Aqueous Acids and Bases
Relationships between [H+] and [OH-]
Calculation of pH and pOH
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LLIAr LEK L9 ALIDY AND BASES

STRONG ACIDS AND STRONG BAS__]I:‘.S

HCI, HNQ, and H,S0O,
rank among the most
important industrial
chemicals

There are very few strong acids. For our purposes we need consider only the

six species listed

Common Strong Acids

STRONG ACID

MOLECULAR FORMULA

MOLECULAR STRUCTURE

Hydrochloric acid
Hydrobromic acid
Hydriodic acid
Nitric acid

Sulfuric acid

Perchloric acid

HCI
HBr
HI
HNO,

H,S0,

HCIO,

H—C1
H—Br
H—-I

H—0—N—0 |
| |
0

Strong acids are strongly dissocial

o)

!
H—0—S—0—H

Lxercises

(1) Caiculate [H'] and the pH of 2 0.250 M solution of nitric pH= -log G+]

acid, HNO,.

ENNE Dv}: ASOM

-, fog(30) i
= .(,09 i
PH
(2) What is the molarity of a solution of hydrobromic acid - -oH
with apH of 1.787 [31): lo’f

(1) 107
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These are the only
strong bases

Strong Bases

A strong base dissociates completeiy in water to release OH~ ions. Sodium hy-~
droxide, NaOH, is the most common strong base. It dissolves readily in water
to give a solution centaining Na* and OH "~ ions:

NaQH(s) = Na*(aq) + OH (aq)

As with all strong bases, this reaction goes to completion. In a 0.10 M NaOH
solution, prepared by dissolving 0.10 mol NaOH in enough water to give one liter
of solution, the comcentration of undissociated NaOH is virtually zero. In this
_ solution, the concentrations of Na+ and OH~ are 0.10 M. The pH is 13.00.
Strong bases are limited to .

1. The hydroxides of the Group 1 metals (LiOH, NaOH, KOH, RbOH, CsOH).
2. The hydroxides of the heavier Group 2 metals, Ca(OH),, St(OH),, and
‘Ba(OH),. With these cempounds, two moles of QH~ are produced for

every mole of solid that dissociates:

Ca(OHX{s} — Ca**(aq) + 2 OH (aq)

Exercises

(1) Calculate the - pH of a solution prepared by dissolving
2.08 g of KOH in enough water to make 500.0 mL of
solution.

O lwsle 7 |
J ﬁ®= ‘P}:l_l — - ‘(j'll-(lt’\\r{ol’lt

SO | &)Cﬂ@M:@H{j

pOM= —Lenlpr 1) - —Lea(.m@é L3 pH=R.8]

(2) A student is to dissolve 8.75 g of Sr(OH)Z in enough

water to get aifinal volume of 0,65 I.. What should th
pH of ;the solution be? T > ou' ©
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1 4 Acids and Bases

Questions and Problems; pp. 504 - 507

[H*], [OH"}], pH, and pOH
L Galculate [OH"] in solutions that have the followmg

values for [H*}:
2. 40X 107°M b 3.0M
a) = ~f°3(q.oﬂo"3 | D) gt —\03(3.0\
He <]
Pﬁhgqo 1)
1. G eo\-‘l' H-
OR B+ . NUSLLE 2 O—l Y
[ = ]oP 35\x10 M | &Hl: [0 = 3.3
2. Calculate. [H*]in solutions in which [OH~ 1is
a. 0.0010 M b. 3.4 x 10~ M
& ot ~le (ooh 30\ oH = ..\,s (3 4x0 1)
B . ¢ o
poM ~ 3 POH 3.
=t H= 1053
j e PN
Dr']-lo | =160 7|9

Find the pH of solutions with the following [H*] C.las-
sify each as acidic or basic.

a. 1 x 1072 M

b. 62 % 107'°M .

