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OBJE.CTIVtS

A. 'Weak acide,'weak bases and their salts:
. .

Upon completioll of this section you sheu be able to.
.

1. upe the appropriate, equilibriuT donataht, K, tO determiile ],

[OH.4], pH, and percentage diseociatiOn of a weak acid or weak base.
2. use pHApercentage dissociation of H3O

+
to determine the equilibrium

constant, K; for a weak acid or weak base.
'

3. distinguish betweeh

a. tweik'acid and a stnng acid

b. weak base and a st,rong base.

4. test the Yalidity of app roximare solutions to the.equation involving
weak acids, weak bases and their_salts.

classifj variou-s salt soluions as acidic, bethiC or neutral (determine
the pH of the salt . sbautions given K for the reaction of salt ions

with water).

B. Common ign and buffer solutions.
:

When you have finished this section you.should be Able to,

1. apply Le ehatelier's princiPle to ionic equilibria.

2. use the equilibrium constant-, K, and buffeP coventrations of a par-k

tia-lly dissociated acid and'i"ts salt to calmlate the pfi of a buffer

solution before,iduri'ng and after the addilion of a strong acid or
. I

base.
-

-

3. compare Ahe beha4iyor Of a,bdffered solution with that of an unbuffered

solution upon the addition of a strong acid or a strong.base.

PREREQUiSITES

You should be-able to do the fealowing before attempting this'unit:

1. define.and illlAstrate

a.- pH

b. pOH

d.* a strong base

e. a BrOnsted-LOWry acid

c. a strong acid f. a BrOnsted-Lowry basp
.s- c 1.

.

2. calculate [OH ) given [H30
+
) and vi.ce versa. '

3. convert [HO
+
] to pH an d vice vea.

4. wrifo balanced net ionic equations for acid-base reacti ns.
q 1 11"

A

I.
PRE.-TEST

4

1. Given a 0.001 mole/1 aqueous solution 'of HC1, calcu.ate:

.a, (H30+) c. the 150

b.. the pH d. the [OH-1

-1

4 ft



2. CalcUlate.the pH of an,HC1 oolutión With 11130,1.3 =. 3.5 x 10
-I

mo1e/1.
. ., ,

3. Calculate the'10H71 concentration ,of a KOH solution whose pH = 12.26.

4, Define and i11usti,ate a Brtinsted-Lotiry acid and a Bremsted-Low'ry base.I

5. Write an'ionic equation for the lonization-of HC1 inwater.

6. Write an iopic,equation for the ionization of,KOH in water.
+

7. Which of the following would yield the larger number of HO ions?

a.. 100m1 of 0.1 mole/1 1-IC1.

.b. 100 ml of o.N,Trole/J ;CH3C0OH, acetid acid, (wet acid).

A

Answers to pre-test:-

1. a. 0.001 mole/1 since BC1 is strong abid
Ity

b. 3 T
c. 11

d. x 10-11 mole/1

2. 2.4(;
4

J. -1.78 r( 16-2 mole/l_

4. BrOnsted-Lowry acid is a' proton donor;

HUN. + H20 7-21--L H30
+

+ CN-

acid

BrOnsted-Lowry baseas a proton acceptor;

CH3NH2 + 020 Z.;;Eft: CH3N1-14.3 + OH-
,

-base

5. + 1120 --Ow' H30+ Cl-

6. KOH
I-1 20 +

--=-50-K + OH-

S.

7. a. kpo ml 0.1 mole HC1 yields 0.01 mole Ms0
4.

ion -- strong acid completely

ionized. .

b. 100 ml 0.1 mole CH3COOH yields' less than 0.01' mole H30
+
since it is a

wpak acid and not completely ionized. .

INTRODUCTION,

,

Acilleous systems involdying weak acids,,wee& bases, and their salts are important

examples of chemical evilibria. The behovior. af these systems is of particular in-

terest.tb biologAsts and chemists. The general representation of thVse systems. ac-

cording to BrOnSted7Lowry definitions follow:
,.

. 1. Weak Acid, HA
u n ...AB. u ,-,+HA + ii2.....L.--,----n3v + A-

2. Weak. Base, B

B + H20 + OH-
;0

3. Salt, NaA, of a weak acid (HA) and a strong base (Na0H). Initially NaA is

codkidered to be totally ionized to'Na+ and A. The weak acid anion then
4 comes to equilibrium witp water as follows:

A- + HA + OH-
fal
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4. .Sait Baa of a weak base (11) and a atrOng acid (HC1). Again the
considered to lOnize completely to'Be and Cl- with the weak base cation
formirig an equilibrium with water:

BH + H2O. + H2Q.

' These equilibrium systems have two common featurep:

Water is'the solvent,

2. The values of' the equilibrium constants.are relatively small; less than
10-4 in most cases. Therefore the ustems contain ions in equillbrium.with

molecules qf undissociated acid or.base, unlike s-rong acid and base solu-
_\ _ -tione which contin.no undissociated-solute moleculeA.*-

Tn these aqueous solutions the concentration of water is very large .(55.5
mole/1) and is considered to be a constant when compared to the concentrations ot
species in dilute solutions. Hence for

HA + H20."--36- H30+. A- ,

CHICI+MA-]
ILHAi

'where [lizO] can be considered to be included in K.

Let's examihe this type of equilibrium by looking at eich of the above reac-
tions, remembering that the mathemati .al treatment,of each system is the same, only
the values of K,are different.

Problem J. Examine the weak acid system involving hydrofluoric acid, HF

HF + H20 --"--*" H30
+

+ F

[H30+][r-] - 6.7 xK
CHF1

Given that initially 0.1 mole (2.0 grams) HF are dissolved in 1.0 liter

of solution, calculate- the EH30
+
1 and pH of the solution.

A

Cho8se x number of moles oftilt,0 +
formed. Note that x would Aso be

equal to number of moles F ion formed and moles of HF reacting.

*WARNING -- In solutions of weak acids there are actually twb sources of R30
+

ions:
.

........ + _
.1. HA + H20 ...L..--, H30 + A

/
,

x

24 .2 if20 H30
t

.+ OH

In most prOblems, y, the Concentration of H30+ due to self-ionization of water
is small compared to X, the concentration of H30

+
from weak acid ionization, i.e.,

4

IP x / 10-6 Mole/1 the assimptiob-that x + y = x no longer holds.
-sA similar !darning is given forsolutioo. of 'weak bases with TOH-] t 10 \ mole/1.
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view of the sNall value of K, what relative magnitude do you ekpect

,rnor x7'
(answer)

1

.,,

0.;1' A detailed analysis of the situation can Ile obtained by filling out a

regction scorecard as follows.

Remember x = -number of moles 1130+ formed.

H20 + HF 1130
+ +

initial number
moles from data 0.1 mole 0 mole ,

_

0 mole

change in-moles x.inci1e. +x mole

moles at
equilibrium %

4

(0.1 - x) mole x mole

,

x mole

equilibrium
concentrationd'

(0:1 - x) mole x mole x mole
1 litet 1 litdi, 1 liter

Using "the equilibrium concentrations in the equilibrium expression

(x)(x)Q.7 x 10 -0.1 x'

This yields the quadratic equation

% x2 +, (6.7 x 10-4)x - (6.7 x 10-5) = 0 .

EFFECT OF CONCENTRATION

In order to further examipe this system use the ACID prOgram. You will use

this program to help solve Problems 2 through 5.
4

First choose a concentration of weak acid HF (K = 6.7 x 10 ) of 0.10 mole HF

dissolved in 1.0 liter of solution. The commater will solve the quadratic equation

choosing the correct root. Answer NO when the computer asks "DONE?".
a

Problem 2. What effect would decreasing the number of moles HF initially present to

0.05 (holding -the solution volume at 1.0 liters), have Ori:

precriction check with computer,
increase, decrease,Uno 'effect correct?

1. (1130+]

2. pH

3. % dissriation* Pt°

Problem 3. Check Your prediciions by answering YE's to the question, "would you like

tO try another cOncentration of HF?" Enter 0.05 Moles and 1.0 liter.

Problem 4. Compare4he.results of.this HF solutionwith,the -0.1 mole/lite* solu-

tion. Were your predictions correct?

moles HF diSsocipIed x 100*% dissoci tion Initial moles HF

A
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Run as many concentrations of HI' as you like (limit of 10) observing the effect

initial,dOneentration has on thch of the pegramete.rs. 'When you have finished. answer
/ .

NO to thla "concentration of HY?" question.

EFFECT OF.THE VALUE OF EQUILIBRIUM CONSTANT, K

Problem 5. Choose another weak acid whose equilibrium constant appears below:

Acid

HNO2 4.6 x 10-4

HCN 10-10

_ CH3COOH 1.76 x a-05

Answer "YES" to the question "Would you like to try another acid?". Rmn

. the program as before using 0.10 moles of acid and 1.00 liters of solu-
,

tion'for the.first concentration Of your acid. Run as many different

concentrations of your acid as you like (limit: ten different concen-

trations).

Does a decrease in initial acid concentration have the same effect on
.

[H30 ], pH and % dissociation as it did in the case of HF?

Answer "YES" to the question "DONE?". The compnter,will Summarize your data in'

tabular form. Log off4t-he terminal'and carefully remove and save your printout.

You will'need this.ihformetion to solve Problems 6' to 10.

I?roblem 6. Complete the reactioo scorecard below for the ticid 5;Ctuichose and fill in
._ ..

- the reac Ion scorecard for you acid. Let x = [H30 + ], equilibrium concen,-

1(
tration. ,

H20 t . ---:

nH3v+

I
.

.
kr----

initial,number
moles 'from data

.

.

1

-

.

changes in mokes
at equilibrium

. ,

equilibrium
concentration

. / .
,

,

.

er
,

.

,

,

Using the reaction scorecard, set up the quadratic equation which'the"

computer sOlved.

K

quadratic equIltion:
,

Problem 7. After comparing the effect of initial acid concentration in both cgses',

describe the effect of aecreasing initial acid concentration on:

,1H301+]:

4Hdissociation:



let

OP°

Problem 8. Compare the two acids when the initial conctsntrations are the same'.

Which has the larger-va3 0 of' (H304)? )

Which has the-larger vsklue of pH?

Which is more highly-dissociitte0 (ionized)?

Which is the stronger acid?, Explain.
\,

APPLICATION OF A SIMPLIFYING APPROXIMATION"

4, '
44'N

Many times scientists apply approximations in the-solution of.problems% In

systems where K is less Ahan 10
-4

an approximation avoiding the.soYtition of vadratL.

ic equations may be used*.
k-

: '

Problem q. Check the values af [HA]. and rH listed'in your
initial.

30 ] equilibrium
output summary. t.

Is [HA] initi8 [11
5

+
] [HA] initial

in eacti Case? If soi the number

niiVes of undissociated acid at equilibrium can be. approximated by the

njtial number of moleS undissociated acid.

e,g. initial [HA] = 0.100 mole/1 .

[H30+] = 0.00001 mole/1

then equilibrium [HA] ` 0.100 - 0.00001 = 0.0949 a 0.1000

. . 0.00001
er"ror in eiption 0.106

x 100 = 0.01%
A

With this assiimptipnA,he equilibrium expression becomes
% .v.

K
(H30+](A-1 x2/1/2 .2x2/1.72

.x.-;tHAJ 0.1 - x 0.1 .....

where V is the volume of solution in liters.

More generally,
2,,.2x tv

K C,

and 4 . vi(.11LATinitial. (1)

Prqblem 10.' Select several initial acid concentrAtions and compare the resorts from

equatiOn (1) with the' computer's more accurate quadratic solution.

Make the comparison'for'both acids.

exact quadratic approximated
Acid [HA]. (H30+] [H30+]

initial

HA

In your judgment, is the approximation valid for both acids? Explain.
el

,

*A concentration eApressed-to twO significant figures is usually sufficient. A pH

reading of 7.35 indicates a concentration of two significant figur4s.

1 6
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I.

You may. wiskto try other Acids inpluding.one with' K greasier than 10-.1 byl

running the ACID program .and then coompar4,11 vat4 calculated results,using_the square
root approximation (epiation (1)). IS the apprftimation-valid in cases where K is

9
greater than4,0

-
.?

Problems 11 to 16 will give you practice in using the.concepti covered in the
preceding material.

