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AP Chemistry Equations & Constants

Throughout the test the following symbols have the definitions specified unless otherwise noted.

pK,=-logK,, pK, =—logK,

L, mL = liter(s), milliliter(s) mm Hg = millimeters of mercury
g = gram(s) LKl = joule(s), kilojoule(s)
nm = nanometer(s) A% = volt(s)
atm = atmosphere(s) mol = mole(s)
ATOMIC STRUCTURE
E = energy
E=hv v = frequency
c=Av A = wavelength
Planck’s constant, i = 6.626 x 1034 J s
Speed of light, ¢ = 2.998 x 10* ms™!
Avogadro’s number = 6.022 x 10% mol™
Electron charge, e = —1.602 x 107'° coulomb
-EQUILIBRIUM - - - — — o o S ——— —
Crpr
K = %#B]? ,where aA+bB &2 ¢C+dD Equilibrium Constants
) Pe) Py ¥ K, (molar concentrations)
74 (PA)a(PB)b K, (gas pressures)
e K, (weak acid)
K, = %E\]_] K, (weak base)
K It
x. - [OH IHB"] b {eteD
R [B]
K, = [H*][OH] = 1.0 x 107 at 25°C
= K, x K,
pH = —log[H*], pOH =-log[OH]
14 = pH + pOH
= [A7]
pH = pK, + log [HA]

KINETICS
In[A],—In[A]y = -kt

._..1... 1 =kt

[a], " TAl
0.693

tlA:T

k = rate constant
t = time
%1, = half-life



GASES, LIQUIDS, AND SOLUTIONS

PV = nRT

moles A

PA = Ptota.l XXA, whereXA= m

Puy=Py+Pg+Pc+...

n="12

M
K = °C+273
_m
D_V

KE per molecule = %mv2

Molarity, M = moles of solute per liter of solution

A =abc

P = pressure

V = volume

T = temperature

n = number of moles

m = mass
M = molar mass
D = deunsity
KE = kinetic energy
v = velocity

- A = absorbance
a = molarabsorptivity
b = pathlength
¢ = concentration

Gas constant, R = 8.314 T mol 1K™
= 0.08206 L atm mol 1 K

= 62.36 L torr mol ' K
latm = 760 mm Hg
= 760 torr

STP = 0.00°C and 1.000 atm

THERMOCHEMISTRY/ ELECTROCHEMISTRY

q = mcAT
AS°® =¥ S° products —¥.§° reactants
AH® = ¥ AH? products —Y AH{ reactants

AG® = ¥ AG} products —¥, AGf reactants

AG® = AH® —TAS®

g = heat
m = mass
¢ = specific heat capacity
T = temperature
§° = standard entropy
H° = standard enthalpy

G° = standard free energy
n = number of moles

E° = standard reduction potential
I = current (amperes)
g = charge (coulombs)
t = time (seconds)

Faraday’s constant, F = 96,485 coulombs per mole
of electrons
1 joule

lvales 1 coulomb




) NATIONAL
é L MATH + SCIENCE

\ INITIATIVE Science

AP*Chemistry: Gases

These terms may be used in a question testing your understanding of GASES
pressure; volume; moles; molecular mass; temperature; total pressure; diffusion; effusion;

ratio of gases; any non standard temperature/pressure conditions involving gases;
molecular motion; kinetic energy; collected over water; O,; Na: COy; dry gas; root mean
square

Key Formulas or Relationships
PV = nRT (this is the most commonly used...try it first)

R =0.0821 Ljatm or for ENERQGY related calculations R=8.31 ]
mol K mol
= _d_R_T—
P
PV, PV, . ’ .
—T—z—f_ Solve for P, V, or T as needed; omit any variable that is constant
1 2
Piow1=P1+Pa ... 0F Pgas=Piowal — Pwaer When a gas is collected over water

Also in a mixture, the partial pressure of gas; = mole fraction of gas; x total pressure

... STP for gases is 0°C or 273 K and 1 atm or.760 mmHg

Key Concepts
Remember to relate molecular mass to molecular motion (smaller = faster) especially

when talking about diffusion or movement of gases.
Molar volume 1 mol =22.4 L at STP only. Don’t use 22.4 if not at STP!

Understand conceptually that variables are either direct (P/T and V/T) and inverse (P/V)
relationships

Van der Waals equation — adjusts ideal gas equation for IMF (a factor) and particle
volume (b factor) ~Gases will deviate more from ideal behavior at high pressure and
low temperature. Also, more electrons = greater IMFs and particle volume and thus more
deviation from ideal behavior [key phrase to use for points!].

Connections to Other Chapters
Stoichiometry

Thermodynamics

Equilibrium

Bonding

Potential Pitfalls and Unit Warnings

KELVINS, KELVINS, KELVINS

Make sure units match with constants

“Collected over water” -- adjust P by subtracting vapor pressure of water at the given
temperature before continuing with calculations
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Figures or Graphs vou may need to interpret

