Equation Sheet
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Table 4.1
Simple Rules for Solubility of Salts in Water

1.
2.
3.

Most nitrate (NO; ) salts are soluble.

Most salts of Na*, K*, and NH;* are soluble.

Most chloride salts are soluble. Notable exceptions are AgCl, PbCl,, and
Hgl(:Ig.

Most sulfate salts are soluble. Notable exceptions are BaSO4, PbSO4, and
CaSO4.

. Most hydroxide salts are only slightly soluble. The important soluble hydrox-

ides are NaOH, KOH, and Ca(OH), (marginally soluble).
Most sulfide (S*7), carbonate (CO;?7), and phosphate (PO4*") salts are only
slightly soluble.

1
V=a(—) V=>bT V=cn
p
pV =nRT Piotal = P1 + P2 +P3 + ... Viotal = Vi + Vo + Va3 + ...
Na Pa dRT
XA = XA = M(g/mol) = —
Niotal Protal p
piVi PV
Pair = PH,0 * Pgas n T = noTo
1atm =760 mm Hg 1torr=1mmHg 101.3kPa =1atm
1 3RT
PV = 5NAmu2 3RT = Nymu? Ums =\ 21
3 R u, t M
E < AT Ba _ (Ums)a _ [Ma
2 Rs  (Ums)s fg Mg

14



pH = —log[H"] pOH = —log[OH ] pH+pOH = 14

H=pK, +I A ] OH = pK, +1 [BH")
= +log | —— = +log | ——
p PR, +10g [HA] p PR, +10g B]
KoK = K,y K, = K(RT)*"% PK, +pK, = 14
Polyprotic acid titrations
Point in the titration Major Species Expression
[H'l[HaA"]
No base added H3A,H,O Ks, = ﬁ
Base added
HY[H,A™
Before first equivalence point HzA,H,A™, H,O Ky, = (HIHA ]
! [H3A]
K,. +pK,
At the first equivalence point H,A™, H,O pH = %
2 [H)HA®"]
Between the first and second equivalence points  H,A™, HA*™, H,O ap = W
2
K, +pK.
At the second equivalence point HA2~, A%~ H,0 H= %
. . . 2— a3 [H A% ]
Between the second and third equivalence points HA=", A°", H,O Kay = W
. . . 3— Kw
At the third equivalence point A", H,O Ky = P
ag
_ [HA®T]IOH]
[A%7]
Beyond the third equivalence point OH™, A", H,O pH determined by excess OH™

Species pK, pK,
HCN 9.1
CgHsCO,H  4.202
HC,H;0, 4.74

NH, 4.74
HSO, 0.921

CsHsN 8.75
CH3NH, 3.36
HF 3.14
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AE=qg+w W= —pg, AV
AH = q, AH = AE+pAV H=E+pV
(KE)avg = gRT Cy = gR pAV = nRAT
C,=Cy+R AE =nCyAT AH =nC,AT
q=nCAT q=Cca|AT AE:qV
AE=0 g=—w (isothermal)
V. V. V.
Wiey = —NRTIN (vf) Grev = NRTIN (\:) AS=nRIn (VT)
9 To T2
AS= r;" AS =nCyln (7_1> AS=nCyln <T1)
ol AH
ASys = = ASyniv = ASsys +ASgr ASgy=——
7—“’5 T
AG=AH-TAS
AnnH® =Y AH° (products) — Y AH® (reactants)
AnS° = Y S7 (products) — ) S7 (reactants)
A G =) AG°(products) — ) AG° (reactants)
G=G+RTInP AG=AG+RTInQ AG° =—RTInK
AH®  AS° K, AHP 1 1
InK=——"— 4 n( =) =-"0 | —— —
RT R Ky R |T, T
Wax = AG Gp = TAS
Y=C,/Cy P V=P, V] (Adiabatic)
PiVi =PV, (Isothermal)
F =96485C/mole” AG°® = —nJFE° A X t=charge
. . . 0.0591 . 0.0591
Ecell = €{cathode) — € (anode) Ecell = ool — ———log Q cel =———InK
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