Problem 11. Whzit is the pH Of 1.55 M-benzoic acid whose tontzation constant iS
6.60 X 10-'?

Problem 12. A 5.37 M solution of a'weak acid, HX3 has a pH of 2.2 . What is the
ionization constant of the acid?

Problem 1 Tr a weiik adid, fln-iS 78.15% ionized in 1.67 M solution, at whht con-
:centration is the acid 12.55% ionized?

0/0

Problem 1 . What is tbe degree -b-f ionization of a 1.39 M solution of HC10 whose
ionization constant is 3.20 x 10-°?

Problem 15. C113COOH is 8.6 x 10-' ionized in 4.146. M solution. What is the ioniza-
tion constant for this acid? r

: probLeat_lj_, A weak,acid, HX, is 61,85% ionized'in 0.12 M solution. What percent of
. -HX.is ionized in a 0.913-M solution?

WEAK BASES alr

Eqtilibrium systems involving aqueous solutions of weak 6ases are quite similar
to those we5T-7cid systenis we 'have just examined Both have,values of K less thanW-4

. The major difference is that Ihe OH" ion appear in the equilibrium expi
10

,es-
sion.rather than H30 . (This should not bother us for we can easily calculate H30+

/and pH from OH and K 10
-14

for the ionization of pure water.) For a typical wea.
base, B

%ow

F.

+ 1-120 811+ 4- 04-
-t

v [BH
+
HOH-1

1.13]-

Problem 17. let's fill out a scorecard .for 0.10 moles of the weak base ammonia,
NH3, dissolved in 0:50 liter of solution.

K = 1.8 x 10- fol-,NH.1-

Choose x =.moles of hydroxyl'ion, 011, formed. Now'you complete'the.
scorecard..

1120 + NH3 NH4, OH-

initial number of
moles from data

- -

.

'vhanges in moles ,

.

N(Moles at equilibkum .

equilibrium
concentration

.

N
,
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Now write an expression for K:

4
Khc

71 L,
Finally the quadratic equation:

Now get the ACID program and run as before, this time using the ammonia

(NH3) system as an example.

Problem 18. Vary he initial concentration.of NH3 and observe the'effect of de-

creasing NH, concentration on:

[0H-] t
.

pH

p011

% dissociation

ChOose another weak base from the following list and tun it in the ACID

program using the same set of initial concentrations as those used With

ammonia.

Base -K

methylamine CH3-NH2

aniline C6H5-NH2

hydroxyiamine H-O-RH2

2.7 x

2.34!x 10-5

1.07,x10-8

Compare the following_for the cases in which initial,concentrations of

both bases are equal:

[OH-]

pH

pOH

% dissociation

Whichys the stronger base? MH3 or the base you chose? Explain.

How can Kts be used to compare the strengths of acids or bases? Ex-

plain.

Arrange -the bases in the above list in order of increasing base

strer*th (weakest first).
,

4.

0

0
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\-.

.-4....e.4._i-,The same approxiMatiOn that ital used to calculate [H3O_J! in weak acid sistems, may
te use to calcul i'loR-) in weak base systems.

4
.

.

,

Problem,19. Deidve an\expre Hssion fo/4 [O-) in weak basei solutions vsimilar to that
used for NO+

in-weak a4ids.
. , //,

Probrem 20. Use this expression to calculate' the eqUilibrium [01-I-1-concentrations
1

and pH's of the solutions on your printoUt.
.

Problem 21. Is the. approximation valid for the base you chose?. kt what concentra-
tions doe the approximation give the best results?

Problems 22 to 25 illustrate solutions involving weak bases:

Problem 22. Calculate the pH of a 7.60 M methylamine (CH3-N,H2) solution whose equi- -

librium dissociation constant is 1.8 * 10
-s

.

Problem 623. At 25;)C a 0.10 M ammoea solution is 4.3% ionized. Calculate-the equi-
librium constant of aqueous ammo a.

Problem 24. Calculate the [OH-] in a'0.010 M solution of Aniline, C6H5NH2. The e-
-toquilibrium constant, K, for the dissociation of aniline is 4.2 x 10

PrOblem 25. What molarity of NH3 provides a hy"oxide ion solution whose pH
-s11.18. (K = 1.8 x-10 for NH3).

0 SALT SOLUTIONS INVOLVING WEAK ACIN,NIND BASES

74A,

Now 1,et's turn our attention to-aqueous ilolutions containing salts. A salt is
product of.the reaction between an acid and a ba e. ;he acid and base may he'
thought of as the parents and the salt the chil .

Acid (parent) + Base (parent) Salt (child)
404

The child will have the properties of both parents. Thus the pH of these salt
solutions may be considered to be generic in origin, depending.on the equilibrium
constants of the parent acid and parent base involved. Suppose we prepare three
salt solutions each 0.10 M in the salt NaC1, NaF, NH4C1.

PrOhlem 26% Predict the pH of each solution; pH < 2, pH = 71 pH > 7.

pH

(A) .0.10 M NaC1

(B) 0.10 M NaF

(C) 0.10 M NH4C1

-

s

j'a
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By examin4pg thetie solutions earefully; we can check our answers.
:

Tha- firsi!' solution;

C1:7 + H20 ---4/". Ma+ + C17. + H20
. ,

The ioAs in this .solntion do not react Kith water since both -the parent -----,

. ,.. +
acid and the-parent base are strong)ti.e. OS.are very-larg, The Na

#. .

. ?, .

. 1nd,C17 ions are saiCi tobe unreactingpSpectator io6.41. .There,fore the

pH -of this solution is the EI of pure Water,mpH-=,7.' ,- -,-,

. ,

v

The seeoltilsolution: r

+,
Na + F ,1120 Na

The Na ion does_not react with water, it is again a spectatow ion and

may betcancelled on both sides of the equation.

Na
+

+ F7 1120 ---7)* NA
+

HF, '+ 011`7,
-.7

'and the'net ionic equation. becomes- - -*-.
,

F7 H2b ---4. Hr . oe...
.--

. ,
. ...1,

Since the parent acid HF is a weak acjd (K = 6.7 x,10 ),We expect thAlilf
. ,, " -....4..;

F ions will react with water to form HF and 0,H ions. ..Thus the solu- '-
..

-.... A

tion has a pH > T due to the Value of [0H7].being greater th.in C0H71 of
,

1. ..x,'!:q,,.
1

;Z.

water.

In the last equatimiell the Earent base involved det weak (NH3, K = 1.8 x

1075) whife the parent acid, HCI, is strong. ThUS.1:he.C17 ion is a

'IN Spectator and the net ionic equation. becomes

NH4 + n20 risv

Ammonium ions, NH4; rbact with water to form undissociated NH3 + H30

- ions. :The solution therefore has a pH < 7 since' the vallie of [H30
+
] is

greater than that of pure watei;

The follOwini list provides a handy summary of the acid-base characteristic
;

-salt-Aolutions:

Salt (partrys)

strong acid-strOng base

strong acid-weak base

meak acid-strong base

weak acid-weak base

Example,

,KNO3.

(H3NH3)+Cl-

Li(CN)-'

(NH4)+F-

pH

'f,7

- <7

4,,

of

(depends on lits of reac-
tions of ion with water

Problem.27. Viith the aid Of y6ur 'te xt, determine thecrelativelpWs (pH(.< 74 pH r, 7
- , ,

p1-1,4> 7) fot 'aqueous solutions o,f each of thef911owing salts:
,

a. (N114)4.(NO3)- d. (CH3CM)-K+ - ').
.

. b. .C113NH3)+F- , e. Na(CN)7,
c i

c. KC1

-112
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*.

q.

r '

ighe abdve sectionrhadealt with making tOrough estimate.of the p.
salt solutions. . How do%we determine'theexact pH of a aalt'splution?-,

. # ,

.. e.
.

.. .In order to solve thirs pronem 'we Ght Contiler*the concept"of coOiniag:,s-ever-,,
.

.

s ..
e

,
al.-equilibrium reactionA.ilyto a single reaction. Consider the.eq0Ationd'invotved;i1k,

. i, i c . m. -
.

, -

the reactkohjit sodium fluoptide, Nat, 1,10.01:.1Weri- ,he vq4ctiow
.

. y
l'

,

r '7 ' I.+ 14 ..? 0 hIF ,OH7 mlfoH-)
:-..

. , . . :., K --
. .

' may' he considered as a slummatin of .
,.

,

V .

x

.

,, ,-,.+

.

A:.- ' ,,4 r
,

4 n 3 kl ormt-..--- 11 2 0 HF4 Ki _ -. [1.1F3- .

v.
4

f aqueou:,;

2. I I 2 cr. 3 04f +

RrOhlerli 28. .Show-that K K1 I<w,

oir'
tirnmo+3.

montm:
_

In geperal _if on o. r&acti-n, can- tCe written as the sAim of two or more other reactions,
,

the eClOilibrium Constant for the overall reabtion4Wi11 be the,product of the e'quiL
v.librium constants o'f the componen't reactions.

In our ,NtIF 0-oblem IK.may be shown to ,be the reciprocal of Ki the equilibiltum

[1136+)(F-]

constant for the reaction

t*

* A

Problem 129. ,Vbow that'the relationship K1 .7.7 is true.
N2

OF + 'H20 H3e F-

(..

e ,trt
0

The,reason f44sing this reciprocal relationship is. that K''s for weak acid and

base:ionizatioris are easily accessible-in reference books. The equilibrium constant
For the reaCtion

becomes

IT "

F- + H20 HF +' OW

K = K 1 0
)4X 10

K 2

-
Ppoblem 30. Usjng tables of ionization.constants in you text verify that K = 1.5

. . ,

16 11 for the reaction of NaF with water.

A reaction scorecard with x =4moles of F- reacting'looks like:

4,) Fir op

initial molds .0%1
.

..,

0
.

.. ' G

change in moles
,

-x
.

number moles at
ecluilibriun .

1 A.1 - x
,

,

T tt)
.

bqulaibrite
oonQentratlor.1

11.1 r. x

..,!,

,

, .

.

.

.

.

.
. -3.

,

.4
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P4/

4.

7,77:Nr77 '1-1H lcrit-
.1` .

A`

(
As bAlf_gre_ in the c_aget Imak, acid_s_ang _billies we _obtain _a_quadratic
equation in x.

t 4

K .*Te41)(X/11
.

and

ir (1,5 x 10-") x To
5

o'
Since K is small, our square.ropt approximation Should,again be valid.

,

X
2

10.1T

x.= 1.2 ,e10
-6

moles
-

[oH-] 1.2 X .1.06 moles/1

p0H = 5.92

pH.= 14.00 - 5.92 n 8.09.,

Problem Sl. Vihat is the pH of 1.01iter of a .solutiO1-)

K =-,..51.fLx 10-5 for-the reaCtion

containing 0f.2 moles NH4C1?

4-
NH3 + H200 17..".7± NH1. + OH- .

,

a. Calculate K fdt the reaction
. ,

-

NH4
+

+ .H20 ;#=!!' H30 t
+ NH3.

'674.4Pletea reAO0'67n scoreOard.At
ko

' .

et eup ,the expression for K.

,

4, 4:

;

'441

D6 these results confirm ou prediction ih Pr4oblem 1? °
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GOMMON,IONS AND BUFFER i&L1JTIONS

.
/

0,

, ,- NUp to ttAis point we hilve oonsidere4 molutions which contained a kingle silb-

stance dissolved in water, a weak &cid, a yeak bastt or a salt. Buffer solutions

\

cohtain a mixtuise of a eak acid and one of its saifs op a weak base iind one of its
. _.

,salts. The functi9n of\ ,Ibuffer solution is tq' maintain a 'relatively cl;:lnstgnAt value

r
N

1
e 0

4 /
of_ pH. Let's examine such a solution in order to see how it operates.

Problem 32. Considen the weak adid i'(COOH, formic acid, in an aqueous solution:

- HCOOH + H20 + HC007 K = 2.1.x17.---- .

,

Calculate the'[H30 ] and pH of "a solution which contains.0.10 M 460H.
+ ,

r

Now suppose that sodium formate is added to this solution. What will

happen to the equilibrium values of [HA] and1H00 +
7? Pint: Le

Chatelier's principle)

Will theADR inct,4ease or decrease?

0'

Problqm 33.LIn-order to obtain quantitat.ive-verification of your predictions con-

sidera solution of 0.1 mole of HCOOH and 0.2 mo\es HCOONa dissolved in
1.0"r1ter of water.

