
CsÌhCøH ( K"= 1,5 *tO-â)
28. A solution is made by dissolving (aka "butyric acid") and sodium butanoate in water.
The pH of this solution is then "adjusted" by adding nitric acid or sodium hydroxide.
a. Calculate the ratio of butanoate ion to butanoic acid in each case (pH value),
Show work for pH 3.82 and 4.82.

pH value: 3.82+

o,lo
2.82q

o.olo
4.82.{

.o
5.82.1 6.821

lo. ( ta>)ratio of lbutanoatel
lbutanoic acidl

o,lo

CgHtCøHèH+tnCgH{æ'l e ?H _, Ct"J=lfltn! .ooootnì

Ka= H+l
H7CøJ = l,S*lo-s

(.Dlootw?' tX-
1

= l.S x I O-5 A'l

(a6cæu1 CnxJ

e PH , En*j = lo-3'8Zl= .wtlcìï\ H
C*L= r.wz+
EHXJ

,000H 7¿l CcgbcorJ È l.s x t}-s so Cct
= Ô,.Ø2

Cct thcØHJ c
b. What s the significance of value of 4.82 for this acid? Explain

¿l.g2 ìs llc.fKo ,P tì'ß oaü, îrnq

d.e ¡reS?afi

fl
29, A (very poisonous IS vlng and HCN into
The pH of this solution can then be "adjusted" by adding nitric acid or sodium hydroxide.
a. At what pH value will the concentrations of CN-tand HCN be equal?

lcr,r1= :'H;";j ;hL;"-ïi ;"i:Ê^ ,1o taey,¡¡ b< equøQ@ FH Q.3t

I
1, in part a)

lf st

v,2 tlr*+

Silver nitrate is highly soluble into water, but silver cyanide is much less soluble.
Will the AgCN precipitate be more likely to form at high pH or low pH (which one?). Explain your answer

,
47*ioet CN à AgCNr'¡+ ø1)

f '¿oìf '
'fah'v't rY rAorc whtt fc ¡t

wt tl

-Jb

(0 c ipt ftlo¡ e ao4 r9o

Ccu ìacre*îê aS fh1 Soln hon be c ùaCS rtt



30. A 50.0 mL solution of amm

, Ku = 1.8 à lO-
5

with HCl. 20.0 mL of 0.30 M HCI are required to reach the equivalence
for the reaction that occurred.point. a. Write a

+ H
+l
(aq)

b. Calculate the molarity of the ammonia solution,

l4oVn = fi[ uVø

(o.ro M)0o,ouc) = lvl u ( 5 o.Ò uL)

Vv = Í¡¡n fJtox l.fl xlO-5 = L

01" ÑHrr..*r Èt{"r? * uü; Å1?,
N Hs,^ NH"*''(4q)

Ì4a= O,l2 M

om : rr o octi) Màt), so ,fi j"SÞln¿*e O.l7 y\ Nll{¡ .Do a- Vy

NH¡ +ütoèNUr*,*OH-' aSS u t\t Y L¿ O¡Z Io.l2 -x X x

c. Calculate the pH of the solution after 0, 10, 15, 20,and25 mL HCI had been added to the solution of ammonia.

[.g x lO-s = ¡z
o'n

x = fo fl7 = o.ootr+lÐ t4

Í .oobo
6 -.OO?O

F ,0030

Er.t tt¡

(.oto LHC!,)(.?oq), .oo3o ilt
(, 05æ L ¡JlU,)(. n ^,i¡¿) =. oo60

10. mL:

.12-X

dltH ?^ -- l¡t + loî( oH )
nnotarNH¡

Do Vb

N 4 + flr -1 NH,r*' útrr3 " fisUJ =9'o]9Æu -a o'o1ott

ñHr +r)zo-+NH;'
, 050 -x 

. Oso +,
+ oH-'

x

4n, yo^ 1ct h flta's fomt, vb:
ylt^ Lonld ìrsl îay:'6o/5o b,,í(kr, t! foH-- P(t = -loJ(t.g^t

60 +x x l.8 rr t}-s
V L¿.05O

t.8xl0 -

(.

