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[H3B+] [OH ] pH Example B
(e 0 eBattery acid '
10! "10-13 1 °Stomach fiuids
{gastric juice)
1072 10712 2 eLemon juice .
*\/inegar
0= 107" 3 -
“Wine
g 4 <Tomatoes
10°° 10°° 5 *Black coffee
1075 108 4 R 6 ik
107 1077 - — 7 <Pure water at 25 °C .
e |  eBloed; Seawater
107° 107 1. . 8 eSodium bicarbonate
N solution
107 10 ~ 9 «Borax solution
10710 104 10 *Milk of magnesia
- .} cDetergents .
107" 1073, S 11 *Aqueous ammonia
. yaod - |
o | 10 e *Bleach
107 107 13
10714 1 14 °t M NaOH

Moore/Stanitski/Jurs, Chemistry: The Molecular Science =

" Figure 16.2
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m lonization Constants for Some ﬁi::ids_ané 'fhe:r Con;ugate Bases 325 °C -

14,0 1[::1; [gj__](ou-i
. A
Acid name Acid K, = W Base name Base K, = —W
Perchlonc acid HCO, Large Perchlomic ion Clog Very smail
Sulfuric acid H1504 Large - Hydrogen sulfate ion HSO7F Very smail
Hydrochloric acid HO Large Chiorde ion =\ Very small
Nitrie acid HNO, =20 Nimrze ion NOy =3 x 107
Hydroaium ion Ha0™ 1.0 Water H,0 Lo X 107"
Sulfurous acid H$0, 1.2 % 1072 Hydrogen sulfite ion HEO7 83x 107"
Hydrogen sulfate ion HSO7 Lix 107t Sulfate fon 508 8.3 107
Phusphonc acid Hy PO, =5 w0t Dihydrogen phosphate ion HaPOy L3 x o™
Herzaquaron( II) Fe(H 00" g3x107? Peamaquahydroxowon( I} Fe(H,0)0H" 6% w0
oo wn
Hydrotuoric acid HF T2t Fluonde ion F- Lax 107"
Nitrous acid HNO, 45 % 107 Nitrige ion NOT 22x @Y
Formic acid HCOOH 1.8 x 107 Pormuate ion HCOO™ 5.6% 107"
' Benzoicacd - CeHyCOOH 63 % 107" Benzoate won CH,CO0™ 16% 107"
Acetic aad CH,CO0H 18% 107" Acetate ion CHCO0™ 5.6% w0
Propanaic acid CH,CH,COOH 14x107" Propancate ion CHyCHCO0 ™ Tix ™
-£  Hosoquaiumioum ALCH 00" Tax 107 Peatsaquahydroxoahumaian AKHOWOH" 1.3 % 1077 =
g Carbonic 1cid HLCO, $2x 1077 Hydrogen carbomare ica HCOF 24x 10" =
; Hemaquacopper(lD o ON" 16 % 1077 Poutiaquahydroxocopper(l)  Cu(H:0)NOH™ 625 X 107 P
E ioa wa . g
= Hydrogen suifide H.S 1% 1077 Hydrogen sulfide ion HS™ 1107 iy
S Dibydrogeaphosphace  HyPOT 62x 10" Hydrogen phosphate ion HPO}~ 16 x 107 b=
3 e - b5
g Hydrogen sulfitc ion - HSOy 62 % W™ Sulfite fon 50}~ 16x 1077 g
" Hypochlosous acid HOO 35% 107 Hypochlocite ion ao” z9x 1077 -
Hexnqualead(Tl) ioa PO(HON" 1.5x 107" Pentaaquatydroxolead(l) Pb(H,0)s0H" 67 x 1077
ion
Hexsaquacobalt(l) i GolH 0" t3x w0t Penmaquahydioxocabalt() Co(H,0)s0H™ 7.7 x 107
ion
Boric acid BOOH)L(H 0} 73 X 1079 Tetrahydrozoborate jon BOW)T Léx ot
| Ammoohm ea NEHT 5.6 x 107" Ammrvonia NH 18 % 107" .
;  Hydrocyanic acid BCN 4ax 107" ~ Cymidciom - 77 N 25x 1077 -
; Hezaqumirea(l) ioa Be(H M 32x 107" ) Pentzaqualrpdroxoaos(D Ee(HOMWOH" 3.1 %107
. : ’ ot -
" _Hydrogen carbomte iom HCOF 48x 107" Carbosate on cot~ 21x% 107 i
" HooaquoikelMion NGO 25% 107" ' Pestmquabydrozonickel(ID) NiH0%0H"  40x 107 s
. - iom .
Hydrogea phosphate HPOT™ 3.6 % 107" Phosphase ion PO§~ 28 107* :
weie T me w7 keskes L o o nel
Hytrogen sulfide ion i 1x 107" Suifide ion 5% t % 10
Ethanol CH,0H Very samall Ethoxide ion C,H;0™ Large
Amsmaria NH, Very small Ammide ion NHp Large
Hydrogea Ha Very small Hydride ion H™ Large
Methane CH, Very small Methide ion cuy Large