)

Solution:
4

A completed scorecard for the fi'mel solution appears below where
x = moles of H30 formed.

H20 + HCOOH

;

initial number
of Moles 0.1 0

.

0.2
.

,

change in moles -lc

.
.

+x +x

.

equilibrium moles 0.1 - x x 0.2 + x

equilibrium
concentration

_ 0.1 - x.

.

0.2 + x--r--. ,

[1-1.30 HHC00-] (x/1)(0.2 + x)/1 _ 2 x
INCOOMJ 6.1 - x)11

yielding with no approximations

X 2 4-04.2 4' 2.1 x 10-4)x.-

x2 + 0.2x 7 2.1 x 10 =4'0

(2.1 x.10-5) ....: 0
4.

1

sc,A.
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, .

I.

":74'-'1140F111

,
'SilIC6 'Cis again 8ma,11 we Can make the assumption x will be very small

- and ,t

and 's

." .7

so that the expresskon for-K becomes

% (x/1A0.2/10,
. ..

K '2.1 x 10
...I.

.0.? + x 0.2
4 ' 4

0.2x = 2.1 x
A

X = 1.05 x

-pH -7. =(0.-0-2 =

This solution of HCOOH and HCOONa is said tc be\buffered at a ya = '3.98. It'
411

will maintain this pH to within several hundi-iedthls of a pH unit upon the additidn

of a strong vid or s ong bas.e. How daes if Work? Let us see what happens upon

addition of Aall-amounts of strong acid or strong .base.

if a. strong acid is'added the additional Hs0
+

ions react with HCOO" ions to

form undissociated HCOOH, the equilibrium position of HCIOAH dissociation is

shifted to increase the concentration of HCOOH:

HdO0if + H20 Hse + HCOO
,

MoSt of the added Hse ions are removed from the solution and the pH remainsat

approximately 4.0. ..

+
Problem 34. Prove this hy adding 0.01 mole.:ofai0 to 1.0 liter`of-the-HCOOH-HcOONa-

buffer of Problem 33. get up the reaCtiOn scorecard'and chlculate the

new pH.
,-

It is intereiting.to note thpt the'addition of 0.01 moles Of Hs0
+

o an,

unbuffered I.Q.liter f pure water changes the pH:from 7.8 V) 2A.

The veak,acid of.tlge buffer reeiCts to addition Of strong base Me- by undergoing'

a neutralization reaction.

HCOOH + OH" H + HC004.

Again the,added ions pre remoNted from the solu on and .pH remains approximately .0.

41*
. .

; -

1
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t
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n Problem 35, Pr-ove this by siading 0.01 mole °A
lb

s

Caldfulate the new- pg..

.4
1

rr

1

0.

!.

4'
A

-%

t 1.0 litef buffen.of pH 4.0.

.7.

,Note the a'ddition of 0.01 mole OH- to 1.0 liters of pure wattir changes

the pH from 7.0_ to 12.0 .

1roble4m, 36. 41ai:n using-net -ionic equations.-hpisT eirc-ho-r-thefol.1owing buffer sys-
terns would re'act to the addition of (1) a strong acid and (2) a Oxon&
bztse.

a . CH 3COOH , CH3COONa

b. NHI, NH4C1
.

.Problom 37. Three parameters determine the initial pH of a buffer 'solution. Can

you list them? (Hint: refer to data given in PpOblem 33).
(A)

( B ) o ,

( C )

Mork Problems '38 to 41.. (ThV set cont'ains problems to revipw 41 the concepts
we have 'developed in 6i1r; study'of weak, acids , bases, lbalts, and buffers..)

Problem 38. WNat,is the pH pf a solution-prepared by disqolvifig Q.300 moles xi so-
dium ,acetate, CH3COONa, in 100 ml of 0.10 M. HC1?

= 1.8 ; 10-: 'tot qii COOH H20 CH 3C007 +

111

.

-4roblem 39. Find th pH of-a stolOtion 0.2.5 M. in NaNO2 arta:0.75.M

.(K = 5.1 x 107 for H20 HN(Ye
+

+ NO;)

Problem 40. Calculate the pH of the buffer formed, by mixing,100 ml of MO, M NH4CIN,

mith 100 till of 0.40 M

(K = 1.8 X 10-5 for NH, H 2 0 & N + ()HT)
,

.
Probletn 4l. 'CalCulate the concentration Of NaN02. in 0.10 M 14NO2 necesSary to 'obtain

a solution whose pH =`.

(K 5.1 xl0 -4 fot, H2 HNOi -113e + NO)

BUFFER SIMULATION

_ .

The aurrTR program wik;a1140,, you.tb conduct t#periments 'with boffer solbtions,r.
i

"Youmay choose the pH of the bpfferby selecting .a particu1ar acid/salt system. The'.

.oluilibri.um constdni,of.tl* acid wiAl.deteilnine the generapH rangeof the lyufi /

,



r

e

0

The pH of_a buffer,solutton can hedtatimOted by fiDdinvthe pic.of thl A0,0
1,constant,

pK 5, -lo K log(1/K)
-

'The effective pH range of ,the .buffer can be estimated as pK plat. is, from

pK r 1.0 t9'pK't)10. The exact pH of the-b;uffer may.be adjusted by varyini the
%

initial:qoncentrations of.weak'acid and salt.
\,

Problem 4'2. Pr6\ie that pK (of.the weak acid) = H (orbUffer solution) when

[HA4°]
\

-In o krder to understand the BUFFER program, vimualiie t. beakers with equal,
_ . _

volumes orsolution. One contains pure water and the other contains a buffer solu-

tml whose composition has been selected by you to obtain a desired pH, triou may add

drops (0.05 mlidrop) of strong acid or stron$ base to both solutions and observe the

change in'compositipn in buffer and xeference. If the capacity of the buffer is ex-

ceeded, by adding exessive amounts oflstrong acid or strong base, the pH of the

buffer will-show a large change Lrom Wat of thqr previous pH.-

Before you .run the program select a weak-acid/salt system .anlIkobtain a value

for the K of the acid.

Run the BUFFER program noting the effect orthe.con6entration of the salt on

the pH of the buffer:' Adjust the pHOf the buffer to a'value you like. Chooe A

concentation of strong acid and-been adding it to the buffer) and water reference
A

solutions.. Continue addielf acid until the buffer caPacity hs been exGeeded. (The

program will let you know.when yoU have exceeded this',capacity.)

Repeat the experiment, preparing the buffer as .before, chOosing a concent;ration
-

of strong base and adding it,sto both solutions until the buffer capacity has been

exceeded..

Log off the terminal.

klroblem 43. (A) Stafe the effecf of akbing strong acid on:

[A-] of buffer

(ii) [H30tie] of blIffer

(,i1i) pH of buffer

(iv). rip (4 water

(B) State the effect of adding strong base on:

(1) 1A-3 of bUffer

-(ii) CH-30+I.of belffe

(iii) pH of buffer

(iv) pH of water .

(C) In 4 weak acidisalt huger syttem, iThat.is-the relationship be- ,

tween the concentrattpn...6f the Salt in the buffer sojution and-the.

, concentration of strong acid which may .be alded't8 the buffer+)
. . .

HoW doet this relationihip determine the billffer capacity?
, ,

.

. .
.

'i
,

1
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SUMMARY br EQUILIBRIUM ONSTANTS

,- ,In order to emphasize the general nature of equilibria we have made nd disiinc-
.,

,
,t on amonA the equilibriuni constants ausocined With the various types or reaction

*1 this.unit. In pracice chemists usually refer4to Visas equilibrium bo9Op a by,, .

iven names and attach subscripts to ihem. 'This information is su9marized in ,TA-
BLE 1.

TABLE 1: Aqueo.us Equilibrium Constants,

Reaction Type

HA H0 H30
+

2 + A-

B- + H70 + OH-

+ OWH 70

A-

+
BH

+

+

+

112 0

H20

H20.

. 30+

HA

H30 4-

----h".,,.._

1-.;.=.1-

Symbol

K
a

+ OH- K
. . h
or K

:b

+ B K
h

or K
a

Name

acid consttant of HA
ionization constant of HA

base constant of B
ionization constant of B

ionization constant
of water

hydrolysis constarit of AT

base constant of A-

hydrolysis constant of B1-14

acid eon:Stant of: BH

sti.4v4
'Oct

L

D.33



-Problea--aot

7 ,-7*; "

. ,

1. ,0011.MANT MOI.ES Of THE SODION'SALT SHOULD BE ADDED
TO 211 ML OF 0.616 M HNOt -TO PREPARg A BUFFER
WITH A pH OF 3:750 ? ASSUME iii47 so"IrdtuntcHafGE OCCURS
WHEN.THE SODIUM-SALT IS ADDED40 THE SOLUTIUM, 4.

THE IONIZAt/ON'CONSTANT, OF ONO* IS 4.50E-04..

2. A SOLUTION PREPARED FROM' 0..315 MbLE.OF I WEAK ACID,'
KOLE AP MaX_DILUTED_,TO____113___ML_

HAS 4 pft OF- 3.000. WHAT.IS THE IONIZATION CONSTANT OF HI ?

3. NaH503 IS 5.21E-04 IONIZED' IN 4.842 M SOLUTION.
WHAT TS THE IONIZATION CONSTANT FOR THIS ACID?

-r

A

4. A 61490 M SOLUTION OF A. WEAK ACID, HX, HAS A pi OF 5.250
WHAT ISTHE IONIZATION CONSTA1I or THE ACID ?

,

.

5: HOW MANY ROLES or HC10-MOST BE USED TO PREPiRE
.

. 1.34 1 OF SOLUTION THAT'HAS A' pH OF 6.645 .?'
.

THE IONIZATTON CONSTANT OF HC10 IS 3.20E-08 :.

6. A BUFFER SOLUTION IS MADE OP BY ADDING 1.282 VOLES OF THE SODIUM SALT-
TO 1.922 LITERS OF A,.0.882 PI SOLUTION OF HAc WHOSE IONIZATION
CONSTANt LS 1.800E-05. WHAT IS THE pH Or THIS SOLUTION?

-A WEAK ACII4 fix, IS 1.081-% IONIZED IN -1.704 M SOLUTION:
WHAI PERCENT OF HX IS IONIZED IN A 0.348 M SOLUTION ?

WHAT IS.THE pH OF 4.602 h Formic' acid WHOSE IONIZATION CONSTANT IS.
2.100E-04? .

4, 4 SOLUTION PREPARED FROM 0.695 MOLE OF A WEAK ACID, HX,
DILUTED TO 185 HL HAS k pp OF 6.539 WHAT IS tHE.01
OF THE SOLUTION AFTER 0.348 MOLK OF SOLID NaX IS DISSOLVED IN* I'M
ASSUME THAT NO SIGNIFICANT VOLUMg CHANGE'OCCURS
WHEN THE NaX DISSOLVED IN THE SOLUTION. )

0

10 WHAT ISTHE CONCENTRATfON 0F.MaHCO3 IN A SOLUTION PREPARED DT
/

ADD/NG 28 ML OF 3.360 M OF THE SODIUM SALT TO 187 ML OF 4.360 $ HCL .

ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 215 HL.
THE IONIZATION CONSTANT,DF NaHCO3 IS C$4.80E-11

53%
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46 Piobiem

1. HOW MANY HOLES OF THt 60DIU/CgALT 'SHOULD DE'ApDEpt
TO 120 ML OF 0.525 HANdTO'PREPARE A BUFFER' .

'WITH V pH OF 6:970 ? 'ASSUME_THAT NO°VOLUMF CHp4e0CCURS.,
WHEN Tim sopm SALT IS ADDEILTO iHE'SOLUTION..
'THE IONIZATION CONSTANT OF HNOcIrS .4.50E-04 .

WHAT'I$ TWE CONCENTRATION-OP HCIO-IN-k-SOLUTION-PREPktiD-BY-
ADDING 96 ML OF 2.425 M OF THe SODIUM SALT TO 122 ML OF 21860 4 HCL i
ASSUME THAT THE TOTAL VOLUME OF 'THE SOLUTION IS. 218 ML.
THE IONIZATION CONSTANT OF HC10 IS 3.20E-08

3. WHAT IS THE pH OF 2..634 N Forbic acia WHOSE IONIZATION CONSTANTeIS
2.100E-04?

IF A WEAK ACID, HX? I'S. 10.381 % ANIZED IN 3.655 M SOLUTION,
AT WHAT CONCENTRATION IS THE ACID 39:381 % IONIZED?

