Acid-Base Study Sheet! Name: Seat #

1. Calculate the pH of each solution:
a. 0.010 M HCIO,

Strong acd so [HY=000M  pH=-log(0ID) =[2.00]

b. O.OOIgMBa(OH)Z pOH= -log (.0020) = z.?o

¢. 0.040 M LiH
H-1+ Hio = Haym OH™

so [oH] = pHo pott=-log (.o40) = 140

"4 0040ML,O F.H IH -poH I_lz éO] o
0%+ Ho— 20H~ po}—t: —109(090)

s [on7] = 0.080M pH> [4-poft? I _ l

e. What was the % ioniz_ation for each of the above solutlons?]! E éé % ’ é §:h’0 ? A dd /! 14 e)

2. Calculate the pH, [H"'], and % ionization of acetic acid in each case:

assSume X Lo °l0
a. 09OMHCH,0, HGH3p, =2 H* + (G H0,"!

-~ 52 2 =
(Ka=l.gx10’5) I o090 o o) / X )gx10°® ‘
A =X +X +X \ .40 PR ..
£ o-x  x X AN = [H*] =l.0040 M
Ka=CH JECZHSOZJ 1I8%I0"°  x? _gx105  pH= ~10g (.0040)= @
rKC1.H301J _ - ’
" 90 ~% = oo4}02 0"’5 /
b. 0.0010MHGHO, (spne fm"ua.bo\/f> _—__Ko.% 100 = l .
X . )8x)07° F)mg In ?ﬁm
-S
.00jp =X x 2 = ].8x%/0
_._’——’—’_f_—__ . o
asSume X ¢& 0010 .0010 ~ 0001342 [ﬁq—] z 00013 M {]
X2 - 1.8 x1D°5 X< .000124§ PH= ’lbj (.ODOIZS'S)
.00]0 agadn * X 2 .000)255 M= 3010 J
- T’
X =.0001342 M LABIE S U—
oo big to aohm.llj “neglect” 0001255 [ su __)]/3 of
Sing W0 a SF in 1 Jecmad .00l0 | 1nRahnn

pace, as dogy 0010 M .



3. Calculate the pH, [H"'], and % ionization of the weak in each case.
Use your answers to fill in lines A-D in the chart in #4.

A. 0.20 M Cyanic acid (HCNO) (Ka = 3.5 x 10
HCNO = HY +CNO™'

20 =% x <
- [H* - Xz x 10-1 aSSUML > X2 _35x%107"
(H+llcvo) X2 - 35 x10 et 20
[HCNoO ] .20 - X 20
x = .00836F M oo big b rgglect.
2 -4 = -
__X__________ = 3sxI0 IL‘H*] .0032 @
(20m00FMT o replugin pH=-10g (.008143) = 2.04 | ¢H
x =.008190, x=.00894, .008/93.. 009193 00 =]7,“ oﬁo}}
.20
B. A solution that is 0.20 M HCNO and 0.10 M NaCNO
HCNO & R™ + CNO™
£ = x(0.10 *X)__: 25x)p™ assume x ¢¢,lp, .20
T
(.20-x ) x(10) .3exi0™1  X=.00070 M H
(20> pH = -I log/. om}o)
C. 0.20 Molar propionic acid, HG;H0, (Ka=13x10% LPH 21S
— 4. -l —
H(3Hs0, < H*'+(3Hsg0, N ooo?o,,,oo, 0.35 %
20 =% N X jomz

X2 _am0® 230 [x=.o06 M A W |
20 assume % prL=-log (oonblz)'li"w‘q H’”

%X &4 20 ; Dblélz 100 = g ./
D. A solution that is 0.20 M HC,;H,0, and 0.10 M KC,H,0, . [___,_]

HGHsO, @ H+'~ (3Hs0;" N o if yeutiterak” !
.20 ~X I (b +¥ hoe then, yow
x(10 +X) _13x]0~% qet 030 %o ..

