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CHEMISTRY GENERAL FORMULAE

I Common Equations Used in Chemistry

Equation for density : d = %

Converting °F to °C : °C = (°F - 32) x o
Converting °C to °F: °F = °C x % + 32
Converting °C to K: K = (°C + 273.15)

n x molar mass of element « 100%

Percent composition of an element =
molar mass of compound

where n = the number of moles of the element in one mole of the

compound.
. ., _ _ Actual yield
Byl ™ o eoretical yisld * 120
Molarity (M) = Moles of solute

Liters of solution
Dilution of Solution : M, V, = MV,

Boyle’s law — Constant T and n: PV =k

Boyle’s law — for calculating changes in pressure of volume :
Pl Vl = P2 VZ

Charles’ law - Constant P and n: ¥ =k

Charles’ law - for calculating temperature or volume changes :

ViaXs
T, T

1 2
Avogadro’s law - Constant Pand T: V= kn

Ideal Gas equation : PV = nRT

Calculation of changes in pressure, temperature, or volume of gas when

nis constant: 5 Vo Ea Vs
Tl Tﬂ
4 : PM
Calculation of density or molar mass of gas: d = BT
Dalton’s law of partial pressures - for calculating partial pressures:

Pi=PoaX

where, X, is the mole fraction of the " component in the total mixture of
n components.
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3RT
M

van der Waal’s equation; for calculating the pressure of a non-ideal gas

(P + %2) (V-nb) = nRT

Root-mean—-square speed of gas molecules: C,, =

Definition of hear capacity, where s is specific heat: C = ms
Calculation of heat change in terms of specific heat : ¢ = msAt
Calculation of heat change in terms of heat capacity : q = CAt
Electrical force: F_ = kﬂ:%z

Potential energy: V = kﬂlrﬂz

Calculation of standard enthalpy of reaction:

AH°_ = XnH° (products) — ZmAH® (reactants)

[where n and m are coefficients in equation].

Mathematical statement of the first law of thermodynamics: AE =q + W
Work done in gas expansion or compression : W = — PAV,
Definition of enthalpy: H = E + PV,

Enthalpy (or energy) change for a constant - pressure process :
AH = AE + PAV.

Enthalpy (or energy) change for a constant pressure process:
AE = AH - RTAn.

Relationship of wavelength and frequency: c = Lv.
where c= 3 x 10®° m/s, is the speed of light.
Energy of a photon: E = ho.

Energy of an electron in the n™ sate in a hydrogen atom:

E =-R, [%} where R, = Rydberg constant = 2.18 x 10-'8J

Engergy of a photon emitted as the electron undergoes a transition from

the n, level to the n; level :

AE=hv =R, (%_%J where R, = Rydberg contant = 2.18 x 10'%J,

ny np
DeBroglie relationship of wavelength of a particle to its mass m and
: h
velocity v: A= o
(2)
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Uncertainty in the position (x) or in the momentum (p) of a particle:

h
AxAp 2 iy

Formal charge on an atom in a Lewis structure = Total number of valence
electrons in the free atom — Total number of non-bonding electrons —

% (total number of bonding electrons).
Enthalpy change of a reaction for bond energies:
AH® = X B.E. (reactants) -  B.E. (products)

Dipole moment in terms of charge (Q) and distance of separation (r)
between charges : p=Q x r.

Bragg equation for calculating the distance between planes of atoms in
a crystal lattice: 2d sin 6 = nh.

Clasius - Claeyron equation for determining AH,  of a liquid:

mP=--Somesc

Calculation of AH__, vapour pressure, or boiling point of a liquid:

B H_ T T
P, R VI,T,*

Entropy change of heat flow at constant temperature: AS =

Ll

moles of solute

Calculating the molality of a solution : Molality (m) = 1000 g solvent '

Henry’s law for calculating solubility of gases: C = kP

Raoult’s law relating the vapour pressure of a liquid to its vapour

pressure in a solution: P_, . =x = P°

Vapour pressure lowering in terms of the concentration of solution :
AP = x,P°,

Boiling point elevation: AT, = K m.

Freezing point depression: AT, = Km.

Osmotic pressure of a solution: n = i MRT, where i = van’t Hoff factor

The Van’t Hoff factor for an electrolyte solution:
Actual number of particles in solution after dissociation
Number of formula units initially dissoved in solution

Rate law expression; the sum (x + y) gives the overall of the reaction:

rate = k [A]* [B]Y
(3)
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Relationship between concentration and time for a first order reaction :

Al
i P - k.

Equation for the graphical determination of k for a first - order reaction:
in [A] = - kt + I [A],

Half - life for a first - order reaction : t, , = % - &kga
Relationship between concentration and time for a second-order
1 1
reaction: — = —— + kt.
Al [Al,

The Arrhenius equation expressing the dependence of the rate constant
on activation energy and temperature : k = Ae B/RT

Equation for the graphical determination of activation energy :

hk=(—%)%+hA.

Relationship of rate constants at two different temperatures :
e E, T, -T,
B\R"TT,
Law of Mass Action - General expression of equilibrium constant:
_ [CI°[D)*
[A]*B]®

Relationship between K and K : K = K_(RT) **

K

where, An = (moles of gaseous product) — (moles of gaseous reactant)

The equilibrium constant for the overall reaction is given by the product
of the equilibrium constants for the individual reactions :

K=K K
Ion-product constant of water : K = [H*][OH]
Definition of pH of a solution : pH= - log [H']
Definition of pOH of a solution : pOH = - log [OH).

