Formulas, Constants, Conversion Factors, etc.

Ideal Gas Law:

_ [2kgT
- m

< KE > (per mole) = %RT

PV =nRT

Vmp

k 2
1]:1gm

S2
Kp = Kc(RT)A"

Kw=K.Kp=1.0 x 10-'* at 25°C

Solution to the quadratic equation ax> + bx +c=0: x

Henderson-Hasselbalch Equation:

Heat Capacities for an Ideal Monatomic Gas:

work (against constant Pex:):

work (reversible and isothermal):
In general:

In general:

In general:

In general:

At constant P:

At constant V:

For a reversible adiabatic expansion:

At constant T:

<v>=

< KE > (per molecule) = %kBT;

8kgT v _ |3kgT _ |3RT
Tm rms — m M
1
KE = Emv2

lamu = 1.66 x 10727kg
pH = —log[H;0%]; pOH = —1log[OH™]

_ —b+(b? —4ac)"?
2a

[HA]O]

pH = pKa —logio ( -
[A7],

Cr=(5/2)R Cv=(3/2)R

W = —PextAV

w =-nRT In ﬁ
Vi

AU=q+w
AH = AU + A(PV) = AU + A(nRT)
AU = nCvAT

AH = nCpAT



Formulas, Constants, Conversion Factors, etc. (continued)

At constant T: AS = nRIn ﬁ
Vi
AH
For phase changes at constant P: AS = T
T,
At constant P: AS = nCpln T_
1
T,
At constant V: AS =nC,ln T_
1
Boltzmann’s Equation: S= kglnQ
At constant T and P: AG = AH - TAS
Kirchoff’s Law: AH;~2 = AH7p FAC(T,-T))

ASy, = AST, + ACyIn(3)
1
AG=AG*+RT In Q

AG°=-RT InK
_ AW AS° , . K\ _ -AH 1 1
InK=—"2+47 Van't Hoff: In <K1) = G-
AG® = —I’IFAEocell = —I’IFAEocell
Nernst equation: Aggq (or AEcep) = Ag°e (or AE®.qy) — ﬁln Q
At 298 K the Nernst equation simplifies to:
. . 0.0592 . . 0.0257
Agcep (or AEcey) = Ag°cey (0r AE¢qy) — log1o Q = Ae°cen (or AE®¢ep) — n InQ
Q (Charge)=1t
For first-order reactions of the type A —— products, In [A] =-kt +In[A]o
For second-order reactions of the type 2A —— products , ﬁ = 2kt + ﬁ
0
— Ap—Ea/RT . k) = ZBa(1 _ L
k = Ae Arrhenius: In (k1) - (Tz T1)

1 Joule =1 Coulomb ¢ Volt 1 Amp = 1 Coulomb/sec



Formulas, Constants, Conversion Factors, etc. (continued)

AG®°yap = —RTInP* = —RTInP* where P* or P* is the pure vapor pressure of a liquid

P,) —AHU,(1 1
Clausius-Clapeyron: In| -2 |= ——| — — —
3 R (T, T

Raoult’s Law: Py = qu Py = XRqPX
Dalton’s Law: Py = xXapPTotal

Henry's Law: Py = x5k, where k, = Henry's constant

_ * — [ )
AP = XsolutePsolvent - Xsolutepsolvent

_ RTEMWsolvent)

ATy =kp m k 2
b b IMsolute b 1000AHvap
RTf (MWsolvent)
AT;=—kem kg = L solvent)
f f IMsolute f 1000AH},,,
Pcotumn = pgh

IT=cRT



Formulas, Constants, Conversion Factors, etc.
vector quantities are given in bold

F=ma v = Ax/At (if v is constant)

a = Av/A¢ (if a is constant)
F=mg
F=qgE

2
V(r) = a2 - 9% a = 4me, = 1.11x 10710 F() = —da
ATTEQT ar Jm 472'807’
21X

At fixed time, A(X) = ApaxSin (T)' At fixed position, A(t) = ApaxSin(2mvt)

For the Bohr model, KE = E; = —%V

Circumference = 27r

KE = Ex = mv*/2 E = hv
speed = Av c=vh
KE:EK:hV_(I) En:(—z,lgx 10*18 J)Zz/nz
=(-13.6 eV) Z°/n*
n’a, "
L= ap = 52.9 pm 1A=10"m
=h/A - 1= h __h
- p=my T omv D
(Ap)(AX) > h/(47) L=nA2
2 . nmx n2h2
lI”n (X) = \/;Sll’l T KEn = p—
Yon (X, y): A sin Dy X sin i KEp n, = h_z(n_xz n_yj)
i LXLy L, Ly xMy — gm \ Ly Ly

8 L (ngmx | . [Ty | . (n,nz h? (nx2 ny? nZZ)
v X,Y,Z)= sin| = sin| — sin| —2 KE =—|=+=+—=
nxnynz( y.2) ]/LxLyLZ ( L. } [ L, J ( ] J xnyz = gm L2 T LyZ | L2

%2 %2 %2
E,,=—2.18x10718] (Z— — 136 eV(Z ) — —1313111“—(1)1<Z )

n2 n2 n2

%2 *2 %2
[, = 2.18x10718] (Zn—z) =13.6 eV (Z ) = 1313ﬁ(Z )

n? mol \ n2




PV =nRT
P, = xiPr = xiPr
Xi =X = Ny

an?
P+W (V—nb) = nRT

_ nRT an?
V—nb V2

Formulas, Constants, Conversion Factors, etc.
vector quantities are given in bold




Formulas, Constants, Conversion Factors, etc.