\p = ~l=3(\*10')\ ~2.0°
hodic

D) e e

b
—



'8P Calculate [H*] and [OH ] in solutions with the follow-
~.ing pH:
. a. 4.0 b. 8.52 . | L
a) ¢ C ) oHe8S2 g
‘o "0 E,ol-f-st(% E@H] 9
) (6" [o=16" ()= (0 IR L N 3306k
6. Find {H*]and [OH }in solutions having the following
pOH:
a. 9.0 b. 3.20
' .9 oH =3) (O 2 63[\:(0 Y CoHdl
_ A, _
'f : .S = 0.
e Al Ay
H=S Q- 10

Tl 0.0 M HBr
: b A solution made by diluting 10.0. mL of 6 00 M HCI

‘Find {H*], and the pH of the following solutions:
to 0.300 L with water. |

2 D) [ee)s 3M =8 leg(3) = 593 \

o) (onYem): (300mCYH) o= -{,_.,0(.30() J.eram |
Myz ~00M > Dta] [HY

{17/ Find [OH"), and the pOH of the fo]lowmg
gp]nnons _ _
4. 0.50.M KOH

:b. A solution made by dissolving 100.0 g NaOH in enough

<" water to make 500.0 mL of solution.
. L o <
N i) eaile om  por el de eg(sl* 3ot

\0\ [OO\EN“OH t,lc -,),S mle(s/l\hd"’ . SM Na OH COH-'B .
LO .S
<l | POH - —’, 03 CS M\ 4 -,,Qﬂo\ |



. WEAK ACIDS AND THEIR DISSOCIATION IN WATER

Weak acids
General description

- Definition:
A weak acid is one that only partially dissociates in water to give H+
and the anion.
TABLE Dissociation Constants of Weak Acids* at 25°C
ACID K.

Sulfurous acid H,50, 1.7 x 1072
Hydrogen sulfate ion HS0,~ 1.0 x 102
Chiorous acid HCIO, 1.0 x 10-2
Hydrofluoric acid HF 6.9 x 10-*
Nitrous acid HNO; 60 x 10~
Formic acid HCHO, i%9 x 10— =
Benzoic acid HC;H:0, 66 x 10-5 EIJ
ACC'.iC acid HC:gHgOz 1.8 X !0—5 E
Propionic acid HC3H,;0, l4x 10> | =
Carbonic acid H.COs 44 x 1077 | B
Hydrogen sulfide H,S L.0x 1077 | &
Dihydrogen phosphate fon H.PO,~ 62x 10~° | £
Hydrogen sulfite ion HSO,~ 6.0 x 10-8 g
Hypochlorous acid HCIO 28 x 107% | 3
Hypobromous acid HBrO 26 x10° | @
Hydrocyanic acid o ' HCN 58 x 10~
Ammeonium jon NH,* . 5.6 x 10—
Hydrogen carbonate ion . HCO4~ 47 x 104
Hydrogen phosphate ion HPOZ2~ 4.5 x 10-'s
Hydrogen sulfide ion HS- I x10-1 o

*In each case

[H*] x (B}
(HB]

HB{ag) = H™(ag) + B-(ag): K, =

| . Qualitative interpretation of K . !

- 1. The smaller the dissociation constant is, the weaker the acid is.

| 2. When comparing two weak acids with the same concentration, the
acid with the smaller dissociation constant
a. is weaker.

b. has a smaller [H'].

c. has a higher pH.
d. has a larger (HB].




Deternminatnon of 1&

Exercises

[// [ 0%3’13[0‘{3“3

A solution of HCIO is prepared by dmsolvmg 1.369 g of
HCIO in enough water to make 100.0 cm® of solution. The

pH of the resulting solution is 1.36.
(1) Write the reaction for the dissociation of HCIO

hclo, 2 K« cloy

(2) Write the expression for Kl.

- ) A-16T 1
Uﬂ@z} 1367,

/O «C

[y )

(3) Calculate Ka.

gy fﬂﬂ

= 0437 M

660 mt.
G:%/S'

U{C(O(Jt .08 11

C
SPECIES _ORIG CONC _ CHANGE __ EC
HCIO, ¢ o0 - - XHD) DO ~x LIS63
); o O 4% OHY) e (O¥Y)
Cl()'z" ) 4% O8N x  _oMNF)
(.
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. Applications of K
Exercises =
a. Phenol (HOC H,) has dissociation constant\1.6 x 1071
Determine [H'] in a solution prepared by dissol —
- of phenol to form 5.00 L of solution. H { W

