B2 SALTS

- Compounds that result from the reaction of an acid and a base.

- Salts are strong electrolytes (completely dissociate in water) IF SOLUBLE (not all salts
dissolve appreciably).

- Most ionic compounds are considered salts (they can be made by some reaction
between the appropriate acid and base)

- Salts have acidic and basic properties! The ions that form when salts are dissolved can
e acidic, basic, or neutral.

- Salts made from WEAK ACIDS tend to formm BASIC solutions
- Salts made from WEAK BASES tend to formm ACIDIC solutions

NouLﬁ/Og . N“LLO3 %7—M0\+‘t‘ CO&’L'

Do any of these ions have acidic or
basic properties?

NM+ - neutral. Not a proton donor or a proton acceptor

. BASIC, since it can accept protons to form the weak acid CARBONIC ACID
" in solution.

H,y (04 42,0 = Ligp* + Coy "

BASE

(.037'—

ACID
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SALT OF A WEAK ACID
ery NU\ L')_H O'Z_.

No\ ]5\ > )\/:" 4 f\d \/ The salt dissolves completely!

For this reaction to occur, HA MUST be

)[_\ / stable in water. In other words, a weak acid.
:L\ e H O N H ['\ +0O H \.’ . but the ionization of the

salt's anion is an EQUILIBRIUM!

L_The anion is a BASE. It can accept a proton from water to form the
weak (therefore stable as a molecule!) acid HA

K\Q — [ M D\IED“’:& - This is the base ionization constant for A
LN

Since A and HA are a conjugate pair, the ionization constants are related!
You will generally not find both
\< ( __the Ka AND Kb for a conjugate
W Ka JMA Kb pJ pair in the literafure, since one
\.o~i0™ can be easily converted to the
| ‘~| ~ F Ko+ PR other!
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SALT OF A WEAK BASE
% N H('t(/\

B \’\ C\ ——} g H T + C |_ \/The salt dissociates completely!

» ... but this ionizafi '
BH TR H,0 == B~ R0 Lo S peeien s en
k - EG][H30+]
> [ BHY]
o =Ko g ) (14

| 0x|p ™

Find the pH for salt solutions just like you would find pH for any other weak
acid or weak base solutions. Only trick is to find out whether the salt is actually
acidic or basic!

Acid ionization constant for BH+
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O.loo N\ N Hl,‘ C) ++ Find the pH of the solution
Find the ions produced by the salt. Are they acids or bases?

NH,* <« H0 = NHg < Mgo™

Z This is ammonia, a WEAK BASE. It's water-stable, so this
reaction is viable.

NHL1('\_\) NHL,+ t (|/

C\7 4 o = MLl + oH”
This is hydrochloric acid, a STRONG ACID. It's NOT water-stable,
since if fully ionzes in water. This reaction won't go.

We need to solve the equilibrium of the ammonium ion.

MHy® +H 0 = NHq + Hg of / N < D\/H'S3 [Hgo‘rjq >
Cvht]

We can't find the Ka for ammonium ion in OpenStax Appendix H. We can, however, find
the Kb of its conjugate (ammonia) in Appendix I;

- ~S /= /Y
)‘(bl,\/qu ),%\()U ko\%"-b = l.oxio

W (L&xip™S ) s Lo
}\/q’[vmf"': gSéﬁﬂ/OJ

lo
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MHy T +Ha0 = MHy = Hgo® 7 K o DVRg Y [Heot]
LVH*

Now that we have Ka, solve as a normal weak acid.

:S,QGXID’IO

Let "X" equal the change in
hydronium ion
concentration

X = 7.‘1§\/~/0‘é = ["\00{/}

G172

E

Spen<s [Imtiar 3 |D Céqwll b flum
Hg()\L O X A
K O A X
NHLﬁ 0,00 |—=X O ,lvo =X
( —1lo
O-1v0 X pH < "Ug,b(7,L1§ Ho“) =
\J/xa 0,00, S0
~ C :
0 foo =¥ % b.lbe pgrc?fp(?;%m\/lni’rric acid: 1.00
\L'L _ §,Sé\ub—lb pH of 0.100 M nitrous acid: 2.17

0,00

pH of DI water:; 7.00
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O 100 N NaloHtgbe, Find pH
Nea (LU0, — Na™+ o 130,"

First, find out whether sodium acetate is acidic, basic, or neutral. Look at the IONS.

