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PRACTICE

1. For each of the solutions below, first identify if it is a buffer or not and, if it is a buffer, identify
the acid and base component of the buffer system. Heo HEAD, = P . cio,”

—

a) equal volumes of equimolar solutions of HCIO; and KCIO; are mixed.

Buffer: NO  weakhud ¢ 0 ew¥ (Baas
Ifyes, acid is H LDL and base is C[OZ. }

2 P ' v b
b) 100 mL of 0.2 M NH; and 125 mL of 0.1 M NH,Cl are mixed. MRz = NH,CL =5 Py 4

]\)H»{ LKRG) B’ MHQ M
freid <

ey

Buffer: {ES ]
Her

A
If yes, acid is m H tf and base is ) \’\g

NO

¢) 50 mL of 0.1 M HCl and 25 mL of 0.2 M NaCl ave mixed, W&\ ¥ Neved @ Hly & Ned)
f,&{b ""‘f}"‘:\a\ Al 5{3&4}'0&;5 ‘

Buffer: YES @ 30 {dned..

If yes, acid is and base is

d) equal volumes of 0.2 M NaHSO4 and 0.25 M Na»S0. are mixed. ‘\%{\J{Q@ v A Mf/? ot (} wff ‘.,’;)Qé{
e ' i' T +
Buffer: Q{E§) NO . H4 %f
Waoy - &
If yes, acid is and base is QS(Q\{

€) 100 mL of 0.25 M HF and 75 mL of 0.40 M LizC20s are mixed. |, & Steorg becs

Buffer: YES

If yes, acid is and base is

f) equal volumes of 0.1 M CH3NHz and 0.2 M CH3NH;Br are mixed.

Buffer: (YES D NO

ets s o ] .%Wr
If yes, acid is A %«J‘ 2 and base is W H 7

T

Ql’?g FDHZ + Q,\‘%Mfg{%r {’j?
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QHjN Hg %’i‘f’? N H iy
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!’%%,
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2. Find the pH of each of the following buffer solutions:
a} Find the pH of a 300 mL solution created by adding 4 moles of hypochlorous acid (HCIO ) to 8

moles of sodium hypochlorite (NaClQ). B o farer TNl
s L. -
The acid is HC\O and there are r mmol e =2 G x 10 &
The base is C\O ™ and there are ___“3@__(@)1‘ mmol
. T A - -
o + BN k‘/é,,c WO S T L EID
\J\ i e ) ey ’ on ’500/-\@_,
p,QL
| Thed o Aog LW
HA = Koo Tameet PH= {ﬁiw
L 2 ST %,
= 3
= 7.9x1 b? (%) L o ,MZ
LHD = |.5x/D 8 m
b) Find the pH of a solution created by mixing 100 mL of 0.2 M lactic acid (HC3Hs03) and 2.5 g of
sodium lactate(NaCsHs03).
The acid is H Q”S Hs 0z and there are _Z¢(> _mol or- Fa= LHx it - oo 3
The base is and there are __"27L-_ mol o, G0l e ‘{i&“‘
Wog Heg & &SRO 2 HY o+ Q»'*:? Wy g )
el & g ) 45;:% H ‘Qw;-hﬁ’\d’\
o7 bh Z S% 7. 5@ N»C(v)\\:o()g) - M&%W‘SQ}\
(oo rsf). i’y\,ﬁ;& - Wa iZwe’g \ W 3% Negity
HC 7 H50 T .
(2o Mi (o) WQHNW t)(‘ T \}’ = 2Lmmel Mooty
70 e\ “J [%wo H" _"IL:';’C« L]
ptv{ 3 z%

s

it

25 mlL of 1.0 M ammonia (NHz).

