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Acid-Base Equilibrium IV Date:

?VA |H& |9L( Block:
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Complete the following statements:

1. As a solution becomes more acidic...

\t\"\ . [H30r decreases?

\) .
B\\ﬁ  pHincreases or (ecreases?)

e [OH-] increases of"decreases?

e pOIfincreasey)or decreases?

<9
2. Ifthe pH of a solution equals 5.00, the [OH-] equals l‘ 0 X ' 0 M.

pOH = Q.00
E 0

3. Ifthe pOH of a solution decreases by 5, then the [H30+] has dﬂ«c f‘ULSlO\ (increased or
decreased) by a factor of \ 0 5

/ | Calculations Involving K. and K |

N (10‘\‘ Recall...

ROAD Acid = HA and Base=B Chemicel
& /\/ / €quaton
\005[{,3 ®A+Ij,z6‘——,H30++A- B+@6’—HB++OH-
[A"][H,07] _[HB][OH]
=3 K, =t— 1
‘' [HA] ' Bl >k,

e,xf rssyon

Write the ch€mical equat n anthat represents the reaction of HNO; in water.
+
H‘\mz ey ¥ HO @y == Nol (e4) H30 (a9)

[ N0z ) £H5Of]
[HNO;])
Write the that represents the reaction of NH; in water.
S t -
MH3 (.aqs % \—\ZO (.»Q.) < NH\‘ + OH Ca-”u)

CNAHGEY CoR-)
C,> ey

Ko. *




CALCULATIONS FOR WEAK ACIDS

Problem Type 1: Calculating pH V\)(O‘¥ ke A

" T (Ha 0%
Example: Calculate thnf 0.50 M solution of hydrofluoric acid. (WA 3 [ 3

e [s HF a strong or weak acid?

WeaX

e Whatis the chemical equation? (What kind of arrow will you use?)
< _A - 4 O t
Hi (o) * Rl gy < F (o4) H3 (a1)

e Whatis the K; value (from the table!) and expression?

£~ (o0t
Ko s At i - 355 107"

CHF)

e Since this is a weak acid, equilibrium is established. ICE TABLE!!

/7
HF (aq) + HeO g = F (aq) + H30* (aq)
Initial
mial ] 0.50M / O M OM
Change - X > i x + X
Equilibrium 050 -X ( X X

We don’t include the concentration of water because we assume the [H20] remains constant.
e Fill out values for the K(expression.

9oy be
Ko : ,;225522 . 35x(p" M/’Nghmutf

0_’70 -

assumL  0.%0 =x ¥ 0.50

e The expression in the denominator: 0.50 M - x can be assumed to be = 0.50M.
o The value of K, is very small compared to the initial concentration of the acid. This means

that the percent of the acid that actually ionizes will not significantly change the original
concentration.

o Ifinitial [HA] is at least 103 times larger than the K, value, the assumption is valid.

e Solve for unknown. 2
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Practice 1: Hydrogen sulphide is a poisonous flammable gas whose “rotten egg” smell is perceptible at
@a}ntrations as low as 0.00047 ppm. It is also a weak acid when dissolved in water. Calculate the@and

POH bf 0.0500M HsS. Hdoe o = HSw * Hz0*.,

| 0.0500M oM O

—_—
c - 4 X +5
€ 0.0500% * -
2
[Hs-) (o' SIS
Ko? & ——— "= Q\x[o? 0.0500
(_st-) ¢ = b(q,\xlO")(0,0GDOB
2
X" . qix? *Lb7xl0®M = (H0%)

0.0500-X

% 0Syume 0-0900 -x 2 0.050 PH R -|03 (b 7x l0'5> W
pOH =« M- 4.7 - }W‘

—_—

Problem Type 2: Calculating initial [HA

Example: Whaf benzoic acid is required to produce a solution with a pOH of 10.70?

e Using given pOH, calculate the [H30+] equilibnom  Concentratian
— in  ICE taold !
< -10.70 _ -2,39 -
P 'LB‘ 3'27 [Hgd® 3= 10 5,0 10™'M

e Construct an ICE table.

) t
O HoCO0H g + HEOwy &=  CuHsCOO0 oy + H30%wyy

(o) (o)
l x
) -y +)5.0 (0"
RO GBox1o @
- -
- Oxp™ 5.0xlo
E x-50xl0 5
e Whatis the K, for benzoic acid? L\
= (5107 (50107) x=l.3x(07°
K& - bt 0 x.6‘0x\b'q
e Solve for the unknown. )z

(x-5.0%0").5x lo"* =( SAZACIN ) (x/-gfmf%)
N x - S=ox 10~




A * *
\h &§ (AR Problem Type 3: Calculating K, (s /] ?Quil\'\o/\‘d"'\

Example: A 0.100 M solution of acetylsalicylic acid, CsH70,COOH, is found to have a pH of 2.27. Calculate
thor this acid.
Using given pH, calculate the [H30+] at equilibrium

[Hyo* )= |02 L 54x([0°M
S THz0*) o cquibibrvn

e Construct an ICE table.

CSHwozCOQH(M) £ 0(,) ?2 CgH'lOZCOO(;ﬂ . HSOE.,)
> O
| 0.lo0M O
¢ (5 u oM (5Yx (07> @p4x oM
54&\0'3,,(
- 0. 074LM 5.4 X0

e What is the K, expression? Solve for K..