6')
oSo-x)

oSSVwt¿

fo oH = Ll.l tl IJ -- tq -11.7 Ll -- 1 .2 6
15 mL: N Hs * H*, -¡ NH y't

. oObO 'oor'15 o
-,ooÆ. -.oDU5 M
,00t5 0 ,ooqs

úoso )
x alSxlD,Í ' g oHi)

Do 4' flz 4.7q, vl -- q,26

N H¡ , l)zo¿ tl Hv* * OH-'
. oL78-r ,o6Q29t-x x

Y(^aLrt +x , 1.8 ¡lo-s f (.obq2) 
=l.B"tdÉ(,ot to?'l

?

úSttr] " ,oolgrtolø - 0.0î,103 ì4
0.0b5 L

17 .oot+s nolc
= . o61l) lvl

(.oLrofu7r )
fHu;)

.obt v

attulq, X t'¿ .OLlr.ObQ 1zfoH7=L,o,.lo'i4 PÅ'8,78



(30c, continued)

20. mL:
o

+,DO6O

,o0bo

NHI * H 
*' -à ltl H u*'

lpn íJ =,ooØntoV - 0.ogri,l U

€quivù.ottupoinf.. alt NHI .,ortv,r¡lrdto NHr*j aNak aa'd,

,o7o L

a 5,56 ^rD-'o
ailsurtr¿ t LL 'O857 t

xz . =5.56tlúto
,p85 7l

xz . =6.Sbx¡g-lo Y = TH+J = lo.al" lp-s M

.0851t - x
25mL: Nh+lj+t-q NHa*

? frs+ f+,¿ eqwivø'ltnu P.',nl'*,
att N HE i o,t,tt hl tD N H"-)

a4 Qrc¿ss ÐA ìs yrcsaf

.0060 .o07t
- :0060 -,OOb O

o .00tt
1

Ka(NHr*)= Kw ,-- lo-t'-,
NHr) t.sxt1's

Ka,' NHr*' 
= 

H*' * NHI
.0857t-Y x x

Ya=

stn
ú

nl oo'd

,oo60

Î rok ,'e' d
Cìgnore)

Cn*J = 'o o)s uole 
= o.o20 M

,075L

phl -- -lo1 ( .oao) =

30d. Sketch a titration curve, including the 5 points calculated in part c.

lo

7
H

l0

5

0 20

? Vl'- 5,1b

o

Volurc{ flCl ( 
^L)

3o



31. State whether the pH at the equivalence point will be acidic, basic, or neutral for each titration.

a. HBr ritrared wirh NaoH n¿utr*l

b. CH3NH2 titrated with HNO,

c. HNO, titrated with bu ì,

d. Cinnamic acid (C'H.OrIC8H?COOH) titrated with

(s't on.g Lorà, slarl bøv,¿)

(,rte^L batt, S*tz^J aaà)

ic6S

e. ammonia titrated with HCI

f. NaOH titrated with

g. KNO, titrated with HCI Al,ì^ic

32. A solution titrated with potassium hydroxide
30.0 mL of 0.90 are 0.60 M KOH.

a. What volume of KOH will be necessary to reach the equivalence point?

(øeak bøu, s+^n3 aaâ)
( s trolj base, sfu:t a a'¿ )
( wealc btsc, , sl,"n{g o oâ )

¿ ( c rr,i.b o,¿. ú HilÙ¿ )

|åCooH r Ko = l.8 rlO-t{

( weak aa'd,

îo, Plnt

shnt bæc)

( ø eak 
^cìd. 

slmag An)

ìtaVa,-- lrlrVu (.qo n)(?o.onL) = (o,bo l'A)VU VÞ = Ll5 nL

b. Calculate the pH of the solution when 0,22.5,40. ,45, and 50. mL of KOH have been added.

0mlKoHadded: 4)t.¿¿ futc iS 0.1O fOrø,c ac^'/, so do Ko Calc.