The acid is MNHYF and there are _.:?i;zg_ minol I
The base is NH 2 and thereare 2% _ molor
NH% AYe g+ Phe 27 Nmf NHa (omilzeady = 25 memol
. S . ,,% } % .{ ‘C | ¢ ,p@{iﬁ £t m .3
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3. A buffer solution is created by mixing 200 mL of 0.2 M formic acid (HCOzH) with 30 mmol of

potassium formate (KHCO,). Vs b 2, jo=d
The acid is H Lo, ¥ and there are 4o mol om W, €O W (.?é W 2o whfoa,
The base is Hio,” and thereare _ 3 molor fﬁ@

a) Determine the pH of this solution.

WS oY o A
H Looff + %e&? =7 ”C"?% ' as

é%;?e«ﬂw D e

b) Write the net ionic equation for the reaction that occurs when hydrochloric acid iégdded”to )

. ‘ L
the solution. H a;ﬁc;' =4 %;%5;\3 — W 0 ¢ 5 W

c) After the addition of 30 mL of 0.1 M HCI, :% mmol of invader has been added. Lgmm Y 5 3

*d) Find the pH of the solution after the HCl was added.
F ‘ l’:gz,; AT - y (He
E_J"f’ ..1 g1=8 . N B jea

T’ Rige - PA?‘L" !

Z:H*‘l = ‘EQMQ =Y

4. A buffer solution is created by mixing 200 mL of 0.1 M benzoic acid (CsHsCOOH) with 4.5 g of

Pl = i Lyl

sodium benzoate (CeHsCOONa). Yoom Lo 3500 ™D O, Wgleod & (el
The acidis __ oo 260w and there are _ &< _mol OIL ol J %fﬁfg\ﬁ"@‘
The base is__(s wils LoD ™ and there are _3 ) mol or mmol _
hot 6.3 {0_5"(
a) Determine the pH of this solution, \ LHri=¥e gaee = ©:3x
Z‘;C(ggs(:me{:im L@Qmﬂhﬂa |y = 2(9:’**%@ ‘LM?}» - L1’r 7 MD»S
ST WARY.-1= = Eini J oz L
e tacoon (A2 < 5 pi= Aoy £

pr=4Y |
b) Write the net ionic equation for the reaction that occurs whéf soditint Aydroxide is added to

the solution. QL Hs OO & EBu % Q{a He L™ + e O

¢) After 0.01 moles of sodium hydroxide is added to the buffer 1O mmol of invader has
been added

*d) Find the pH of the solution after the sodium hydroxide was added,

g sl o, Heibe m "“ff?"
e - T
20 1O T A
= b2 xe” (W‘"" IESE
(2)«12) P

Z,H*l el }-5)4183'”5
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5. A buffer solution is created by mixing 100 mL of 0.1 M sodium bicarbonate (NaHCO3) with 5.8 g

ker 3

of sodium carbonate (Na;C03).  Ae H 605+ Men,ldg HCO4™ = We Lep,-®
Yoz U0 nu'\\The acid is MQ@EM and thereare_ V% mol or mmol {»a vcog)\ k\“'\)( LIS RN \Q
- o, g5
The hase is 2 and there are mol or mmol beey cﬁ% 15‘ @{2 e weﬁ 5
==-f
a) Determine the pHgfthls solution. o ehig L WA ‘05 B C&
B Gy L e :
el We, %ﬁﬁﬁ s M et 55\3 T M\ \\'\ 1
I R
b) Write the net ionic equation for the reactlon that occurs when hydrobromic acid is added to
the solution. %![*r Ciy™ L m‘ M{i @lg H &?‘*
¢) After 8 mL of’0.2 M HBr is added to the buffer __\» v mmol of invader has been added.
1‘”\{ Bl o (.9 2y % m Ve sl
*d) Find the pH of the solution
LHA + Ko EfCd zmead
Qf&w& P“”’“’*"J
'::L.\"‘lv.u:, (.\C}A“'Qx
(BE -1e)
Wl 2 lewmt
6. Consider a buffer solution created by 500 mL of 0.1 M hydrocyanic acid (HCN) and 2.0 g of
y g
sodium cyanide (NaCN). HON 25 Wy 4 A~ (s (i (5o nh Y %?ﬂ ;
a) Determine the pH of the solution. 560 A ﬁ‘;‘ Kael, 20 X eq Nes 1) NSEIEAY Mi( (lb@;@ m;mt) Lwi
i:vH&a\A \{Q Cﬂ [ A' 3 ﬂ'ﬁ.}é— ' C-% L"Q Qi%
&. iﬁ;‘a!“’f’ Theses - +
( By H ~l = C,H b
(W - i@ ot ,
b) What Volume of 0.5 M HCI could be added to this solution before the buffering capacity ended?
Ard = BB ammal Hel v\ comsine wl Base  whnie mas Glonmol
Rese SIFATPUVTAN Ca HVanmol 15 msr MO Heed Coan o Pk e