Moore/Stanitski/Jurs, Chemistry: The Molecular Science
Table 16.2 e



Fx

Wegk Acil: ,w Wyﬁéﬂ

HF+ HO = HJ(::@+~ F&
~a el s Angttsy pome wial
oeiols % /z,%w/cﬂ%ag,
- An A dpant Leniy oD dllin ot
CHy + fﬁ@<———-ﬁ W CHC
0} vechion « Sreath
ﬂ@ad//ézw/temz L leyr] o
Lllowpz,  acid/Haw @%@%w@e

7!4 W@

HCl+ faoH ——7Ho+ MECC Ky,

+e St Weder wealer
ch _______ug_%___ et . Yo (K?-_?! SR

o S =—— HE+ AC Ko
&i i ugfi - ey M;@V )é %;J/
acm/ 77 S (v _ (k<

Q. St acll+han adwgyr on <ame <ol

b N you kicw auy of repfive StrengHs, can predie?
dnre, K

C given K i, can idehly weday /fﬁ”cyer



@ HF g svenger  +han H/{/%,

fredict o "direction " of e reacticn,
QWO( ,QC?V {,(//’Lﬂ‘f K wll e Wg()é’y Or

fecs Han |, (IU each as Acder W,W'
HE + Aaho, AF e HAG, K
&  HF + € del's P2 ]

G HA+ (€ = AS+« ML Kol

aﬂ:? each fu the  eaker or sTremper

@ Dﬁ‘f‘fo -ﬁCV

HCA/ + SOL/;_ _ H_(Cq"'- + eC/(/ K< ]



'

© HF 05 sthoger thon H 7z e
Iredict o "divection” of # eaction,
and /QC?V whether K will b g peqfer o

[ocs Han |, Cﬂf) each as Acidov bﬂﬁ’w’
HF + AGAGT —21 JRF> HAG K7 |
st 74 5'*‘;"@}?2{/ uegles ey
Qe pad bore acl

@ HF + (@ <— Hcl+ o< |

buea_[‘f v % Mapﬁ/ ,(-\h/f 4 Sf’aggy
acidk baie ffcr'{f bgcp

o

@ HA+ I = ANl po
sty s Weder gl
@c"f bfug bote '@C?d

C{'am% ad'l QI Ha weakey or pﬁ/ayge/f
OCI 0}{‘

“ Ditlo fev

2= -
Howe 307 = Hwe + w kel
{ Ufgl<er Wegloy S | -
qq'd @q\»{( Q’Ci‘-i 4 S&tjgw AN

s,



61,2 iy ety
C/ﬂfwfcxz/’/z’:e 7 S?‘mﬂ/

HC H Ay H a—‘(c‘/ HC /6’.:/
H Ay
HT

HF _How B MG -o- adds

_CHq  AH, gr'Hq___:_:_:__ﬂ HGKQCM?{F _

b Carbok ylic_acils

/ﬂ;g—o -H — [ qu—-ds .

" i axM 1 4all; 4
ﬁ%cgécq 4 {

yl—cao

— wrttyas. CHscaoH,} ;ODH et anion.
" o S — acb’,c e B T ‘lia_%ia_(d

C?Cft:/} e E y y TG _-__@‘_I_I_Qﬂ{'(‘.’ .