20 - % "Lb*lD M’g:'j ~ e-HMf’/k
ASivzn\a:)xél--IO. .20—5 Pl'{wlc>7 (24%10°®) *@ pH
-’L.o = AeB L0 ';Z_b_ﬁLQ—? xloo"LD\B"/ﬂm'%J

.20



Solution [H*] pH % ionization
A. 0.20 M Cyanic acid (HCNO)
(Ka=35x 10%) 0082 M| 2.69 41 %
B. A solution that is 0.20 M HCNO
and 0.10 M NaCNO .00070 M| 3.5 0.35%
C. 0.20 Molar propionic acid, HC;H;O
(Ka=13x10%) o .00lp M| 279 080 %
D. A solution that is 0.20 M HC,H,0O, -5 °
and 0.10 M KC,H,0, 2RO M| Y459 0.013 %
E. 0.0020 Molar propionic acid, HC;H,O, 0.00050 3.30 25%
F. A solution that is 0.0020 M HC,H.O, 0.000026 4.59 0.13%
and 0.0010 M KC,H,0,

4. a. Use your answers to problem 3 to complete the first four lines of the chart.

b. Compare Solution A to Solution C.
For a given acid molarity, how does the Ka of the acid affect the [H+], percent ionization, and pH?

The aud W;ﬂ\,a /'u:fh!r Ka will hgve a l/\a‘jh(/ '%: ) 01120
wd & highv mvlwlﬁ Iy 4 H""/ amdwill . have a [owt PH

(move acduc !

s C+wD, EF. ..

¢. Compare Solution A to Solution B. For a given acid molarity, how does the presence of the conjugate base
affect the affect the [H+], percent ionization, and pH?

When The Cohjujak buse 15 “acded," the °hb fonizahin

i 1 Jdecre So +ha H INCreasls
o~d e Molaf:b it H 2.se 14 e biSE, J 16
aude

d. Compare Solution C to Solution E.
For a given acid, how does the acid molarity affect the percent ionization?

The Mfk?/ the overal acdd MDM/'?;
the lowe the % /onizahon,



Kp=1.9 x10°%
5. Determine the pH of each ¢f these solutions.
. 2.0 Molar ammonia {NH;) NH3 + Hzo Z_._’ NHH.H B OH-,

=]

K, =nug]Con’] 2.0 =% x x
(NHaJ y = CoHJ = ,0060 M
14 x1p75 = K2 X2 195107 poH=-log (.006D) = 2.2

20x 2O pri= 14 - poH {1178 |

ASSM“ 2.0

b. A solution that contains ammonia dissolved at 2.0 Molar, and ammonium chloride dissolved at 1.0 Molar.

NH3+ H:0 ‘-ﬁNHq"" +* OH !
2.0 ~-% 1.0 +X X

Ky= x(1o+x) _ o )pS
(2.0 -x) . 2.6m0°M = (o H-)

b pOH = —\og(ssxios) HHY
PH= 14~ PDH’“SG;

¢. 0.80 Molar pyridine

CsHgN + \-‘1.0 CSHSY\H ~ ORr™

.80 =X ” q
' 0 % -9 2§ X)O_
K, - ggsrlsmr][onj T o = 1.3%I0 % ?

.%O"‘
CcsHsN] 0SS, % .80 x=(oK]) = 364*)0

- [pre=as?
d. A solution containing 0.10 M pyridine, and 0.080 Molar pyridinium chloride. (C; H$N H CQ)\

CsHsN « W0 2 CsHgNH™ + OH™!

1D ~¥% . 080 ¥ )
- X(.080) . |7 x)0™
Kb - _x_(.O%O*'X) = . 3% D] (‘°) "™
(1o %) ass x £€.10, .6%0 = Cond 7 2128210

- — : un\:t..iﬁ pr=5.33 |

6a. Draw the Lewis dot structure of each molecule or ion: ( a “ MVC 3 2 Ve, ) s

phosphoric acid H,PO," a1 HPO,? PO,? ;O"'. ’\—3
H3 PO F g oL .
Y .. O_.’\ - o) 2 P
S 0. e % O / 0 \
0\ / H o .o / O"
wo E P \ 4 P\ By it
/N 0 o / o SO
9 A & Mo @
H H

_
(T emphasSized the ocietrule over focmal u\.ovza)



Ka) = 10075 Ki;, = 6.2x DY  Kaz=4.2x107'3

6b. Calculate |H,PO]. |H3Pl'_)t"' |. |HP(3,_,'3|. |PO4"FI'. IH'fT. and pH'iﬂn a 0.15 Molar solution ol phosphoric acid.