( (CgH,0,C00 Y [H;0"] (5.4x(>°)°
6" [CeMs0.CooR] - 0-094C

— -

Poblen Type 1 ( LH50") /pH)
74,275,714

:—’_\—
H n rk k: Pg. 152 #74- 2
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CALCULATIONS FOR WEAK BASES

As with acids, most bases are weak. Using the symbol “B” for a weak base, we can represent the equilibria
of weak bases in water:
[H®* ILOH" ]

B(aq[)%&o n= HB* (g +@aq) — [ B -3

We must calculate the Ky for that base by using the K, value of its conjugate acid

Consider the conjugate acid/base pair of NH4* and NH3 and their respective Ka and Kb expressions:

NHe+ (6cd) NH;, (base)

Reaction: NHq"+ H0 S NH, H;O.f Reaction: NH3 * H,0 2 NH\\ir t OH~

_ [NH3)CHg07) o (Nd 3 Tor-)
CNHG) (NH3)

Two common terms appear in each equation.
e  Multiply the two expressions together and cancel the common terms...

(ngdingod - [t 3o (K507 I(0R- )
[N84) L‘&QJ C K !

N

KaXKb=

This allows us to formulate the following relationship for conjugate acid-base pairs:

K. (conjugate acid) x K, (conjugate base) = Ky, = 1.0 x 10-14

For the following weak bases, write out the equation with water and calculate the Kj.

CN- + WO é HCN «  ORC

-0

Koz y.qx 10
Ew . l_ox(o'N = Q.OXIO's 7
Ko ® 4.9 »lo"*° L '

NOr + H,0 2 HNO, + OW~
N e = 4 b x10™

kw |.oxlo™™ "ﬂ
s s . s x\
y Lo U.bxlo™™ l_:z’_a_o\




> Whicdkever s greaker ©
The following species are amphiprotic. Compare K, and Kp. et i¥ wil ot as

HC,04 (&C:AS HC.0y (basw)
. M, C,0q ((onjugate acd)
s 4xl0”’ e-2tA I3
Ku bA Kg':;-qx‘O.z

> Kb=%= |.7xl0"'3

HCLOH. W\“ ad'

kY an acid
H. P04 (b“n>
H2PO4 (acuﬂ VI Hg?oq (Co!\]usauado\)
X -8 . l.Q"‘D-M
Ko = L A* 10 K, Seri

> z |‘3¥|0~‘2

Wil act @ &y acd

HPO.  (0cid) V3 HPO4®  (bas)
H.Poy” (Cw\juﬁaf« acd)

Ko : Q,Q\XIO"s Kb= LLOxIO-"™
6.2xl0"?

¢ |.bx/0"7

(
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Problem Type 1: Calculating pOH

Practice: Calculate the pH and pOH of a 0.50 M solution of HSO3-. O"MF“;TN e (

H303- + 2 ~
| 0.50M OM oM
Cc - 4+ tx
> &
E 0.50-Xx X
) X % £050
- clo? = ——  k0sSume 0,90 -X
Koz 1.OxIO 0.50 - % FH - - oa (2.2x(07Y)
X = S(OQO)((.OA(O"') -/3(05
. 2.2 (o= [H30"] poH = TH-3.L5

[10.35
Practice: Calculate th¢ pHjof a solution containing 0.20 M CN-. -_

o weak bass

- S « -
CN * s (=) S Kq’l_‘:.%‘l\:&?\ on e
oM
| 0. AdM oM
+X +X
C -
x
E 0.A0 -X X
2
l.ox(>™™ .S = et ~
b’ m - A0xlo 0.20 =X k0dwme 0.20-x S0.2°

< : 3 (0.295(2.0x 15-%)
: Q.0 x[0°2 = CoH~)
FDH : - IOS(Q.QX(O'3)
= A7

ILH - 130 |




bas ¢
Problem Type 2: Calculating initial [B] {—) c

Practice: thould be required to produce a solution with pH =10.50?

NH, 0 & NHT . 0RT
| X oM oM
C - 3 .0 +3,2x 01 +3 2xlo™
c o x-3.2x107 3.2¢10 7" 3.2x(0""
‘. . (3.25007%)" ko loxio
PO - - 1055 YT Rl TR S
= 390 ., (3.2:10°%)° | &xio’
CoR=) = o7t x-3 2 0 _
: 2 QAxlo "M < [ 6.0%0"2M

J[NH3)

Problem Type 3: Calculating K
Practice: A solution is prepared by dissolving 9.90 g of the weak base hydroxylamine, NH,OH !ough

water to produce 500.0 mL of solution. The pH of the solution is found to be 9.904. Calculate th§ or
hydroxylamine.

Inited 1905 120 0 koo M

- ———

[ NHz0% ) " p5osol 35.0 ¢

NHzoHr * Heo = NHzoH™ + OH-

M OM

L 0.b00M ©

C - R,02¢107 «§02¢/0°° *8.02s/0°°
C o 0.b0oM 3,02:107  8,02x(07

'
(§.02%(0°%)

—

Vqu&o% v =5 ooo |
_ 1 096 — _— ¢ |

POH -L;.O\D_L\,ML = /'07&10 €
(oH~J °

H 8\ bl! \Q.S



Practice: A Oi 00 M solution of the weak base methylamine, CH;NHy, is found to have a pH of 13.30.

Calculate th¢ Ky and pi; of methylamine.
Pb\,\ = 0.70 Corn-) =107°77 = O.2d3M
« -
CHSMHZ&i) = ZD (R) ? C/HSNHg (ag) = OH C=9y)
(o]
( 0.4o0M oM M
C -0TM *0.20M t0.20M
E 02M 0.2oM 0.2oM

(Y}

o) ¢
sz —(00—20—— ’O‘&Bi

H n rkbook: Pg. 153-4 #84-



