« CstfzCooH (Ka= 1.5 %|0™3)

28. A solution is made by dissolving md (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: 2.824 3824 43824 5824 6.82 %
ratio of [butanoate] 0-010 0.10 .’-D /0. jaxjoz (IDO)

[butanoic acid]

+ 452
CsHzCooH => H*+ CaHxC oo™ @ pH 41.32Y4, CH+] =042 —oocowq:
(-Dooonm? CX-1 _ 1sxin-5 M
= CHY T HyCoor] - 5 )05 CHXJ) X7] - 1sx10
LC3H,COOH ] \ o] .
@pH 3824 [H*]=)07*8%= pooqern o CHXJ 0__002_”0_ _

(.00014997)[C3C00] | | s x DS 5. (C3H7C00
L3y Coott] [CaHs CooH]

© o
b. What is the significance of value of 4.82 for this acid? Explain.

HY2 is ﬂefKa rﬁm ﬂ(Ad Since -}oj (/5-310 S) LigZ(‘-f)
PH 1< eibu-p T;{’Ka whén eqmﬂ amounts I

weak aod a conjpyafe base are /o/g;p,,/;.

whon He rabo ot Lx1 _ o
CH>J

29. A (very poisonous) solution is made by dissolving NaCN and HCN into water.
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" and HCN be equal?

Ccn-J= CHONT when pH = pKa | so theyll be equald@ pH 9.3

(PK"-(HC“) = -loj (Ka) = —{oj(‘qu/o*ﬂ’) = q 31)
b. If the pH is adjusted t0 9.0, how will the ratio of [CN"'] to [HCN] be affected? (relative to the ratio of 1, in part a)
IE pH Aecressts be low #he pKa f'é‘i.?/ }he Soluton
is becomin mprcala adic, s'o CHCNT w:!/alm Cf(aéi Lo Ht
and [CN-] wi| ELI’G’M, so LN Loil) eirmx a Vi

b3
IS less than ).O
¢, Suppose that some silver nitrate is added to the solution. H Nj J

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

A t’aq)'f (Nm - A-fCN“) \ |

ffye&ifl}'ﬂbm T).f more Dké’y when CCN7J is ff’}ahv'.f{/ /1_,.3;17

[CN] will JacreaSe &S 1he Solub'm bfcomd more 13_4_1_5_':_‘()
pTEﬁ—M More bhal at m‘)?ﬁ‘

| Prem n e ST =




_NHz + Ky =18%/07°

30. A 50.0 mL solution of ammonia is titrated with HCI. 20.0 mL of 0.30 M HCI are required to reach the equivalence

W(ncl ionic) for the neutralization reaction that occurred.
l +! oc* NH3 + Hz0" —> NH," +H20
— iy
NH3(a ) + qu) NHq 4\ (aq) caq) ey o)

(ag)

b. Calculate the molarity of the ammonia solution.
MaV = MV (My=012 M
(0.20M)(20.0mL) = My (50.0m)

¢. Calculate the pH of the solution after 0, 10, 15, 20, and 25 mL HCI had been added to the solution of ammonia.

omL: No aed added, so iju&"hﬂ\)‘( Ol M NH3. Do a Kb.

NH3 + Hp0 ﬁNHq*'*OH" assume xec 012
0-'2 - X X %
1.9 %107° = X2
Ky = ENHq+JCOH:J 1.§x)10° = X2 g O-12
[NH,] A42-X X = Cor7) = 0.0014(#) M
(-o:oLHce)(-Bo"%‘): .0030 milw HW H= 14 +10g(0K") =| 117
(.0500L NH3)(.|2 mil/L) =.0060 mo\wNH3 F 4 —
10. mL: .0030 mole
NHy«H® = N,™ CNHs] = OnHGY - oo - 00%0M
I .0060 -0030 o Do Ku: .
A -~.0030 -.003p +.0030 °© B’ NH3+”2OI=PNH,_, +OH™
F 0030 o 0030 1050 -050*+x X
Cni yon get o tispost, Y™ (02009 i3m0

you could justsay: —
5v/50 LuJFkr, So ,aOH=FKb = -log (/.gxlos)