A.SOLUTION PREPARED FROH 0.530 MOLE OF A WEAK ACID, .
HXFk AND 0.058 MOLE OP NaX DILUTED TO 204 ML -

HAS A pH OF 3.920. WHAT IS THE IONIZATION CONSTANTIKOF HX 1.

.

6. NaHCOT'IS 1.59E-05 % IONIZED IN 5.262 M SOLUTION.
WHAT IS THE IONIZATION CONSTANT FOR THIS ACID? 11:

,

7. A 5.848 M SOLUTION OF A WEAK ACID, HX, HAS A p 10F5,800- .

, ,

III

,,

-WHAT IS TKE IONIZATION CONSTANT OF THE ACID ? i

,

Li. ,8. A SOLUTION PREPAR,ED mom 0.54 -MOLE OF A WEAK ACID; HX,
.DILUTED TO 235 ML HAS A pH OF 2.460 ..VHAT IS-THE pH ,

OF 'THE SOLUTION AFTER .0.218 bLE OF,SOLID NaX tS DISSOLVED IN IT?
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCUR;
WHEN THE NaX IS insspLVED IN THE SOLUTION.

4,

k_BUFFER SOLUTION IS MADE UP BY ADDING 0942110.Es OF THE somm. SALT
TO 0.502 LITERSOF A 0.,269 M SOIIUTION-OF Foral. acid WHOSE'IONIZAT/ON
ADONSTANT IS, 2.100E-04. WHAT ISTHE pH OF THIS SOLUTION?

,

10. IHOW MANY MOLES OP NaHCO3 MUSTBE USED-TO-PREPARE
1.52 L OF SOLUTION THAT HAS A pH OFA 4.035 ?
THE IONIZATION CONSTANT OF NaHCO3 IS 4.80E-11

A



Sk

Ptdblion sot 3

A.BUOrER SOLUTiON IS MADE 0106i^k0D100 1.122 now (Wrws SODIUM SALT
TO 04112 LITERS OF A 0.214 II SOLUITION OF IWO:44110SE IONTSATION
6ONSTANT IS 4.800E-11. WHAT IS MTH OF THIS SOLUTION?

2. & SOItUTION PREPARED FROM 0.407'MOLE OF'A WEAK 4CID, HX,
DILUTED TO 218 ML HAS A pH OF 2.574 WHAT Is THE pH
OF THE SOLUTION AFTER 0.A48 MOLE OF SOLID NaX IS DISS9LVED IN IT?,

, kSSUMB-THAT- IG sIomirickwt-vomms-pmag-occuas
WHEN THE NaX IS DISSOLVED IN,THE SOLUTION.

3. WHAT'IS THE CONCENTRATION.OF Benzoic acid IN A SOLUTION PREPARED BY
ADDING, 87 ML OF 3:600 M OF THE SODIUM SALT TO 450 ML OF 3.535 1111CL ?

'ASSUME THAT THE TOTAL VOLUME Or THE SOLUTION IS 537 ML.
THE'IONIZATION CONSTANT OF Benzoic acid IS 6.60E-05

4. A SOLUTION PREPARED FROM 0.338 MOLE OF A WEAK ACID,
RI, AND. 0.348 MOLE OF NaX DILUTED TO 412 ML
HAS A OH OF 4.185e WHAT,IS THE IONIZATION CONSTANT OF HX ?

5. A 2.476 M SOLUTION OF A WEAK ACID, HX, HAS A pH QF- 5.750
WHAT IS THE IONIZATION CONSTANT OF THE ACID ?

.

WHAV IS THE DEGMEE OF IONIZATION or A 1.302'M iOLUTION OF RCN
WHOSE IONIZATION CONSTANT IS 4:60E-10 ?

HOW MANY MOLES pi Benzoic acid, MUST BE USED TO PREPARE
1.33 L OF SOLUTION" TEW HAS A'pH OF- 6.190 3.
.ZHE IONIZATION CONSTANT OF Benzoic acip IS. 611.60E-05 .

sa

8. A WEAK ACID,,HX, IS 7.681 % IONIZED IN 0.402.M SOLUTION.
WHAT PERCENT .OF Mt IS IONIZED IR A 3.273 K-SOLUTION ?

'9. CALCULATE tHE pH OF 1.472 M NH3 WHOSE IONIZATION CONSTANT
IS 1.8W-5.

10. HOW MANY MOLES OF THE SODIUM'SALT SHO'uLD BE ADDED
TO 389 ML *F 0.184 M NaHSOr TO PREPARE A BUFFER
WITH A pH OF 5.774 ? ASSUME THAT NO VOLUME CHANGE OCCURS
WHEN THE SODIUM SALT IS MED TO TME SOLUTION.
THE IONIZATION CONSTANT OF NaHS03 IS 5.60E-08 .

S.



Problem Set

a

A SOLUTION PREPAREDFROW 0.373-HOLE OF A WEAK ACID, Up
DILUTED TO 492 HL plks A pH OF 2.375 WHAT IS,THE pH
.0F.THE SOLUTION AFT 0.338 MOLE OF SOLID NaX IS DISSOLVEDrIE IT?
ASSUME THAT NO SIGNIIICINT VOLUME CHANGE (immts
WHEN THE NaX IS DASSOLVED TM THE OLUTION.-

2. A SOLUTION PREPARED FROM 0.948 MOLE OF A WEAK ACID,
HX4 AND 0.778 MOLE-OF NaX DILUTED TO 155 ML
HAS A pH or 6.489. WHAT IS THE IONIZATION CONSTANT OF MK ?

cti-:k.

3. WHAT IS THE DEGREE OF 4aNIZATION OF A 3.198 M SOLUTION OF NaHsJ3
WHOSE IONIZATION CONSTANT IS 5.66E-08

4. A011 MANI MOLES OF HCN MUST BE 'USED TO PRE ARE
0.13 L OF SOLUTION THAT:HAS A.pH OF 5.930 ?
THE IONIZATION CONSTANT OF HCN IS 4.00E-10 .

5. *IF A.WEAK ACID, HX, IS 10.081 % IONIZED IN'.1.370 M SOLUTION,
AT FHiT CONCENTRATI IS THE ACID 25.481 % IONIZED?

6. HOW MANY MOLES OF THE SODIUM SALT SHOULD,BE ADDED
TO 200 ML OF'0.531 M HAc TO PREPARE A BUFFER

A ,WITH A pH OF 3.750 ? ASSUME THAT NO VOLUME CHANGE OCCURS
WHEN THE SODIUM SALT IS,ADUED TO tHE SOLUTION. A
THE IONIZATION CONSTANT OF HAc.IS 1 80E-05 .

7. A 4.684 M SOLUTION OF A WEAK ,ACID, HX, HAS A pH OF 6.600. .

WHAT- IS THE IOWIZATION* CONSTANT OF THE -ACID ?

- 8. WHAT \I'S THE pH Ot 1.866 M HCN WHOSEIONIZATION CONSTANT IS
4.040E-10? '

A BUFFER SOLUTION IS MADE UPNBY ADDING 0.382 MOLES OF THE SODIUM SALT
TO 1.222 LITERS OF A 0.308 M SOLUTION OF NaHC153 WHOSE IONIZATION
CONSTANT rs 4.800E-11.. WHAT IS THE pH OF THIS SOLUTION?

10. WHAT IS THE CONCENTRATION OF Benzoic acid IN A_SOLUTION PRBPARED BY
ADDING 63 Mt OF 2.940 m OF THE'SODIUM SALT.TO 419 ML OF 1.640 N HCL ?
ASSUME THAT THE 'TOTAL VOLUME OF THE SOLUTION IS 482 ML.
THE IONIZATION CONSTANT OF Benzoic acid IS 6.60E-05

4.

3
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ProblöpASit, 5

1. WHAT IS THE CONcENTRATION OFiHNO2 IN A SOLUTION PREPARED"BY
ADUING ,15 ML OF 2.650 M OF THE SODANtSALT,TO 279 ML OF k.1:060 M CL ?
ASSUME THAT THE TOTAL VOLUME-OF THE S UTION IS 294 ML.
THE IONIZATION CONSTANT OF 111102 IS. 4.50E-04

vit

4

2. HOW MANT MOLES OF HF MUST BE USEB TO-PREPABE
.0.18 L OF-SOIUTION THAT WitS--k-V 0-1F-
THE IONIZATION CONSTANT OF HF IS 7.00E-04

3. A SOLUTISN PREPARED FROM 0.381 MOLE OF A WEAK ACID, HX,
DILUTED wrO 459 ML HAS A pH OF 3.085 WHAT:IS THE pH
OF THE SOLUTION AFTER 0.458 MOLE OF SOLID NaX IS DISSOLVED IN IT?
ASSUME THAT NO SIGNIFIcANT VOLUME CHANGE OCCURS
WHEN THE NaX IS ,DISSOLVE-D IN THE soLuTxoy:

4. CALCULATE THt pH OF 1.782 M METHYLAMINE-VHOSE IONIZATION CONSTANT
IS 1.8E-5.

J

5. HAc IS 8.94E-03 % IONIZED IN 4,446 M SOLUTION.
WHAT IS THE IONIZATION CONSTANT FOR THIS ACID?

6. A 4e564 M SOLUTION OF A WEAK ACID, HX, HA.S,A pH OF 3.200 .

'WHAT TS SHE IONIZATION CONSTANT OF THE ACID ? '

.7. HOW MANY MOLES OF THE SODIUM SALT SHOUWBE ADDED
, TO 199 ML OF 0.779 M HNO, TO.,PREPARE A BUFFER

WITH A pH OF 4.104 ? ASSUME THAT NO VOLUME 'CHANGE OCCURS
WHEN THE SODIUM SALT IS. ADDED TO THE SOLUTION.
THE IONIZATION CONSTANT or HNO* TS 4.50E-04v..

A SOLUTION:PREPARED FROM 0.709 MOLE OF A WEAK'ACID,
.

HXi AND 0.018 MOLE OF NaVDILUTED TO 424 ML:
HAS A' pH OF 3.590. WHAT IS THE IONIZATION.CONSTANT ?

9. A BUFFER SOLUTION IS MADE UP BY ADDING 1.022 MOLES OF THE SODIUM-SALT
.TO 2.042 LITERS Or A 0.521 M

,

SOLUTION OF'HAc WHOSE IONIZATION r c;;

-CONSTANT IS 1.800E-05. WHAT.IS THE pH OFTH/S. SOLUTION?

10. A WEAK ACID, HX, IS 5.481 -% iONIzip IN 0.86eM SOLUT4ON.
. WHAT-PERCENT OF HI IS IONIZED IN A' 1..758 M SOLUTION ?

51

,

'41
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problom Sft 6.
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4."

A BUPPE OOLUT,ION IS MADE MP lit ADDING 0.!682 moLai or- TOE SODIUi SALT
TO 1.122 /LITERS or A 0.442 M SOLUTION or Formic acid plOSE rpmrtmom
CONSTANT IS 2.100E-04.' WHAT IS THE.,pH ,OF THIS SOLUTION?

.k SOLUTION" pREPARED rpom 0.727 MOLE OP'11 WEAK ACID, HI,
DILUTED TO 248 EL HAS A pH OF 5.63-5 WHAT TS THE. pH
OF THE SOLUTION AFTER 0.238 moLE-or SOLID NaX.IS DXSSOLVED IN IT?
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS
WHTV NAX IS-DISSOLVED IN THE SOLUTION.

%,.

0,

3. WHAT IS tHE CONCENTRATION OF Propionic acid IN A SOLUTION PREPARED BY
ADDING 15 ML OF 4.850 M OF THE SODIUM SALT TO 404 'ML OF 0.270 M HCL ?
ASSUME ThAT THE TOTAL VOLUME OF THE SOLUTION 15, 424 ML.
THE IONIZATION CONSTANT OF Propionic tcid IS 1.49E-05

4. HOW MANY MOLES OF THE SODIUM SALT SHOULD BE ADDED
TO 392 ML OF 0.936 M HC10 TO PREPARE A BUFFER
WITH A pH OF 6.664 ? ASSUME THAT NO VOLUME CHANGE OCCURS'
WHEN THE SODIUM SALT IS ADDED TO THE SOLUTION
THE IONIZATION CONSTANT OF HC10 IS 3.20E-08 .