The equation for the dissociation of phenol is

HOCH,(aq) = H'(aq) + OC H (aq)

[H[OC H,] U*OC@‘@ q"“’\ N

K,= [HOC (H] 3(,
| T C £
SPECIES OC CHANGE EC
HOC H, A M —x .
H' O + > x
OCH, S 2.3 >
> 0 Lol = X
_{® Lo (0 —{.b* - X
[.Gxl0 = X s
i

() 2 0% —16¥107 =

Nz ot \0’},% B 62([040 \WL[O lcx{o
. J" - =
| | ()




mhbrmm Calculations, Weak Acids :

Para-aminobenzoic acid’ (PABA) HC7H3N02, is pgg@.' : ~ + -
in some sunscreen agents. A solution is made by dlssolvmg \'\C—, H(“‘)O 3 QL) H + C-,H(,ma
0.030 mol PABA to form a liter. of sol 'n‘ The solutwn -
has [H*] = 8.1 X 10-* M-Cz cu afe K, 1Toy. para-ammo- K«: CH+3&1H0M°33

benzoic acid. — . “
T . £ "y [HCHEMN )

v X =§.1x[0
mo |03 \HX \@S 03 8hmd s L0399 .= (?.I*IO"'Y
Wl o

.03 A
?‘M’“’T O T -S
I, = @.95(0
L./ T
Benzou: acid, HC-,H502, is; prcsent 1 many . berries.,
enzoic ac:d solution prepared by dlssolvmg 1.00; g of HBQ"'L— ‘H BGH’L
benzoic acid in 35&0 mb of;solugpp has apH: qf ¥ .
What is-the K, for benzom acid?- A [,C‘: = D’( "3 E@"L 3
1 C E Ben'Z.j

e

H&V\'I_ JOIBUM ‘ % . 0033-\_! lSqu\z_Cl—yjc(f ’)
= = 0334

Wt o \+>¢ 3 35C | g
o] \ r:"‘& pH=4l
énz X - -
© , (00193 Cht)= 107" e0123
7 s ¢.89%107

[ —f

Lacticagidi(K,: = F4.% J4-7) s present in sore mus- - — Lt -~

s after wgorous'exer?clse Foral.3 M solut:on of lactic HLM&_ H +lac
amd,,calru!a;e : ' T ¢ _
i M ¢ &l 13 [@H’] c.pH d % dissociation e

' i 013y Hiae [03 | = | L3
Tldss= &
- X A
K, = .C”) | Uefo” s X 3 H o {4 |
/.03Y, .
l_-3 -x I -3")( ° o LG.C- O 4'\( x
NI _.Jr_
x’}-l-l_'_l x]O."&( —-L%D"’O =0 ! W= l-%j

A

= -I‘—l>r|
X< o L4109y, Ve
20




WEAK BASES AND THEIR DISSOCIATION IN WATER

Weak Bases
Species that act as weak bases
1. Molecules
a. ammonia—N'I-l3
b. amines, which can be represented generally as PjN where R
can be H, CH,, etc.

2. Anions
Any anion that is the conjugate base of a weak acid.

TABLE Dissociation Comstanis of Some Weak Bases®
at 25°C
BASE FORMULA &,
Hydrogen sulfite ion HSO, " 59 x |02
Dihydrogen phosphate ion  H,PO,- L4 x 10-1
Fluoride ion F- 1.4 x [0-"
Nitrite jon . NO,~ L7 x 1o-m
Formate ion CHO,~ 53 x 10-0
Benzoate ion GH, O, 15 x 10~ =
Aniline CH,NH; 3.8 x 10-' th
Acetate ion CH,O,- 56 x 107" |§
Propionate ion CH:O,~ 7.1 x 10— '-;'."
Hydrogen carbonate ion HCO,~ 2.3 x |10-" -
Hydrogen sulfide ion HS- 1.o0x 10-7 |3
Hydrogen phosphate ion ~ HPO,2- 1.6 x 1077 4
Sulfite ion v 5042 L7 x 10-7 7
Hypaochlorite ion ao- 3.6 x 10-7 =4
Hypobromite ion BrO- 38x 10-% |g
Cyanide ion CN- 1.7 x 10-3
Ammonia NH, 1.8 x 10-%
Carbonate ion CO,2- 2.1 x 10—
Methyl amine CH,NH, 42 % 10—+
Phosphate ion PO~ 2.2 x ]10-*
Sulfide ion . 52- 1 x 10! J,