H3PDy & H™ + H2 PO, H, PO, = HY + HPp?
0.15 -% X X 0304  -030+y
K= X2 . 0035 Kaz= (020+) () _ ¢.2210%
15 =% (:030-Y)
(this IS a big ka So I'm just assume y 44 030
gonna do quadmhic...) (o30)y I y:(o.Q’\ID-g
X2= 0075 (1S ~X) = ,001125 - .0075 X -0%0 '
. soaptM |
X2 ¢+ .00/ X —.001H2S = O | 50 CHPDq ZJ 6.2x10 J
x = -.0075 % '\’20073)"“‘\(!)(—@0“15}1 (fﬂ‘} -5 shil =< .030)
20) Beost = B+ PDL,
= 0.030 M or '_.D g 62*’0.8 Z .030*2 Z
Cr*]=CwePos] = 0030 M N\ Kaz= 2(0308*%) y.2x167
CH3POs]= 015 -.030 = D12 M HaPDy | EREIp S E P
pH =-log (030) > | 52 B ASSurf;ZH_L__(-_G-?:ﬂO ’"
~ 7. a. Calculate the pH of 0.20 M NaF R 'E. p]??— )(]D"q M PDL;';
Fl +Hio =2 HF + OH™ : —
0.20 =X % X X2 uz0em10" _X* . 1ug06 %0
020 ~% .20
K, = E"FJJCOHj asSume X £6 0.20 x = L715 x10*°M
CF- R
-1y : oK = Aog [on7) = -lo (1-7}\5’40)
TR TR | B et N A
Ka(HF) 68107 _ po 571 @
b. Calculate the pH of 0.40 M NH,Cl \ pA = 14 - \ODH
NH " =2 A+ NH;
0.4p —x x X asS. x L Yo * . 55()xIp"
. D)
= [H J[-NHBJ - 5..5-/6)7‘} D—]D o= I"l(q) x\D—BM H-H
CNHL;.“J M -%
o -—long*J 5)
Katony*) = - =5-5/*5)"ID"°S P =-10g (149 )6

KNNHa) 1.§x107° I_H__Lt @



7c. What mass of solid NH,Cl must be dissolved into water,
in order to make 60.0 mL of solution with a pH of 4427
X u with a Ka f 5506 x0"°

As shown ia (Fb), NH,™' is a weak ac
TlH s}ﬂr}—by ﬁf\d—// the MD/‘Wﬁ quH + pneeded -/-pmke an‘ ‘/’!’2

NH "2 NHy + B N the 2002 M would be [oHy" when
i+is at €4 ibrium, pne tre NH™

4
= [NH3J[HY] .5 S0 M"f"!ze,,p ""‘”‘"%{33"/0"-’- 26M,
" ell ignore any Lillerence betwred,
[NHI; J , ..m,h;\_o'ij ond Y equuilibriva valing,

16 pH= 442, [H*]= 107" 8.3(02)x 10" M ot NH,*!
ChHy] = = [H*] acc sh:‘éhfameﬁy So:
(3.302%10°%) (3.8020107) . g5/) 510

[NH,*"] :
: 260zr¢othHuCP 00600k /5343
[NH,_,'*17= Z.G{DZ)M_* ( // },},51,_ 8:'4?
( U

8. Calculate [H,;AsO,], [H,AsO,"], [HAsO,?], [AsO43] [H*'], and pH in 0.20 Molar H,;AsO,.

Ka,ﬂe H3A$0q = .0056, Kazflonlo Ka3 3.0,‘)0—12
H3fs0, & R + HzASDH-' HopsOy = H* + HAsoy”

0.20 % X X .0 3078 H .0307X +Y Y
Koy = 22 = 0.0056 Kaz = (.03038+)(y) = l.o%0?
.20 -
(0378 -Y)

X2 . _
C20-7)(.065) = .0p;17 -0 ps6 x ags. y «<.0307§

) 2
X2 +.0056x - .po1z =p (03698)(y) = [.07I0 ?
.03078

X = 0030753 =
or .%M ‘ IOxlO?M [HASOH-i] ﬂ

CH¥) = CrtahsOs ] = 0.031 3

E/l [ _"‘_1____0_0,_7’\” H‘PGO‘-I _._> H,—H + AS ‘i
pH=-log (.030%%3) ={15| [FH Lox0 -z  .o30m+2 2
CHA] = 20 % = 20 - 3,743 Kag = (03078+2)(2) _ gp5 07"

[@;&] :-_077 M lL.oxpT-Z
aSSume € £< po, 1ox1077

- [chs0id = 275107 M |




9. Several “species” are shown below. Three of the them are “amphoteric” (and “amphiprotic”).

PO,> HGO, (HCHO,") NH CHO,> CO,

a, Circle the three species that are amphiprotic.
b. For the first (left) two that you circled, complete the reactions below!

first species acting as an acid:

HC?DHHO?.—-'r HO - > CsHHOZ— & \-\30.“

first species acting as a base:

