Selected Equations for Chemistry BC3254y

Partial molar quantities: Yy = (0Y/0ni)p 1 Gibbs-Duhem equation: X ngYy =0
Atfixed (p, T) — Zxneduy=0 — XxngdIlnag=0
Non-ideal gases:
Fugacity: f=1vyp a=RT/p—Vn Iny=—(1/RT)[adp integral from 0 to p
for intermediate pressures, In y = Bp/RT
where B = second virial coefficient: pVy,=RT + Bp

Non-ideal Solutions: A = solvent, B = solute, ayx = vk [k]
Convention I Activities aan =pa/ pa* ag = ps/ ps*
Convention II Activities aan =pa/ pa* ag = ps/ Kg(a)
Osmotic coefficient @ =— (na/np) In as
Inya=(p-1)+ | [(p—1)/m]dm  integral from O to m.

Colligative properties: approximate better
BP elevation AT =iKym In ax = (AvapH/R)(1/T —1/T%*) ¢ =AT /i Kym
Osmosis II=icRT Inap =-ITIVA/RT e=1II/icRT
Tonic solutions: =" ¥yl ions ¢j 7" a.’=(a)" (a)" 7= (v (v

Debye-Hiickel Limiting law: Iny;=-A Zj2 I A =0.5911 (molality), 0.5115 (molarity)

Statistical Thermodynamics W = NUTTk ng!
pi= 1N = q/q exp{—(s-60)/ KT} q= Y g exp{—(gi-0)/ KT}
9=9"9"q" ¢ q'=V/A’ where A = h/(2nmkT)”
q" =[T; [1/(1—exp(hvy/kT)] when hv; >> kT
q" (linear) = (1/6) ¥y (2J+1) exp(-BJ(J+1)/kT) B = h?21 — kT/oB when B <<kT
q" (non-linear) = (n”/o) (kKT/A)*(KT/B)*(kT/C)* where A = h*/2I, etc.
In most cases, q° = go (degeneracy of ground electronic state)
Q=q" when distinguishable, Q =q"/N! when not distinguishable
U = Uy =nRT*& In q/0T)y.n G =Up —nRT In (q/N,)
Sackur-Tetrode (monatomic gas): Sp/R = (5/2) + In(V/NA?)
Keq = exp(-AU°) [T (q/NA)"

Maxwell-Boltzmann Distribution and Collisions

ID:  D(u) du = (m/27kT) exp(-mu’/2kT) du

3D:  D(u) du = 4n(m/2akT)*? u? exp(-mu®/2kT) du
D(e) de = 27/ (nkT)** &” exp(—e/kT) de
<u>= (8RT/tM)” = (8kT/nm)”  <uw>= (8kT/mp)” urms = (3kT/m)”
Zw = n* <u>/4 Za = 1n* Gap <u> V2 Mean free path A =<u>/Zx

2
Zaa = (0p*)” Gan <u>/ V2 Zag = np* np* AR <Upel >
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Transport Properties: vy =-F/f

Partial specific volume: vs= (0V/OW)p 1

Buoyancy b = (1—po/p) = (1—po V) Vss = mbg/f
Thermal Conductivity Jx =— dT/dx Kinetic theory: k = (251/64) A <u> n*cy
Diffusion

Fick’s 1st Law (1D): J, =-D dc/dx 2nd Law(1D): (8c/dt), = D (6°c/ox?)

D =kT/f Einstein-Smoluchowski: <Ax*> = 2Dt

Stokes’ Law (sphere): f= 6mnr Stokes-Einstein: D = kT/6zmnr

Kinetic theory: D = (3n/16) A <u>
Viscosity

Newton’s Law of viscous flow: F =n A (dv/dx)

Poiselle’s law (liquids): V = (mr* Ap/ 8n0) t

Kinetic theory: m = (51/32) A <u>p

Macromolecules: ng, = (n —10)/Mo=v © ® = Volute/ Vsolution = Vs ¢ Where ¢ = wy/V

v = 2.5 for spheres, > 2.5 otherwise.
Reynolds Number: R = 2prv/m
Sedimentation:
$ = Vi/®’r = mb/f M =RTs/Db

Electrochemistry
Nernst equation: A& =AE° — (RT/nF) In Q = A&° — (kn/n) log Q

lons in Motion Ohm’s Law: I = &/R
R=p (t/A) G=1/R k= 1/p
A=x/c*, Am=x/c  Kohlrausch’s Law: A = A° —-K~c
A° =% M° Mobility: u=v/E=ze/f Ux = M/ |z F

Radiochemistry
A =AN N = Np exp(—At) ty, = In 2/0