5o poH= H3d, pH=14-H7Y =9.2¢
L5ml: NHj +HY— NHQ“

asSSume Y LL,050

€osOXX) _ | gx107°
(050)
x 21 %1072 = CoH’)

.0Dbp -00HS o ) YH=9.
omet Tamss fonss_ypykg \_pone W [pH =926
0015 (o] . 0045 H -

C = .001Smol2 NHs+ Hz0 22 NHy™ +OH™

NH;] ’.6%;—:"‘:_— = 0.0230%8 M .0230%-% .069231-x X

' 3

L’NHJ’)" .00MS mole ’-OMZBIMS x_(.omzsux) 218 2pS M‘% 1§ >0
-065 L CoL30§-%) (-0230%

q= 6 Todl-oao
assume X &< .023,.069 % =CoH] 6.0%10°y PH 818



~+1
L d S
(30c, continued) NH3 + H N H Y

(NHG'] = 00comele _ 0857 M

20. mL: .00bo 006D (0]
- -.00bO -.00bO +.0060 .0FoL
o O 0060
€quivalsnu point.. au NHy convekd to MH“+,.4Wfak acd.
Ka(WHy?) = Ko - 107" . 54 xip°
Ky(NHs)  1.8x10°S
assume x ¢L.085%1
KA‘ NH,{‘"? H*'*NH_; _};=5-56xl0—‘0
-08571-% X X .0857)
o= X>_— =556%(07° x = CH+] = 6.9x I0°M
0857-x TpH= 6.6
25 mL: NH}"‘H"”—-) NHH-“ , | }
.0060 -007S o) « past the equivaltne poin >
~.0060 ~.0060 +.0060 all NHy ¢onvehd B NHy
o .0015 .00bo and excess HC is prese-t
7 1 |
S'J'hmj acid Weakaud
¢ (ignore)
CH+] = 00ismele o o
015 L

pH = —Io] (.020) =l .70 }

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

3

> 1
{
.

27 |
0 10 20 30

Volumdf HCO (ml)



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

a. HBr titrated with NaOH __n2utrad [S‘hmnj acd, S"Vbnj base)

b. CH,NH, titrated with HNO, aan'dut ( weal base, shon g a “J)

¢. HNO, titrated with LiOH basic (weak acid, shag b oce)

d. Cinnamic acid (C;H,0,/CsH,COOH) titrated with Ba(OH), basic (w eak aud, S‘lnnj ba«)
e. ammonia titrated with HCl__ A A di'C (weak baet, s Mnj acid )

f. NaOH ttrated with HC10,_Neubad (s trong base, s M'}f acid)

g. KNO, titrated with HCI aﬁ“d;C (weak base , strng a ad)

T (¢ bose of HNO; )

32. A solution of|formic acid (methanoic acid) i titrated with potassium hydroxide.

30.0 mL of 0.90 M formic acid are titrd{ed with 0.60 M KOH. - =

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

MVa= MV  (Laom)(30.0mL) = (©.00 M)V}, E/b = 45 mg

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

0mLKOH added: 41l wWe have /S 0.90 formic aud, so do Ka colc.

HCoon = H*'+ HCoo™' this xvalue is a bif foo large do nefled”
+90 - x X X since i affects the Second sighg of .90
In 2 -y
Ka> X2 _ 1.8x1p™" 5o, plag in v X - 1.8x10
90-X +90-.01273
X = .01264, CrH*] = .0264 M

ASSUume X ¢ <€ 090

X T.o1264 v = 19n |
| pH 190 |

2
X2 2 19x0™M  X=.512%3
Aa0

22.5 mL KOH added we are @Fw“‘f h tre equivallnge

- 0. ] __Q!'ﬁtl so half &¢ the formic acid
(.0225 L) (.40 M) = 00126 moles Kort K00S0 2L 9 T i o,
(_on L)(.QOM) = 0.027 mole HCooH S, CHCOOHJ - CHCOo.ﬂ

S .
OH- * HCooH — Hzo + HCoo" ° W cin say:

0135  .02% o 50/50 butfe,
o35 0% AL o ph= pla=-log (i3 x:o‘”)=l'a.-ﬁf',
o 0)3% -013% o W conkd S€ the Mol?-,/;
. to do &« o corlcrlunin
(HCOOHJ':EHCOO'J’ i’szi_n:o—l-lz 0.2511 M Mﬁf}"H*L SAe f!SM-H'!