5. A 2.872 M SOLUTION OF A WEAK ACID, He ,HAS A pH OF 5.800
WHAT IS THE IONIWATION CONSTANT Or THE ACID?

.

,

4k, IF A WEAK ACID, RX, IS 17.781.% IONIZED_IN. 3.840A.,5OLUTION,
W AT WHAT CONCENTRATIONNES THE ACID 38.881s% IONIZED?

7. WHAT IS THE DEGREE OF. IONIZATION OF A 2.748 M SOLUTION 4 8enzoic.acid
WHOSE IONIZATION'CONSTANT IS 6:60E-05 ?

8. WHAT IS THE pH OF 3.294 M Formic acid WHOSE IONIZATION,CONSTANT IS'
' 2.100E-?4?

9. MOW MANY ROLES OF HAc MUST BE USED TO PREPAPE
0.66 L qF SOLUTION THAT HAS A pH OF 6.1.05 7
THE ION ZATION CONi'rANT OF HAc IS 14,80m145.

#1*

10. A SOLU ION PREPARED FROM 0.469 MOLE OF A WEAK ACIO,
HX, AN 0.448sMOLE OF NaX bILUTED TO 313 ML
HAS A ,pH OF 3.300.: WHAT IS THE IONIZATION CONSTANT or HX ?
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. A SOLICION. PREPAIIED.IRCM 0.$310 NOW! 0 A WEAK ACID, . '.
...;-.4

HX,-.AND .,0.978 BOLE OF'NaX p/LutED1.1,0 287 Mi
OH OF 6.335. WHO. IS THE_IOPIp ON CONSTANT OF HI ?,;

2.:'-
'N '-:

WHAT I'S i.THE DEGREE OF I'ONIZATIN or 5,064 ft SOLUTION OF HF
WHOSE IONIZATIO CONSTANT IS .00E= 4 ?

,

'41

, 1
1. HOW MANY MbLES OF Hhc . MUST BE Ot3ED TO PREP ARE 1 r

0.7,2 1. OF SOLUTION' THAT HAS A pH OF, 4.505 ? ,,
THE IONIZATIOW-CONSANT OF HAc IS q1.80E-05,

4. IF A WEAK ACID, HX, IS 17.081 % IONIZEk IN 4.755 M SaLUTION,
AT WHAT CONCENTRATION IS THE ACID -27.181 % IONIZED?

5. CALCULATE THE pH OF 1.,744 M METHYLAMINE WHOSE IONIZATION COVSTANT
' .6k :' .",.. .

A .6.646 11 SOLUTION or A, WEAK ACID, HX;:,HAS A PH OF , 6.60.6s
WHAT IS THE IONIWTIONdoCONSTANT OF1 THE ACID ? ',1

zy

7. A SOLUTION PREPARED. FROM 0.536 MOLE OP' A WEAK ACID, ,HX,
DILUTED TO 325 ML HAS A pH. OF 2.000 . WHAT IS THE ,pH -'?:' *-

OF THE SOLUTION AFTER 4.748 NOLE.-OF SOL/D NeX IS DISSOLVED IN IT? ..

ASSUME THAT HP SIGNIFICANT- VOLUME"CHANGE 0:CCURS
WHEN THE 'NaX IS DISSOLVED IN THE SOLUTION. ''.

) ,\
,

. . , ..
8. HOW MANY .MOLES 0 HE SODIUM SALT SHOULD,BE ADDED

.T9 203'1111 OF 0.77.0 ?I Propionic acid TO PREPARE A. BUFFER-
IlItH 'A"' 'OH 'OF' 4:289 ? ,ASSUME" THAT Ng VOLUME CHARGE OCCURS
WHEN tHE SODIUM .SALT IS ADDIC-D TO THE SOLUTION'. .

THE IONIZATION CONSTANT OF' Propionic acid. IS 1.40E-05..
)

9. A BUFFER. SOLUTION. IS MADE HP ,BY ADDING 0.122 HOLES OF THE SODIOf StLT
TO 1.342. LITERS OF A 0.175 M SOLUTION- OF HNO2 'WHOSE IONI/ATION
CONSTANT IS 4.500E-04. WHAT Ts THE pH .OF THIS SOLUTION? .

10. WHAT 15 THE -cONCENTR4TroN Fortaic -acid IN Pt. SOLUTION PREPARED 13/ j"[

ADD/NG 61 ML OF 4.795 11,:OF THE SODIUM SALT TO 15.2 ML OF 1.405 VHCL.
AS,SUME THAT, THE TOTAL .VOLUME OF THE SOLUTION IS 213 ML. ,

THE. IONfZATtON CONSTANt. OF ,Formic acid IS 2 10E-0,4
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Problem Set 8

C-

tiez

)0JIAT IS .THE'CONCENTRATION OF-HF IN A sompo OREPARID AY
tbDING ,OF 2.400,M014 THE SODIUM SALT,TO 24 ML OF 5.070,M
ASSUME'THAT Tor TOTAL VOLUME OF THE -SOLOTION IS 49-ML.
THEION/OTION-CONSTANT '01F-HF LS 700E-041

U T-

,

3.

1?

HOW MANY MOLES OF THE.SODIUM SALT.SHOULD ELUDED'
TO 441 ML Or 6..605 M HC10 TO PREPARE A BOTFER
WITH A pH OF 2.524 1, ASSUME THAT.NO VOLUME CHkNGE 0OURS-

- WHEN THE SODIUM SALT IS'ADDED TO THE p.OLUTION.
THE TONIZATIo-N roNSTA/Vr-tiii WI-Cr-IS- '3. 201=013 .

I

HOW Mhtl-Y NOLES OF .Bentoic':-Acid MUST .B.E USED TO PRISP4RE
1.18 L OF SOttiTION, THAT' HAS pH 9F 3:.610 ?
THE IONIZATION CONSTANT OF itenzoi.6 acid 6.60E-05

A 2,.068` N SOLUTION OF A WEAK ACID, .HX, 'Ek4 A pH OF 4.550
-

WHA?'ISTH ION-IZATION..tONSTANT;OF THE ACID'.?

CAiCULATE TH$ pN.OF .0.928 M METHYLAMPNE WHOSE IptirmiTIbri CONSTANT,
IS 1.4,E.75. ('

.

61 IF A WEAK ACID:.HX., IS 19.981 % IONIZED;IN 4.910 M SOLUTION,
AT WHAT CONCENTRITION It :THE..ACID 12.081 % IONIZED?

..

WHAT IS THE DEGREE'OF IONiZATION OF' A. 5.568,11 soutrow OF- HC10
WHOSE IONIZATION CONSTANT IS' 3:20E-08 ? ''- t. ,

i A BUFFER SOLUTION I.,S MADE U ESP BY ADDING 0.682, MOL OF THE SODIUM SALT
..

TO 1.122 LITERS OF A 0.150 N SbLUTION OF NaHCO3 WHOSE IONIZATION
CONSTANT I. 4.800E-1*1. WHAT IS THE pH OF THIS SOLUTION?

SOLUTiON. PREPA#ED FROM .0588 MOLE OF A VEAk ACID.
Aft,'AND .0.'038-MOLE OF:Nal-DILUTED TO 208,ML
HAS. & 'Wit 4.114. RHAT IS,THE IONIZATION CONSTANT OF,

10 PCSOLUTION PREPARED PikE 0.555 NOLE 0.10 x'A WEAK -Aetp, HX,
DIWITED TO 243 NI, HAS. A PH OF .4545 .yWHAT,IS THE pH
OF THE SOLUTION AFTER 0.518 MOLE-OF SOtID Nitx -IS DISSOLVED IN
ASSUME THAT Na'SIGNIFICANT' VOLUME CHANSE OCCURS
WHEN TAB NaX IS DISSOLVED -IN THE SOLUTION..

L

,

IT? str,
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.1. IF A 'WEAK ACID, Hie IS 9.881 % IONIZED IN 2.635 N SOLUTION,
AT WHAT CONCENTRATION IS THE ACID 24.701 % IONIZip?

,
v

2. WHAT IS
.
THE CONCENTRATION -OF HF IN A SOLUTION PREPARED HI

a
ADDING 64 ML OF 3.660 PI 'OF THE. SODIUM SALT TO 14,8 AL or 0.630 M HCL ?

..).''' ASSUME THAT THE TOT,31, VOLUME OF THE SOLUTION IS '212 ML.
-1, . THE IONIZATION COtiSTANT OF HF IS ,7.50Er011

--v---:---Tk::

"- 2 :!.. A SOLUTION PREPARED FRCP! 0.864 MOLE OF A WEAK ACID., fix,
,

i "-:.2:''.. ..i.,.,'-', DILUTED TO 248 ML HAS A pH OF 6.194 . WHAT IS THE pH
ChOP, THE SOLUTION AFTER 0.668 MOLE OF SOLIDINaX IS DISSOLVED IN rr?

%. ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS
\-- WHEN THE NaX TS DISSOLVED IN THE SOLUTION.

.

i

t... ,, d.,. .
-.:1Ys. & .. ,

''t 4 qt '' "*.SOLUTION PREPARED ?RCM 0.591. MOLE' OP A WEAK ACID,
*1, .

'''' .%`..ii .-Ir- AND 0.938 MOLE ,OF NaX DILUTED TO 417 ML
A pH OF '5.475. WHAT IS THE IONIZATION CONSTANT OF 11X ?

,-":

l

. ,

5.1fri.,A .HUFFER :SOLUTION IS, MADE UP BY ADDING 0.682 MO.LES OF THE SODIUM SALT

TO 0.622 LITERS OF A 0.854 11 'SOLUTION OF HF WHOSE IONtZATION
$kik, Ii; . ', , I

'. CONSTANT IS 7.000E.04. WHAT IS THE pH OF TIIIS SOLUTION?
. ol

6.) aiLCULATE THR pH OF 1.704 M METHYLAMINE WHOSE IONIZATION CONSTANT

i1048 . N SOL U TIO N or A WEAK AC;ID. HX, HAS A pH OF i 2 900
%. .(

.
tili 1.s Tiir IONIZATION CONSTANT OF THE ACID ?

.... HOW7MANY MOiES OF HC10 MUST DE USED TO PREPARE'

.. 149. L OF SOLUTION THAT OAS A pH OP 3.925 ? 7

THR.:IONIZATYON CONSTANT OF HC10 IS- 3.20E08 .
:., .

. it
..

,

9.. 11 RXANY MOMS OF THE SODIUM SALT SHOULD BE ADDED

.k, fiTO A54 ML Oli. 0 458 N HCIO TO PREPARE' A BUFFER.

'.,g,,-:ei, "11X..11 ,:eli1'pH OF 5.779 ? ASSUME THAT NO 'VOLUME CHANGE .00CURS
HAk4;01E SODIUM SALT IS ADDED TO1THE SOLMON. ,

l!H.E..'t-ONIZATION 'CONSTANT OF HC10 IS 3.20E-408
. .

)1#AIr.. IS:7HE DEGREE OF IONIZ ATION OF A 4.164 Pt SOLUTION OF NaHSO3
IONIZATION CONSTANT- IS 5.60E-08

%.

11.01",

1. 4

' ytr

s. 4
it.

ot- 6.



Prob1011 Set 10

I. WHAT IS THE CONCENTRATION OF ACM IN A SOLUTION_PREPARED.BY
ADDING .-73 HL OF. 4.015 N OF,THSSODION SALT TO -110-1L.OF 1030.M NCL ?
kgs MEIHAT:THE TOTAL VOLUME OF -THE SOLUTION IS 1.83 ML.
TION1ATIOW CONSTANT OF HCN IS .4.00E-10

. ..

i 2.410 M SOLUTION OF A WEAK ACID, HI, HAS A pH OF 5.100 .

-WHAT IS THE IONIZATIONCONSTANT OF THE'ACID ?

, A SOLUTION PRAYARED 'monk 0.067 HOLE OF k WEAK ACID '

.

HX, AND 0.6-88 -114211 -07 Nit DTI1JTED10--W4-27WL--1 ,

MAS A pH OF 5.500. WHAT IS THE IONIZATION CONSTANT OF HI F-
..