]\/ 0\ t * B-Lacid? No;since it has no proton (H+) to donate. Unlikely to be @
base due to the positive charge which should repel protons.

(4 Hq 1 * Does have hydrogens, but also has a negative charge which means
it might ACCEPT a proton.

(230171 Hao & |H s Oa]r OF

Acetic acid (conjugate of acetate ion).
WEAK ACID. That means that acetate ion can hold
on to a proton, and is BASIC.

Solue “ C';,H:SO—L’*‘ Ho0 = H(q H'bo'z,t On~ / ')\’b: CH('LHgOrL}COH‘l
CC'LHé»ij

We need a value for Kb. Let's consult the charts (OpenStax appendices).
The charts do not have a Kb for acetate ion, but they do have a Ka for

its conjugate, acetic acid: )~<0\, HCLHg O’Lﬁ' l, % \Ho’rg o iﬂg -~ Kw

J

-14
A9 Ky = ). oy
g % 10
/H( H O BCOH—A ~10 (\ E(:/' i lp)
L M1 N10 = 5 56yID Kz 5.56 wo

I N




Caln0,7 ¢ Ha0 & Hia M0y~ 00" [HGMy0 ) LOHN ¢ oo™
[_(iH?)C)l’ 3 ”

Solve this just like we'd solve any weak base pH calculation!

Species CTadral LD C.(Tq o lioriom)
Let X" equal the change in
OH" O +X s HYDROXIDE ion
concentration
W (zH~y01. O +1 K
C7_H30-7: O,|OO —h O,|0(J-7(
4= 2.4 clo” " =Cou |

Cr) () - 10
- ¢ 56y 10 o ’
- po= §.13 (pOH= logloiOHJ)

ORIVHESES
< ’_'/Li/
\L/ =S .56~10"" PH _ 00~ 613 CpH~poH=l%0)
0.100 ~+ | |
?\%/%7 /

X £L 000 SD
O.o0 ~¥ = 94190
N\

7
L - §.56 w0
OfIUD
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For comparison:

0.100 M sodium acetate, pH = 8.87
0.100 M ammonia, pH=11.13

0.100 M NaOH (strong base), pH = 13.00

The acetate ion is basic, but it's a very weak base!
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O,\()ON\ I\/m[,|,‘:fnl)\ PH
/\/o\,C| ﬁ N“*"'C"ﬂ

Find out whether this salt is acid, basic, or neutral. Look at what the IONS do in water.

/\/ T < Has no protons it can donate, so not a B-L acid. Has a posifive charge, which
means it's unlikely to accept a proton. Neutral ... no effect on pH.

C1™ % Hosno profons fo donate, but might accept one due to the negative charge.

(- «Hoo = 0O~ on”

 hydeochlorivacid CSTRivE )

... 50 Cl- can't accept a proton. Not a base.

Neither the sodium ion nor the chloride ion will affect the pH of the solution, so what
DOES set the pH?

Since this is an agqueous solution, the water equilibrium itself sets the pH, and at
room temperature, that would be pH = 7.00




“" POLYPROTIC ACIDS

M pH of OJdOom Ha POy

... what's special about phosphoric acid? —
~ + i~ o
O H 2 POH « H0= HLPOH + HBO Phosphoric acid has THREE

acidic protons!
@ H'Lp()u“~ + H‘LO : H POU‘Q’— + H30+

3 - +
@ HPoLY + Hypo = FOq7 7+ H30

The first dissocation is dominant here, and for

i\/o\ 1 - 7 5 % 10'3 simple calculations of phosphoric acid in water,
we will simply use the first ionization and ignore

KO\L = 6.2~ 16”3 the other two.

|~(0\ 3 2= 42 + \o_‘% Remember: This is a weak acid. It exists in water mostly
as undissociated phosphoric acid molecules.