*In each case the dissociation reartion is of the type:

[OH"] x [HB]

B~(ag) + H,O == OH"(a) + HB(ag) Ky = T

PLEASE NOTE CAREFULLY:
The mathematical relationship between K, and Kp is as follows:
(Ka)(Kp) = K,
whefe

Kw =1x 10-14



Determination of [OH ]

Exercises
Hydroxylamine (HONHZ) ‘reacts with water according to the

equation
w0
HONH,(ag) + H,0 2 HONH3+(aq) + OH (ag)

The equilibrium constant for this equation is called Ig Itis

9.1x 10, Calculate [OH ] and the pH of a one-liter solution
of hydroxylamine containing 6.6 g of hydroxylamme

HONH)
[OH JHONH,, "]
K= "pHONH,]
- (/)@\ (5010 O 5=

@} Q\(o‘ > .

XD-# ?t-,kfot)( - {&x(oh = O

SPECIES oC CHANGE EC

HONH2 _ay\ _x og__xl

HONH; O 4 ~

OH O 4> x

; FTSA(O
S = bt L,)"'(Q( 9.1 x(() ,,, HO?)) q(*P*‘"
- s -y T e
LGH'j =4 0" M Yo ND
f:} 3.34x(0 W >(:.LLB')?<[0'-5 = Bﬂj

it = "QC\]:H\B 7% 67)

[on)= U3

oU= “{3
R 23

{l




R, HCO.-.

-;:=_:é:l§sac13uon Expressmns, Weak Bases _ o
32 'Write an equation for the dissociation in water of each - % 4 H)O Z_)? @,H\ % |

0. “ihe following weak bases:

—

A J\’\CO,.\,;

B N
_ 4
c,\ C MM, +H,0 =22 oH (o HsNH,

Equilibrium Calculations, Weak Bases ' |

b. NOg~ c. CsHzNH, ‘

A ‘HQO _6; OH-‘ 4+ HQCO3

+ H,0 =2 on~ + fNoy

benzoic acid(@s 6.6 X 10-2-Find

a. K, for th

@ Write the net ionic equation for the reaction that m < - |
solutions of s te, NaG;H,0s, basic, : . 1

, € TEAChn :
b. the pH osolution of sodium benzoate.

g Benr

—

OM

Ront” i Bere
C7H§03F 1,0 %‘ HC‘:HSO + oft
ﬂ .
QJ\ Klob? = % - ('/(0 . I.SD.X[O—LO |
G.G’rlo L(-. D{Benﬂbaﬂj
C_ 2 b [Bm£]
—3 P LT .
— ‘8-3 " \ 7 \ _F ]53"10-l = )(D'
O \ +x \ x C_}?)__X)
o \ X \ X ><°+ 153416 o ~3.48%0 " =0

8o,

2(\) »

oH 5931 W-l (0 q[sbkro“’\’ H(\\C's‘ﬁ«ro'?

ot %]

- 5alxl0° - [ox7]



Determining the pH of a salt solution.
Exercises
Determine the pH of a 0.100 M aguecus solution of NaCN.

The K, for HCN is 5.8 x 1071°,

CN™(ag) +H,0 = HCN(ag) +OH (ag)

[OH1[HCN]

Ky=""ToNT
106> ()
RS
SPECIES oC CHANGE __ EC
CN™ . leo —-X oi-Xx
OH™ () 4+ % >
HCN &) +X x

.S 2
LN >0 v_ |10 "X = X

| %
2ol D0x ~IPo =0

= 148

LT s [GeT a0

Ja ()

M= 0 > [oH)

\3




ACID-BASE PROPERTIES OF SALT SOLUTIONS

At this point, you should be able to predict correctly that an aqueous
solution of HI or HaSOy is acidic while a solution of NaOH or NHj is basic.
Solutions of NaNOs or NH4I might be more difficult for you to classify.
These two compounds, and many others, such as NaCl, Zn{NOs)», and
CuSO,, are salts. A salt is an ionic compound containing a cation other

than H* and an anion other than OH™ or 0.