HC}HHOZ—‘+ H,0 s > H‘LCSHHO'L - DH"

second species acting as an acid:

- <)
HPOy™® . wo . TPO4> + H20

second species acting as a base:

HPOI._‘-L + H0 - > H’LPDH—| = OH"
H(toy =Sheng, So Ka = &°

10. Consider the acids HCI1O,, HCIO,, and HNO,. = -2
a. Which of these is the strongest acid? Which is the weakest? KA ’P H cl 073 .l ™10 H
(Use numbers to justify your answer as needed.) KA rf H NDz = Y{.6%) o

RO, = s‘-l'ronjcs-} acd \ \
HNO, = weakestacd  (HUO, 04 HNDz ove weak, but HNO: s w ekt

b. If you had a 0.10 Molar solution of each acid, which solution would have the highest pH? Which would
aul w??\v ) “‘é‘f“""ii'éi%xc, but HCLO3 'S MoS*ac»‘dz‘c., So um_il have-the Imgeﬁ PH,
HNOz s |<astacdic, ¢co will have H\Qhﬂ,ﬁ

c. If you have 0.10 M solutions of KClO,, KCIO,, and KNO,, KLI103= | DW(S'!FH F .
Which solution would have the lowest pH, and which would have the highest pH? Explain. o i
| ghest | K.N Oz = ighest pH

et '0n 1S r\.Qu‘hrLQ, So J-l'SM?arcf. ) ¢ mo
W Clos = chong, so iff comjugate base, Chog, il be ACKTET (pH?)
HNo, and HCLO, are weak auds, so NO' ord CL0;" ace basic. (pH >,7)

' 4 W) th Cl1027 fimenest
Sinw HNOL /g Awak&aud, NOz* will be ASM"f(f base 2 (prhés)

11. Classify each compound as acidic, basic, or neutral:

CH,CH,CH,CH,0H Y\eu"'ﬂ'o (a,Qcﬂ\aC) HNO, acr'diC

N .-o: - .
CH,CH,CH,COOH /(‘i—-o—H audic LiNO, hasic
\ e

CH,CH,CH,CH,NH, basic (amine ) LiNO, P\ @ M—I-q«Q



11, cont’d: Classify each as acidic, basic, or neutral:

H,S0; ach d,,\(_
MgH, baSic (U™ is basic)

HS AUAMC

Na,50, baSic

NH, LASI‘C (“HH-H s fhe ‘oo
NHBr amdic Cmgzjs t'[; )u
KCl newhad

NaF bagic (F~ is the Con\.

Baco, baSic

o basie (€ad +H10~> (a(OH),)
CHNH, basic(amme)

CHNH,Cl C HaN H?'*Im acdic
cnon newhad (a2Cohet)

KOH baSic [K*'/DH')
o) g0 acidic

Licicoo Lj*'/CHsCoD” bosic

base of o w%akaad, HF)

12. Carbonic acid has aK,, of 4.3 x 107,and a K, of 5.6 x 10™"".

Calculate Keq for each of these equations.

b. HCO,! <> CO;>+H" = Kaz
eq

= Z.qxlo-l‘?

N -8
d. HCO,'+H,0 <> OH'+ H,CO, K £ p((_'{):,“ - Ku__ -jp - 2.3x)D

e. CO2 + HO <-—-> OH'+ HCO,

KdH2003) 4.3%|p7

Kw_ . =18x107"

-2 . K =
K, r# Co3™" = w/KAIH(D'{) 5.4x107"

f.  HCO,'+OH! <-—> H0 + CO,”

5 Lx\ Y = 5600

IhAs 1S the reverse of (€). Keq * Kw

g. CO? + 2H"<--> H,CO,

this is the reverse ob(c), Keq >

h HCOy' + H'<-—> H,CO,

L —\ =Y 20"
(KQI'KQ'Z) LI

1 =1 — =23x|0°

this is +he reverse of (o). Kei " Ka,£ 4307

i. CO%+ H" <> HCO,"

MiS js therevese of (b). \(et' Ka

_ o
_l_; ,,(;;T;_‘") =1.8x10



\ _H e
13. Ascorbic acid (vitamin C) has the formula CgHgO4/H,CsHgOg. ’ ‘O .
Its structure is shown to the right. H /C\ ‘l" /o N — 0.
(Note: Citric acid doesn’t actually have the “acid” functional C cC—
group, does it?! The alcohol functional group isn’t usually acidic, O—_ C =1 \ I
but in this case the first and second Hs fall off of “alcoholic” oxygens. u
The first Ka (K,,) is for the bottom left hydrogen, C— C
and the second Ka (K,,) is the for the bottom right hydrogen. / \

