Chemistry C2407x
Some Free Formulas for Exams

Kinetic Theory of Gases

Impacts/sec = (1/6) (N/V) Ac {Impacts/sec = (1/4) (N/V) Ac}
Force = [2mc] [(1/6) (N/V) Ac]=(1/3) (N/V) mc®A
Pressure=Force/A= (1/3) (N/V) mc? = [(2/3)] [(1/2) mc?] [N/V]
PV=nRT=(N/Ng)RT=(N/Ng)(NoK) T=NKT

m/k=M/R

[(1/2) mc?]=(3/2) kT [(1/2) Mc?]= (3/2)RT
Crms=(3KT/m)Y= (3RT/M)™? Cayge=(8KT/Ttm)Y2= (8RT/Tt M)
Crp=(2KT/m)"2 =(2RT/M)*2

Cims=1.37x10° cm/sec = 1.37x10° meter/sec (for He at 300 K)
Effusion Rate: R=(1/6) (N/V) Ac  {R=(1/4) (N/V) Ac}
dw=-pdV dE=dQ+dw

C,=(dQ/dT), Cy=(dQrdT)y

Cv=(3/2)R  Cp=(3/2)R+R (Atoms)

Cv=(5/12)R  Cp=(5/2)R+R (Linear molecules)

z=re (NIV) {z=(2)"2

T[pzcavge (N/V)}
A=c/z= [ (N/V)]*=[1@® (PNo/RT)]™
{A =Cavgelz= [(2)*10 (NIV)]'=[(2)"* 110 (PNo/RT)] ™}

AN/N = (4m)(m/21KT)3/2 ¢2 exp[-mc2/2kT] Ac

Binary Collision Model

<urel>= (BKT/MYLY2, 1 =my mp/(m;, + mp)



2=11(0,) urer>(NIV)

2
ZAR=T1(G,.) <urel”(Na/V)(Np/V)
ZAp=(U2)T1(0,) <urer>(NAN)NAN)

Zaa=(12)2) Y2r(a,)? @kTirma) Y2 (Narv) 2
All or Nothing Model Pr=0 when E<Ex; Pr=1 when E=Ea

Arrhenius Model Pr=0 when E<Ex; Pr=(1-EA/E) when EZEx

R=Kr(NA/V)(Ng/V)=PZag exp[-EA/RT] {P is the steric factor}
Kp= Pn(oAB)2<ure|> exp[-Ea/RT]=A exp[-EA/RT] (Arrhenius Model)

Kp= (N0/1000)Pn(0AB)2<ure|> exp[-EA/RT] (molar units)

-dC/dt=kC, C=C,exp(-kt), t1/,=(0.693/k)

-dC/dt=kC?, 1/C=[1/Cy] + kt, t,=(1/kCy)
K(T2)/k(T1)=exp[-(EA/R)(1/T2-1/Ty)]

A+A - A+A* k; A*+A - A+A kg A* - P, k;
kuni = ko K1 (AY[K.1 (A) + k], dP/dt=[Alkuni

E+S - ES, k; ES - E+S, k4ES - P, ky

dP/dt=vi= ko (Eo)/[1+Kw/(S)], Km =[k_1+kol/kq

(INV)=(IVmax) + (Km/Vmax)(1/[S])
dink A/dT=E o/RT* dinkgc/dT=E o/RT* € A=(U2)RT+Ep

(ka is the Arrhenius rate constant and kg is the
binary collision rate constant)



InKeq=-AG°/RT= In(ks/kr) = In(AfA)-(Eaf-Ear)/RT
In(Af/A;) = AS°/R (Eaf-Ear) = AHYRT
Kyw= [H30"][OH] =10, T=25° C and concentrations in M
Knh=Kw/Kjz (Hydrolysis constant or base constant, Kp=Kp,
for a conjugate acid/base pair)
K, = [In][H30"]/[HIn]
y=ax’+hx+c=0, 2ax=-b+(b*-4ac)"?
Thermodynamic Formulas (First Law)
dE=dg+dw AE=q+w dw=-pedV W=-[pexdV
Wrev=-[PexdV=-[pinedV=-[(nRT/V)dV=-nRTIn(V¢/V;) (Isothermal)
W=-[PexdV=-PexfdV= -pex(V+ Vi) (constant pressure)
H=E+pV AH=q, AE=qv
AH= 2 AH¢°(products) — 2 AH¢°(reactants)
AH(T,) = AH(T1) + [Z Cy(products) — 2 Cp(reactants)][T2-T1]
Thermodynamic Formulas (Second Law)
AS= jl(qureV/T) =) dqre\,2= (Qrev/T) (isothermal)
AS (isothermal, ideal gas) = Qrev/ T= -Wreo/ T = NRIN(V+/V5)
AS= Il(élqreV/T) = (nép/T)dT = nCpln(T+/T;)

T
St= Jo (Cy/T)dT (Absolute Entropy)

Tm
St= Jo [Cp(s0lid)/T]dT + AHgus/ T
T
+ [, [Co(liquid)/T]dT (Absolute Entropy/melting phase change)

G=H-TS AG=AH-TAS (Isothermal) ~ AG=0-Qev



AG=0, const T,p (equilibrium, reversible)

AG<O0, const T,p (irreversible, spontaneous)

G(T) =G°(T) + RT Inp (p in atm.)

AG = [cu°c + du°p — ap’®a — bu®g] + cRTInpe + dRTINpp — aRTINpa- bRTINpg
AG = AG® + RT In {(pc)(Po) /(Pa)*(Pe) '}

AG® = -RT InK,

— A-AG/RT _ A-0H°/RT _AS°/R
Kp=e =e e

Some Possibly Useful Units

R=0.082 I-atm/mole-deg=82 mI-atm/moIe-deg=8.2x10-5m3-atm/mole-deg
: 7
R=1.98 cal/mole-deg=8.314 joules/mole-deg=8.314x10 ergs/mole-deg
. 7
1 joule=10 ergs
1atm=760 torr=1.01325x10° Pascals = 1.01325x10°® gm/cm-sec?
1 torr=133.322 Pascals=133.322 newton/m2

1 torr=133.322 Kg/m—s2 1 bar=750.062 torr:105 Pa=0.986923 atm

Density of Hg=13.59 gm/ml=13.59 Kg/L; g=980.7 cm/sec®=9.807 m/sec?