# 32, Cont'dl

40.0 mL KOH added:

OH"' + HCOOH — HCoo™' + Hzo

024 027 o
o 003 . 024

CHCLOH] = .003 moe /.070 L
CHcoo] = O2MUwmole/. 0o L =

45.0 mL KOH added:

OHA+ HCopH —> HCop™ + H,0

.02¢ 027 0
~027 ~.02% +.027
& ° 027

CHeoo?) = 0.001F moe/ 535 =3, \,

We ace al Hhe equiulmu P'\', So

al Hhe Formic acih has been

Coave KA o formakt in . do Ky withformale.

50.0 mL. KOH added:

OH= + HCOOH—> HCoO™ + H: 0

.030 .02} o
-.02F -.027 *.027
.003 fo) 027
A 7
W ea k baae
shony base (ignote)

EoH-'J: 2003 mole = 0335 M
- 080L

15
PH = 14 *"Oj(.0375)=| 2.6 |

we are
equiv. p

Hhe
fﬁio all

the fy mic acid has been conve

(.odboL)({.bo "'lf—') = .024 moles #3 conrd
do Ka' HCOOH & H*+HCoo™
LOMZB-x X BHILG X
K, = X (3429+x) _ \g= 0™
. 042§ ~x
/ aSS. x ce o4g, .34
N 043, .
M 7 (3429) . gm 10y ggsuid
3429 M .04 2§6 :
[ o L b £
M
Ky (reoo) = Ko - 10677 __ssexg”
Ka(HcooH)  18xip™

HCoo™+ Hip > oH~' + HCOOH
w

36 X x

2 -1\
K, = X2 = 5560

36X esume xe, 30

x2
M

36 .
= CoH] = HH4FXIO "M

vah T S

Yed to formeltion,

= S56 10"

nd excesS KD s preseat,

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

Formit (methanoic ) a ud
0"
W
H- C\O —H
A

0_0;\03;(9%‘1‘"

va

10
‘,\'\

5

4]

fr"

o

10 20 3o HO 5o 60
Volume of KoH / mL



1 el o [ -+ T
0 v 32 o 924 30 6 w0 4g s0 60
Volume of NaOH / mL
H,SeO, (selenous acid) is titrated with NaOH.
0.0 mL of 0.88 M H,SeO, are titrated with a solution of NaOH, and the above titration curve is obtained:

a. Write the net ionic equation for the first neutralization rxn that occurs (include subscripts).

-] T —
LHQ 5603(44) -+ OH(‘Q) _ /}20”) -+ ll'/SfO_g (ai)l

b. Write the net ionic equation for the second neutralization rxn that occurs (include subscripts).

N _ -2
| HSe O gy + OHiagy—> HoCup * 503 ““i).[
¢. Calculate the molarity of the NaOH solution.
BMCd o gr‘alnk, us.‘Aj EP#|: Ma\/k = Mb\/b
EP #] is af 24mL, (0.8 M)(20.0mL) =M, (2t wlL)

~d EP #2 ic af YEmL, My- 0733 - 033 M |

d. Determine pK,, and K,, of selenous acid.