[ el (mﬂ\ YT al) = dimeol

c) What mass of sodium hydroxide could be added to thigsolutiohibe

ended? .
ed? ,g WO, T GuSen Ceam Wore o \ee 56 o, (_Ac,k\) o5
heve e "j Mée@f%_

oy P
4Hlg e ‘) 10 4 e

fore the buffering capacity

{\l 5@ Yy ey c:‘j N

A

t&:ﬁm::w i ‘*ﬁe‘*
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7. Consider a buffer solution created by 500 mL of 0.2 M hydrocyanlc acid and 4 g of sodium

cyanide. Heny =5 HY o+ (’_J‘(:;\ THORS =[] Goman’y = o

e 4

L2 3 a4
a) Determine the pH of the solution, Stez el s LML 4G fpam e mats 3

o= e & { lpavin” Xloo) ‘I{m‘zi@.iw@"‘g o . Mﬂq.o‘%’ i “E““"\
A o TEme © 872 et F:;H ol gy THED

Ll =T oy ip™® p\% =4\

b) Compare the pH of the original buffer solution in #6 and this buffer solution. Explain.

The pM uadues are e fame Becaune Y Pedvo of bod bo Basz g
%*%irw; Gy P ﬂ;wém e, & pma, Caw%ﬁ@q@w @@;.,r 5 g&ﬁg{m}se

8. Which buffer solution, #6 or #7, has a greater capacity for handling added HCI? Why?
¥ s e qwfé T RN NI N % For Troadie ; PON B ceatsa & ey 8
Fu e = »{ﬂhﬁ; ey, W%r&&zﬂ fasd Bw Pead ) TEIT SN

9. A buffer solution is created by mixing 2.8 g of sodium acetate (NaCzH30z) with 200 mL of
0.1 M acetic acid (HCzH302). Havgoy B, Wt 4 Cohgds™

Determine the pH of this solution L2t R, o g
e 3@% Chend F% v o3 Z PRE deglets IR e T < @ g Mabaisb
iR es3 fﬁie@aﬂsfr%‘s L_i M )Lwﬁ e 2 earne\

F ) = Ly L kel THatsdson] er 6 7y 20
b} What effect will adding 50 mL ofwater to the buffer solution have on the pH? Explai 77 934% )

Qiﬁ&;wﬁ Losher Wty e 6 Send #he pil ob the Bufhes = 34 mrrnes)
&ﬁﬂ@vm* e, Ra%e ob herd to Brse Q@Mpﬁf\@ﬂ’%”“ ok Yag

