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v FUNDAMfEALS OF ACIDSAND BASI=SA~j -,. \J~ (\o'\-!-~.f3 1iJy ~vv'~ ~ . "11)C~ «-«: I'\.ov-

. . _ .--(). • O\-+~V'-- -t; M. (\tor<.. ~ ~ v! u._d I\..vfV(._.r-.. The IOnization of Water: J~ (""1 - -t=(,o.~+~ - \tA.oJe ~~v-f
, water molecules react with each other, in pure form and in solution. Thi~ea is Io'_~.r

known as ~i(\'\\~w\iCSV'\ . \-\1~l'~.5
\ d..t' Ir ... *C,V~

H20 + H20 \ = = = = t\ 3b + 0 t1 L.. ~ S .n'i c1YTV'Ii"V'--' hi aV\y iOC
This is an equilibrium equation, therefore we can write an equilibrium expression for
this reaction.

-. ~

~

The reaction is:

t ~ L+bC}] l_Or{J

[f-fz.1)) Z

The molar concentration of water is a constant value and can be combined with the
equilibrium constant to form a new constant, t-w .

kw = [\-\~O~Ot1 j = 1.0 X 10-14 (at 25°C)

\d 01(' [I-rtj [O~-)
i}r5V ,\.-w'
':£ ~ieGall that in a neutral solution [H30+] and [OH-] are eq1V(A\

Solve for these concentrations.
\ X I 0 -Itl:. y. z, X :; I y:. I 0 -,

When [H30+] is greater than [OH'], the solution is ~CfrL(.

When [H30+] is less than [OH"1, the solution is 'oC\ "'31G

~t- GAS~:I" ~(.¥6V't- u·......·
~ ... Ja,c. -k~''o~"" .u

Examples: ~~ ~~ .
_ I t: L.e- ~)

When lH30+] = 3.90 X 10'6, .~ ) 10P-) ; \ ~ \. . t~;P
a. What is [OH-]? (~.~ 'l.N ~~5L1 '(IN ') \~Q< \tkxo~()

-- ~ . dt,Cb. Is the solution acidic, basic, or ..o.eu.tral? .'
1--\ -r '7 0 H v' e.0--J

At 5°C, kw = 1.85 X 10'15. If an a eous solution has a [H30+] = 4.30 X 10,sM, is
the solution acidic, basic, or eLJtr ? -3

'"»lvt -6rv tOI..r] I.t?? ~/0-('5 ... 4.31(IO-~():>I-I-) CO\-t-_J -;. If·:?~ID

Calculate the concentration of K'; in a solution in which the hydroxide ion
concentration is
a. 2.0 x 10-5 M

r-
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(1)

(2)

(3)

b. 4.0 X 10'8 M

t:fo "U),/ ro

'). ,'5 X' t-v '"1
*&
'f(



y

Examples:
(1) Calculate the pH and pOHand determine whether acidic or basic.

lH+J= 3.2 X 10·5M ?\-\-:. -\\)~ 3.'l."lC,,,·5" ~ L.\.S f'vH-- 14- !.I.t; -;. Cf.l5

IOHJ ~ 0.0026 M ~7 )..1I r H;;, II. 4 ~
8

The pH Concept:
Most solutions of weak acids and weak bases have small concentrations of H30+and
OH-. TOallow for easy comparison between these concentrations and to make

r> identl¥fEatloh of a solution as acid, base, or neutral easier, a 109system was
developed called ~

In general, the equation is:
cJ~
~~)

ox = - \o~ X
pOH = - I (J~ [oH -]pH ~ ~~ [tf') v

The pH scale is more common than the pOH scale, but pOH can be very useful in
Calculations. According to the pH scale:

pH < 7, ~G,·d,'Z. pH = 7, t'\{.u.\vv. \ pH > 7, ~5i°C

A useful relationship among pH, pOH, and pKw can be derived from the equation for
k!.

pH + pOH = Pk~ = 14

(2) When the pH = 9.65, what is the value of lH+J? x .-- u- -t;
\ t\ -« C [z: ,_ '2.'-j"jC /1:> ,'[.10';- ;. -J()~ [t-\ .) [H-t) ;- , .G:>~ _'-/ ~