4.' A NEAK ACID, HX, IS 14.881 % IONIZED IW 1.482 M SOLUTION.
WHAT PERCENT OF HX.I§ IONIZED IN A '3.888 M goLutIoN

HOYMANY MOLES OP HC10 MUST BE USED TO PREPARE
0.54 L OF SOLRTION THAT HAS A pH. OF 5.725 ?
THE IONIZATION' CONSTANT, OF Hclo IS 3.20E-08 .

10

6. CALCULATE THE pH OF 1.678,M, NH3'WHOSE IONIZATION CONSTANT
IS 1.8E-5.

. .

7. A BUFFER SOLUTION IS MADE UP BY ADDING 1.142 MOLES OF THE SODIUM SALT
,

'TO 1.602'LITERS OF A 0.243 M SOLUTION Of Propionic acid WHOSE IbNIZATION
CONSTANT IS 1.400t-05. WHAT IS THE pH OF-THIS SOLUTION?

, _ \

. HOW MANY MOLES OF THE SODIUM SALT SHOULD 02 ADDED
TO 475 ML OF 0.888 M Benzoic acid TO PREPARE A BUFFER
swITH A pH OF 4.310 ? ASSUME THAT 00 VOLUME CHANGE OCCURS
WHEN THE SODIUM,SALT IS ADDED TO THt SOLUTION.
THE IONIZATION CONSTANT OF Bemzoic acid IS 6.60E-05.

,9. A'SOLUTION PREPARED FROM 0.998 MOLE OF. A WEAK.ACID, HX,
DILUTED TO -425 ML HAS A pH OF.. 4420 WHAT IS THE pH
Of THE4 SOLUTION AFTER 0.228 MOLE OF SOLID MaX IS DISSOLVED IN IT?
ASSIIME THAT NO.SIGNIFICANT VOLUME CHANGE OCCURS
WHEN THt NaX IS DISSOLVED IN THE SOLUTION.

10. NaHS03 IS 4.07E-04 % IONIZED IN 2.958 M .

WHAT IS THE IONIZATION CONSTANT FOR THIS ACID,

4#

#"

.1



Problia St 11

1. A RUFFEN SOLUTIbN IS MADE OP BY,ADDINO 0.662110145-01FTes'soorun-sm
-TO 1.362 LITERS OP A.0.193 M.SOLUTION_OF NNOR WHOSE minnow-
CONSTANT Ill- 44500E-04. NHAT IS THE pH-OF THIS SOLUTION?

CALcULATE THE ,pH OF 1.680 M METHTLAMINE WHOSE IONIZATION CONSTANT
IS 1 .8E75.

3. 1 4_._834_11 SOL UTioNism_A_ WZ1KLCLDJ1X S&pH QF _1200
WHAT IS THE 'IONIZATION CONSTANT OF THE Atro 7

.

A. A SOLUTION PREPARED FROM 0.678.MOLE OF k WEAK ACIDe HX
DILUTED TO 339 ML HAS. i pH ort 4.819 . WHAT IS*THEy0H

it

..

koP' THE SOLUT/ON AFTER 0.648 LE OF-SOLIDAMX IS DISSOLVED IN ITT
ASSUME THlitT NO SIGNIFICANT VOLUME CHANGE. OCCURS -. .

.- WHEPUTHE NaX IS,DISSOLVED IN-THE SOLUTION, A
.

5. ,WHAT IS THE DEGREE, OF IONIZATION OF A 5.568 M SOLUTION OF Bazoic acid
WHOSE IONIZATION CONSTANT IS 6.6_0E-05 ?

.N

6. IF A WEAK ACID, Hr, IS 16.581 11 IONIZED 1r 2..260 PI SOLUTION,
AT WHAT CONCENTRATION'IS THEIACID 16,081 IC IONIZED?

7. NHAT'IS THE.CONCENTRATTON_OF HC10 IN A 'SOLUTION 'PREPARED BY
ADDING 69 ML OF 2.825 M OF THE'SODIUM SALT TO 362 ML OF 2.965.M HCL ?
ASSUME THAT THE-TOTAL-VOLUME-0E-THE-SOLUTION-IS--431-AL. .

THE IONIZATION CONSTANT OF HC10 IS .3.20E-08

,8; A-SOLUTION OREPAR.ED FROM. 0.466 ilor.8 OF A WEAK ACID,
HI. AND ot.218 MOLE Or NaX DILUTEDq0 358 ML
HAS'A pH OF. 6.194. WHAT rS THE IONIZATION CONSTANT OFOIX

9. HOW MANY MOLES'OF THZ SODIUM SALT-SHOULD BE ADDED
TO t33 ML 0.487 M HP TO PREPARE'A.BUPPER..
WITH i.pH OF- 6.770?. ASSUMEIHAT NO VOLUME CHANGE OCCURS-
WREN THE sopm SALT IS ADDED TO THE SOLUTION.
THE IONIZATION CONSTANT OF.HP IS:7.00E-04

TO PREPARE .

5.615 ?
4.50E-04,,

10. HOW MANY MODZS OF HNOR UST BE OfSED
1.37 L lag SOLUTION THAT HAS A pH OF
THE IONIZATION-C45NSTANT OF HNOR IS

ç.
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Problem st 12

. T4,-

1. A SOLUTION,PREPARED rpoll 0.553 MOLE OP A WEAK ACID,11X,
DILUTED 'TO 383 WL HAA-A -pH-OF 6.159 Wan IS THE-ON
OF THE 'SOLUTION AFTER '0.078 MOLE'OF SOL/D Nal Is DISSOLVED,IN IT? .

ASSUME TWAT NO SIGNIFICANT VOLUME CHANGE OCCUR'S
WHEN THE Nal( IS DISSOLVED IN THE S,OLUTION.

2. A SOLUTION PREPARED FEOM,'0.28eMOLE_OF A WEK ACID,
fix, AND 0.438 MOLE OF-Nax 'DILUTED TO 337 ML
HAS A pH OF 6.425. WHAT IS.THE IONIZATION CONSTANT OF HI ?

,

HNO, IS 5.07E-02 % IONIZED IN 5.766 II SOLUTION.
WHAT-Is THE IONIZATION CONSTANT FOR THIS ACID?

4. A BUFFER smATIow IS MADE UP BTIDDING 0.063 MOLES OF THE.SODIUM saL4,
TO 1.563 LITERS OF A 0.607 H SOLUTION OF HAc WHOSE IONIZATION
CONSTANT /S 1.600E-05., WHAT IS THE pH OF THIS SOLUTION?

HOW MANY MOLES OF THE SODIUM'SALT'SHOULD BE ADDED- .

TO 246 ML OP 0.875 M,HC10 TO PREPARE A BUFFER
WITH A pH OP. 2.449 ? ASSUME THAT NO VOLUME CHANGE'OCCURS-.
WHEN THE SODIUMSA1T IS ADDED TO THE.SOLUTION.
'THE IONIZATION CONSTANT OF HC10 IS 3.201-08..

A 5.134 M gOLUTION OF A WEAK ACID', HI, HAS A pH OF 4.600
WHAT IS THCIONIZATION CONSTANT OF THE ACID ?

WOW MANY NOLES.07 Benzoic acid MUST BE USED TO PR.EPARE
1.17 L'OF SOLUTION THAT HAS k pH OF 3.540 ?
THE IONIZATION CONSTANT OF Benzoic, acid IS 6,60E-05 .

8. IF A WEAK ACID, HI, IS 1.981 % IONIZED IN 0.360 M SOLUTION,
At WH1AT CONCENTRATION IS THE ACIti* 6.181 % IONIZED? i)

N

9. WHAT IS THE CONCENTRATION OF NaHCO3 IN A SOLUT/00 PREPARED BY
ADDING ,18 ML OF 4.535 II OF THE SODIUM SKLT TO 55 ML ,OF 4.525 M HCL ?
ASSUME. THAT THE TOTAL VOLUME OF THE SOLUTION,IS 73,ML.
,THE IONIZATION 'CONSTANT OF NaRCO3 IS 4.80E-11_

'10. CALCULATE THE pH OF 0.826 M METRTLAMINE WHOSE IONIZATION CONSTANT
IS 1.8E-5.



Problem set 13

HOW MANY !MLR or Twit S00.10 SALT SHOULD Si ADDED 41

TO 246 ML OF 0.508 M Benzoic ecid*TO PREpARE A $ ITER
VITH-A pH OF 3.675 ?. ASSUME THAT NO volms CHANRE OCCURS
WHEN THE SODIUM SALT IS ADDEb TO THE S0L*1211. -,

THE IWZATION CONSTANT .OF HonzOic acid IS7'6.60E-05 .

2. A BUFFER sugnom IS MADE UP 8T ADDING 0.452 MOLES OF THE SODIUM:MMT
TO- 7-32 LITRRS aiA-0-.444Nsopitrof Ot-H1101 -1110S140SIZA TEO*

' CONSTANT IS 4.500E-04. WHAT-IS THE pH OF THIS SOLUTION?

A SOLUTION PIEPARED FROM 6.393 MOLE 011 WEAK ACID,
Hf, 'AND 0.1)8 MOLE OF NOCDILUTED TO 256 ML !

HAS A pH OF 2.484. -WHAT IS THE IONIZATION CONSTANT OF?HI ?

4. A, 6.442 M SOLUTION OF A WEAR AC/D, HZ; RAS A pH'OF 2.500 ..
WHAT.IS THE IONIZATION CONSTANT OF0TNE ACID ?

5. CALCULATE THE' pH OF ,.0.328 N METHYLAMINE WHOSE IONIZATION CONSTANT.
IS 1.8E-5.

,

6. A WEAK ACID, HI, IS 25.01 % IONIZED IN 1.304 M SOLUTION.
WHAT PERCENT OF HI IS IONIZEb IN A 4.838 N SOLUTION ?

447';

7. WHAT.IS THE CONCENTRATION OF Formic acid IN A SOLUTION PREPARED BY
,ADDING 88' ML,OF- 5.090 N OF THE-SODIUM-SALT T04--118AL'OF-1.285-11 ACL- ?

ASSUME THAT THE MAL VOLUME OF THE YOLUTION.IS 206 NL.:
THE IONIZATION CONSTANT OF FOrmic acid IS 2.10E-04

8, WHAT IS .THE DE OF IONIXATION OF A 5.622 M SOLUTION OF NaHCOi
WHOSE TONIZA ON CONSTANT IS 4..80E-11 ?

1. A SOLUTION PREPAItED FROM 0.716 _MOLE OF A WEAK ACID, MX,
DILUTED TO 152 ML HAS OH .OF 4.755 WHAT IS THE pH
,QF THE SOLUTION AFTEk 0.318 MOLE OF SOLID NeX IS DISSOLVED IN IT?
ASSUME THAT. NO SIGNIFtCANT-VOLUME%CHANGE.00CURS
WREN THE taX,I4i DISSOLVED II.THE SOLUTION.

kzi

10.. HOW,MANY.MOLES OF HC10 MOST BE USED TO- PREPARE
.0.65 L OF SOLUTION THAT HAS A. pH OF 2.925 ?
THE IONIZATION-CONSTANT OF HC10 IS 3.20E-08 .

5.

V
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1. A SOLUTION PREPARED PRCM 0.798 MOLE 0., A WEAK ACIDI, '0
'IX, AND ':004481MOLE OP Nal( DILUTED TO _181 ML. ..

HAS A pH OF 3..5.69. WHAT IS THE IONIZATION,,CONSTANT Or HI ?,:,
, \

2. HOW 'MANY MOLES OF Beiizoic acid MUST BE USED:TOPREPARE '
.2:03 L OF SOLUTION THAT HAS A pH Of .\,4020 4.
TQE fONIZATION.C(WTAil; OF Btonzoic6aid IS 6.60E105 .

,.
,

3. A BUFFER SOLUTION IS riAbr UP BY ADDING 0.502 EOLES 0/ THE spinom SALT,
TO' 0.282 LITERS OF A C.777 M SOLUTION OF Nati& WHCSE IONIZATION '

ctNgTANT TR, 4.8t0P-11. -WNW TIS THr pH 'OF THIS SpLUTION?'
,

#

.<1

, t
.

4. A 3.46014 SOLDTION.OFA,WEWACtD, px, aks A pH OF 3.730' .

WHAT IS tHE IONIZATION CONSIANT OF THE ACID ?,
,

1
:

5. CALCL-ArTE TH04H E 1.236`M METHyLAMII4E' WHOSE IONIZATION COASTANf
/
IS 1.8E-5% .

q .

