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O.loo W\ N Hy C) ++ Find the pH of the solution
N |/|z,l (] /V&(M"‘i 4 (|7 <-isthesalt acidic, basic, or neutral?

)VHB\“\‘ Ry O ©

—\__Is this molecule stable in water? YES.
Ammonia is a common weak base that
can exist in water,

- > -
Cl“'— C\{—H')_O’\“"_'\H(JEOH
This is hydrochloric acid ... a STRONG ACID.
HCI completely ionizes in water, meaning
that HCl is NOT stable in water. Therefore,
Cl-is NEUTRALL.

So, we solve the equilibrium of the AMMONIUM ION%
/\/HLl'Jr < L"LO\_—\ NHB D M%O
_ Cwrdd(hot] >

Ny Hidyt C MHt D

On pages A-13, there's no Ka for ammonium ion ... but there IS a Kb on A-14 for ammonia:
- - S ¢ Vs - -~ ([7'
Kbmn} - 1B / “wrrft,“rv |(b,/uf4 > - lox /o

P - 14
(N, piit) (1S 1o S)x 1ol "
|\/0|!WL,+T~ S.56 110

/VHr,j’6 . /VHL,T tHy 0 =—
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NHST < H 0= VF3 £, 0T

AT I

Now solve this equilibrium just like you would for any weak acid ...
SPQC;es CT"““}'I l A E(':L’v; LL-NIUM)
MHx O + ¥ )
Hao * O + % K
MHyt 0.106 —% 0,100 =%
SHIRY 25,560 ve 2.415 ¢ 10 GZ [Hgo{j
0.,10b7%
\(L ~1p /FH“ST gl
. S rS 6 x 70 |
Or‘OO‘\{'
N L OO Compare:
PH - 1.00 for 0.10 M strong acid
\[fL -0 pH =2.17 for 0.10 M nitrous acid (weak acid)
S 5.6Cx/0 pH = 7.00 for distiled water,

SRR L
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O .00 N NalyAgDz Find pH
Nea (LU0, — Na™+ (o 130,"

Check the ions formed by the salt to see if they're acidic, basic, or neutral:
/\/ < . Not a B-L acid (no H+ to donate), and it's unlikely to be a B-L base due to the
7 positive charge. This one is neutral.

( H ¥, “«  Has H atoms, so could conceivably be B-L acid, but is more likely a
17371 B-L base due to the neggative charge. |et's check:

Cg_Hgolﬁ t Hq0 \T} H (ZHSO'2,+ O™

"Q This is ACETIC ACID ... a WEAK ACID. Since it's
weak, it's stable in water and this reaction

is possible.

_ [ H ('L v 2 D'L :1 [ O ¥ "1 ~ Kb for acetate ion isn't listed in our
ga] ‘(b - - chart on page A-14, but on the

>

[C Ho O™ previous page we can
23T 1 find the Ka for acetic acid.
S ) Sy L
l\(M}HC'LH'}U'L:L’7¥[O ‘ S|/\i€ L/u\“kk_,, ._\,OYJU ruf
(Uﬂ‘)Ugb\*_f&_,__

- S %% ¥ 0"

l( _ 1.0\(]{)’14
\]9)(1\/17 T 1210t S




158

EHCLWQO'L] Lor-3

Ko = CCoHro

=G %¢x 107

Solve for the HYDROXIDE ION concentration , then convert to hydronium to get the

answer to this problem.

Seecies| [Tmtial D [LCquhibrivm )
ML MO0 O + X X
OH"™ @, + X X
Ch H"_‘,O'LF O.o0 — Y O,100 =%
- - < 6 = LOH”
R - C Gqyln" X = 7.67%1D J
O \JL X We need pH, but we have HYDROXIDE
}(LC 00D concenftration .. doanorgeTTo convert!
LSO)U,too—\t’}\O;ldO (JOH —v‘f)gu(767x/0
T i ?OH - S "L
Y os.gg x0T L
onvoe ’JH‘Y (’OH‘|{zUO,5D
T - x/p " ~ [ 4 \f
SRR FH [H4.00 -5, 12 %%é
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For comparison:

0.100 M sodium acetate, pH = 8.88
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\ }\/m[,|,‘:fnl)\ PH
/\/o\,C| ﬁ Na\*"'("ﬂ

Check the ions formed by the salt to see if they're acidic, basic, or neutral:

/\/ < - Not a B-L acid (no H+ to donate), and it's unlikely to be a B-L base due fo the
7 positive charge. This one is neutral.