Ascorbic acid has a K, of 8.0 x 10, and a K, of 1.6 x 102,

P.Ka.::c_:ai—l.}l ;j:ué Q:;) - _,loj (?,D?‘)D’g) :lb’_lo % FKag \‘;‘ |'+
p¥az = ~log (Kay) = -log (1.6x)0™) =|11.€0 HPK“"Z

Consider the compound sodium ascorbate (aka sodium hydrogen ascorbate), NaHC HOs.
Sodium ascorbate and ascorbic acid/vitamin C are both used as food additives, as antioxidants.
When sodium ascorbate dissolves in water, it splits into Na*' and HC;HsOg" .

b. HC,H,O;"' is amphoteric. Determine the Ka and the Kb values of this ion.

Ka z Ka_z l"e HZCQHbO l. b)‘/@ ‘? Kd—

K lo” = L25x107'°—> -10
K Hoor') = —2- -———-—-:" . 10 .3 x
b [HCG bob) KA(KZ C;,Hoofo> 7-07‘10 S :—\ZJ_—D:‘_
¢. Based on the answers to b, calculate the pH of a 0.086 Molar solution of NaHCsHOs. b
K\, > Ka_ so it 1S mote basic than acdic, Ao Kb calc.
-1 ~1
HCGHO, ! + o @ oW~ HaCeHio,  [pH=852] &
086 " y v ®s P
1o X2 . 1.2(s)x10” -
K\, e = L2(5)*\D 0%b sG.J:0 2 ¢ H
omb X &~ a6 ame w Ll O?b % = 3-2?*'0 “ \
14. The structure of citric acid (C;HgO, or H,C,H;O,) is shown to the right. / \ @
The pKal, pKa2, and pKa3 values of this acid are 3.13,4.78, and 6.40. @ / \ / \\
a. Circle the three acidic hydrogens in the picture. =" \
b. Calculate Kal, Ka2, and Ka3 of citric acid. s / h l H

Ka = 1o PFa1 = |o° =teels "l'-?“ixlO'q&Kav g ,,Eai_

- -7
Kaz = |0Pa2 » |- * 7Y 217 %1075 [tar Kag= 107 7¥= 157 =[4.0%10
1O |0 3 .

¢. Determine the Ka and Kb values of the ion HC,H.O, %

Vo = Kay of Citric au'd = XkO*lD?HKo\-
K O“ ~ o K.

K. - w Lé 0%10™"° J

b KA[H_ZC(,HSO?) 1. 6(s96)*\ 0"

d. Write the chemical reaction that corresponds to the Ka value of this ion (show the ion reacting with water.)

HC Hs07? + Heo 22 Ha0" + ( Hs0;73

e. Write the chemical reaction that corresponds to the Kb value of this ion (show the ion reacting with water.)

HCHs 07 + Heo = oM~ + H, CoHsO; ™'

f. If K,HC4H;O; dissolves into water, with t the pH of the solution be greater, less than, or equal to 7?

Justify your answer. L-S +haa -71] K&- - Kb So |-} is mote€ O-(Ad-l‘( H\an’aaSi(



a. Calculate Ka of ethanol.

~pKa -1549 - P -
15. Ethanol has a pKa of 15.9, ac ID P = ID = l-ZG",O le or '—vvll xlo)b__}

: -6 | very
b. We generally classify alcohols as neutral, not as acidic. [T71 4 sSay So I / x1 0 1§ a y

(Vitamin C is an exception to this, as seen in #12). no‘l re l(
Does it make sense to classify ethanol as neutral? Explain. | Smal | So € than a‘? does

’:‘ycm"/’”"M ’ a 5.‘jnh4can7' amount € H* ions
Hioo has a Ky r?-o l.ox)p-!4 | in ionizahon. ———
Kwis essenh‘al/y the La of waler! So ethanot is v less audic thaa zé

c. The ethoxide ion is C,Hs0™. If sodium ethoxide dissolves into water,
will the resulting solution be acidic, basic, or neutral? Explain.

