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18 « Acids, Bases, & Buffers

STATION 1: INITIAL pH

A . . , “STADMD (CE BO¥ PRORLEM *
— In this Review, we will walk ourselves through the calculations needed to sketch the

Titration Curve for a weak acid titrated with a strong base.

Acetic acid, is often abbreviated as HAc.. K, acetic acid = 1.8x10~
SHOW YOUR WORK FOR EACH STEP.

G 7 4
Vélume of Buse Added (mL)

-Y.H*] [)ﬂ”jzl.ﬁwo' =

What is the pH of a 0.15 M solution of HAc?

HAc =  ~ Ac” (A
SR = £ x = X g woS
_’X, Y (.IS)
e E%) s e j X =)= Jis) (1.8 «57S)
Assume x << 13 ’vm
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Plot this point on your Titration Curve (Station 9). ( bigke %
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STATION 2: VM = VM
The acid is titrated with a 0.10 M solution of KOH.
Calculate the volume of base needed to neutralize a 10. mL sample of the 0.15 M HAc.

V-M = V- M
(ot (15 #) =« C-top)

10 X Clon)
(= 15, mL Epd

i Shed~
Note that this is the volume of base at the equivalence point on your titration curve. Ulio P (ot Po.y

————————n
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STATION 3: EQUIVALENCE POINT CHEMICALS
a) Write the balanced net equation for the neutralization of HAc by KOH:

HAe + o™ —> H.0 + Ac—
b) What chemicals are in the flask at the endpoint (equivalence point) of this titration?
Hio ¢ Ac™  (oa-~d KE)
c) How many moles of HAc are in the 10. mL of 0.15 M HAc that you used for the titration?

) =3 .
(0.0lo L) (0.1SM UA) 2 0. 6015 musl HA< ;‘ ZN%‘:T,'E e )
W
d) How many moles of Ac are in the flask at the equivalence point? e
M el Ae™ = mele HAC imitiany :_l0.00 IS met Ac

€) What is the total volume of solution (in Liters) at the equivalence point?

2%t Q.00 L (lO.;MLAub-f 15 ml 5:.,;,_)
f) What is the concentration of Ac at the equivalence point? [Ac’| =

O.001lS mee Az~ _ O. 0O A P~
oc.ozstL e
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STATION 4: pH AT EQUIVALENCE POINT

Calculate the pH of a solution with the [Ac¢] from Station 3. K, of HAc = 1.8 x 107 ™ STAD MDD  1ICE i
Lox PwRLEM

Ac + Hio = HAc ~OH" (e~ Wi Lo e gzsph “O_co
obo \\ /R o™ [ > O { b iZa .3ve0 "=
I § " _ AL, o 55 i
Vi v | =405
g = A . A3
= lQouofncB ) ¥ x = x%
N=1"22)

ASSume ¢ P ,Ole © - o
sl S5 w0
', (060~ ¥) = (02 w=[ou1= (.00) (5

= = "1 \/‘O"p
PO"‘ = ,/@00 @Hf_] = €. 25886

i = i - poH

= l_ 8.'7@&

couvaence podT Puwties o (15~l, 8.7¢ )

Plot the pH at the equivalence point on your titration curve using the info from Stations 2 and 4.
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STATION 5: HALF-WAY TO EQUIVALENCE POINT

a) What volume of base is half-way to the equivalence point? 7.5 mL
b) What do you know about the pH half-way to the equivalence point? pH = QKA

-, = '7
) What is the pH half-way to the equivalence point? 4'7 yi ’,(0 9 ( -2 ¥to 9 9 1

d) Plot this third point on your titration curve (Station 9).
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STATION 6: BEFORE HALF-WAY
When 6.5 mL of KOH has been added to the solution:

a) How many moles of HAc are in 10. mL of 0.15 M HA¢? (o.o10 L) ("55)2 oo ¥ &Y vw*”—j
- & = M
b)  How many moles of OH- are in 6.5 mL of 0.10 M KOH?( 0.0 0bs L D 408) = .000CS