MUmL - 2ml pH @ 2mL = 24, ot graph.
2 X ' inf, s half of the H;Se0
12 ml is halfway o The equivalince point, s, 3
has be‘en corvtrbed 1o HSe 03, 5o [H,5203] - [Hseoy™], soph - pka,

5o pha = 2] [Kay = 10727 = 0.004|




# 33, Cont'd /
e. Determine pK,, and K,, of selenous acid. at 36 ’u)—’ PH & 7'3 acc o 9ru7o)\ ]
Read pH @ 3bml,sine 34 mL 15 halfay betwesn EP#| od EP#2,

So half of He HSe ;™! (ffe.%f@ EPB1) Femains, and half has bee,
Converted fo Se03™2 5o (Hseo5]= [Se05?] so ph = /’Kaz of HoSeOs.

e

f. Label the regions on the titration curve where a buffer solution is present.

Dome - see previous pige IR - L, K .
g. Draw the Lewis Dot structure of selenous acid. \O Se . Thes bonJ

% —~& Could have

. Some Aouble

#2S603 : 26 valtae | /
2lectone "9-'\_/" bond ¢ I\ama‘(/)
since This wonld
give foranpd

For the rest of this problem, use the book values for Kal and Ka2: Kal =0.0035, and Ka2 =8.0x 1 03.’
(these may not match the values in your book..) - —
Km = 2-'“0, Pyaz 730 chnrja ¢ lase

™ Zeco.

h. Suppose that you have solutions of H,SeO,, KHSeO;, and K,SeO,.
If you need to make a buffer with.a pH of 7.90, Which two compounds should you use?
uSeLKHS’eOB and KzSeO_; '(H\ue_ contrin  HSe 03™' anel Se 052 n’ms>
We heeg 10 WSe an acid with a ,oKa near 2.90.
' -] |
pKaz of H,Se 03 is 730, o, in othe wardy, Ky +f HSeOs5 ' is ?.30.
g

.
o

~) - ' |
S the acd @needs To be HSeOs”, ad the Conjugaie baae “”“\-.-5 8
be Se ©3~2 - B,
i. What are possible values for the molarities of the two compounds in your buffer solution? (in part h) x> o
(Find one possible set of molarities; many answers are possible). N _‘.{\
-2 P o
-l —> +/ -2 Se O3 J Ty
HSe 05! = B!+ Se O3 . = 397 %?g
(Hseos] = . 33
LR

Ki = CH*][Se0s? -8
— J-.: 50" /D 5_0’ Illl Jice -“\.24-6 y :;o
' £

o] y
[HSe 3] - HSeOJ'
-7 i
(ID qo) [3603’7:7 - Cp X/D-S ord 0397 M S€03 2’
[ HSebds ] | 0.0 M KHSeO3 ]
0.377 MK, Se03 .

(1259 10 M )[5e05%] —epxjo®
sense that There is

HSe 03 :
[ ‘ ] M dle bMt_‘l"‘\m“‘"d
preStat n buf £
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Volume of HCl / mL (Lls, 1028)

1'1 organic base is titrated with HCl. 1.84 grams of the organic base are dissolved into water, to make 50.0 mL of
sokition. The base is then titrated with 0.629 Molar HCl to obtain the (partial) titration curve shown above.

a. Calculate the moles of the organic base initially present. - (,A 10 equi\/ (e, e po ,h-h

acc fo gra'ph, 372 mlL Hce needed H re

0.629 mole) / Imole organic baae) =
('0371'/'(“)( L )(lmwz H ¢

b. Calculate molar mass of the organic base. l g q 9

Q02327 moles

¢. The organic base is one of these:

aniline (CHNH,: Kb =43 x10") 93 amw
yridine (CsHsN; Kb = 1.7 x 10%) 39 &‘E.D.-_ '
imidazole (C;H,N,; Kb =0T x 10%) { & amia

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

,oyr;‘d,f'ne :

/

N

j—

Q02327 mol& org»-am’c base
ére f/-l.S'{’n

[ 0023 moles |

= 71.06 —| 79 3 /mole |

CsHsN !

d. Write the hydrolysis reaction that occurs between the organic base and water. (the reaction that corresponds to Kb)

 ————

lc;HS /\/(M)., H:0, — C;H;NH:;‘” + OH )

e._Write the neutralization reaction that occurs between the organic base and the HCI (net ionic).