H CooU à l**' , HCOo-t
.10-N x x

Ka = Nz

,70 - r<

ùssutv Y LL o.1o

-x'- -- t.gxt)-q x=. or?,?3
,qo

t7vìs x vel,^¿ ìs d b;f lz,o ta-9zi""ng)ccl"
sÌt,q ¡¡- 6€frc+s t141 lccnà t;t & nf .qo

ìn, X2
,7 o- .otL? 3

= 1,8 x t O-Y

X = .orLb+,
x = .þl ?'61 t/

C¡n' ,ot1"s+ ¡A

PYl-- t.1O

acid

225 mL KOH added

(,ozzs L)(.go u) = o'ot*)nolu KoH

(.ogØ L) (.10 u) = ¿'o2'? ¡qolc¿ tlîoon

oH'+ HCoot( + ü"o+Hcoo'l
,013' , o2T o

-,olr5_ -ø
o ,ot3s

+ .0t75

Nc are Tâ^, ta fLc u,€

5c C4coon) = Cnco7
So út C*t ÇaXz

50 /so bn,4+,

, so halê llv form ìc au'ol
î¿aol¿d io forn fumak t''! M7,

. otTE

, OlrS ^fu , O.Z51t M
. o52l L

.. . ?t1 - ?Y^- -log ( t.8 
^tO-)=

tît vJ4 Cùúd nsr ll*¿ lnll4,i
'l.o ào 6 lç c{c,Å.crhln

fucoo4J = Cucoo-J = t¿ Xel +14 sai,a ftS vltl



, olq
-,ol.l

,o27
-,ozll

o
+ . oL.t

r t?rlr',*l^oo"o (. otloo t ) (.t"o$) = . 02 4 motez

oH-, * HCooH -, Hcool + Llzo
èo Va,

# s4 cml,4

Hcoo{ ? l+"+uØ-l
. ô4286 - x )r '?Y Al +x

te= x (.?t+zq*!<) __ f g^ tÞ-r
.Dtt?t6 +<

aSS. ,c ¿¿ ,oql, ,ltl
Y (.?qlq) - l.g x lO-Y y a,l,,lsrl.ç

o ,oo3 ,ozLl
¿ lsÊ

C vl coo-J = ,oL4 molc .O7o t D
fvl

H=-lol lz.tsa6ç)

-rl
-,556xlD

,útztb
45.0 mL KOH added:

OH4* HCOoH + t4Cø- rtlz2 o-t{I
,02?
-.021

lncæ-J = o.al? mov /.o1s t = o.?L r,4

l.8xrD-'f

ùcoo-* t)zo à o{á * vlCæH
,7b-* x x

Vy= -g = Ç'96* I O-t'

Vtft+cw),ffi,
. oL7-!n
o

50,0 mL KOH added:

berx

v)t arc dl lh¿ eluivÅtnu pt, so

AtÅ tI¿lr,tmìc ocri^ hra,^ofoga

o

. o7o

-,OL?
, oo7

1
slvonl

,16-x asSutrrl x 4.7 L

oH- * HCoollå? Hcoo-'* Hzo

-- 5'56 "ldtl

Covtl = 1.11 x lo-6 M

coavQ¡kâ þ {otnal< ìrt . ào Y6 r)il4+ñ¡n"l+ ¡z
,7b

yz

Forrit,? (mcthanoìc) a üd ftt

Plt -- rrt +1ry(,037s) = 11,b

c. Sketch a graph of the titration curve,
including the 5 points calculated in part (b)

lrøo been conr¡a leàto(uwltiu,
ìs prrs{aJ- .

to 2o h

o
+.oL|

,oz1
1

w cel¿ ba'u
(\norc)

2 '0775 M

ú ex¿¿ss (oVt

CoW1" 'oo3 no\e
.o8oL tç

o'-
Il
C--

lo

,

a r-ì

o

?Å= g.b5

ITITI
I'-G-

H

îv

o

{olune * Kou /nL
lo bo
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10

a

a?

@
aoll

flrl': 3

rtt

6

4

0
0

'o lz 202 30 t t) 40 .18 50 60

Volume of NaOH / mL

HrSeO, (selenous acid) is titrated with NaOH.
mL of 0.88 M HrSeO, are titrated with a solution of NaOH, and the above titration curve is obtained:

a. Vy'rite net lonlc for the first neutralization rxn that occurs (include subscripts)

Hrsu03 OH( 41) +uq) + Hror¿,t + S€ (4)
b net ionic

d. Determine pÇ, and Kn, of selenous acid

for the second neutralization rxn that occurs

HSu Q-|on) + OH-l^ql Ï)zo¡1¡ + & cs- u.L)
c. Calculate the molarity of the NaOH solution.

