... : Anr existing mode can be...
«

— Thermodyramic i... o A megative Delta & says...

— Solution and €g-- : faw concentration s noft...

— Electrocheristr... : Do nrot multiply E standa...

— Phase ezuﬂfbrf... .".'Specués count 15 not com...

— Kinetic rate to... : The S!owesf'-loom'nﬂ egua...

—= Statistical mec... & De‘generacy must be indu...

— Surface and col... - E:npfn'cal Freundlich beh...

Before Selecﬁ'ny the answer .-

— checK S{gn, units and order of majnifude
— checK charye, electron count and sy mmetry
— separate Kinetic From fhermodynamfc daims
—*vem'»cy whether an approximation s allowed

Final habit .-

Use the Zuicv(esf' decisive rule HHrst. Calculate on/y when two
options survive the conceptval checks.
ﬁepair drill -

The SIOwesf»looKm\g ezuaﬁon IS not a/ways rate de‘f?fmlhlhy.

Correct Prule; Units of « reveal overall order.

— RKepair drill: The slowest-looKing eguati...