NEUTRAL IONS (NONBASIC AND NONACIDIC)

A neutral ion does not react with water to produce H* or OH~ ions. Hence,
it does not affect the pH. There are relatively few neutral ions. We see
from Table ° that

— the neutral anions are those derived from strong acids. \
—_ the neutral cations are those derived from strong bases.

BASIC ANIONS

Recall from Section 14.3 that any anion derived from a weak acid acts as
2 weak base in water solution. There is a small army of such anions. Those
listed in Table 14.7 are typical examples. In contrast, there are no common

basic cations.

ACIDIC IONS

Acidic ions include

— all cations except those of the alkali metals and the heavier alkaline
earths.

— the H50Q,~ and H.PO,~ anions.

TABLE Acid-Base Properties of Some Common Ions in Water Solution
NEUTRAL BASIC ACIDIC
al- NO,~ CH;0,~ CN-
Br- ClO,~ F- NO,~ .
Anion I- 50,2 COy%- HCOs~ HSO,~ H.PO,~
8- HS-
PO~ HPO2~
Li* Mg2+ Al2+
. Na* Ca®t NH,;*
C . 4
ation K BaZ* none transition metal
ions

_ Write net ionic equations to explain the acidity or
f the various salts listied

hasteity-of-+

a. NH,Cl b. NaHSO,
c. Na,PO, d. KNO,
e. KHCO, f. NaCN

N R ;-; —3 Ny HSO,
Ch MQ,\ A;ti vl \%ﬁ% Neshnl Ao
AN PO, — e~ Poy ) W, ) Ws NO,
%US?L K ' Nw‘-r-\ Eﬁﬁ:&‘- ch*to:i) redire] MY

AWM, —) WS+ MO, £ )NalN — Ng™+ N
Qasic aodtred Qasic 3 N ®




Sali Solutions '
55. State whether 1 M solutions of the follomng salts in

water would be acidic, basic, or neutral.
- a. NH4 G b. NH,CN (Tables 14.3, 14.6)

c. Na,PO, d. KNO,
e. KHCO; f- NaCN

{g Qc(li(_. (NHJ‘ S uwll(l, | C,.l- 5 pev ql\
‘)\ ‘P&b@ (,NH&(( = au e . N = ‘mbl‘)
\ Baste C,ch‘ ® e, Qaw 3 \ms.()

&'\ NQO\‘“«\ Lw % (\ed\“fh\ ND 5 (\QJ‘W\\
&) Buse U753 el HCO 0 s <)

\Qm < 0\’ 5 aedtel, Ny b«-s;z)

'eAmd-Bale Models

55;63_7\.“ For.each of the following reactions, indicate the un or A '—) HA ~ 8"

.;‘frensted—Lowry acids and bases. Whiat are the conjugate

lgid-base pairs? 4 den deote
E‘ H,0* + HSOy(ag) = HeSOs(ai) + Ho0 %A e e T
1 b HF(ag) + OH"(ag) = F~(ag) + H;0 Base & = f_,,.t-,l,en accepla

16 NHe*(ag) + HyO = NHs(ag) + Hy0*

o | . Y A
q\, Hﬁﬁs 2 a,cwfi‘?‘nﬁ e L\Ttlt%“\ - E’QS\’ 'H-’SQ!, — Haso\s
H&O o5 leww\‘n‘vtﬁ "ﬂr\e “\Tirﬂe“ *f\—uﬂ _ 'Ha G — 'Hab
A (B
\o} HWe éowhﬁ the Muaf,ﬁ - A» J AHE —> F -¢8
OFC r a.tuf)ih*k ‘H\Wm -bse g ow ) HO -
c\ WHT 7 dowtiog - ARG D B NHy
WO & ot B b Ho > KO

\S




(,g Classify each of the following species as either a Lewis
ac;ld or a Lewis base. Draw Lewis strictures where nec-

b. PCI; C. Hgo

_ vy
@c ¥ ¥ b) o9
M gt &> p %
o b ¥ o ¥ »E
go 36 ¥ 3P
'%’\BMA&“’ | . L -E‘Piac‘slS“—" )
132 < w s CA
2 MC' P-. -
9, N Gy N
-~ Q-cv =
! H Lewds Bast
e~ don’