Another form of ion-product constant of water: pH + pOH = 14

Ionized acid concentration at equilibrium
Initial concentration of acid

Percent ionization = x 100%

Relationship between the acid and base ionization constants of a
conjugate acid-base pair : KK, = K

[conjugate base]
[acid]

Henderson - Hasselbach equation: pH = pK _log

(4)
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The second law of thermodynamics (spontaneous process) :

AS

.= AS_+ AS_ >0
umv ByS suarr
The second law of thermodynamics (equilibrium process):
AS =S, tAS =0
Standard entropy change of a reaction:
AS°__ = InS° (products) - ZmS°(reactants), where n and m are coefficients
in the equation.

Free-energy change at constant temperature : AG = AH - TAS

Standard free-energy change of a reaction:
AG® _ =ZInGp (products) - ZmGpP (reactants),
where n and m are coefficients in the equation.
Relationship between free-energy change and standard free-energy
change and reaction quotient:
AG =AG°+RT In Q.
Relationship between standard free-energy change and the equilibrium
constant: AG°=RT I K.
Standard emf of an electrochemical cell :
EarE =B, Eochaﬂmde a2
Standard free energy change:
AG°= — nFE° cell, where F is the Faraday constant.

Relationship of the standard emf of the cell to the equilibrium constant:

E° cell = R—T n K.
nF

The Nernst equation - for calculating the emf of a cell under non-

standard conditions: E = E°— % I Q.

Relationship between mass defect and energy released:
AE = (Am) c2.

(5)
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2. Colours of Common Aqueous lIons

Solution Concentraction

Ionic Species

1.0 mol /L 0.01 mol/L
Chromate Yellow Pale yellow
Chromium (III) blue-green green
Chromium (II) dark blue pale blue
Cobalt (IT) red pink
Copper (I) blue-green pale blue green
Copper (II) blue pale blue
Dichromate orange pale orange
Iron (II) lime green colourless
Iron (I11) orange-yellow pale yellow
Manganeses (II) pale pink colourless
Nickel (II) blue-g pale blue-green
Permanganate deep purple purple-pink

|=. A_cid-Base Indicators at 298.15K ”

Indicator PH Range Coll:;{u;'nil:::f:sas K,
Methyl violet 0.0-1.6 yellow to blue ~2 % 107
)k 0.0-1.0 red to yellow ~3 %101

7.0-8.8 yellow to red 3.5% 10°
Thymot g 1.2-2.8 red to yellow 2.2 x1e°

8.0-9.6 yellow to blue 6.3 x10%°
Orange IV 1.4-2.8 red to yellow -] %10
Methyl orange 2.2-4.4 red to yellow 3.5%10.4
Bromocresol green 3.8-5.4 yellow to blue 1.3 x10°
Methyl red 4.8 -6.0 red to yellow 1.0 x10°®
Chlorophenol red 5.2-6.8 yellow tored 5.6 x107
Bromothymol blue 6.0-7.6 yellow to blue 5.0 x10®
Phenol red 6.6 - 8.0 yellow to red 1.0 x10#
Phenolphthalein 8.2 -10.0 colourless to pink | 3.2x 107'°
Thymolphthalein 9.4 - 10.6 colourless to blue | 1.0 x10°1°
Alizarin yellow 10.1-12.0 yellow to red 6.9 x1012
Indigo carmine 11.4 13.0 blue to yellow ~6 x10712
1,3,5-trinitrobenzene 12.0-14.0 colourless to orange | ~1x101®

(6)
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|n Miscellaneous : “
|l= Chemistry Notations ”

25.00 °C is equivalent to 298.15 K

s ML _ Uinir () Specific Heat capacities at 298.15 K and 100.000 kPa

c Specific heat capacity J/(g.(OCIz)or J/ C = 101/(gC)

g air
E° Standard electrical potential VorlJ/C Cropsyene pumep = 1-01 8C)
E Kinetic energy kJ Copper = 0-3851/(2°C)
E. |Potential energy kJ C imim = 0.897 J/(g°C)
. Enthalpy (heat) kJ Cow = 0449 J/(gC)
AH° | Standard molar enthalpy of kJ/mol Co = 0227J/(gC)
formation C.. = 419J/(g°C)

1 Current Aor C/s Water Autoionization Constant (Dissociation Constant)
K Equilibrium constant K _=1.0x10"at 298.15 K (for ion concentrations in mol/L)
K Acid ionization (dissociation) L Faraday Constant

il F = 9.665 x 10* C/mol &
K, Base ionization (dissociation) N Quadratic Formula
constant
M Molar mass g/mol e b+ & —dac

m Mass g 2a
n Amount of substance mol
P Oressure kPa
Q Charge C

T Temperature (absolute) K

t Temperature (celsius) oC

t Time S

V Volume L
i Amount concentration mol/L

Symbol Term
A delta (change in)
» Standard
[] amount concentra-
tion
(12)
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|n Colours of Common Aqueous Ions : |
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— Solution Concentration
1.0 mol/L 0.010 mol/L
Chromate yellow pale yellow
Chromium (III) | blue-green green
Chromium (II) | dark blue pale blue
Cobalt (II) red pink
Copper (1) blue-green pale blue-green
Copper (1) blue pale blue
Dichromate orange pale orange
Iron (1) lime green colourless
Iron (III) orange-yellow | pale yellow
Manganese (IT) | pale pink colourless
Nickel (II) blue-green pale blue-green
Permanganate | deep purple purple-pink
%* % %
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