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O.1loo M\ NHHC\ . Find the pH of the solution

/\/HL! Cl — A/Hﬁﬂ‘ +( [T Isthe salt acidic, basic, or neutral?

A/H;f'- Myt Hy O = [VHy ~Aqo ©

Is this molecule stable in water? YES ...
Ammonia is a weak base (meaning it
exists mostly as molecules when dissolved
in water!

—_—

7L (] +Hho ?MOH“
HCl is a STRONG ACID ... in other words, it

ionizes completely in water. Therefore, Cl- is
not going to be a proton acceotor. It's NEUTRAL.

S0, we will need 1o solve this equilibrium:

UH, T4 1,0 S Mgt g0
¢ [NHS]EHgoﬂ
CNHq+]




MH T H, 0 = MAgS 20"

K, =

We will need to find the Ka of ammonium ion
by looking at the Kb of its conjugate base
... ammonia.

CNH(/l+]

Once we've calculated Ka ... this problem

(o A-14)

S L{m & )’\/lo = 1.0« 0™ tor
CW\JUE?&\PQ pp,?’f‘\fj

{ ~ -3
|\b!w& S SIv

is solvable the same way you solve any .
weak acid problem. L(m | M-!t,,‘f E SS g‘ﬂ 10 o)
¢ - ‘ . ‘1\
SFQUQS Elmtmﬂ A [C'{,,wllb.ruum},x”, - S,Séxlo"m
O0.\Wwo-X
M H4 0 R % X e 0,100
H30+ O +?§ X LSO ALY IES S oslue
N HqJ’ 0.190 —¥ 0,00 =X L 1‘3,56\;20"0
0. (VL 6
x< 2.45% 1D
- b
So [HB()@: 245 /o
) 4 Compare:

ﬂok): Sl 3

PH = 1.00 for 0.100 M strong acid
pH = 2.17 for 0.100 M nitrous acid
pH = 7.00 for distilled water



165

O .60 N NalqyHi0y Tind pH
Nea (LU0, — Na™+ o 130,"

Check the ions formed by the salt to see if they're acidic, basic, or neutral:
N + . Not a B-L acid (no H+ to donate). Not likely to be a B-L base (H+ acceptor) either
N

’ due to its positive charge.

Crl H'5 0 2; > Has hydrogens, so could conceivably be a B-L acid. It's probably a profon
acceptor, though, due to the negative charge.

CZHSO,L” i L‘Izo ;) HC?—HSOE*" OH "~

- ACETIC ACID ... a well-known WEAK ACID.
It's stable in water, so we expect that

acetate ion should function as a BASE.

_ [ H (_LH.S OL 1 [0 H /_] Kb for acetate ion isn't listed in our

¢ H chart, but we can find Ka for acetic
1L Oq . acid (its conjugate) on page A-13

\

!.[)‘Ho_“'1

- S 6o ke - h
”&ot“l‘hlo / Dl\b/(ﬂa%j ) xl0™

=~ S, gEx107"

-



_ [HC W0, 1Cou" ] .
bJ(—'LHL\,O'\:_ E E'-Ltil(lt;lo _:_.] :S‘&g‘iio ‘
P>
5‘;ecff’s [ Ity ] A CEQJ. I\ Lr,‘w,,]
HCaHs 0n O = X
OH~ O +X X
(1%0{ 0./]00 —X 0,100}
T ~ 1D pe 7 f Fét OH#
£ =S5, %%x (0 LR AN L 1
O.100 We need pH, but we've calculated

Y 2.4 0.\06
j/so 0o -% 7 0,100

\{’L

— = :S/%%X IDF
g, lov

| @

HYDROXIDE concentration. Remember to
convert it at the end!

?OH o —|03 o (7;675(0"6)

PoH: <. 1L
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Convert to pH

POH - S, |l
Sinte pHtpoH >1H.00
Compare:
_ g g pH = 7.00 for pure distilled water
i? H “ %r pH = 11.13 for 0.100 M ammonia
pH = 13.00 for 0.100 M NaOH (strong base)
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O,\()ON\ I\/m[,|,‘:fnl)\ PH
/\/o\,C| ﬁ Na\*"'("ﬂ

Check the ions formed by the salf to see if they're acidic or basic...

A/' 1 + Not a B-L acid since it has no protons (H+) to donate. Not likely to be B-L
& * base either - due to its positive charge.

C \ ~ + Not aB-L acid (no H+), put it MIGHT be able to accept protons.
i Ny

C\" e o= ’f\f oH -~

This is hydrochloric acid ... a well-known
STRONG ACID. It completely ionizes in water,
which means that the chloride ion is not able
to hang on to an accepted proton very well.
In other words, chloride ion doesn't function as
a base ... and should be neutral.

Since neither ion affects pH, the pH will be set by the water equilibrium alone, and
this solution will have a pH of 7.00 - same as the pH of distilled water.




“” POLYPROTIC ACIDS

Fiad pH of OJdom Ha POy

... what's special about phosphoric acid? —
~ + i~ o
©) H 2 POH « H0= }.}lpOH + |_,(30 Phosphoric acid has THREE

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

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

3 The first dissocation is dominant here, and for
i\/o\ 1 =~ 6.9% 107 simple calculations of phosphoric acid in water,
% we will simply use the first ionization and ignore
Na, = 6,1~ 10" the other two.
K(,\ 3, = H,¥+10 'S Remember: Thisis a weak acid. It exists in water mostly
as undissociated phosphoric acid molecules.