-768. Classify each of the following species as either a Lewis
ia¢idor a Lewis: base; Draw Liéwis structures.where nec-

‘essary.

a Hg,c-—lsl-lj—éﬂ,, " b. BFs c..B§012 -'
GZH5
N v, Y N !
o w9 ) a =3 M
H I W3 3 3D
NS C
a5 & ’
, Ly
Hlordy= @ €19 f_ﬂ;"f’“[s
! 0 W
w-C - - C-H 3.
T, | e =
Ot .H AD ;f’ $.
. \ o Ill(@é&‘
p-C4  Guse .-
Y Acid

b




. Buffers
A. Definition:

14

Equilibria in
Acid-Base Solutions

o 50\9'\’@0 *“\{_\\ res*:ﬁ p\’( C«L\q.\qe, Aen OH

of Ue it at\t\eé

B. Characteristics of a buffer
1. it contains two species — one that can react with H*, and the other with OH—.

2. [HB]eq ~ [HB],
[B_]eq = [B

3. The pH of a buffer is independent of volume. Thus
[HB] - (mcles HB)
*B] Ka (moles B-)
4. Henderson-Hasselbalch equation

H] =K

\ pH = pK; + log EH;

. Determination of H* {pH)

Exercises
1. Calculate the pH of a solution with a volume of 1.000 L that contains 2.70 g of
HCN and 2.45 g of NaCN. K, for HCN is 5.8 x 10~10,
" o And‘f HCN
[H] = Ka x ICN-]
_ _10 .. (mol HCN)
= 58x107"% x (MOTCN-) = ) I{ij“{@ !; N
1 mol (
| A , 0 cles
moles HCN = 2.70g x 5763 0.100 S MCN'
molés CN~ = moles NaCN = 2.45g x 4';0 ~ = 0.0500
Wae now substitute into the ionization constant equation and calculate [H*].
] = 58x 10-10 x DJ0OMOIHON s
0.0500 mol CN- m meles frow
. - (7
The pH of the buffer is 8.94. N U,| :\ [.(c\ ﬂ M
Cﬂflz I (" S \
0
i n
o], CHAsllexo
I :




o)
IAR ARG 1 T ?““*\‘33(563

'S -
\_\(}“{50‘3 é:) . M o C}“3®2 . (
2. Calculate the pH ot a buifer prepared by adding 6.56 grams™o um acetate,
NaCzH302, to 1.00 L of 0.100 M acetic acid, HCoH30, (K, = 1.8 X 10-5)

CSCoNaly M0y [ ldedih, o 1 NAWEGY
(8 %ﬂ}?/ ) * . 1 ~
Tw()% w\es C)“sﬁa— U{GC}H%BQ’B
AM Moy <L
U{%: \C’\ li(}\h@} B\ w\eaﬂC}K303\
() ‘

D= 1%46° ) i
Rwd fic

PH: ‘iﬁy\(;afasxwfs)

ﬂH =465
D. Choosing a buffer system

1. When required to prepare a buffer solution with a particular pH, you are really
being asked to det&tminﬂlh&mmuhencomen@mﬁeﬂ-ﬂhweak-acfd-{ﬁm L (e]

the concentration of its conjugate base [B~]. Follow the steps outlined below

to help you in this process.

a. Calculate [H*] from the given pH.

b. Rearrange the lonization constant expression for the weak acid to get the
weak acid—conjugate base ratio expression. Substitute pertinent information
and calculate to get a numerical ratio,

e. Assume the moles of conjugate base to be 1.00, and determine the mass
of the salt of that conjugate base accordingly.

d. The number of moles of weak acid is the numerical ratio obtained in (b). (M.
Determine the mass of weak acid corresponding to that number. You now
have the “recipe” for the buffer. ' g



2. Ezercises
a. Suppose that you want to prepare an H,PQ " - HPOE‘ buffer with a pH of
7.00. Taking the K, of HoPO; (H:PO; = H* (aq) + HPC}f~ (aq)) tobe
6.2 x 1075, how many grams of NaH,PO4 and Na,HPO, should you add fo 5

water to make this buffer? -
Solution We follow the steps outlined above. i }'\) H N HFQ
(1) [H*] = invlog(~7.00) = 4.0 x 10~ M U |

{2} We use the lonization constant expression of the weak acid to ca]culate
the weak acid — conjugate base ratio.