C \ - g Not a B-L acid (no H+ to donate), but does have a negative charge and might
aftract H+. Is it a base?

() 4H, 0 = HC)M O~

This is hydrochloric acid ... a STRONG ACID.
Since HCl is not stable in water (it's
completely ionized), the chloride ion

can't be called a base. [t doesn't accept
the proton, so it's neutral.

Since neither ion in sodium chloride affects pH, the pH is set by the water
equilibrium alone, and the solution has a pH of 7.00 ... same as distilled water,




" POLYPROTIC ACIDS

Fiad pH of OJdOom 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° L0y 3

LusPo, |
Speves, | [Tabiel} | 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%y 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 (FW=80.052 g/mol) solid
info enough water to make 250. mL of solution.

NH\,] NO'?)*"’} /\/H[q'j‘ £ /le"

Ammonia is a weak base, stable

NHL]T : NH[’I'{ + H, 0 = NHS\* H'SUT in water. Ammonium is an ACID

v
JE - - O~ Nitric acid is a STRONG ACID,
NO \ NO 2 tH20 = \% T O so nitrate ion should be neutral.

NHL]" + Hq0 =4 NH:SJC H’5O+ Km’ NHLI#
(e = CVA JCHR07] Ky, iy °

oS (pP7Y)

o MY
/ Yy
ENI’IL{‘IJ f | -
S[? )( ~ L,Ox1V
) ' [, %y /oS
To set up the equilibrium here, we need to -
P y = S.SE6x!I0

know the initial CONCENTRATIONS ... in .
MOLARITY units. B,DO 4 A Hu, }/03 tn O.LS JL

o) My Moo - 0,037 S{HV & me] NH, Wiy
%0 oL Mynoy

e H, Vb
(v y0,) . = 0.03740s¢Hoe e MG TES L egotseln m
L’ .é hUW\jno.| O-ISOL.. -

1,00& NHL,J IVO& X
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NALE + Had = MHy® Ha0®

- \LMHy JCHp 07| _
K Sy N 3 ~ (o
0 Wy CNHT] o S Se
SP@CI?S EIV‘I&I‘AI ] D E?ﬁUl,f[Df“/m_]
VR O +Y Y.
Ha0 * O +X X
NHy? 0,149901561) —(| 0,149901563) ~~
Solve):(?*rx: S gé\LlD_io XL: %’.sg\doflle
= “G t
0 149901563 ~ % | xE 9134 1077 = CH.0%]
NLL ©,150 50 0.\50~% AU.NMo |
: . [pr=s.09
X :S,QG\UD_
O, 148901563
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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 )+ Roo(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!



166

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

chloride.

NHy« Hy O = N"lu!*‘fOHJj’ Kb ® L &+107>

' - Caunhlr
Species| [Tmbin 3| 6 [L0tbrnnd oy iy
NHy T 010 + D10+ ]
O+t~ O +X A
2R 0.1% —F 0.10 ~ K
CO;\U"L‘\&}(‘O G e \{11,%@([}"5 ':{20}1:7

1.8 % \D
L0-to-%7 pon= H.Ou
" X £< o,10
f;,'s“guﬁ:,% 0,10 PH'- 7.10L6

\\ Vg

M: | &0~ S

O.19

X

T Lg

The common-ion effect suppresses the
ionization of ammonia, lowering the
PH compared to the ammonia
solufion'spH of 11.13 ...



" 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)
MH4C\

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

For a weak acid, you would:
MA+ H, 0 =— R0« 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.