I C;H;qu} + /—/:’aq) —> (CeHsN

~+]

caq)

f. Draw the Lewis Dot structure of the base. i\ 8. Draw the Lewis Dot structure of the base’s conjugate qud.

.‘:] f\.l '
H, 7NN N
S Q\ ’
“‘C§Cﬁ/ \H \ \

—

or

H +

7
I ¢ B
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#34, contd ! L ,
- a b (6)
h. Calculate the pH of the solution at the tollowmg points in the y,(gﬂtmn '

0 ml HCl added: Sart of hhmhon 1 0. 023(21) moles fj"d“"" F’fy"*; in 50.0mL,
[CsHsNI = 201328 moles - gypgye i —> OMF M

Do KI? ! 0.0500 L
CsHgN + Ha0 =2 CsHgNHH + OH ™ ﬂ Xz X 17 1079
il X X He546
o.4es4b-X - Con = 28%I0 5 M
K, = X2 = [#x]079 4S$.xt—<.%5'
2 DMLSHb-X — joH 9.45 |
15 mIL HCI added w 0 "‘35_ I H ol L Lo e —
0.629 = 0.009435 mol&
(0 0)S L)( ) N AOWdD Kb (0, Ka “g"‘f CSHSNH")
H* -+ CSHSN — CsHs NH :
009435 (OF37 o CsHsN +H10 &2 CoHsNH* + O~
. +.007Y4 35 . 228 ~X AYSIS+X X
-.009435 —-009435
o 0.0138Y mie 009435 mole Kb_' (. 14515 +x) X - L Fx 109
- (2128 -x )
[CsHsN] —_gbo?éxsqrou = 02128 M w ass. x £C 14S,.2128
.0 mole — LlMSISDX _ 1 3x)0"
[CsHsNH*'] —%?5%“ 0.14515 M 2128

R S L
45 mL HCl added (s 17 past He EP) \ Xz CO\:{J— 52:;.9 0 M
(.04sL) (629 "2%) = 0028305 molas HUL \‘n _[_P - 540 )

e

-+ |
H*l + CstN —> CsHsNH L’H*J = ,00504 moles = 0053 M
029305 .02327 N 31327 0.095 L '
-.02327 -.02327 _Uesiq | ——
,0050Y o 02327 pH = -log (.053) =|.28
C S"hmyaa‘d C Wcﬁkaa'd
use s o And pH. Cignie) )

Lg 5 mL of HCI added (for the this one, do the volume at which a 50/50 buffer exists!)

EP volume of 3FmL divided by 2 = 185 mL
at 185mL, (CsHsN] = [CsHsNH™] -
s0/s0 baffer 5o pOH = pKy, = -log (17X |0 7) =977 soboﬂ =523

(. i. Plot the above 4 points onlhpgmphon lh?anmu-. page. ww Io-w /S‘ ‘)‘4"0 Ko.
-9
o pH PKA —/oy (HHD"’ = 5.23 1.3 %10 a'PCstI\JH



Ka=45%107"— 4uo, NaNO,

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.

PW a. Find the pH of this solution..” h L
Qa mixing foial V wi 4H00. m

) OR : Sinwe CHNOZ = [NO;]
itiSa “Sp/50 bufft"

the molar;hie will aln/o +o O40 M
So -
fH = fKa.

HNo, 2 H*+ Ng,”

JHo-x X Yo +x
Ka = XY +x) _ o | 3
m.)_) = 4.5x)0 So rH :—log(bi.g x)0 ll)

aSSHMXLLO.‘JD - 5 35-

Xx=CH¥]= ysx0°Y

x (.40) _ -y
= 4.5 %
(Ho) ° pHi=-log (45x)0) =335

b. Find the pH if 0.030 moles of HCI are added o this buffer solution. Assume that the volume change is negligible.