« _ (H1HPOE] Uﬂ;"@ujm lﬂﬂ_ - __Et_q_%
* " [HPO;] —3\ (Y0

Rearranging and substituting, we get

HoPO} _ [ 10x1077 |6 mdes H"‘%‘L
(HPO7] ~ Ka ~ 62x108 = " U wdo KR,

This means that for every mole of weak base (HPOz‘) we need 1.6
moles of weak acid (H2PO, ).

(2) We now calculate the mass of (NagHPOy). Slnce we need one mole of
HPOE , we also need one mole of Na,HPO,. Thus

mass NaHPO, = 1.0 mol x 1429 = 14x10%g
1mol

(4) Using the same argument as used in (3), we calculate the mass of ,
NaHzPO, required. We see that we need 1.6 moles of weak acid (
H:PO;, so we also need 1.6 mol of NaH,PO,. The mass needed ;
is therefore

1204

H.P = 1. —_ = 1, 2
mass NaH,PQ, 6 mol x Tmol 1.9%x10°g

Therefore, to get a buffer of pH 7.0, dissolve 1 4 %102 g of Na;HPO, and
1.9 x 102 g of NaHPOQy. It doesn’t matter how much water I you use because
the pH of a buffer is not affected by the volume of the sotution.

gl



b. How many grams of sodium formate, NaCHO;, must be added to 1.00 L of
0.250 M formic acid, HCHO;, to obtain a buffer with pH 4.007 (E2)

(Ka=1.6 X104 . -~
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E. Adding H* or OH~ to a buffer

L Uﬂé Wag-%

a. Recall that a buffer has one species that can react with H* ions.
This species is the conjugate base B™. Thus when H* is added to a buffer.

the foflowing reaction occurs.
H* (ag) + B~ (ag) = HB(aq)

b. Addition of H* does two things to the buffer:
(1) 1t makes more acid. The concentration of the weak acid in the buffer

system after the addition of H* is
total moles HB = {moles HB), + moles H" added

(2) 1t uses up conjugate base. The reaction abave shows that for every
mole of H* added, an equal amount of weak base reacts. Therefore,
the concentration of weak base (or conjugate base} after H* addition is

total moles B~ = {moles B™)s — moles H* added

20




2. Adding OH~
a. A buffer also has a species that can react with OH- ions. This species is
the weak acid. The reaction is
HB (aq) + OH™ (aq) = B~ (aq) + H,0

b. Addition of OH™ ion does two things to a buffer:
(1) it makes more base. Each mole of OH~ added makes an equivalent
arnount of weak base B~. Thus

total moles B~ = (moles B™), + moles OH™ added

{2} it uses up weak acid. Each mole of OH~ added uses up an equivalent
amount of weak acid.

total moles HB = (moles HB), ~ moles OH~ added

F. Buffer limitations .
1. The buffer can “absorb” the large pH changes that adding strong acid or strong
bage Imposes on & system as long as it has enough of the species to réact with
H* or OH~. A buffer that has 0.100 mol HB and 0.100 mol B—, for example, can
only take up to 0.100 mol H* or OH". After that, if say 0.200 mol H* is added,
then 0.100 mol H* is unreacted and the pH of the resulting solution is reflected

in the concentration of the H* in the system that now has 0.100 mot H*.

b. A buffer is prapared by mixing 500.0 mL of 1.250 M ammonia and 25.00 g
of ammoniurn chioride.