An aqueous SOlution has a pOH of 10.00. IH+I ~ ? ... 0
?-H ~"\ t.( -:: -1% ~\ l'

o
(3)
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The pH concept is rarely used for "strong" acids with concentrations greater than 1M.
Why? "'J [H--t) ;; ~ fA. 0 \1 ~ - loa 1. rH ~EJ fH ~ 5vs-l "5C~» \ 0 ~ Mo. \Cl. ~

e(l.S·~ - I\A.) cz.c1.nA._A_.J
~ ~oJcA- ~ -;(f-

We must now define "strong" acids or bases. The terms strong or weak do not refer
to concentration, rather they refer to complete dissociation in water. strong acids
and bases therefore are not written as equilibrium equations. f\-t?~ tJ~ Ms~
strong acids: H2SOa, ucio, HN03, HCI,HBr, HI M~ ~ ~
strong bases: Group IA hydroxides, Group IIA hydroxides (J.. d.·\J¥ ~I"). ,

SAv,(\,....\ ~c..d
Example: Calculate the values of pH, pOH, and [OHJfor the fOllOWing:; o, ... v~o

a. 0.020 M HCI ~C\1 1-1" -% c, - L~
,ILlC\) _ 07 ~\()'"I00 ~ ') ~ p~~ 1.7 ~)::- 51/ II)-V \i)v)~) f~ce.r
l.,...t"I ./. d FOH -=-rz_,o) I

(HI)-:=: Or " +"l. -I

0.00035 N(Ba<OH)2 s,,_(On)-z, __" 't>A. -t~OH ftb~e)_~7
\ I 1. J~ '-,

~ CO\-( -1 / (' (C(:t..J<; ) ~ 0\-\ -;; 3, \ ~ _ ~~

:;;:- .ooo10{V\ (Y\ --:;::IO.IQ~



write the ionization equation and equilibrium expression for the following:

1t\\~'" HCH0
2
+ H

2
0 = = = =:d (HO; -t- -M'30+- 'tg,_:;: [~:301)[CHO't;-]