—



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

H:;)POH + H 0= H-LP(JH“ +H30+ ) J\/ml'; c.9% ’O_—2
A Pt )
K(A:’:CHIWHIE 30° ¢ gy 3

LusPo, |
Speves, | [Tabel) | O [L€quitibrivm)
3 POy O.lo  |=¥ | ono-¥
W POy O X ¥
Wao¥ O + X ¥
}&’L _2 This fime, we'll solve the quadratic equation. We're not quite
= 6910 as confident that 'x'<<0.10 as we were in previous examples.
O A0 —¥ (The equilibrium constant is a good bit larger herel)
4L = 0,0006%-0,006%x gz —0,0069%0.0$2986%55L
{L*O‘Obgq* —~0.00069 -0 | 'L
_ 00069 Discard the negative roof. X' can't be
o\ b20.00 b$ ¢ = - 0. less than zero (it's equal o two of the

o1 - 9 concentrations!) .
- ~0-p0b% T I\JTO-OUB‘?)H-V\U\L-"U.UOD 9 L= 0.0L20 = E\ftbﬁ j

*...-
(1) YOH:\,M




"' Find the pH of a solution prepared by dissolving 3.00 g of ammonium nitrate solid into enough
water to make 250. mL of solution.

FInd out the nature of the salt: Acidic? Basic? Neutfral?

NH{, N03 % /YHLJ'(' -+ MJED/
f N e _ Nitric acid is a STRONG ACID,
No, "+ NOyx M0 < \ A NOZ\% OH "~ so NITRATE ION should be

q

neutrall
t Ammoniais a WEAK BASE, so
% . =\ MH :
MHy™ - NH% + M0 \N \Jr Hy.0 AMMONIUM ION should be
acidic.

NHLF_T H'LO?NH:;{‘H Al K, Mh,,

4 = ENHZ,'LEH'LO] iy iy - ann =5 (o B A-14)
EUHW*:] < ) Vogw T

’ Lr,,\) my® gy 108
To seft this problem up, we'll need to calculate the — S S0t 10 ~10
INITIAL concentrations of each species - then we can make e

}\“ NHDI

our usual equilibrium chart... — vy 140
LS D log/ ‘ WA NVA : )
3005 NHMNOB tn O L < %I!f\q & H;L\H.oai
H .
3004 Ay MU ¢ ool M4 /O3 - 0.0%2949¢040C myy | O 3 1b.00
$0.0$ L, VHy VO My Moy | 60051 4 /imo)

EMHUJ M()B]!\um|ﬂbl = 0,0%7H7S690fmﬂ = o,lMc?quS{B/n
0.29vl



" NH Tt 0= WAz« B507

Mg 103 Y qoningy = O TG 025433 M
Ky gt = LU 0 [EMH OV e

Curyt)
S(JQU"@S CTatial ] A CG,,[ mlqurfo-m]
A/Hq+ 0.149g90 —X 0.1499p —x
VHa O X %
Ha0F O + K X
Solue ¢ X = Al 3‘6|D | B'\gf)ﬂ
1 -
N 26.SEx0 P [FH S. O"\‘
0,4 990 ~% %0
L WLL O, |49 This pH seems reasonable for
. an acidic salt of this
A ~$.S6 g /v —1d concentration.
v 990
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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

ex. NHz Lag )+ Hoo(p) = « OW Cog) 5 K= %007

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!
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g

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

chloride.

MHq (g} ¥ 120 (1) =

/VH[,J fm;l'] t 0H" (ﬂ"l,.)) kb: |,CE\CJU’9

SPQC“’& {Im“q]\S D Zgb,wlxla.flwh]
/\/HB 010 —X O/0 -} k - [ NHJEEOH'J
b ~
A0+
A/ He, ¥ 0.lp |+X | OJoEX Ly 3
OH~ O +X A
. S 2 -
(0.104-)(\)(?‘] e - \.8x10 Cou ]
= 1.4 /0 ol < ~14 (1,§x105) = 4.7
(D'[O _\ﬁ) ? ) LU
Assume %.400.00 |01 V.14
OJ'O"\f- ~ 0,10
O.10 F¢ 0410 The common-ion effect suppresses the
N5 ionization of the amonia to an extent, lowering
the pH relative to the original ammonia solution.
.10 & = {,Cé\flohs

YL




7 BUFFERS
- resist pH change caused by either the addition of strong acid/base OR by dilution

Made in one of two ways:

HC'LH3OL NO\("Z-H%O’L
@I\/Iake a mixture of a weak acid and its conjugate base (as the SALT)
MH,C\

NVH
@ Make a mixture of a weak base and its conjugate acid (as the SALT)

For a weak acid, you would:
MA+ H, 0 — Rg0™x AT

- Add HA (weak acid)
- Add a salt containing A (example: NaA)

- This solution actually contains an acid and a base at equilibrium, with a
significant concentration of BOTH.

- The acid in the buffer can neutralize bases, while the base can neutralize acids.