Table B-2 Derived Units in Sl:

Quantity Unit Symbol Definition
Energy Joule J kgm®s~
Force Newton N kgms?=Jm"
Power Watt w kgm’s>®=7Js"
Pressure Pascal Pa kgm's?=Nm"
Electric charge Coulomb C As
Electric potential difference ~ Volt A% kgm’s  Al=JC"
Magnetic field strength Tesla T kgC's'=Vsm?
Table B-3 Prefixes in SI:

Fraction  Prefix Symbol  Factor Prefix Symbol

10 deci- d 10 deca- da

107 centi- c 10 hecto- h

107 milli- m 10° kilo- k

10° micro- u 10° mega- M

107 nano- n 10° giga- G

102 pico- p 10" tera- T

10" femto- f

107" atto- a



Table of Standard Reduction Potentials (25°C)

Reaction E° or £° (V)
F, +2¢ — 2F~ +2.87
Co* + ¢ — Co* +1.82
Auf(aq)+ ¢ —  Au(s) +1.68
Ce* + e — Ce* +1.61
MnOs~ + 8H:0" + 5S¢ —  Mn2 + 12 H0()) +1.49
Au’ + 3¢ —  Au(s) +1.42
Cl, + 2 — 2 ClI +1.36
CnO, > + 14H:0° + 6 — 2Cr> + 21 H0() 133
0, + 4H;0" + 4 — 6 H0() +1.23
+0.82 @ pH=7
Br, + 2¢ — 2Br ~ +1.07
NOs- + 4H' + 3¢ — NO(g) + H.0() +0.96
Hg? + 2¢¢ — Hg() +0.85
Ag® + e —  Ag(s) +0.80
Fe % + ¢ — Fe? +0.77
L + 2¢ — 21° +0.54
O, + 2H, 0 + 4 — 4 OH +0.40
+0.82 @ pH=7
Cu?* + 2¢ —  Cu(s) +0.34
AgCls) + e — Ag(s) + CI° +0.22
Sn* + 2¢ — Sn?* +0.15
AgBr(s) + e — Ag(s) + Br +0.07
2H;:0Y + 2 — H, + 2H,0 0.00
Pb* + 2 — Pb(s) —-0.13
Sn?* + 2 — Sn(s) —0.14
Agls) + & —  Ag(s) + 1 0.15
NiZ* + 2 — Ni(s) -0.26
Co* + 28 — Cof(s) -0.28
Se + 2H* + 2e¢ —  HiSe -0.40
Cd* + 2¢ — Cd(s) -0.40
cr* + ¢ — Cr?% -0.41
Fe? + 2¢ —  Fe(s) —0.45
AgS(s) + 2 — 2Ag + S* —-0.69
Zn* + 2e —  Zn(s) -0.76
2H,O + 2¢ — H, + 2O0OH —0.83
0.42 @ pH=7
Cr¥ + 2e¢ — Cr(s) -0.91
Mn? + 2e —  Mn(s) -1.18
Al + 3¢ —  Al(s) 171
Mg? + 2¢ —  Mg(s) -2.37
Nat + e — Na(s) -2.71
Ca? + 2¢ — Ca(s) -2.76
Ba?* + 2e — Ba(s) -2.91
K* + & — K() -2.93
Lit + e — Li (s) -3.04




Formulas, Constants, Conversion Factors, etc.

Physical Constants:

Standard acceleration of terrestrial gravity

Avogadro’s number
Bohr radius
Boltzmann’s constant
Electron charge
Faraday constant
Masses of fundamental particles:
Electron
Proton
Neutron
Ratio of proton mass to electron mass
Permittivity of vacuum
Planck’s constant
Speed of light in a vacuum
Universal gas constant

Conversion Factors:

2=9.80665 m s ~ (exactly)

Ny = 6.022137 x 107

ao=0.52917725 A =5.2917725x 10 "' m
ks =1.38066 x 102 JK!

ge =e=1.6021773 x 107"° C

F =96,485.31 C mol !

me =9.109390 x 10" kg = 0.00054857990 u
m,=1.67263 x 107" kg = 1.00727647 u
my = 1.674929 x 10" kg = 1.00866490 u
my/me = 1836.15270
& =28.8541878 x 102 C* J ' m™!
h=6.626076 x 10°*J s
¢=12.99792458 x 10* m s (exactly)
R=8.31451 Jmol ' K
=0.0820578 L atmmol ' K

Standard atmosphere
Atomic mass unit

1 atm = 1.01325 x 10> Pa=1.01325 x 10° kg m ' s (exactly)
1 u=1.660540 x 10 > kg

1u=1.492419 x 107" J = 931.4943 MeV
(energy equivalent from E = mc?)
Calorie 1 cal =4.184 J (exactly)

Electron volt

1eV=1.6021773 x 107" T =96.48531 kJ mol

Foot 1 ft=12 in = 0.3048 m (exactly)

Gallon (U.S.)
Liter-atmosphere
Metric ton

1 gallon =4 quarts = 3.78541 L (exactly)
1 L atm = 101.325 J (exactly)
1 metric ton = 1000 kg (exactly)

Pound 11b=16 0z=0.45359237 kg (exactly)
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