—
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Solve the equilibrium of phosphoric acid's FIRST proton:

PO~ +H3 » W = ). S%lo

K.z Chigot) L Pl 7,SWD -

Lz Poy )
\ N [LEgu bo /1um 1 Let "x' equal the change in
S('-?U-es ETMJr «| } 1 hydronium ion
concenfration
W07 O +X X
\/\")_‘POH/ O +7( $
Ha Poy 0.\0 —% [ ©O.lo~X
MDY = 9,5%0-3 | X 0.0223%61279 = LHqp )
(0.10-%) - J
NEAAR lFHHLSQ
J/ So 6.A0 -X LU \L
k -3




' Find the pH of an agueous 0.150 M solution of ammonium nitrate (FW=80.052 g/mol).

This is a salt, so we'll need to see if its IONS are acidic, basic, or neutral: /\/HL, It/()5

MHYT L WHy R0 = (VA 50 v

N (/\MW\U"\ \/\)EAJ‘( bMSC
\ﬂ |C/\ Sr‘/‘b){ o H’LO

_ = K ol~x o -
Moo~ NO37+HAD S [Hnog~ o S _
3 < "~ v, &t ecvd , STRoNG ol
/ : / |

Since the ammonim ion can donate a proton and give a stable product while the nitrate
ion can neither donate nor receive a proton, the equilibrium we need 1o solve is the
ammonium ion equilibrium. We will need the equilibrium expression and a value for

KOI < z ENH3]EH3M] 7 Kb,NHsi LY~ /v ™
\\0‘/,\/””]1 - tNH ’t] - - Kakb—/l—(w /lL/
! <e (mma‘s): |,OX 10
= 556%™

(A A0 et B
3 = 5,96x/0 0 <-- Solve this equilibrium
ﬁ N H v' J expression
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J\/HﬂT*Hlo? /\/Hg‘\' a—\3o’\“/. CT\/H}]CH:‘M‘J

= 5.96+x/10""°
CNVAyT]
Set up an equilibrium chart and solve:
' L E, i
Spﬂ(lf\g iI/\u{-.o,ll JAN £ gelih /o "73 et ¥ squal the
" .
H 40" O L A hydronium fon
A Hz ) +X A concentration
Nyt 0.150 ~%| O.I60~x
-5
() O B AP w2 91510 T‘ZHB;O‘“l
o5t oH="5.94 | on=toy, Ly
5. 3 . —
* -~ S.56 »/0 0
O ,\§o -

<& 0Gp
j/ O .160 =% = 0-150

rE
O 150

o

S.S¢ % (D
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THE COMMON-ION EFFECT

- is the effect on the ionization of a compound caused by the presence of an ion
involved in the equilibrium

- is essentially Le Chateleir's Principle applied to equilibria involving ions

e%:. NHa Lag )+ KO () = I OH—C%) J Kbil‘%“[)'g

From previous calculations, we know that an 0.10 M solution of ammonia
hasapHof 11.13.

What would happen to the pH if we dissolved ammonium chloride
into the solution?

N Ho L sy —= 0L g

What would happen to the pH? Let's find out!



146

Calculate the pH of a solution which contans 0.10 M ammonia AND 0.10 M ammonium

chloride. - L NHyt1CoH—1 - S
— MH — nd 4 —
NL%*H’LO( N |q TOH y Kb CIHg <)%y /D
Speu:eg [In,J—.d 3 A [Q‘qt/\“ﬂ/lum]
Let "x" equal the change in
O \r‘\ — O +7\ \/\. hydroxide ion concenfration.
A/)‘"a 0;'0 ~X O,\O’X
PPt POH =14.06
(0.00+v)(Y) -5 v
(o0.10-%) pH tHy =100
\L(_LO JlDISO

0,l0-% = ©.|0
0,)0 t} > 212

0.10