”@;umgm (e ”‘f’m S AL,

10. Calculate the specified ratio of concentrations for each of the following to achieve the
desired pH:

a) hydrofluoric acid (HF) to fluoride ion (F-) in a buffer solutxorithat has a pH of 3.2,
e hw H‘i H DAYT = e B2, L
P - ﬁ%; 3 o 3o = 1 M«t@"! @‘;‘“i
"3 7 = o @ﬂi bt HF '
4 Qz’ﬁ%\o - r j = 0.9%
b) propanoate ion (C3H502-) to propanocic acid [HC’%Hst) in a buffer solution that has a
pH of 5.2. Koo =4W3wie™ W
‘PE‘"’% . FAMM? Py g,w‘ﬁ G {_p% Pred X &\Qs 3 Sg@%}:
W | 1y o ¢ e L0 MeoeD
LRy = o) 3v 10 fo Akt @ e Ly S & HC:s ﬂ's@'z;%
L Catine
¢) hydrocyanic acid (HCN) to cyamde jon (CN Jina buffer solution that has a pH of 9.1,
Ke & (o By’ @ pel e
g‘-m %QM SRR T H b

LRt

Y b
it ?‘:\ [ o

FH e M"{f‘ " et &{@zw@ per
w
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E " Y o *ﬁ"{" 6,
“ b ﬁ;ikiévfd"' (Yo e, ?
& ¢ Ke ?

" ‘Lacticacid Y C3 %50, Sodium lactate
e %a) &,1,, 3 %’3@.3\3"??
i Aceticacid 4 @, vz O Sodium acetate
el “ z B3 o fh 2 dgidn .
Sodium bicarbonate - Sodium carbonate )
g7 A o - Ammona 0133 id
g 1 - mmonia - Gase mmonium chloride
gf“ 9.3 — | SLE Bty CY

11. Using the table above, choose the acid component and base component you would use to
create a buffer solution of the given pH. (No quantities are necessary. ) Then calculate the pKa
for the acid component of your choice using the previously provided reference table.

p %’;@% e %% %@3

-n.’r?i,k?
DpH=38 Yo = NS
Acid__laekie b b Base_blon Catiadls pKa %? W
b) pH=9.3
.5
Acid Ammoﬁ‘.un“« Base &mm«: FANY pKan Kl = LE o
e‘ Ko £22
Onlocsg o
W
c) pH=10.4 5 s
Acid S Base Sodiuen pK. M0 BE
Boadboddt-  Carnenade

B PV ST N
HCOS k’ T E}t@'ﬁ»“ég‘!& ok 07 . bt

‘ Ka;; "f.’f %iO’“ ﬁﬁ? DH §C§L€

?’r\*—c 0.3

T T

D Ke = = )@%‘j Ke

-~
e
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/ Questions 12-14 refer to the following table of available chemicals.:
3 ) ) ’

1% Wo;q 0.1 M formic acid (HCOzH) 2 7 | sodium formate, NaHCO, (MW = 68.01g/mol )

| hyle

4

0.2 M propanoic acid (Hchsoz)g sodium propanoate, NaCzHs02 (MW = 96.06 g/mol )
U :

(.5 M carbonic aci_d (H2CO3) sodium bicarbonate, NaHCO3; (MW = 84.01 g/mol )

TR

b1 =
Vos B Blvo®

. D
8.2k

0.4 M ammonia (NH3) ammonium chloride, NH4Cl (MW = 53.49 g/mol)

12. Describe how to make 100 mL of a solution buffered at a pH of 4.3. Your description should
include the identity of the acid and hase component of your buffer as well as quantltles of each y
chemical. S Hewos st e Red & Baze. A . pedd’”? ﬁm@e\& 9 PR BT
! ety
Choice of conjugate pair:

& e »
PlLopandic Peid / Sodiwnm Prefe fee @

2

PH& 43 L heid’l e

f ¢ . fAced to loomt of 2t

[nd= o™ 5 Flosed = K& Tgues Heg Hgl

1 - 5, 0u10" - .5 L2 M

o : V3 we;"g N&»ijﬁ'g% ) (-\'3”0 S.ovio®

Ko b -~ NelyHedgz 052

ACSHBDZ :' @S‘Z M&'\@% k)c;,,.,@g E{;}g& E Y (‘, Dlo NeCaHs0,) S_O
00w = o} L \ma\@ NeGHs, )~ ° g