[ Basch Cz2HsO™ is Mcvnj.tj\m‘c base rf an exh’emlf
weak acid. the weaker the acd, the shongtrthe

Conjugate base. (and Na* ion s neut
16a. Draw the dot structures of HNO, and of HNO,. ' D :
HNO, HNO; (74 N v

H—O—N

e

@\H-—@——N——-—&;

/

b. HNO,; is a strong acid, but HNO, is a weak acid.
Explain why having the extra oxygen causes HNO; to be more strongly acidic than HNO,! ox 7 y I‘ Ky Ve(-y
o1

\—\\_f}o — X chonegahVe, so

LS as Mmeore ox s are
o TTThe more Polar this H=0 bongl attached fo X, the more
O\ IS toward #ne Of the more the e - the €- iathe H—0 byy
g’ Ny Itke bond are pulled away fom the H, \ intheacid Gre puled
mwan.‘kJ/ the "H—0 boad... ool the away fom #;
more lkaly the H* is 4 Fave, and shck H—o L,Mjm

¢. HAsO, has a similar dot structure to HNO,. -f_‘_:_m__l_m P air on HZ M V< P°| VVJMM

Which acid should be expected to be stronger _ -
HN@: | More oxjghsorc

N is mwe elechonegative than AS. haVing a more
EN “X" ahmin the aud incresses tie poloty of fhe, )

17a. Classify each ionic compound shown here as acidic or neutral.t’i;i-}' ;0 I bond fﬁ,)

AlBr, Nal Zn(Cl0,), Cu(NO,), Ba(ClOy), A g «,‘iYc’\»(J
| S : . \€v
Acicduc Newh LLQ aaduc oo Ui

NiBr, CrCl, KCl sul, & 0‘\ dA\ C.

acdic anuC  poutral

(aul of The anrons are Cony. bases ok | |

IA and DA Cahons o€ nevtved, other me kel cahons
are g-t’/lf’rﬁ”j @cidic )

*Shor\j uu‘d,S, $o Ve nl’ed“f"p,.



Fet?* o Fe*? suwmunid by Hpp !
17b. FeCl, and FeCl, are both acidic. Which is more strongly acidic?
Explain why this compound is more strongly acidic.

FeCl3 Js moce acdic; Fe™ is moie aade than H\.,O..

Fe** due o s lagyer postive chage.

he €- [n the Hz0's 0—H bmdaValirackd t
the poSihve charge of the metad (ahon. The hayher
the cathion's charge, LY ann!af +he a%ﬁ;ﬁwﬁfﬂ, . ‘o= ¢
and the paoce  pol the H-0 bond becmes Bince v ex, \
#e elcctms nthe boad are beng puiled even fvthe s | H

away Premihe i), the more polar the H=0 bad, (4. stk toite

me‘more Ukely +the H is 1o |cave i3 dlecwfe and ione paV on
shek fo ansther Hzo mopl€ude, so [H30T] inCreases, —
18. For each pair, circle the compound that will be more ac[’dic (lower pH) when dissolved into water. ' PM &b J " H 20

(Assume the same molarity for each compound. You should be able to do this without Ka/Kb yalues)
(ou C[t)li' “R;wc 1o t‘:‘xxf)tfétén 6N TL{ HV The SEXy o€
Ve
HBrisa . . B k acd
HBrO Bro 15 aweak ac
g wad  Qmd v B

T™he More oxygins, @ or HBrO
The shonge e

weak)a cd. Assumy b 0@ HPro s actduc

ey, b NaBro 1s basic
cmwn o : a - L]
@ or KH H,«F is aGdae . KH 1S bﬂSlC
(H1on)
Same H oxygns @ -
bw#h?r is moré€ or 3
e\ chngahve ‘
tho T or NalO, « Bobh are basi, bt since
HToz is a weaker aud ther
N“H"\‘ls aumc. OI‘ NH3 HB’D}, TOB-\ “s A SW
1S baSic o1 1
PHEEEs BrHhaudic, buse ) 5o Naloy ff
SnCl, or ot St s gn-n ol e b&SlC,
Chighvchoge =3 Mo awd«
IA ol B A IWMgBr2 or @ hig )
e Nl " .
st cahws o€ . @ dueto
i CEEI T F e S0 N

newhal — or NaNO, & ba$i¢
gmac EN or H,SeO,
Se .
N more 0 = Mmole audic
Sinwe hoth CM"’“—"‘O
S*:.,':Z\ @ oo HO 4y eak

oud



19. Classify each of these as a strong electrolyte, weak electrolyte, or non electrolyte.

a. Covalent compounds that aren’t acids. (examples: CH,OH, C;,;H»,0;;, C;HgO,, CsH;,(OH),)

Non ¢lectrlytes.

b. Strong Acids (List 3 or more examples: 4 A HBr BT H NO3 H Cloy H’C’Dj HgKOL'(

S‘}'Ybnj IICCM{yiedr

¢. Weak Acids (List 3 or more examples: H F'. HN 02'. H CQOZ_} HCQO', HCZ H'SOZ.)
weqk e\de[ﬂ'@

d. Ionic Compounds. (Examples: NaBr, Ca(NO,),, MgSO,)

S'h’b)’lﬁ 2| Co“f’yo 137"& .