~~') \~~ ~ci~ \ [HC""(.)~J
t"'O-~
.H-A The resulting ion, CH02' is a weak base in water and participates in the equilibrium.
~~~. . [ \1c+4 02.-J[0 I..,.-J

CH02 + H20 = = = = = HCH02 + OH k, = J

[cl-lu-z,]
There is an interesting relationship between the equilibrium constants for this acid-
base pair. _ k~Jo~[c6;;J) ([A4'd(U~CD~C1 ) ~ [Ll_,('\"'") ~ -J ,,::-I~w

ka x kb - ~ [i\CAOoz.-) c-6\ov-] .rJV "(Dt{ ~
This relationship exists for any aero-case conjugate pair. 0d--)
Because of this relationship, the following is also true:

pk, + pk, = pkw = 14

-\;

Ionization Constants for Weak Acids and Bases:
While strong acres and bases ionize completely, weak ones do not. They therefore
exist in etl!\'\\'oY'tlY'-- with the ions formed by their reaction with water.n a~
Ionization equation of a weak acid in water: ,~ bc.t¥-
~ _v.1 "'&I~ ~ (A<J... C)/\ tJ'IIIj
v~~~ t'\cl,d - HA + H20 = = = = ~ H30+ + A- CSf\

o~ q~ \
Since these reactions are in equilibrium, we can write anlequilibrium equation for
them. [, \ 1J [/\-]

Generalequation: k = n,30 1--\----C+lAJ [~~)
~I~~ ~ ~~~-\] vJ~.

l.Ji{L Jf; ~\1\' \ ex (-ISS)\-.. ~ [~~ 1,')~~W- J"v_ t ~[tw)
~

~V\. ~ [~ho-t)[A-Jlonization-·equ.ation of a weak base in 'fIater: I'.,.,w,
~" ~ _~ ~~C .... ua- (

..: ~a<- O-cClV('·.... B + H20 \" = = = ~ w _
., ~-- "'\_ +- 0+1 ••

, kt = [Bt-\t) [O~~ ~---CB)

[~t\-)•

The value of kaand\kb ar~all numbers and can be expressed in log form
(>. (like PH). pk, = - l?~ .v.~

The larger the k, the~ the acid or base.
The larger the pk; the weA te.r the acid or base.

n

•
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Examples:
(1) For these acids, write the equation for the ionization reaction and the ka•

a. HC2H302 -= H k k C-z, \-1~0 t.. -r-
b. HS04- == ~ y--z.. +-- +\ ~

4- ~c. HCN == \-\ ..r C N
(2) For these bases, write the ionization reaction and the kb.

a. (CH3)2NH ~ H2..0 :::. OH- """ leH3)-z-Nf..-f",4--

b. CN- ~ +l-,)) -=: O+{ - -\- +\ C l'-l t-

C. N2H4 k H-'G.O :; 0 H -
......

.y N..z.J./ '6

(3) what is the value of pk, for the bicarbonate ion if its ka is 4.7 X 10-11?

&I>,~ ~'(c- = - \,,~ Lj. -, x io -" ~

(\ (4) Which is the stronger acid, nitrous acid (ka= 7.1 X 10-4) or
.' formic acid (ka=1.8 X 10-4)? Defend your answer.

( (\,~5 Io.~ \c~ '=' ~~ :;. p,,;-Mn> s-
" Io.~ £- ~e\V\s f~d"J, ~r~ Mr-.--( ~~d0 JlrcLv--e~

1l\r.fV'.L ivV.~"- ~~.~ ,$ ~ ~
(S) Which is the stronger acid, HCN (pka = 9.20>or NH4+ (pka = 9.24)? Ok A.c.{d~

ttc~J ~
(S) The kb for the fluoride ion is 1.5 X 10-11. 'What is its pkb?

\ 0 .02 f lit> ;/~ \.S" X'I 0' "
~

rtlo ~ \o.~ 'Z-
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mL Q.200~ NaOH added

4£~~·"'161~~
Sxarople #1: The following quantities of 0.100 M NaOHhave been added to 50.0 ml, of 0.100 MHCI.

. CalcuIa:¥,t?e pU {)f t,pe,re~~ng ,sqtu~Ong. ~," .~ ~',~
~. ..~,',~!,• ' ..• " . .~ .,;( .' "" ,.,. ll'

a. 49.00 roL:..- b. 50.00 ml, c. 50.10 roL d. 51.00 ml,

&) !-'H .~...Lt_.!..\ ,t~!1""'\~'~"W.·'..., ,tflUr .. . t,00) l , "J .
~~ .. ~, .. 1a

\J\I~~~~:':~~·~~~~("·"t.J."",: ~~:,;~~..~~.,.1.,.·:r.'''IO·~I
, f' ~ .: c .: ~~', ,:,f.;"~ --" ill~HMsJI'J; v,f, !. Wt ""., 1.,0 '.' Nt

, . .'. "'IN'''''. " .~•••~~~., t :;t,~· f If "~,~'
'" ,.J ... ~ ... ,. . '", ..'J 1I/':

".' ~~ .:. t .. r. ,.,.,."_J " . .
.....) 1ftO(Hf ~ ,..1 011-:f ~: ~f _ ...c ';of • <~<.. " h ~ II, ".,
'" ~ '. ' _""'~.:- ,fl. ~,,~q '"\.-, ~~(.,., ~ ;.. ..r;' ..Htr.;,.... 1i! ,.

, , r .~~. ~

:\ N\ ~'. ~"ch ,CJ't' iAi'd.sl':~1\.,""'"~;~;, : ". ~6"·j· ,~ *'1.-' ',. :1"'... • \:c.t'~,:,i' e'~' • ,..to"~~'" • 1ft1." ,,~£W)
w ••. •. " -- -', .' :. ..1 •
• 'w •• ~4,. f"! ,', '. - • J..; !'. - ~.• ' .; ~...' ',:r.cp., ) It a~"'" -.p" .. ~ 'h~ 10 ~ " ... ." .7.. H