¢) What is the total volume (in Liters)? ll.Swml= .OlLSL

d) Fill in this NEUTRALLIZATION chart using Molarities

HAc + OH = H,O(1) + AcC
Coese T090q 8| SR - paqun N\ © T e P
— . 0394 —.034Y TS + 0394
S S L 2 TS .039 ¢ H
e) Fill in this EQUILIBRIUM chart:
HAc B H,O(1) S H;0" + Ac
DSIS ™ \ e &) .03G9Y M
— >< +— 4N
(0S1S ~ % P ki x 0394 + -
Assums w<c (03¢ . (0SiIS-W) X (osIS) ¢ (029t +¥)x(0224¢)

f) Write the equilibrium expression for HAc.
Substitute the equilibrium values into the expression and compute the [H;0"] concentration and pH.

Ko LH0*ICACY 8,075 = () (.0294)
[l ) PH (4]

(== (—,—’E'Z-%%.‘SDS—‘SJ;Q.SSWO—S -
03 Ha
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STATION 7: AFTER HALF-WAY
When 8.5 mL of KOH has been added to the solution:

a) How many moles of HAc are in 10. mL of 0.15 M HAC? ,001S met A
b) How many moles of OH- are in 8.5 mL of 0.10 M KOH? (.o 03SL) (.lo M) z .0o08S el 04~

¢)  Whatis the total volume (in Liters)? L8.S wl = .0185L

d) Fill in this NEUTRALIZATION chart using Molarities

HAc + OH’ > H>O(1) + Ac
WOLS et | (000 B85 mel _ ”
il'bSL ’.09”_’1—_5‘55—5*1"" r,DQSQg_\ / o

- .0Y4s9 —.04S9q S( +.045q
JOUS T 2] 2 S eusa

e)  Fill in this EQUILIBRIUM chart:
HAc + H,O(l) 5 H;0* + AC

DI B ol O 0459
= =< ~ =

0BS5S —% / * ST ¥ |

Assume ¥ <4c¢ 03;.,3 a (OSSZ %) 2~ (o3st) k(o%sq *\(—)’X- (OQS‘?_)
f) Write the equilibrium expression for HAc.
Substitute the equilibrium values into the expression and compute the [H:O"] (,oncentrdtlorband pH.

Koz (ot JAC g 65, (¥)(ousa) 2[Hoot) = (Loxes ) (.cds2)
~ CUAD (0352) ¥

= 1.278smsS  PpH=|4.80
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STATION 8: AFTER THE EQUIVALENCE POINT
When 20. mL of KOH have been added to the solution:

a) How many moles of HAc are in 10. mL of 0.15 M HAC? .00 [S m L

b)  How many moles of OH" are in 20. mL of 0.10 M KOH? .(020 hwf

) How many moles of excess OH are in solution? , 9020 = .00(S = .000S0O el 04/~
d) What is the total volume (in Liters)? %20 ,0wL = .03%0 L.

e) What is the concentration of OH-, the pOH, and the pH of the solution?

LQHj = M: )67 w0~ %M POH* 118 p"f/“(' f’OH {‘2 21:)

oM L
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STATION 9: SKETCH THE TITRATION CURVE
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mL of base added
FYI: Formulas from the AP Exam:
EQUILIBRIUM
. _[H']]A7]
I\u == IHAI
. |OH™|[HB]
Ko ="1m
K, =[OH J[HY] =10 x 107 @ 25°C
& I{",‘ X Kb
pH = —log [HT]. pOH = ~ log [OH™]
14 = pH + pOH
¥ o i 2 o [A7]
pH = pK, + log [HA|
B
pOH = pKjp + log {}:gl 1
pK, = —log K, pK, = —log K,

K, = K.(RT)™,

where An = mwles product gas — moles reactant gas