20. For each reaction, below:
- predict products for the reaction, including phase subscripts.
(assume that any ionic compounds that form are soluble into water; no solids will form)
-balance the equation
-Under the rxn, write a balanced, net ionic equation for the reaction, including phase subscripts.

(remember to only split up compounds that are aqueous and strong electrolytes!) &S 5 jenic o O

Shong aud.
a.  Ca(OH), +/ HNO,y, - . Ca (NQE)e ad) "'Z—HT—DM)
CaltH)zee) + 2H *'mq) — C‘\ntaq) + 2 B0 (e)
b.  Ca(OH), + 7 HNOy, > _CL{N_OZ-)_:._L@ +2 H20 (£)

Cale)z“) + ZUNOz2qq) — Ca*%aq)* ,Z-NO'Z._‘{M)“' 2 HZO/,>

¢.  NaOHy, + HF g ——> NaF (ag) A H20 S

OH7pr+ HFigy = Flagy+ H201)

44)
d. NaOHy, + HCly - .__Nadl (24) + HZO/F)

OH 7L+ Hilagy = H20)

e. HCH,O,, + KOHy, - > H?.Ql;:g} + Kz HB Oz ¢ aq)

HC:LH'BOZ(M)* OH’}M)—; ‘L]'Zo/l’)* CzHaoz-;aq)



21. The following compounds have very low solubility into water.
a. Which compounds could dissolve more into acidic pH than into water? Cicc ¢ them. . .
(Another way to ask this would be, which compounds will _ €4 € L) S0 hat bxe anion 1S ”))

“uscdup

- B!l ol T-' are con) Mﬂo‘k bases #sﬁo’y aa\d_‘.}
So ace ot basic, a'\othN ned “shck b" A ion.

b. For the compounds that will dissolve more into acid, write the net ionic equation for the reaction that would occur
between the solid and H*'. Include subscripts and balance.

Zn (OH)y +2H oy = Z0agy ¥1H20)
Ba F’)_() +2H ;aq) —>  Ba™, cag t ZH F(,q)

oﬂ<M9Co3m* H*}aq)’% Mj;:) 2 HCD}..IM)>
Mg (O3 * 2H "y — Mﬁ'r;.) + HaC031045 coutdsphit

AgCNesy + Hilag = Ag™ fap HCNagy
o/ MnScs) + tagy = Moy " HS?"{)
MnScq +2HYagq) —> Mn*tag+ HzScag)

(;,C YDM add H*! +o wal(;) -I-pdon-f wor K, S‘:nc.e‘
H(L would S‘H\j fMlE.-(a’ So CQ" |§H‘)’ “vemoved "

soln.
22. Zinc hydroxide has a Ksp of 1 2 x 1077,
If you have a solution in which Zn* g 1S present at a concentration of 0.10 molar, A wWta k Al A L. ke H

what pH range is necessary to prevent precipitation of zinc hydroxide? - S UDJI ] my o 9¢ ho)
Zn(DH)z[S)é_ Zn 144)4— 20H cag) Wl__\y

KSP & [-Zn'”'][DH:]z
(.10)Con)?=12x10°"7

ln*'b 1’110/(0&

,oDH= -log [1-0%’*10’8) =796

pH= |Y-poH = 6.04 —
loas < )p°%
COH]+ mo SDHJ-D+ i’lb y must Keep | p LH at o below 6. 0‘7'
Ms p a ch

S molwih o P{em-}' (e oWl '}4\?'0}’{, e
Préecipafivn . less oH~! will be fﬂjfr#)




23. CrF, hasa Ksp of 6.6 x 10", Cr FZ () """ (Y cag)t 3 Fmg)

Suppose that HF (Ka = 0.00068) is dissolved at a fixed concentration of 0.10 Molar, and Cr* is dissolved at a
concentration of 0.020 Molar. What pH range is necessary to avoid precipitation?

Ksp = CC/*{][F’f]'; =4.6x10™"
(.020)[F)3 = 6.6 D"
[F7)=.001489 M (max)

HF-——) /_)L—*I-’- F-!

