Chemistry 231 Physical Constants, Conversion Factors and Equations (ver. 2)

Physical Constants and Conversion Factors

R = 8.3145JKtmol? = 0.083145 L bar K- mol-? = 0.082058 L atm K- mol!

Na = 6.0221 x 10% mol! ks = R/Na T/IK = t/°C + 273.15
1bar = 10°Pa 1atm = 1.01325 bar 1 mm Hg = 133.32 Pa
1L bar = 100J 1mé = 1000 L 1L =1000cm?
First Law
dU = dq + dw AU =q+w AU = Ur = U;
AU = Woagiabatic (AU = 0) isolated system 0 = de (cyclic process)
\Z
dw = —pexernaidV  (eXpansion/compression work) W= - I PexiemadV
Vi
P = Pexternal (reversible) P < Pexternal (irrev. compression) P > Pexternar (irrev. expansion)
\Z
We = — J. pdV Wrev(const.p) = - p(vf _\/I) Vvirrev(const.external P — T pexternal(vf _Vi)
VI
H=U+ pV AH = H; — H;i AH = AU + A(pV) = Us — Ui + piVi — piVi
NS N ).
. dT (aT]V P dT ar ), ~ & ot ot ), -
Ty T¢
q, = AU, = ICVdT q, = AH, = ijdT (only p-V work)
T T
p = V‘1(8V/8T b = —p‘l(aplaT o K= K1 = —V‘1(8V/8p)T = p‘l(aplﬁp )T
Binew = P13 = 7(0013T), (oploT)v = Blx wr = (6T/op)w = —Vm(1 — BT)/Cpm
ou ou BT (6U) _ (6pj _pT
dU = |=—=|dT + |==|dV = C,dT + |Z——pladVv -~ =Tl=| —pP==—-p
(aT )v (GV JT & ( K pj N Jr aT )y K
dH = (GHJ ar + [ dp = cdt + va-pT)dp (ﬁJ = V(1-fT)
T ), P ) g P );
{a(af” {a(afj} (i} _ 1 [afj (afj(éxJ
B L o ). Z 0 o= (=22
8X8yXy a}’6Xyx (;yJ ), x ), \ %y ),

du= g(x,y)dx + h(x,y)dy du is exact and the function u(x, y) exists if (%’J = [Z—:j
X y

1



Ideal Gases

p = nRT/V pi = NiRT/V pi/p = ni/(lnt+n2+n3+...) = X
p = NkgT/V Cp—Cv =nR Com—Cvm =R p=1UT k=1/p
(@UloV)r = 0 (oHlop)r = 0 (eCvloV)r = 0 (0Cplop)r = 0 wr=0
Tt
du = C,dT AU = [C,dT AU (const.C,) = C, (T, -T;)
Ti
Tf
dH = C,dT AH = [CdT AH(const.C,) = C,(T, -T,)
Ti
w = —nRT In(V¢/Vi) (reversible isothermal expansion/compression, variable pressure)
w = —p(Vsr —Vi) = —nR(T¢ —Ti) (isothermal expansion/compression at constant pressure)

isothermal: piVi = pVr and (Op/oV)r = —p/V
Tf Vf
adiabatic: dU = C,dT = dw and AU=w and [C,dT = — [ pyemydV
T; V,
Ty
rev. adiabatic (P = Poqera)© | CTVm dT = —R[=dV and C,,In(T, /T;)=-RIn(V,/V,) (const.C,,)

Ti Vi

rev. adiabatic ( P = Pexternal ), Y= Cpm/CVm constant: ini 7= ps Vs 7 and (8p/av)ad = -y p/V

Real Gases
p_nRT_nza_RT_i Uy a
V-nb V2 V.-b V2 N ) V2
Z = pV/nRT = me/RT = p/pideal Z =1+ B(T) Cq) + B(-I?:) + o
Vm Vm Vm
a
B(T) = b - —— - _ () - 1[3_@
RT Teoyle = @/Rb Hyr [Gp ) C, \RT
Thermochemistry
gp = AH® = AH(products) — AH°(reactants) Wy = -RTANgas AU° = AH° — RTANgs
AH =>"v.H, (i) AC, => vC,.(i) AU =>"vU, (i) AV =DV, (i)
i T, i i b i
AH°(T,) = AH°(T,) + [AC,dT AH(p) = AH°(p°) + [Avdp
T p°
AH(T)
T =T - —F const. C_(products
ad.flame i Cp(p I’OdUCtS) ( p(p ))