. IF A WEAK ACID, H IS. 7.281 %'IONIZED IN 1:845 M SOLUTION,
:AT WHO. CONCENTRATION TS. THr ACID 22.581 li IONIZED?

\,_

,

: HOW MANY MO6tS OF THE, iSODIUM SALT'SHOULD BE ADDED.
TO' 392 ML OF 0.244.M NaRsoi TO 'PREPARE k-BUFFER-

' 'WITH A pti 'or 3.324 ?;, ASSUME THAT NO, VOLUEE CHANGiloCCURS
. WHEN THE SODIUM SALT 1$ ADDfD TO 'THE SOLUTION.
THf IONIZATION,CONSTANT 00 NaHS03 IS,.5.60E-08 . .

.

. ',WHAT IS-THE CONCENTRATION OF WIN A SOLUTION' PREPARED.BY
:ADDING 1 EC oF 1.36 ?I QF THE SODTUN SALT TO 43* EL .01". 2.075 Pi IICL ?
ASSUME THAT THE TOTAC VOLUME OF- ,THE,-SOLUTION IS 433 EL:
THE IONIZATION COST T OP HP I*' 7.00E-04:

9. A SOLUTION PR RATON 0.115 MOLE OF A WEAK ACID, HX,
DILUTED TO 407,ML HASA pH Or, 5.659 WHAT is THE pH 4

OF TEE SOLUTION AFTER ',0.158.MOLE OF SOLID NaX IS .DISSOLVED IN IT?
ASSUME THAT'NO SIGNIFICANT VOLUME CHANGE OCCURS
WHEN THE NaX TS DISSOLVED'IN:THE SOLUTION.

10. 'WHAT IS THE DEGREE Or I6NIZATION OF A 5.742.M SOLUTION OF NaHCO3
WHOSE IOJIIZATION CONSTANT IS 4.80E-11 ?

4--
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.

i BUFFER SOLUTION IS MADE-UP BY ADD,ING 0.672 MOLES OF THE SODIUM SALT
',TO 1.492 LITERS OF A 0.473 M SOLUTION OF Propionic Acid WHOSE /ONIZATTON

CONSTANT IS, 1.4opE-05. WHAT IS THE pH OF _THIS SOLUTION?
.

A SOLUTION PREPARED limm 0.964 MOLE,OF A WEAK ACID,
11X, AND 0.458 nag OF Nal( DEILUTED TO 330 ML
'HAS A OH OP 4.085, WHAT IS THE IONIZATION CONSTANT OF Hi /

3. :WHAT IS THE CONCENTRATION OF HCN IN A SOLUTION PREPARED BY
ADDING 24 ML OF 0.880 M OF THE SODIUM SALT TO 501 MI; OF 1.000 HCL ?

ASSUME THAT THE TOTAL VOLUME OF THr SOLUTION '529 ML.

'THE IONIZATION CONSTANT or HCN I. 4.00E-10

4. HO'll MANY MOLES OF Tmr.,soprum SALT SHOULD BE ADDED
TO 315 MLOF -0.809 M Formic acid TO PREPARE A BUFFER .

WITH A pH Ott 4.670.? ASSUME'THAT NO vokumE CHANGE OCCURS
WHEN THE SODIUM SALT IS DDIID TO THE siNAITIoN.
THE IONIZATION CoNSTAiT OF ForMic acid IS 2,10E-04 .

BEAK ACID, OXv It 2.881 It.zowIzED IN 4,475 M SOLUTION,
,AT'WHAT CONCENTRATION IS.THE ACID 30.881 IC IONIZED?

6. WHAT ISTHE DEGREE 00 IONIZATION OF A 5.772 M SOLUTION OF HF
WHOSE IONUATION.CONSTA4T Ts. 700E-04 ?

A 2.614 M SOLUTION OF A WEAK ACID', HI, HAS A pH OF 2.00O .

WHAT IS THE IONIZATION CON TANT OF THE ACID ?
,

HOW MANY MOLES OF Propionic acid MUST BE USED TO PREPARE
1.32 L OF SOLUTION THAT HAS A pH OF 5.410 7i
TEE IONIZATION.CONSTANT OF Propionic acid IS ,-1,.40E-..05

9 WHAT IS THE pH OF 4.404 M,Na11503 WHOSE IONIZATION CONSTANT IS
5.600E-08?

10. A SOLUTION ,PREMED FROM, 0.844 MOLE OF A ,WEAI ACID, pi,
DILUTED%T0' 272 MCHAS A pH OF 5.475 WHAT IS THE10.1
OF THE'SOLUTION AFTER 0,428 MOLE OF SOLID NaX. IS DISSOLVED ITT

,ASSUNt THAT NO SIGNIFICANT VOLUME CHANGE OCCURS-
WHEN THE Net! IS DISSOLVED IN THE.SOLUTION.

r
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4rOblep Set 16'

.0

1. A WEAK ACID, HX, IS 22.781 * IONItED IN' 0.862 M SOLUTION.
WHAT PERCENT OF"HX IS IONIZED IN A 3.98 M SOLUTION ?

A

WHAT IS THE pH OF .01408 M'Benzoic.acid WHOSE IONIZATION,CONSTANT TS
6.600E-05?

art

3. HOW MANY MOLES' OF HC10 i4UST BF USED TO PREPARE
0.61 L OF SOLUTION THAT HAS A pH OF 2.725 ?
THE IONIZATION CONSTANT OF HC10 IS 3.20E-08

4. A SOLUTION PREAARED FROM 0.194 MOLE OF A WEAK ACID, HX,
DILUTED TO, 122 ML HAS,A. pH oe 2.779 WHAT IS THE pH
OF THE SOLUTIOWAFTER .0.488 MOLE OF SOLID NaX IS.DISSOLVED IN IT?
ASSUME THAT 0 SIGNIFICANT VOtUME CHANGE OCCURS,
WHEN THE-NaX TS DrSSOLVED IN THE.SOLUTION.

/

5. WHAT IS THE CONCENTRATION OF HE IN A gOUUTION PREPARED BY
ADDING : 23 Mt OF b.710 M OF THE SODIUM SALT TO 309 ML OF 1.815 M HCL ?
ASSUME THAT THE TOTAL yOLUME OF THE SOLUTION IS 332 ML.
TRY IONIZATION CONSTANT OF HF IS 7.00E-04

6. WHAT TS THE DEGREE OF IONIZATION OF A 0.444 M SOLUTION OP HNO2
WHOSE IONIZATION CONSTANT IS 4.50E-04 ?

7. HOW MANY MOLES'OF TH SODIUM,SALT,SHOULD BE ADDED
TO 363 ML'OF, 0.229 ft Formic acid TO PREPARE A BUFFER
WITH A pH OF 5.890 ? ASSUME THAT,NO VOLUME-CHANGE OCCURS
WHEN THE SODIUM SALT TS ADDTD TO THE SOLUTION. .

THE IONI4TION CONSTANT OF Formic acid IS 2.10E-04 .

(

8. A.BUFFER SOLUTION'IS MADE'UP.BY ADDING 1.313 ,MOLES OF THE SODIUM SALT
TO 0.813 LITERS OF'A 0.079.M SOIUTION OF Formib acid WHOSE IONIZATION'
CONSTANT IS' 2.100E-04-. WHAT tS THE pH 'OF THfS SOLUTION?

9. A,SOLUTION PREPARED FROM 0,509 MOLE OF A WEAK ACIi),'
HX, AND 0.128 MCLii OF NaX.DILOTED TO 300 ML
HAS A pH OF 3.185. WHAT IS THE IONIZATION CONSTANT OF MX ?

10. A 4.558 M SOLUTION OP A WEAK ACID, HX, HAS A pH .OF 3.750 .

WHAT IS THE IONIZATION'CONSTANT OF THE ACID ?

p.



problem Set 17

1. A BUFFER SOLUTION IS MADE.UP BY ADDING 0.412-ROLES OF THE SODIUM SALT
TQ 0.712. LITERS F A 0.137 M SOLUTION OF Hite WHOSE IONIZATION
CONSTANT IS 1.80 -P5. WHAT IS THE pH OF.THIS SOLUTION?r5

2. A SOLUTION PREPARED FROM 0.521 MOLE OF A'WEAK ACID,
HX, AND 0.658 MOLE OF NaX DILUTED.TO 280 ML
HAS,A pH OF 3.265. WHAT IS THE IONIZATION CONSTANT OF HX ?

3. A WEAK ACID, HX, IS 8.981 % IONIZED IN 0.320 M SOLUTION.
WHAT PERCENT OF HX IS IONIZED IN A 2.733 M SOLUTION ?

4: A SOLUTION PREPARED FROM 0.097 MOLE.O? A WEAe ACID, HX,
DILUTED TO 253 ML HAS A pH OF 5.694 ?. WHAT IS'THE pH
OF THE SOLUTION AFTER 0.808 MOLE OF SOLID NaX'IS DISSOLVED IN IT?
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE,OCCURS
WHEN THE Natx TS DISSOLVED IN THE SOLUTION.

5. WHAT TS THE pH OF 1.200 M Benzoic acid WHOSE IONIZATION CONSTANT IS
, 6.600E-05?

6. HOW MANY MOLES OF THE SODIUM SALT SHOULD BE ADDED
TO 480 ML OF 0.213 M 11NO2 TO PREPARE A BUFFER
WITH A pH OF 4.789 ? ASSUME THAT NO VOLUME CHANGE OCCURS
WHEN THE SODIUM SALT IS ADDED TO THE SOLUTION.
THE IONIZATIpN CONSTANT OF HNO2 IS 4.50E-04

7. HOW NANY MOLES OF NaHS03 MUST'BE USED TO PREPARE
1.70 L OF SOLUTION THAT HAS A pH OF 3.125 ?
THE'IONIZATION CONSTANT OF NaHS03 IS 5.60E-08 .

8. WHAT IS THE DEGREE. OF IONIZATION OF A 5.010 M SOLUTION OF Formic acid.
WHOSE IONIZATION CONSTANT IS 2.10E-04 ?

9. A 3.310 M SOLUTIOA.OFA WEAK ACID, HX, HAS A pH OF, 3.250 .

WHAT IS THE IONIZATION CONSTANT,OF THE ACID ?

10. WHAT IS THE CONCENTRATION OF Benzoic acid IW-A SOLUTION PREPARED BY
ADDING 26 ML OF-2.090 M OF THE SODIUM SALT.TO 103 ML OF 4.900 M HCL ?
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTIOW IS 129 ML.
THE IONIZATION CONSTANT.OF Benzoic acid IS 6.60E705

A

Sc

361



lyoblem Set 18

1. WHAT TS THF, CONCENTRATION OF Propionic acid IN A SOLUTION PREPARED.BY
ADDING 42 ML OF 2.990 M OF THE SODIUM SALT TO 450 ML OP 2.130 M HCL
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 492 ML.
THE IONIZATION CONSTANT OF Propionic aCid IS 1.40E-05

2. A SOLUTION PREPARED FROM 0.471 MOLE OF A WEAK ACID,
HX, AND 0.668 MOLE OF NaX DILUTED TO 236 ML
HAS k pH OF. 9.889: WHAT IS THE IONIZATION CONSTANT OF HX ?

A . 2.946 M sculTIop OF A WEAK ACID, HX', HAS A pH OF 6.500 .

WHAT IS THE IONIZATION CONSTANT OF THE ACID ?

4 4. HOW MANY MOLES OF NHS03 MUST BE USED TO PREPARE
0.39 L OF SOLUTION THAT HAS A pH OF 6.670 ?
THE IONIZATION CONSTANT OF 11aHSO, IS 5.60E-08 .

5. WHAT IS THE'pH OF 3.792 M NaHCO, WHOSE IONIZATION CONSTANT IS
.44.800E-11?

6. IF A WEAK ACID, HX, IS 18.981 % IONIZED IN 0.570 M SOLUTION,
AT WHAT CONCENTRATION IS 1HE ACID 14.781 % IONIZED?

7. A BUFFER SOLUTION IS MADE UP BY ADDING 1.052 MOLES OF THE SODIUM SALT
TO 1.432 LI1ERS OF A 0.946 M SOLUTION OF,HCN WHOSE IONIZATION
CONSTANT IS 4.000E-10. ,WHAT'IS THE pH OF THIS SOLUTION?