R L e E e




C. Tmidad (atimny: M/LU‘CE@Q/&(!%MWM

andd yead qedls ﬂdng,/ 743)
Gewnli AT (@(;L [4C= HCT+ A((/cl (H)

€x: F;@% “HC = [‘?’- @@)g QT"‘%G@
(L(7+é§_0)¢/ + H/_C EA&M é‘(/)j (O@e ~+ JOQ

Kocogiony Ldowe
OWWMW g face

L:OH L CH, KOH (A #J Yo € W

62 -

(gl oA (ap) (2 ;@@J

. oz . MWM@
_ C L(OH [ < 5 B o ( u ( OH (¢
o kel B &%) < el aﬁ/ ol J,n(c;a//é’){")

(@ Amines: Jeatal A COM/cwm(r = Wek Botes
ﬂdf‘ﬁﬂf H A+ /ﬁo =z o;-,t + ,(/,f,! @
weak basn s weak. qqc/

wedd faws

/f:ﬁf?e baﬁe? .C#g/_(_/_!ﬁ,\ (CHQ;_/{/H & HS;U";Q ete

S,
Iy .

| | o
Gop Ak CTH EwL AR CHAH, S weak acld



Faw A a
S j’/,,/
‘_‘%@3@/’ oy LWL L L0 %
7 ety e CMM,@///&M

weak ek L
[ty el ]

) __ H o
| Wedle g He A/ %L(Mak
| My m{ H, 10y |

B e Cte_ _ Hc( S%mwg e _




@

O Claserty as QWHQ Acif, Weak Ac, e
S\"I"L/'G}flﬁ [@0/,&{'/ (/Uf’_q[é [f@'fg/ % /(/@V]#QCK‘M/éq’f

Q.  HAr
b, HF
C CHCH WVH,

{

£ w10
e HClo
h. cle®
l c©

G
5w
p 0



@
O Classity as Stong Acid, Weak Acl,
SWCM Low, Weak bow, cr flon—acd/bye

Q. HApAr SA
le HF LUA'
C. CHbCHoLA/H} w b

o CHChCoon WA

e. H.Scy Sk

£, 0, WA

9. HCIO W A

h. clo® o0

3 .CLG aon @ basw
£ w08 non 022
h, 0% i o
I CHy non  oake
M. NaOH 93”/0’? b1



e
(6.3 Auloicnizobiey of Liter N
s
wo? % “ag) u )
LO + HJL f_,(;/ﬁ’,ﬁ)f— Ot Qﬁb iHG_’L ﬁc
13 a A b = (x)0"?

| O oty Looth /weal*jf celii + Fovce!
acks @ ameudt ?5 e M@% %2, M)&@W

\'xt)d( : Oﬁf’q Y.
L\{@ w]’t{eﬁ\ \5 M m
B\ ‘”“k;s peutval: [Hotl= (v =

W o aciblie i (KR 7 Lxig? [0@4: ot
3 fae b ey < 107 w3t b

.. @ (él oitlee (U OR, ov [0 Lo,

(! q . J/fﬂ M;‘ J{‘/r/ﬂ -.
R ST ] P _________ C(,?EL Qz

7/{6‘!/ ﬂ%"’“f etr {7
(ciner p[-ﬁ =7 mcr I

M0 g €2
<l aquic T

A =
]

l-cf mm'}"f;(




=T neatal
= f H<T acide
P e

= _Louholy chamgy v {HY
G My of é:% 4

v 3= dgt
CAW o ot

s f
Z—}*l 3 é’ L 2 AR s / 5}?@_{?’“’;“( g

GM/HMWM =

135 < hloed < 1,95

mz/"lfﬁ& W%w =

- rw o . MERE T / {ilg’ —
- [ T""_j

i

| ;qt_mr-,m-,,maj .

T W
HE vt GIMCMO
ﬁ&; | Sli l/& :ﬂkVCcnm"_% /aw "
ﬁ—tﬂ ):?f:( i,_”d . Z;;fo%m-!




L Filud ‘,OH % ﬁo//aw;'@
o [HeR= 1o |
b M3 = dlexp™
¢, U3 = 3axip7
d. 3= (onet
e. oY= 5 kx (g1
g o0 20
2. Find pbh’a
ac [B=3.9x(0°

b, JOH Y= 34x (C5
C /H= 3495

3. Find ot [#43
Q. ’H: 3.7

b pH= WE

-7
c. [HR=3,5x(C

oo [oH\=4.! XG>



{, FM&( PH Lov ﬁd{aw;@
a. ko lone? 400

B2 = derp™ .00
Tl T =
C )f” 3= 32x lC L{ 3,49 (ycfiee lowtr %m)
oe E”l 4, wot alcwe 1
= Lot == fao
T R ton&@’ e ﬂ# el

e. [oHY= & &y 79— ot ahy ,aff 076
S~ HD L0

G g7 530 pue g0
2. Fiud pott:
pe 4l
ac 0= 2qx g5 9 [ sq
Q)‘ [0 N CH = ?:6’{36 -0~

