Density (1.6)

d= E-‘;

Solution Dilution (4.4)
MV, = M, V,

Ideal Gas Law (5.4)
PV = nRT

Dalton’s Law (5.6)
Pl = B FPE TPt nne

Mole Fraction (5.6)

",

Xa
Hiotal

Average Kinetic Energy (5.8)
3

KBy = SRT

Root Mean Square Velocity (5.8)
3RT

s =M

Effusion (5.9)

rate A _ | My
rate B My
Van der Waals Equation (5.10)
2
[P + a(%) j| X [V = nb] = nRT

Kinetic Energy (6.2)

1
KE = —my?
2

Internal Energy (6.3)
AE=g+w

Heat Capacity (6.4)
g=mX C, X AT

Pressure-Volume Work (6.4)
w=—PAV

Change in Enthalpy (6.6)
AH = AE + PAV

Standard Enthalpy of Reaction (6.9)

AH, = 2 n, AHF (products) —

2 n, AHE (reactants)

Frequency and Wavelength (7.2)
o
TR
Energy of a Photon (7.2)
E = hr
ke

A

De Broglie Relation (7.4)

Heisenberg’s Uncertainty Principle (7.4)

Ax X mAv = j—
4T

Energy of Hydrogen Atom Levels (7.5)

E, = —2.18 X 10"81(—15) (n=1,2,3...)
n

Coulomb’s Law (8.3)
1 4192

dm7e, r

Dipole Moment (9.6)
m=qr

Clausius—-Clapeyron Equation (11.5)
—AHy

RT
| P, _ _AHvap 1 1
"R \Th T,

Henry’s Law (12.4)
Sgas = kHPgas

In Py, = +In g

Raoult’s Law (12.6)

Psnlu:iun = Xsalvmtpzul\‘mt

Freezing Point Depression (12.6)
ATy = m X Ky

Boiling Point Elevation Constant (12.6)
ATy, = m X Ky

Osmotic Pressure (12.6)
IT = MRT

The Rate Law (13.3)
Rate = k[A]"
Rate = k[A]"[B]"

(single reactant)
(multiple reactants)

Integrated Rate Laws and Half-Life (13.4)
Integrated Half-Life
Order Rate Law Expression
” [Alo
0 [A], = —kt + [A]p tip = *
0.693
1 lﬂ[l\]r = —kt + IH[A]U r]){z = k_‘
1 1 1
2 e hp =T
(Al (A KA

Selected Key Equations

Arrhenius Equation (13.5)
k= AeRT

Bl
Ink = _E(?) + InA  (linearized form)
k= pzekl (collision theory)

K. and K, (14.4)
Ky = K{(RT)™

pH Scale (15.5)
pH = —log[H;0"]

Henderson—-Hasselbalch Equation (16.2)

[base]
pH = pK, + logm

Entropy (17.3)
S=klnw

Change in the Entropy
of the Surroundings (17.4)
= AHsys

T

ASSUIT i

Change in Gibbs Free Energy (17.5)
AG = AH — TAS

The Change in Free Energy:
Nonstandard Conditions (17.8)
AGy, = AGYH, + RTInQ

AG{,and K (17.9)
AGL, = —RTInK

Temperature Dependence
of the Equilibrium Constant (17.9)

AH?KI’! (l) + AS‘:}II’I
R \T R

InK = —

AG*° and EZ (18.5)
AG® = —nFEly

EEE" and K (18.5)
0.0592 V

E = log K

Nerst Equation (18.6)
0.0592V

Ecen = E¢en — IOSQ

Einstein’s Energy-Mass Equation (19.8)

= mcz
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Conversion Factors and Flelationships

Length Temperature Energy (derived) Pressure (derived)
SI unit: meter (m) ST unit: kelvin (K) SI unit: joule () SI unit: pascal (Pa)
Im = 1.0936yd 0K = —273.15°C 1] = lkg:m?/s? 1Pa = IN/m?
lem = (.39370in = —459.67 °F = 0.23901 cal = lkg/(m-s?)
lin = 2.54 cm (exactly) K =°C + 273.15 =1C-V latm = 101,325 Pa
1km = 0.62137 mi P 32) = 9.4781 X 10 *Btu = 760 torr
I mi = 5280 ft 1.8 Ical = 4.184] = 14.70Ib/in?
= 1.6093km °F = 1.8 (°C) + 32 leV = 1.6022 X 1077] I bar = 10°Pa
1A =10""m 1torr = 1 mmHg
Volume (derived) Mass Geometric Relationships
SI unit: cubic meter (m?) ST unit: kilogram (kg) T = 3.14159...
1L =10"m? 1 kg = 2.20461b Circumference ofa circle = 27rr
= 1dm’ 11b = 453.59¢ Area of a circle = 7r?
= 10°cm? = l6oz Surface area of a sphere = 47r?
= 1.0567 qt lamu = 1.66053873 X 10 *" kg 4
\ ==
gl =gt Lt = 20001b olume of a sphere 311'!’3
= 3.7854L = 907.185kg Volume of a cylinder = arr’h
lem® = 1mL 1 metric ton = 1000 kg
lin® = 16.39 cm’ = 2204.61b
Iqgt = 32fluidoz
Fundamental Constants
Atomic mass unit I amu = 1.66053873 X 10 > kg
lg = 6.02214199 X 10**amu
Avogadro’s number Nj = 6.02214179 X 10%*/mol
Bohr radius ap = 529177211 X 107" m
Boltzmann’s constant k = 1.38065052 X 107 2*J/K
Electron charge e = 1.60217653 X 107°C
Faraday’s constant = 9.64853383 % 10" C/mol
Gas constant = 0.08205821 (L - atm/(mol + K)
= 8.31447215]/(mol - K)
Mass of an electron m, = 5.48579909 X 10 *amu
= 9.10938262 X 10~ kg
Mass of a neutron m, = 1.00866492 amu
= 1.67492728 X 10 ¥ kg
Mass of a proton iy = 1.00727647 amu
= 1.67262171 X 10" kg
Planck’s constant h = 6.62606931 X 1077]+s
Speed of light in vacuum . ¢ = 2.99792458 % 10° m/s (exactly)
SI Unit Prefixes
| a :f [ p :n [ & | m | € | d | k | M | G | T | P | E
| atto | femto | pico | nano | micro | milli | centi | deci | kilo | mega giga | tera | peta | exa
|107% |10 |10 |10 [10® [107® [107 107! [ 100 | 10® | 10° | 10" | 10" | 10"
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