(.200L)(.50 2% ) = 0.1b moles of HNO, od f NO,™ initially
wse Yheae o do Ka *
HNOQ Z—')H+ "'NOZ-‘

R+ NO" —> HNO, newunlize

030 .Ib b ?\eadatsd
- - HW (H* .
.030 -.p30 +.030 .5_7 sHE cH75 —x X . 325 +Xx
o 0.3 .19 oot NO,! Ka= x(.325+x) - ysx/p0™"

i [P= 0‘3 MDLQ = 4His-x
CNo;J = =455, ~0.325 M ( :
asSume ¥ 4&C, 325, 475
CHNDz] - NImole _ OM75M X(.325). ysxp™ x=[H*] ’-‘-00065'\%’
.HooL. M5 pH = 3,8

¢. Find the pH if 0.030 moles of KOH arc¢ added to this buffer solution. Assume that the volume change is negligible.

ficst, Neulndi ze e addad KoH OH-' + HNO, —> No,7 + Hzo

by reachng ;Fwith HNO; > 030 0.1k o0.1b
7 f , g . —. 030 -.030 +.03pD
2 0.13 £.19

CHNOZ = 13m0l / ool = 0.325 M
CNoz'J = .Amole / ooL. = 0.4735M

Now do aKa celc :
HNO, = H* + NO,” &\/
.325 —x X -H75 +X
| X(M475) . -4
Ka = X(.H75+x) = H5x)0H (325) Lk (-0003079)
(:325-x) ass. x L M15,.325 %> LH = 00031 M

PH = -log(.00081) = 3.5]



36. A buffer solution with a volume of 300. mL contains 0.80 moles of trimethylamine, and 0.70 moles of
trimethylammonium chloride. -
a. Find the pH of this solution. Kh "p (C‘HB%N = 6.4 %|0 s
. .90 . Fomple _ 2.
ClcHDNT = 50mole . 243 M [EHs)nH~] = 220100 = 2.33 M

300L + ool
N
Do Ky : (HalsN « Mio Z2EUs) NHH +OH- i) e
2.67 -x 2.33 +x x 2, e M
H -3
K, = (233+(x) = by x107> Lz(_Sl)i =64x10>  x=ConJ = 23)x)0,
N 2.67)
(27 ) ass. x £ 2.33 2,47 poH = Y14
FpH = .86
b. Find the pH if 0.050 moles of HCI are added to this buffer solution. Assume that the volume change is negligible.
Arst, newhalize the added HCP 5 Now do a Kb (f-@t‘woaf)ﬂ’l
rmd'm IF with fhe baae {mdh ] amine Cualess you yustdo The
o J ot Short cut oF, otfom /)
H*+ ((‘H_g)jN == (CHg) NHH '
OGO mle . s 3 CHB)’JN Hi0 & CH3)3NH +0OH"
050 50 md . 70 mole 2.5 -x 2.5 +3 %
- DSO  ~.050 +.050 s
o K= @s+x)(x) - cyxi0”
0.75 0.75 b e 6
[(CH3N] = C(CH3)3NH**] « 2957 45 Mm ass. wee2s A0 - guxg’

€Ay 5p[s0 butfe . FOH )DKb—-IDj(é»L/xlD's) ‘-/l‘? S'o)OH 781)

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

fst, newalize 1he added Kon b
4 reac‘hnj iFwiin the acd ""*me*hylammomum jo .

OH™ + (CH3)NH* —5(CH3 ), N + Hz0

3oL E -5 9
(aH’has,aomf you cﬂd “5} doﬂ\eshorﬂu}‘ “ond - x = EOHJ 6‘-}*]0 @

[cHz }NHH] = b2 male _ 2000 0

-080”‘“ .7‘0 molés o 80 Mpl(a .BDOL
-.060 ~—.0%0 + 0.080
o 062 moles  0.3% moles [€H3);N] = %3* Mole = 2933 M
o0L

“then do & Kb for you could do Ko prt a,b, o c at This poiat jastead )
(CH3);N +Hzp 22 (CH3);NH* + pH~!

2433 % 2.06b +X X (2064)X 6.4 IO
ass, (2.933) .
Ky= (2066#x)X _ 4ynj0® x2¢2062435  y=Cond = 2095107 M

2933 -X l PH g qu