. . ".1~~"tf, '\ -, : --.. "" '." r,."~ '10 .(' .....,'.,
,.,;j ',it, ~ ':'" •.' , '.,,_r" "-., " ", ',. '" 6f11 _ '

, • • ". 1;)')" '.' :!if :" , ,"' '.' ' ~,.r ~:::1:. •

d) ~~'~A_" oic: "" 1.1".0·"fA ".. '.. . "' ".. ,. , ~.

,oil( '0·'''' • ,.", 'C ~ ,( " t
.. . . " - I" or of ~ , , v ",'/

~ ~ca~e the pH change for stronq/ strong titiati~ns is Iarge ~ear the equivaJ.Jn.ce.po.~t, ~ indic~!Oi *
f )Jd not 'cha~e:color at,exactly pH = 7. ~Phenolphthalein is often the choice for strong/strong ,
titrations. I~'cotor change occurs during a pH cfiange"of 8'.3 to 10, 1>ut just a slight, excess ( a few.
drops) of the ti~ant win Qause this ~hang~_, ' ...... ~, ,I' ~f ,.; '.

.......

Acid/Base Titrations

~tration ~ a Strong Acid by a Strong Base: i~
.. I,~ ." ... • ... '....., ~ . ,13

Co~def ~~ttlaPRe~ fa t¥ pfr;£ 2S roLo/O:tM flCI'as " ~}~
it is titrate"dWith 2S',mUoflOr2 ~.N~9H.This result is 19 1---+---+--1-;--+
shown in the dia::am:-o '~e right. 'The diagrams is ", .
referred to as a b'f.twn tu~( ,·
As you add base, [If] clet. • and pH iM. until what
happens? i'h'1 ~ ~ pt4~1
Th' , rf1Mhar-l,t"~ld' f . , fis is ite c actertstic en pomt 0 a titratlon 0 a strong
moncprotic acid with a strong base.

) :if, . ~. .,...<'
.'
I
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• Ii Titration~f a Weak Acid with a Strong Base:

..... " '"t " .
Consider the ti'tl'ation of acetic acid with sodium hydroxide. How can we calculate the pH of the acetic

c .,# ...

acid solution during different po~~ along the titration.

14'&.... 0., + f)fa· .. 0\1- _.. ~
.r.
.~) Initially, the acetic acid is pure and can be calc~d fro

.. . 'f' "( ... ,0,, ,.. M~ t C."~& .., ',s:""_

-.. ~-:.

I .

21' Before the equivalence point is reached. not all the avaflable'H has been tleutralized. Before the
L_ChJ pH can be calculated, we must det~rmine what species are present so that ~~ ap~r?~Ch the'
~y problem from the correct perspective. .

• I'

The equation shows that since' botH HCzH30:z and CZH30Zn are present, this becomes a """"~
bl .. '.' . ~ ,pro em. • . '" ',: ..'If • _ '. (

__ \~ d,'

~ 3) At the equivalence point, for a strong acid with ~ strong base, the pH =., . This is ~ the case
for a weak acid problem. Why? 1W oac., IMr~p"SU ".c c..Ms \\~ I~ ~JtI? ~~ ~ ............... p.... ..~.,..\~

(J 4) After the equivalence point has. peen reached. the additional OH- has nothing l~ ~~react witH
so the pH is determined mroply by ~~£0"-1 " kClf$, .:...._:.. ,; ..~'~~;'J'" fJ"t '-'"

Ex. #2 Twenty five mL of 0.200 M He,H,O, is titrated with 0.200 M NaOH. ~I~ (wt,..t.)

~., ' _Since the molarities are equal'and the acid is monoproti;:, we will 'heed •Iflfu~ of.~aOH ~ •
!..#i ,}\,~.,r reach the equivalence POint.1r i.Si,t important to realize this before we begin thecl:0blem?

, L.... .,t, ~.1,. ~S,wt~ ho_,-to~__ ~
"I)" : WhatisthepHbefor,etitration? ~ .""';J.""~ • fW'~e~~~~~~ \..\, .. 0"MIcI,J.

~ ~ WC".-,Oa -;.~w+~4~"Oa-~~~..
, ", ~, ~ 1 .... " 2S '-'.. ··~'5 •

~&., 1.'_10" ~ )ta <'-., ~. ~~~~J~ .. J'

.'1.-'" ~. .I",t
~. ~ 1..1~.oJ. l"'~t, '",! r__tJ =:;;::./:7,~ <'., .. ;, ~ ',. c;.~, ,~,,, f,~ r1'" rr, " '.,'~11 "to •. " . , . "" .. $" ' .:1

een added? ~~· ..t ...;;.4 , ' l '''''.1 :
~ c,1,4-I~:* J ~- ~.J t; ..'-,L.

(J c_t."' M£~IO
,;~ "i X r

_ " t! " ,
...~..; ,. l' , "#(, D-\~.~.... ~~", -z,XIO '.:'1 ~.~. ;

"" ~. . ... 'II ~, • 0: __ -'_,_. ..I
... ~'I;; ';I':.,t "-' ."' .• [.. W\ I"'f ~t .1'''' i01" ~,.. /

-Wt~ X~.,.-

" 0t ~..".• )C .~ "H ;tf'i r.
Ie 'v ..~'~"t1'
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....~. titratiorr~dfa Weak Acid with a Strong Base:
'!If i;/. ,'/i •
h" >.-, If .o\~ ..