13. Describe how to make 200 mkL of a solution buffered at a pH of 8.7. Your description should
include the identity of the acid and base component of your buffer as well as quantities of each

chemical. 8 A
Choice of conjugate pair: AMMQF\ 0. /Ammm\.um Q\f\ @w‘e‘i
?Hig.'f ZwHﬂ Yo LAcid s ) o
g 243 LH%f“‘*’fg nd Add 15 wu.,,m Lo
e Phedl =T e 2o of &

[utd ® EO
g"ﬁv} ?Q'O*N)q
Kbm VE ‘ﬁé&ﬁﬁ%

- (Lg,o w1 ) A1)

Bl % 1n-t®

I Ngery = 1w

Lo
Kot T
. 1 motes DRy Y Ly 93 KT ’/‘”’ﬁ’); _
L= Blbwe e I e T ‘55, NHef
\ FOE 2L
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18. Consider the titration curve below that is created from adding 0.1 M NaOH to 100 mL of
0.1 M HNO..

Titration of HNO, w/ NaOH

S R R O——| L { N } ) f\ I 1 SO NSOV SO Y |

0 10 20 30 40 {50 60 70 80 90 100 110 120 130 140 150 160
' Volume of 0.1 M NaOH Added (ml,)

a) Show the chemical reaction that occurs to result in a buffer solution when 20 mL of NaOH has
been added. H N 0 N N&@ e HC} % 4 Ngjj% 1\:)@32@
@ \ N\ e\ “j\
1o,

15 0 mb\
b) Using the curve, determine the Ka value of HNOz, Show the buffer calculation that relates to
this determination. Ya =

\uo\ﬂf\«& Cor e ‘?’2, @%@Jcam{mm: {;:-%- =5 Beaall e (:;‘tj,%&mé éT’“x’g’m”‘&/“Eﬁ

H% 35 Eﬁ@mgjﬁ é' “{"3 g“’w“f’“si‘%\ we’\\}mé\é“F CMQM‘)
Ll =e™ éﬁf (222
Z’H%ﬂ * 3‘2‘\“@“&{ %{ﬂd EH#S LAt & &3 ZRiO > 10 -5

¢) Using one color highlighter or pen, trace the values on the curve for which [HNOz}>[NOz].

Frore Udimesy o\ Lo 5@& Ka< 3 z2wio™

d) Using another color highlighter or pen, trace the values on the curve for which [NO2]>[HNO2].

Frorm Volume 5640 4o 15048,
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K,=3.2:107

-or- pH=pK,

k=101

¢) Using one color highlighter or pen, trace the values on the curve for which [HNO;[>{NO,].
From volumes = 0.1 to 50 mL

d) Using another color highlighter or pen, trace the values on the curve for which [NO, [>[HNO,].

From volumes 50 mL to 150 mL

19. Consider the tifration curve that is created from adding 0.1 M HCl to 100 mL of 0.1 M aniline
(CsHsNHa).

Titration of Aniline w/ HCI

i

~3

pH

A gy

0 10 Z¢ 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Volume of 0.1 M NaOH Added ()

2 = MW W U3

a} Circle the region on the graph that represents a buffer solution present.
From 0,1 mL to the equivalence point at 100 mL of HCI

b) Inthe buffer region, using one color highlighter or pen, trace the values on the curve for which
[CeHsNH,]»[CeHsNH; .