O#Y=3ax (05 — - pott = il
C. /H'szq; . [0-03— -

- \ | - '
AR
‘ =3 sl
1™ “lion= 029 e R
—o
b, fH* %:}0 e 2 isSHo™ 6, doxi6™
= ;1_'. pexiG |

c. 4% 3.5x(0°

d. o=l xig” 244xc? —



G, //WCL M‘ ﬁ/{"ﬂtﬂ 71’7{&# -y H’L/‘{cm/gé@
A £y, 4 /59/ g

o Eoed fﬂH WWM&M@&C

?/@0
o | I '.%': /Ohj 8 y)
acdt b O R | T
HPc,”™  ig=ic! ro.? =
2, O aeide in ,wzz&f, m/éf Aonpte
ond. w%fw

bt H ﬂa,, + 3 OH ——73;504» m,

2 B LT oy 2 e
B [—5;0? R 00 ) A B

4B+ o O e, 07
B Hie® £t o

€



O What (s pH of I Wox|GP M My 56y ?
iH*‘:(.: ,\3@/(’073 L?H—: 2&37’
\ .5

-..f?
@ An M colubien hat pH= 26, hat it
jtle? Ty
(J:H*l = G QMO’Q

O hat 1 /H J‘or OG’IBM KoH gc/a)(/cn

o= 164
OfF om"’f B8 p#—;u
N WLt

=,
by L

@ what is pH ﬁw o lton Huf s
| - O.013A4 Ca(OH) S

[‘700??/'1 @H‘j — pOﬁF hs’? -’?-

& U./hﬂtf s ptt f 9}2 of LalOH), (Q@/ﬂcf)

duﬁdw.cf M 160 wl of wqffr,
< wd OfF = thOH),[élnc(d{» _0.4fqud oH  LHY= = O Y uel oH'.
Qo; g, (! nol S /G0 L
{OHY =0, (43 M

PH: 138l poﬂ’o‘f%?._é—-'




(. pH“"Ka What 18 ¥ v an acld i an .
Ods M ccluten 13 /rf/am/ and

found fo /mvf’ ﬂh‘ 26 7
U= ™= 1 v8xCS

HA = Wi A ~<\*
g O O Ka= LirenicS) At 200
23 e (1s- rrsfﬂo)

~ X

(§X
/ PH'""f’ZH*I-*?Q) |
9. Ka=rgH_ what ks pH o a OIS M
_ Z&_?&;g_., PH ludien  of cm ac/ unth

o= 220107 :
| _ p
HA = H.{'f**- !41"-—-[';’ 2-?- !0@ =
£t ¢ O ¢ - ¢'5 e
C Tk e ¥R y>= 25X (0
CE wx XX .. ¢ =[1HR=8, IO
\?E!F l“), w. X fifa e ——

fH 324

I AR, ;zz)u “sclaen -oF-an ch/ 9/w
f?HLwZS Jl} whaf 'y Ka 16'/ acdﬁ’

L s
N 7&!3 L Sixig™” |
Wﬂ%—]—-'; ’4;} @ [Za" (I stxc™? )J- M(W‘%fﬁ
25 slzra"’) T o

g M a O. I Scutien has a Ka- L3IXICT acd,

,ﬂutj”’ % JB(ms)
[ ko 0437 pH =33k €.
| | / pH=4,42 2




), Weakk 50.@@ e
| A +NC= OF s >
T &3 o o0 g, =043
C_~x + X x A3y
E [F3—x A ¢
Ge o < x oy They |
i pebils o TR .
@0?—1—-—7 Kb '_ pH-—w;vC/H--vZOH]h“? Kb
O Kb"-‘?f?ht {db 7@”3 7/0” 7,0?‘/
i Ledtrers /éﬁ_/{@
_Lock ot 7_&6727 (6,27 [ta 2 K =10810. “'/ (see bk Ao,
.  Jeivate)
_-A@ﬁ_,_@_aze_n__o@,__caﬂ_f.o(w_ﬁv oty L