B¿seÅ ù1 g.ayh, usìr1

EP Ðl ìs nf 24rnL,

al.â EP #z ìs aÌ 18 nL

ÊPùt, MoV. = lul//u
( o.Sg tA) (zo.ovtL) -- il, ( I 4 rL)

M¡ = 0.733 o.73 M

? t2 nL pH e E mL E 2.t+, aeclo l^Fh'
t2 nL ìs M)f Na? f"¡14,e1wiv*l4tu .oìtf, so Uf ,(tl"
hu hen convtf¿d lo ilSe'Q-', ro fttrços| = [nseq'J,

llzSeos

1o (H, fh,
I

I

¡Y.

l
a

Ç¡

¡l

.t!
¡l

)
?

I rt t
,31flt..9 I art tt Ii

¿ lD )q a^ Á a¿

I ,.1' ¡'
a

I
¡

t
f ,a J I

k, = lo'2,l -- 0,00111o va



# 33, cnl'd I
e. Derermine pK", and K", of serenous acid, el 3b hL, PH È ]'3 &cc # I *fl^ '

[nçoiJ
(, o-?'qo ) ft' oírJ

( Hse 0J
(. zrW x t o-8 1,4

3b nL ìs Mtfwa,l \etwctn EP# t o,à É.

re.s¿nl @ lif#t) fcnøirrs, aaä lul( ha¿

CnseoíJ= [seo;I, tu fH= yhz
Kor= l0-7'3 = Sot xl¡-

f. Label the regions on the titration curve where a

Ðsnt S'<t Vrtf'ouS P¿V<2.
g. Draw the Lewis Dot structure of selenous acid.

Hrseq :2bvdtaú
Al€otmns

For the rest of this problem, use the book values for Ka1 and Ka2: Kal
(these may not match the values in yoq book..)

?k' 2.+b ?hr=7.3o
h. Suppose that you have solutions of HrSeOr, KHSeOr, and KrSeO,

Which two compounds should you use?

( nrn cartd)n HSe h,'t ù.^ Se O

lhts bo"i
Cou,U lvve

som¿ )o"LIt
bù,.¿ C hA.a .4¿,
sittco th¡s Urnnü

0.0035, andKa2 5]o^ Io'l givc fo¡no-l
ha.q¿, cl
#"2,e-

c ak-

-z r-")ûtSe

H s, os- H*t * .f¿ Og-',->e-

i, What are possible values for the molarities of the two compounds i
(Find one possible set of molarities; many answers are possible)

, ûv! +l'e cwrjulak ba¿-e' b4 éebs-'
n your buffer solution? (in part h)

fse o;'l 3.17

3

t¡Jc teed to usl An aa'/ u) itA a f fd noÁ't" 7.? O.

(k, ,t il2Se 03 ì s 7.3o, ü, ìn ollw utord¿, k "l HS"o;' ,b

to tt^t ac,,'¿ ú n¿e/¿ h Le HSeOgn

t\
ù.

k = fflfsro¡I S.o x l7-g
So, f 'tl vse ilúâ1

O¡o M flSeOt

S.o * lD d o.nl fvl Se q'
t :s

îU
.-4

€

2
-8

O.ì0 /^ KVSeOs

o.?.t ? M K¿Se0Z

)ls, oí21 -E

?

pKo'= 7. g
8

Koz= $ x l0-

oo

aa

aa

\ó rå

--se --61
I

JO:

K HSe anâ KzSe Oz

(ns, ot'l
=5.oxl0



10

( o, n 45)
9

I
CL

8

7

6

5

4

3

2

pt

1

0

20100 30

Volume of HCI / mL

4
q5, 1,28)

to Kb)

5(

acc h gtoPh, 37 nL

(,ú7 LHU)( o,629 mo9) / lmole o?aa;c ba¿e)
L /l lmol¿ HC!. -/ 0,t2327 Â ;6 baz<

organic base is titrated with HCl. 1.84 grams of the organic base are dissolved into water, to make 50.0 mL of
The base is then titrated with 0.629 Molar HCI to obtain the (partial) titration curve shown above.

a. Calculate the moles of the

uJ e/C

b. Calculate molar mass of the organic base. å4 = 11.oø -å 79 j /^ol.aØLszî mole¿
c. The organic base is one of these:

ar^w
X

Identify the base, based on the molar mass you determined in part (b)

d. Write the reaction that occurs between

yyritu'ne ! csHEN !