From 0,1 mL to the half equivalence point at 5¢ ml. of HCI
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19. Consider the titration curve that is created from adding 0.1 M HCl to 100 mL of 0.1 M aniline

(CeHsNHz). Sk@ﬁfj °
ﬁféféﬂ %

Titration of Aniline W/ HCI

10 |
9
8
7
6
Z s
4
3
2
1

a | ) ; ) . | ) !' . ) : : 3
N T 607080 90 10Y 110 120 130 140 150 160
Volume of 0.1 M I\};Bﬂ’éd\ded (mL)

a} Circle the region on the graph that represents a buffer solution present.

b) In the buffer region, using one color highlighter or pen, trace the values on the curve for
which [CsHsNHz|>[CsHsNHa*]. 'E ke oo Voowd,

¢) In the buffer region, using one color highlighter or pen, trace the values oh the curve for
which [CsHsNH2]<[CeHsNH3+). 50 fe \OO e~

d) Estimate the Value of Ky for aniline using the graph.

o L
-pH Kp= Gu . 122
K = YO -5 - B K O %
&= L 6 . = Zooﬂ L)
-~ O K < &, ok et

20. Ifthe pH of a buffer solution of ethylamine (CHsCH;NH;) and ethylammomum nitrate
(CHsCH:NHsNOs) is 10.25, which component of the buffer, acid or base is present in higher

quantity, Show your reasoning, o4 MR (e 25 LAcd *g 5, (m&rg;“! {
g byl e, ne ?ilg;@ S bwie -1t S Rmen \ P
g v A, Lvset 4 IHE) = Glewe wﬂ N
2" Y Bbve Lheidd 3
K \ﬁ*a o LAYD =¥e “Fgrsey Rme - o'l
a=b O Cecd ] 3 .. o,
pri=-ieg L3 ol = EED 2 fed by presesd e

W%M. %MM
21. If the pH of a buffer solution of acetic acid (HC:H30:) and sodium acetate {NaCzH30,) is 5.5,
which component of the buffer, acid or base is present in higher quantity. Show your reasoning.

pH=5.5 [Hed= Keo W

= g Lwubry -
P en - LS . 3zweT”
Lwd =16 ack | LS o 32RO 7
w “Gnse K {Ewi
L= 326 )
Ke = | Fxro e

£, (B ose VS @%ﬁf%if' va b *=§€«&%a
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REFLECTION QUESTIONS

1. When calculating the pH of a buffer system, what quantities do you need to have?
You need the K, value for the acidic component of the buffer along with moles or molarity
values for the acidic and basic components of the system.

2. Why is it important to be working with moles or millimoles when dealing with an invader in a buffer?
These problems are actually chemical reactions happening and guantities of change of the acid
and base part of the buffer must be calculated in moles.

3. When dealing with a buffer invader problem, what other chemistry problems are these similar to?
These are similar to limiting reactant problens.

4. Why does the pH of a buffer system not change significantly when invaded by a small quantity of
strong acid or base?
Because the invading strong acid or base is converted by ane component of the buffer into the
other component of the buffer. Thus, there is not a large change in free H- or OH- ions which are
responsible for pH changes.

5. Why is it not necessary to use molarity values when calculating [H'T for a buffer but molarity values
must be used when dealing with a simple weak acid equilibrium expression?
Buffer calculations have a ratio of acid to base and the volume values used in molarity
calculations cancel out in the calculation. In an equilibrium expression, these volumes do not
cancel out and molarity must be used.

6. Why does the pH = pKa at the /4 equivalence point in the titration?
Atthe % equivalence point, there are equivalent moles of acid and base component in the
buffer. Therefore the ratio of acid to base is T and [H*] = Ka. Therefore, pH = pK,

7. Look back at problems 2(b) and 2(c). What did you have to do differently in the problems?
The K, of the acidic component of the butfer was given directly for 2{b}, but only the K, for the
basic component was given in 2(c). Therefore, a K, value had to he calculated in 2{c)inorderto
calculate the pH.

8. When creating a buffer, what is the most important factor in the pH of the system?
The value of the Ka is the most important factor to setting the pHl. You want the pK, to be as
close as possible to the desired pH,

9. When creating a buffer, what is the most important factor in the capacity of the system for handling
invading acid or base?

The guantity of acid and base camponents in the buffer determines the capacity of the system
for handling invaders,
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