M ot

@_l?:/q/gﬁ ;mff/ém ,W; / -/‘ov’ con ({;a/(" ch&!;
Cd(qumé’ h? Yor a &o/m@oﬂ of wede Waw .

logict  Fa— Kn — JOH3 —2pH —=1 gt




G
O H—= Ky whtis & f an s
colubion of o weak Gow 9 /ve]

pH=10.62]

@ Uy pH Tt Ky o a weak b v 1610,
WMa‘f TR ‘Hf@ pH 07£ an 0:]2}/}7
colution of e bae? : «



0 pH = Ky  that 1 Ky it an O. 123 M
| colutlen of o wreak bow g/vel

pH=10.67
L, poH= 3.3F — =4, Mo

81 + e = DH + 4HO
T 3 - o ?3’ @nwj i
C =X +L K (I}B"‘ (4,.!71'/0)
i ATX X X

Gt e ——=2o Fie fon3— ¥
ot it }PH—-‘}pOH—:; W37 Ky

@ Kb_""? ﬂH It Mb v o weak boie 1 (1&1/0-5
what s the pH of an 0222 M
solutfen of e basw?

G+ HhC= K + HA )= Wz/&ﬂ

T m» O 0

C -~ + X “X ‘
‘E“"—-———-L—————-—'—"_—____,'__"—-_ Jm

I X e
G 2 ~oxo o [(OW3=1.8F X’Qj
. K, )_’04.;‘3-7390# -’7/“ o P‘;}ﬁ—_ﬂl 72 | : .




Ka
HCN 49 x {O-O

7. Kaule the hasic n‘y ;| [ae;’w? h;‘ﬁém‘,

3. What s PH Hev a colubbn Hat i
O")/M_fﬂ QX/aF? '

4. What 1 yH fov o Solulen +gt /4
020 in MaCW? N



W ____Iéa bﬂif(‘.t’h}
3 HCAN L{{q‘({dﬂo cS 1
L HF gex (oM e
? H/Ug, .4 x 10 5 1/56 2

| [, Wl’ld‘l’ !‘_E Kb -{CV /{/3— ?

"! q

[b, My s §2&¥ IZ)
axlo

o ; ﬁauk ‘Hf@ bG’J;C!'?(y/ / bewf? /’l/’;?f’rf

@CA/ _ Fe’ v S O’i’ 3/‘1’6
@- @ @3’ C?C{‘dl')(ffr [l ﬁf‘y/%
3, What PH ~Her a rc/c(‘hcm 441&
_ O.I)M on ? Fe e
"""Z';ﬂﬂ fé&‘sz} —vﬁé‘” VFH " .
lO = X
&,{fx!o_ (‘{7 IO

@Hl_ ir(adl_)(lq‘]lwﬂy
o= nact — {oﬁ Q‘&f "—’?/PH' & !9;]

. What u é)H for a soluton +Hat 1

01 in /Ua C/l/7 Saww {C?ft ;4-—7[4,—'70”—-;,:0#
s 10T 7S 7
e ’0 204’[!0 Gl by f

LN S OJGxQO‘!)'{."/g 31 :
= 2,0240° — yo&- 209 1 Jpi= X



Derivation of KyK,= (6"

K =[H0[A] Kb=[E)H'j[HA]
[+ A [A]

so Kqkp= { _&L}oﬂ[ﬁ]) 3[R A)_ [wotl[@H]

[ AN [A]
= 1.0x107¢

Thus [Keky= K= (6]

© For Sty Acd (471) get okt q)y
| ' | h <

@ For fonAcd (14<(6") get strong
base (k,,?fj

S, For weakAcid ((0"44[(a¢.l)
get weak Bax (16"« Ky« 1)



T-125

Table 16.5 Ka and K, for Conjugate Acid-Base Pairs

TABLE 16.5 Some Conjugate Acid-Base Pairs

Acid K, .= Base K,

HNO, (Strong acid) NO,~ (Negligible basicity)
HF 6.8 X107 '/ B 1.5x107 1
HC,H,0, 1.8 X 1075 m: i} CH,O,” gap | 5:6x 1071

H,CO, 43 X107 | S HCO,™  qqugfh23 X107

NH,* = 5.6 X 10710 NH, 1 1.8x10°®

HCO,™ 5.6 X 10~ €02 1L8X10°4
OH- (Negligible acidity) oL (Strong base) =
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by Brown/Letay /Birstan’
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