CsHs N,*t* H"o,r,- CrHsNHlr,+ oH-/ql

I CrHçNtnqt +

I

Yl'c

N-/

the HCI (net ionic)

tl +l +
c 
^q)

CsHç N H +l(4)
f. Draw the Lewis Dot structure of the base

aa aa
ase's conjugate

or

structure
l-l
I c'

l\lt N
c

H

I

Og¿3 mol¿¿

\ c
l¡
/

N

g. Draw the Lewis Dot of



# 3tJ, cnl,ol I

CC çf'tstrl] = O.O2321 mol-o¿ 
= A4 bg¡bt^ + O.+7 

^,1Do Ya ; O'OSùO L

=
CsYIs,¡{ + l-lao Ê CsllsN}{*r * OH-'
o.11654b-N x x

Xz = I.Axb-q
.rl65q 6

x= Co il7 = 2.gxlo
-s 

Yt4
2

Yb = l-7xþ-q ss'xL¿'t+

t)*t *
. oo¿îLl?6

15 mL HCI added

(o.ots L) ( o.bzq

H
^l+

ù)= o,M
CsHs NH*t

o

Ll35 rnol¿¿

L 92

HU
fioN

CsH

d" K¡ (u Kn asng cçHsNH^)

StJ + llzô t CçHsNH+t + OH'1
.LtLg-x .lrlsls+x x

Ka-- l. lrS¡s+x)T = t.7\túq
(,ttzt -x )

o.91. X ¿¿ .l ¡l s, .212 8
q}s,sx -- ,.?x to'q

.2t29
y = lòyt-J = z.{ q ¡l d, ¡rl

CcrvsNT = 0 .0198 Ll mol¿ = 0,2129/',4
0,065 L

[cçHs NH''J 'ooq+gs mol¿ 0,1+sl5 M
.obs L

Yf = 1.45

f¡T (Æ+/44 e
fH = 5.+oo,oî.8309 uolø H u

o
+.oL727
,ozg27 ?H = -log (,osZ) =

C

(for the this one, do the volume at which a 50/50 buffer exists!)

H't * CsHsN --> CsHsNH*' Cn.7 = ,OD5D4 molct
,02gt0s \ o.oqs L = O.O53 1,4

7H = 522

-.033 27 -. o?,3L7

c

EP volwr,+ 
"P 

37 mL dtv'd'¿d bJ2

al lg,, ML, Ccs4sNf = CcçHtNYt"'J
sofso b^ffe. ro yoH = f Ka -- -lof ( t.l x tA?) = SiT rso

i. Plot the

2 I

(*
pH=

,w.(,#r) ,;#rÍ;*n



Y.a= LtE^t04- 
HNO. NaN02

35. A buffer solution was created by mixing 200. mL of 0.80 M nitrous acid with 200. mL of 0.80 M sodium nitrite.
a. Find the pH of this solution.

a(P, n)xh3, lohl V w]ll be. 4oo. nL
tîe. nolaritia wìil d,o¡ lo o.Io ¡4

H Nor¿ H*t+ Noz''
,lo-x r .40+x

Ka= @+\) = 4.sx¡g-t
(,+o -x¡

49Su¡e x ¿¿- O..1O

x l.T¿¡) ? q.s ì4'' Cfl+J = 4.s xl O- {

(.qo) 
: x¡P-r 

f 11 = -l ogf{.s¡l o'1)

% z sìne¿ Cn¡¿qJ = fpq.,7
il is a "6o l so bu({+." 