: [A*](001489) _ +] = o 4567
K= CHOCFTD | oopes 70 1) 00068  CH*J = .0

LHF] pH—AOj[DHSG?) =134

__.——“_"-’

24, ZnS hasa Ksp of 1.1 x 10* . CuS has a Ksp of 6.3 x 10,
H,S has a Kal and Ka2 of 1.0 x 107 and 1.3 x 10™. (these values may be incorrect on your Ka sheet? ) - ~

A solution has zinc ion dissolved at 0.0070 Molar, and H,S is dissolved at a constant concentration of 0.020 Molar (it is
held constant by bubbling H,S gas through the solution at a constant gas pressure.)

a. What pH range is necessary to prevent the precipitation of ZnS? ‘

|
Ksp (208) = (en*HI[s2] = l1x1 0" |

(.0030) [s-2] = 1./ x) 7
Cs-zjm 157/ 1D r

s = Hoe ps (TSm0

-1 + S r'
HS™ > HY +§-2 [ HaS) z ¥
H,§ 2)H"+ g-2 [Hu+] (,,57;”_@:‘2) _ I-3>‘ID-20
= K- KQZ = 13x)0°° (0-020 )":

cvt]= O.0HO6E M
b. If you do the same problem as above, but for CuS instead of ZnS, e e - :
the result s a pH threshold of - 5.7. What does this actually mean? \ kegp pH ot/below [.39 J
;[;)Df pos$ible 4o preveal pretipigatn) e

-H'q_m Conteatahons ofF CF¥adH FH 57 wWould mean
H+ =107 o s5x105M (no'l'po.m Lo_’)

25, Barlum fluoride has a Ksp of 1.0 x 10°.

a. Write a net ionic equation for the reaction between solid bariur' fluoride and a solution nitric acid.
Include subscripts and balance.

Ba FZ(_;‘) "'ZH ¢aq) — LM) élL}



(BaFz sy = 1.0 %107° )

25b. What pH rangt, is necessary o avoid precipition, if barium ion is dissolved at 0.10 Molar, and HF is held at a

constant molarity of 0.20 Molar? Ka .—f H E- EH"JL- F- -, 0006?

KSP F‘?BQFZ = CBaﬂJ[szzl.D"IO—b EHF]

“12= [ s b .
(10)CF]*%= l.o=D CH*] (3. 152x/0"’9 = .00068
CF gy = 3162%107M (020)

CH*] = ... 0430] M
keep LFH A o belowr f??]

26. Silver carbonate has a Ksp of 8.1 x 1072,
a. Write a net ionic equation for the reaction between solid silver carbonate and H*' ion. ‘H C 0
o jo 4o T2 3

_Include subscripts and balance.— e - HCox &g
‘ AggCOa(S) +~ HY, caq) —L j Osfﬂ@)

b. If H,CO; is held constant at 0.010 Molar, what pH range is needed to keep silver ion dissolved at 0.10 M. 7

ksp = Cag"T°LCOF?] = g xi 572 H,C0y: Kac=H.3%07
(10)2CCov?Y = 8.1x)10" Kaz = 5.6x]D”"

(Cos),,, = B1x107"°M
H,CO3 2 B+ Heos!  » cH*]*[cos?] - Ka,-Kap = 2.408 x | 0™
oy 22 '+ Coy> | LHa(0s]

CH*]2(%1=x10™) = 2.408x10"7

(o.010) Koep pH at o7
Keg = Ka,*Ka ép P
Lo CH+] = 1724 0 Mtbzlow 4?6 -
27. Scandium hydroxide has a Ksp of 4.2 x 10",

a. Scandium nitrate is dissolved into water so that the Sc*,, concentration is 0.15 Molar.
Concentrated sodium hydrox1de is added to the solution 1 drop at a time.. Assume that the volume of base is small
enough that the molarity of Sc** remains at 0.15 Mnl'u(f( ( what pH Will Sc(OH), begin to precipitate? -

Kgp (s *3]f0H"]3 por = -10g (3.037x10%) - 5.%7
(0.15)Con)* =208 pH = It - poH = gug
CONYmax = 3.033%I0°M precipiakon sh

begin vight 2bove
b. If Sc(OH), solid does form, the precipitate can be cleared up by adding acid.
Write the reactlon that would oceur hclwe.un thl, Hi+l and lhc_pn,c, ipitate. (Net ionic, bal 1nc,c subscrlpts') l PH g Ltg

SC(OH)3(S)+5H caq)'_” SC Wn* 9410(1)‘

HeC03 =2 2 #1+ Co5*

i