Considel' the,.ti:tl·ationof acetic acid with sodium hydroxide. How can we calculate the pH of the acetic
acid solution d~ng different pO~1: along the titration.

4. f 14'1,1-1_0., + 'fa· • 0"-.... M.,c
~ . . ~
•~} '.. Initially, the acetic acid is pure and can be calculated fro

~~c .' I ",,,..,0, .,.M" t C.,,,~&- ~...._. "~~~HCiMIO.l
.: ~'" :t' ~, ~
21 Before the equivalence point is reached, not all the available·H has been neutralized. Before the

•~_IhJ pH can be caiculated, we must determine what species ~e pres~nt' s'o that v;.~f,;a~proach th~ ,
~... problem from the correct perspective. . . :. . oJ,,~. ~

" ~"" !'Il... L._rr.__
The e~tion ,show~ tna:t s~~d'epotH ~C2H30:zand C:zH30:z"are present, this becomes a _~_
problem. ',... . ~.!'" ..' J ', ; •

" .: -"
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The titration curve for a weak acid with a strong base is similar to the curve or a strong acid with a
strong base. Construct a titration curve for this problem and compare it to the curve for a

stro.nf ~ong titration. r:-(' I' : " ) .' ~ •,.,.~ is h~~~ ('.tt> ",,)
oil t ·......' f'C IS' 'h.{\tr w

"' .. ,~~ .. t: • 8t'l''''''~ ""..t .,.J
.; ,.:'nCI. l 0) ".,2. )

4~; ( r~ 1&4.-;:,1)
(l~) f>.~')
1~ J il"~i")'..

Conclusions for Titrations of Weak Acids: .
1.•iibe',pH~f a weak acid is ~initiallY than a strong acid of the. same concentration I

because it: (~ "t..~ • 'US " iq.,,'...ti~ v , •••• • /

• n. The pH rise. r~pidJy in the early part of a titrati~;' but ';'0"'; ~;twI9ne~ the (if f'~"
- ~ecaus~ ,-, ~C~l .~ ·~c~'~ ,,->((t., ~t~~ ,. po~. .
(J The pH at equili~U: ts not 4J . l>eca~ 1'ht tfsu~~ ~14 cor". .

'itt-> &,.. t~(. -~$.•~ ~. ./

•

3)

II

•
I

t.
e

". >.;, '{ t ...

~
'.., _,.

4) What is the pH after 26 mL of NaOHhas been added?

z.S'~ ftt~J
•~l. \~.f-" 1-\"ot-I

:",.q\ OM-. '~fo,·1~l---
· '}v Ii;

." .,



Calculate the pH in ~he titrat10n of ac~tic ,.acid.by NaOH after ~ mL of 0.100 MNaOH
has been added to SO.OmL'of 0.100 M:acetia acid. .

~Y't. f'.fO'~':~' -, f,,'Ob'C-- - .'
i'_ at 0~ .. Mt,"'o, ~ t,H,~ • ."~ ~•

~..3 .~ ..d7J
~:-I0 .?(J1!t ~.".,~

Sx.#3

..
; "

Titrati(;ms of Polyp

Since ~eutralization occurs stepwise, the titration
curve has steps as well witp equivalence. points for
each reaction.

... I
lwi -. \ill

. .

14,-------:-------, ..
·ft "'}. .•-12 / ""

,
,.J: :-.~~~:

'. f1)'~\:spH

10 20 30 40 ~o 60

Number of millilitcl'1 O. 10M HCI
added to 2S.0 mL.O.IOM NaaCO,

'Indicators: 1 ~ I • , ~.. '

Ideally, in'a titration, the endpoint ( the point where Clio., ~ should equal the 'ttl.
point ( the point where "' ~ fW!eI b1_~..In order for this to be.true, we must _9hoosean •
appropriate indicator. Most dyes that work as indicators are themselves waak, MMWe repr§!sent
this as ·fUn.\The unionized Hin has one color, and its conjugate base, ~A' , haS':0tM7 color. I

Hm ~ .r + mO

- Kg, = LM'~,t ~ C~~ ,.,'
'When in a ve~ acidic solution, [If} is high and equilibrium shifts Ja, the color therefore is that of
•. If a solution becomes more basic (a decrease. in If )the equilibrium shifts _t!_ and the color

is that of ~. ....' t

The color change occurs over a range " values. There is a large Il. pH from one Mop of titrant
added to another near the ft, (10 , but the number of moles ~ titrant added does not
dramatically change from one op to the next', i

It is imPorta~ to use a. few drop. of indicator _!' E"ssiljje during a~~:J),Why? 1W :..J~t'.-h1
, ~." ~(c\.:. "'i" 4-airl eJfSIM- ~ ~ OM- d. I '

SelectIng an Ina,cator: ' ,_ 1. ,
Arf in~cator .t~be :hosen so ~t the endpoint is near the 't._'".A usenu equation for ...
selectmg an 1,dlc~tor IS: pKin - pH''fit.the.equivalence point) ""

•
.I,

'\.