o The data Boyle collected is

graphed on (a) above.
o PV=k \
A i 100
o Therefore, V=—=Fk— ~ \
P IR B \
which is the equation for a S f 50 NN
straight line of the type ”\P; """"" T
2] : ]
o y=mx+b where Rex s .
m = slope, and b is the y- (o S
intercept ¥
(a) v (in®)
o Inthiscase,y=V,x=1/P
and b= 0. Check out the —
plot on the right (b). ‘E// !
o P;V;=P,V;is the easiest 40 » _k/ 5
form of Boyle’s law to < °F;~/ g
memorize =20 v :
o Boyle’s Law has been tested
for over three centuries. It 050l o002 0.0
holds true only at low 1/P (in Hp)
pressures. ®
030 K Ideal
22‘45 e ,,_r:_m..w,
An ideal gas is expected to Ne
3 have a constant value of PV, as 9940 P e
F . - \ 0
3 shown by the dotted line. CO, g 2
£ Oy o0 shows the largest change in PV, ¥ 5335 \\
g and this change is actually quite g Q‘
3 small: PV changes from about 2230 Y
e 22.39 L-atm at 0.25 atm to N
22.26 L-atm at 1.00 atm. Thus 2225
H 1 T i T ¥ T T 9 . 0 0.25 O-m 0.75 ]-00
wo w0 e w0 Boyle’s Law is a good
Spocd, mfs . . P (atm}
approximation at these

As temperature increases the
average speed of molecules
increases but the variation in
molecule speeds decreases

relatively low pressures.
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-300 —200 -100 ¢ 100 200 300
-273.2°C T(°C)
ques Charles was a French physicist and the first person to fill a hot “air” balloon with hydrogen

gas and made the first solo balloon flight!

(o]

o
0
0

Vo< T plot=straight line

ViT;= VT,

Temperature o< Volume at constant pressure

This figure shows the plots of ¥ vs. T (Celsius) for several gases. The solid lines represent
experimental measurements on gases. The dashed lines represent extrapolation of the data into
regions where these gases would become liquids or solids. Note that the samples of the various
gases contain different numbers of moles. .. . S SR
What is the temperature when the Volume extrapolates to zero?

These graphs are also classics and make great multiple choice questions on the AP exam.

203 K
H i ; 3 B
‘EM_ | % 60 , PV 14 l P
R o kel <4 tdeal WRT M{,ﬂ-’" 68K
e gas N ! Ideal
—~ ; ; gas
; ;. 0.6 i i
o 1 ‘ i i 0 200 400 o600 800
0 200 400 600 800 1000 P (atm)
P (atm}
When PV/nRT = 1.0, the gas is ideal This graph is just for nitrogen gas.
All of these are at 200K. Note that although nonideal behavior
Note the P’s where the curves is evident at each temperature, the
cross the dashed line [ideality]. deviations are smaller at the higher Ts.

Don’t underestimate the power of understanding these graphs. We love to ask question comparing the
behavior of ideal and real gases. It’s not likely you’ll be asked an entire free-response gas problem on
the real exam in May. Gas Laws are tested extensively in the multiple choice since it’s easy to write
questions involving them! You will most likely see PV = nRT as one part of a problem in the free-
response, just not a whole problem! :
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2004B
Answer the following questions related to hydrocarbons.

(a) Determine the empirical formula of a hydrocarbon that contains 85.7 percent carbon by mass.

(b) The density of the hydrocarbon in part (a) is 2.0 g L™ at 50°C and 0.948 atm.
(i) Calculate the molar mass of the hydrocarbon.

(ii) Determine the molecular formula of the hydrocarbon.

(c) Two flasks are connected by a stopcock as shown below. The 5.0 L flask contains CH, at a pressure of 3.0 atm, and
the 1.0 L flask contains C,Hg at a pressure of 0.55 atm. Calculate the total pressure of the system after the stopcock is
opened. Assume that the temperature remains constant.

50L 10L
3.0atm 0.55 atme

(d) Octane, CsHig(!), has a density of 0.703 g mL™ at 20°C. A 255 mL sample of CgHs(7) measured at 20°C reacts
completely with excess oxygen as represented by the equation below.

2 CeHig() + 25 Oyg) — 16 COxg) + 18 HO(g)

Calculate the total number of moles of gaseous products formed.
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A rigid 8.20 L flask contains a mixture of 2.50 moles of H, 0.500 mole of O,, and sufficient Ar so that the partial pressure
of Ar in the flask is 2.00 atm. The temperature is 127°C.

(a) Calculate the total pressure in the flask.

(b) Calculate the mole fraction of H; in the flask.

(c) Calculate the density (in g L™ of the mixture in the flask.

The mixture in the flask is ignited by a spark, and the reaction represented below occurs until one of the reactants is
entirely consumed.

2 Ha(g) + Ox(g) — 2H20(g)

(d) Give the mole fraction of all species present in the flask at the end of the reaction.
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2 Hy05(agq) — 2 H,0() + O2(g)

The mass of an aqueous solution of H,0, is 6.951 g. The H,0, in the solution decomposes completely according to the
reaction represented above. The O,(g) produced is collected in an inverted graduated tube over water at 23.4°C and has
a volume of 182.4 mL when the water levels inside and outside of the tube are the same. The atmospheric pressure in the
lab is 762.6 torr, and the equilibrium vapor pressure of water at 23.4°C is 21.6 torr.

(a) Calculate the partial pressure, in torr, of Oy(g) in the gas-collection tube.
(b) Calculate the number of moles of Ox(g) produced in the reaction.

(c) Calculate the mass, in grams, of H,0, that decomposed.

(d) Calculate the percent of H,O,, by mass, in the original 6.951 g aqueous sample.

(e) Write the oxidation number of the oxygen atoms in H,O, and the oxidation number of the oxygen atoms
in O, in the appropriate cells in the table below.

Substance Oxidation Number
of Oxygen Atoms
H)0,
02

(f) Write the balanced oxidation half-reaction for the reaction.