)

so fH= fç
s" ?H = -l¡g( q.S x lD-,

= g.3S

= 3.?5

b. Find the pH if 0.030 moles of HCI are aclcled to this buffcr sr¡lution. Assume that the volume change is negligible

(.zoot)(.to ry ) = o.tb mole¿ ,( Hso, ".¿' rP Nor-' ìnitralþ

H*'* No2r -+ HNo, ne*.l'r.liee
usc fi,1¿¿ lp ào (a. :

. o30-g
o

.lb
w,
o.t 3

t\c ù4Ø

Ãrs], ne ulql,ìze lk A¿¿d /ot+
bJ re^ol;,^! ìt wila llNO, >

llow )s oKn c*Oc t

H No2 å H+t + Noru
.329 -x x .179+x

Ka = y (.1t75+x)

HNOz ¿JÈ* *NÔr-'
. LlTg -x x ,3 zg +x

Ka=
(.tts-x)
>. L¿ .?z5r.t{?5

g 9+x -- rl.s x, o-Y

o,lb
+. O3O

x (.925

oH-, + H N0" -å N2¿u + Hzo

= 4.s¡tD-{ x'fH+J =.owï
PYI = ?'18 M

aSSvnq-

,479,

c. Find the pH if 0.030 moles of KOH ar<¡ addecl to this bLrffor solution. Assume that the volume change is negligible.

o.t b
-, t"a
o.t3 o.t1

ln¡rlOí = ,l3mol¿ /,rlOot = O.gZ5 lul
CouO1J = .lq*rot¿ /.+ooL = ¿,I?çU

= \.5x¡g-ï
as9. x ¿¿.q75r.725

x (.q75) 
= +.sxt D-q

(? 2s) ('ooo 3 ole )
r= Cr1+J = ,ooo3t M

lH -- -log('oml) = 3.51

(,325-x)



Kv '? GH3Lñ = 6.4 * to-5

ctctt¡rN]' 'Îomov = 2.61 Ì,^ fcrr>¡¡l1f, = # = 2'33 î'4
, ?ooL

36. A buffer solution with a volume of 300, mL contains 0.80 moles of trimethylamine, and 0.70 moles of
trimethylammoni um chloride.
a. Find the pH of this solution.

Do Vy' (cnl)rr,l + þrz o? [cur)¡ñH*r * o1l
aa

-Þl-ll
2.b7 -x 2,?g +N x

Kb 2,33 *x)/x) = 6.* xl o-5. -- L.Ixlo-s
(z.tl -x7 4Ç5, \ tL 2.?r,2,çl

b. Find the pH if 0.050 moles of HCI are added to this buffer solution. Assume that the volume change is negligible

-3
r = fohJ = 7.3lxlOu

Dll = rl .lr+

/Vow ào o Ku cdl cu-lah'¡n
t ualßl you ì "sf à,0 J1"c-

ehodc,^!l "ft ìlz,'^!)

e>ñ * Hzô ?Çnù3NH*r*OH-',05O aú ,8 o moh

-JEa --.o5o.
o o.v5

,7o mol¿
*,05o

. 80 molø
+ 0.080

o.gt mol¿¿

2.s -x 2.s +x x
5

((cvttlrNl = l:Gur¡rNHll -æu= z,e M

þ+ tt-t pr¡"r yo^ ìa4," r 
' iir| ih o,rcut

\, cty lolso bu#? ;. þon-- pKu = -totth

V'-b = @b) =6.11ßto-(2,s -x)

Do) t¡,11, go pH 1.8 t

aSS. * LL 2,5 2é-b)
= 6,4*lD

2.5
x " foHJ 6,+x lorri

s

c. Find the pH if 0.080 moles of KOH are added to this buffer solution. Assume that the volume change is negligible.

ø'rá.

.4 xt

aSS.

7( ¿¿ Z.O3,Z,q3

frrst ntuìnliïc tÀ2 a¿¿2¿ ('ott ly
( r e ächry ìf ø ûn f'A¿ auâ ' 1.;Ñ¿+rylamuonìurn ìcrt '.

0H-' *(CHg)gN¡1+r +(cttr)sN + Hzo (Gn )rNH{ = ,b2 r'.¡V. 
= 2.obb ¡-l

,?ooL

0.62 nolta
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