(1) Calculate the pH of the buffer. (E3) 1YS el N\"% SL= ' (095 wd €S NH3
—_— XL %
(For NHg1: Ky =5.6 X10-10) L

ne H g
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k) Yulax(o™ ot = 139
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(2) Calculate the pH of the buffer after _()._CH_E_S__rQ_cllg_Qf___I:H is added to the buffer. (E4)

wles WM T UGTH 013 = U798 peoles N T
wles NHg = 0 G35 7,008 ~ LBIS wles N

TGt )~ @Hj A 516*{040‘11{_&5 \ B ,
)= W ENT:Q : s ) [eH936

D4 - 438xi0™

(3) Calculate the pH of the buffer after 0.120 mal of OH- is added to the buffer. (E5)

n\olas Nﬂ‘j ey ~.noe = 347 males KA, .—
pooles !UK3 S+ 1O - IS meles MH’,_;, (
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TH)> Sbtt™ /347 ) Py
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(4) Calculate the pH of the buffer after 0.750 mol of OH- is added to the buffer. (E6)

moles MHJ’: 467~ S0 L\MWPW\@(\DS) -
meleS le3 ~ «@S+ 50 /—//—_‘”

Net enovoln wd I eagt vu) all O~
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. Acid-Base Indicators

A ot apes 1t do? vkt the- ewnlgora\— 5 athaton oy
X dso ghoug ‘PK c K mleFCMje

L

2. What is it derived from? Fpn«?\&z’ Ofsaemk_dz}re% Whith we )
avd  (HTn) UTy 22 W+ T
3. CO|OI’ . . - EH+ T -
2. When [Hin}in"1 > 10: ) - l(a—ng@b_r’j‘_]
(1) the principal species is {1 LR%N (wl‘ ' Lk ‘
(2) the color observed is that of AUTA D‘G:B,\ D-rﬂ

b. When [Hin}/{In~] < 0.10 .
(1) the principal species is ey (Bqﬁg\d

(2) the color observed is that of Qase.

- f:?i’éﬁ‘ﬂifem}s nat of _ivermediae__adloc (l\cd\’%\\q
J
PH: p\@\ D"ﬂ’%

d. Color is dependent on
(1) pH of the solution
(2) K, of the indicator

B. Distribution Curves _ .
1. Sketch the general shape of the distribution curve of an indicator Hin.
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Lows

Ped 5, What s the sffet

‘Typiesl Acid-Base Indieaters '

Acip CoLok Base CoLOR
INDACATOR pH INTERVAL (Lowex pH) (Hicser pH)
Methyl violet 0.0-1.% yellow .violet
Methyl yellow 2.9-40 red yellow
Mecthyl orange J.1-4.4 red yeilow
Methyl red 4862 red yellow
Bromthymol blue 6.0-8.0 yellow blue
Thymol blue 8.0-9.6 yellow biue
Pherolphthalein 8.2-10.0 colorless pink
Alizarin yellow 10.1-12.0 yellow red
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lll. Acid-Base Titrations | \{C\‘\\) ot | | ‘

A. Strong acid-strong base titration
1. Give an example and write the reaction that takes place.

o™ — W0

2. Draw the titration curve.

Vi

t(‘-“ ~— -

Labe! equivalence point
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3. pH at the equivalence point:
4. Species present in solution at the equivalence pt'aint’:g “."]i\? \ - k” [q:\
5. Types of indicators that can be used for this titration: S%w le’ b["t M'Af \ A (
pwl 'tv\l»\n}vr PK mnﬂe 3- will wor
B. Strong acid-weak base titration

1. Grve anlexample and write an equation for the reaction that takes place.

[N NH; = WY —5 \W?
2. Draw the titration curve.
791
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Label equivalence point

X /- : o P Label buffer zone
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3. Whatis the pH at the eqmva]encc point and what are the species
present in the resulting solution? £\5H = (
5' .

4. What types of in 1C£tors cw used? 3‘-’{




C. Weak acid-strong base titration
1. Give an example (ﬁnd wriite x /:|uat|on for the reaction that takes place.

HOHO, + O™ —3 {0 GHO,

2. Draw the titration curve. quue

Label equivalence point

Label buffer zone

et eP: pHpls

o
3. pH at the equivalence point: ~ ﬂ

N
4. Species present in solution at the equivalence point: :}B + CDHIO Cba‘sd"' an '\0")
3. Types of indicators that can be used for this titration: i‘pm L'Q

\a‘% ‘:H"qnleu\ﬂ
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