B. HCN IS 3.41E-0,5. % IONIZED IN 3.630 M,SOLUTION.
WHAT IS THE IONIZATION CONSTANT FOR THIS ACID?

9. HOW MANY MOLES OF THE SODIUM SALT SHOULD BE ADDED
TO' 315 Mt OF 0.570'M Propionic acid TO PREPARE A BUFFER
WITH AtpH OF 6:V75 ? ASSUME THAT NO VOLUME.CHANGE OCCURS
WHEN TUE SODIUM SALT IS ADD1D TO THE SOLUTION.
THE IONIZATION CONSTANT OF Propionic aCid IS 1.40E-05 .

10. A SOLUTION'PREPARED FRCM 0.545 MOLE OF A WEAK ACID, HX,/
DILUTED TO 351 ML HAS A pH OF 2.784 WHAT IS THE pH
OF THE SOLUTION AFTER4 0.928 MCLE -OF SOLID NaX IS DISSOLVED IN IT?
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE.00CURS
WHEN THE NaX IS bISSOLVED IN THE SOLUTION.



Problem Set 19

1. A SOLUTION PREPARtD FROM 0.4)4 MOLE OF A WEAK ACID, HX,
DILUTED TO 421 ML HAS A pH OF 6.270 WHAT IS THE pH
OF THE SOLUTION AFTfR 0.038 MOLE OF SOLID NaX IS DISSOLVED IN ITt
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS
WHEN THE NaX IS DISSOLVED IN THE SOLUTION.

2. HOW MANY MOLES OF.THE SODIUM SALT SHOULD BE ADDED
TO 168 ML OF 0.177 M Propionic acid TO PREPARE A BUFFER
WITH A pH-OF 5.005 ? 'ASSUME THAT NO VOWME CHANGE OCCURS
WHEN THE SODIUM SALT IS,ADDED TO THE SOLUTION.
THE IONIZATION CONSTANT OF Propionic acid IS 1.40E-05%

3. WHAT LS THE pH oF 1.080 M Formic acid WHOSE IONIZATION CONSTANT IS
2.100E-04?

4. A BUFFER SOLUTION IS MADE UP BY ADDING 0.252 MOLES OF THE SODIV11 SALT
TO 1.032 LITERS OF A 0.286 M SOLUTION OF HCN WHOSE IONIZATION
CONSTANT IS 4.000E-10._ WHAT IS THE pH OF THIS SOLUTION?

5. WHAT IS THE CONCENTRATION or Propionic acid IN A SOLUTION PREPARED BY

ADDING 49 ML OF 2.400 M OF THE SODIUM SALT TO 203 ML OF 3.630 M HCL,?
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 252 MI..

THE IONIZATION CONSTANT OF Propionic acid IS 1.40E-05

6. HCN IS. 3.12E-05 % IONIZED IN 2.430 M soLdtroN.
WHAT rs THE IONIZATION CONSTANT FOR THIS ACID?

1. HOW MANY MOLES OF NaHS03 MUST BE USED TO PREPARE
2.04 L OF SOLUTION THAT HAS A pH OP 3.220 ?
THF, IONIZATION CONSTANT OF NaHS03 IS 5.60E-08 .

8. A SOLUTION PREPARED-FROM 0,410 i0LE OF A WEAK ACID,
HX, AND 0.448 MOLE OF.NaX DILUTED TO 220 ML
HAS A pH OF ,4944 WHAT IS THE IONIZATION CONSTANT OF HX ?

9. IF A WEAK ACIDI.HX, IS 5.881 % IONIZED TN . 1.915 M SOLUTION,
AT WHAT CONCENTRATION IS.THE ACID 6.581 % IONIZED?

10. A 6.166 M SOLUTION.OF A WEAK ACID, HX, HAS A PH 6F 6.100 .

.WHAT IS THE IONIZATION CONSTANT OF THE ACID ?

t,



.Problem set 20

4

1. A BUFFER SOLUTION IIPADE UP 'BY ADDING 0.922 MOLES.OF THE SODIUM SALT
TO 0.242 LITERS Of A 0.201 M SOLUTION OF HAc WHOSE IONIZATION
CONSTANT IS 1.800E-05. WHAT IS THE pH OF THIS. SOLUTION?

2. i SOLUTION PREPARE'D FROM 0.707 MOLE OF A WEAK ACID,-
HX, AND 0.018 MOLE OF NaX DILUTED TO 196 ML
HAS 4 pH OF 5.345. WHAT IS THE IONIZATION CONSTANT OF HX ?

3. IF A WEAK ACID, HX, IS 5.681 % IONIZEO IN 3.39 M SOLUTION,
AT WHAT CONCENTRATION IS THE ACID 36.481 % IONIZED?

4. HOW MANY MOLES OF HNOr-MUST BE USED TO PREPARE
0.58L OF SOLUTION THAT HAS A pH OF 5.215 ?
THE IONIZATION CONSTANT OF HNOr IS 4.50E-04 .

5. HOW MANY MOLES OF THE SODIUM SALT SHOULD BE ADDED
TO 398 ML OF 0.703 M HNOr TO PREPARE A BUFFER
WITH 4 pH OF 6.585 ? ASSUME THAT NO VOLUME CHANGE OCCURS
WHEN THE SODIUM SALT IS ADDED TO THE SOLUTION.
THE IONIZATION CONSTANT OF HNOr IS '4.50E-04 .

6. A 2.254 M SOLUTION OF A WEAK ACID, hx, HAS A pH OF 4.500 .
WHAT IS THE IONIZATION CONSTANT OF THE ACID ?

7. CALCULATE THE pH OF 0.224 M NH3 WHOSE IONIZATION CONSTANT
IS 1.8E-5.

8. A SOLUTION PREPARED FROM 0.794 MOLE OF A WEAK ACID, HX,
DILUTED TO 296 ML HAS A pH OF 3.505 WHAT IS THE pH
OF tHE SOLUTION AFTER 0.708 MOLE OF SOLID NaX IS DISSOLVED IN IT?
ASSUME THAT NO SIGNIFICANT VOLUME CRANGE OCCURS ,

WHEteTHE NaX IS DISSOLVED IN THE SOLUTION.

9.
1AT IS THE CONCENTRATION OF HF IN A SOLUTION PREPARED BY*

A DING 3 ML OF 2.035 M OF THE soma!, SALT TO 193 EL OF 2.260 M,HCL ?
XSSUME THAT THt TOTAL VOLUME OF THE SOLUTION is 196 ML.
THE IONIZATION CONSTANT OF HF IS 7.00E-04 -

10, foriic acid IS 3.02E-02 % IONIZED D4'11,4.374 M SOLUTION.
WHAT IS THE IONIZATION CONSTANT FOR THIS ACID?

39



',1111
L:14

-,-- Is 71- --L.-
I... Apr( -11,0 it%111\ c

"Vrt.'"'"ifIrri !.01#714iKrit

The CM P'roject
7

The Computer-enriched Module (CM) project is a collaborative
effort by 19 faculty memberS in the disciplin'esof chemistry,
mathematics and physics, to produce, self-instructional computer-
,based materials at the introductory\tllege level in those 'disci-
plined. Each module is designe4 to b 'Ilsable in an academic
environment with minimal computational facilities, and by students
and faculty who are not programming experts. It may be'used as
adjunct to standard textual materials, or'iri many cases, as a ,

replacement for them. The primary, aim of eacb.module is to use
the'computer in such a way that studrt may take a more active
role in the development and discovery o ondepts And phenomena.

Chemistry

C. J. Jameson
Chem. GrouO'Leader

of Ill. CC
Chicago,. IL

M. Bader
Moravian College
Bethlehem, PA-

h. K. JameSon
Loyola University
Chic'ago, IL

JII.M-andck
Western Carolina
Cullowhee, NC

R. T. O'Neidl
Xavier UniVersity
Cincinnati, OH

F. A. Settle, Jr.
Va. Military Tnst.
Lexington, VA

R. Wi.11iams
(formerly) U. of Neb.
Lincoln, NB

CM Projebt taff

Mathematics

J. H. Mayne
Math. Group Leader
Loyola University
Chicago, IL

R. A. Alo
Carnegie-Mellon
Pittsburgh, PA

N. C. Harbertson
'Cal.- St. Univ.
Fresno, CA

-

L. C. Leinbach
Gettysburg College,
Gettysi5urg, PA

J. C. Mathews
Iowa State Univ.
Ames, IA

L. E. Mauland
U. Of North Dakota--
Grand Forks, ND

fe,

Physics_

H. %4einstock
Phys. Group' Leader
IIT
Chicago, IL

D. Davidson
Pima Comm. coll.
Tucson, AR

P..Goldstein
Jersey City St. C.
Jersey City, NJ

'W. Lank
MacMurray College
Jacksonville-, IL 4

L. E.. Turner, jr..
Pacific Union Coll.

2Angwin, CA

S. L, Wiley-
Cal. StatéViliv.
Dominguez'Hil1p, CA",

Address all correspondence to

Professor H. Weinstock
Director, CM Project
Physics Department
Illinois Institute of'Tec4no1'ogy
Chicago, Illinois 60616

*!,

LaWA4,4144ki.44.-4041A4.4.0;



'rs w!tt, rT`

,

11: 1

, V,

k

Mrlinr,"*Itic0.17tr
, , P:l ; 'It s't #

TEACHER'S GUIDE TO ,

,

,., A MODULE ON CHEMICAL-EQUILIBRIUM

°` UNIT 14 EQUILIBRIA IN ACID-BASE SYSTEMS.
i

1.

FRANK AI SETTLE JR.

VIRGINIA MILITARY INSTITUTE

a computer=-enri'dhed module

P for imbroductory chemistry
,)

-feAturing the programs

ACID

BUFFER

'Supported by grants frost°-tha
National Sciditee.Foundation

Exxon Foundation,
'..!

7r$11471.??TirrVIIMl i I 4:4 ...

rAIP

-

.-Oopirright by'CM PublicsAions 1,16
Illinois Institute'of TeChnolpgy



4

'"1 '4. ,

, ,

. 41-
TEX' Gunzlo UNIT ON EQUILIBRIA IN ACIDnBASE SYSTEMS

pr ii4iE CHEMICAL EQUILIBRIUM MOD LE

EDUCATION V.ItIOECTIVA
1

4,vr 1 .

\II; ...

J1, ,

The pis educatpnal oplective i enable the student to

apply equili M cbliFITts to ,'chemri.cgl systems involving weak acids

and bases. h neAtudet'7 mild' ebe able to discover th relationships'
,

, ..-
between initialo elitraf*On of weak acid or 4ose, the magnitude of

,

equilibrium-6(4.

ciation. TheseiA briuM'concepts wi be used to_.understand two
..1'k° ..

-.. $

additional systdps. plying- weak acids a d bases, hydrolysis of salts

/
,

for idnizaqon, the pH and the percentage disso-
,

and buffer soluti6

The approach t iin t unit is to treat weak acid-base

reactions As further ample's ofoiequilibrium systems. To emphasize

this.point, subscript ave beeloMitted from equilibrium Constants

grable 1 'of the student ual,summ izes the typ,ps of equilibrium

constants involved in unit: student uses ACID program

to examine severaltwea)e 4-base 'systems,observing the effect of

magnitude of equilibrio,AQnstant nd initial reactant concentration

on the v(Alues of p11 ,ap4V44'cent*e'dissociation. The validity of a
. .

simplifying approximation i8 detet, 'tied by Comparing answers obtained

from exact ,quadratic equations with those Wained by the approximationi

X2 X
K ee

C 7

where S.

2

K = eqUilibrium constant

C = initial weak acid (or base) concentratiom

X = equilibrium Hs0
+

(or BR
+
) concentration

An optional eXtention of this simple approximation is the'use of a

progr,Am which emlI the method of successive approximations. Ad

example of such an iterative program is found in referenbe [1] on

page 176.

Polyprotic acid-base equilibria are not discussed in this Unit.

Many programs and Rroblems involving student generated prOgrams. exisi.

Reference [2] page.1.76 contains examples of suqh programs and problems.

Hydrolysts of salts is presented as an examRle of another aqueous

equilibriuM system. The equilibrium constant forthis reaction is

f

4!)

1.



derived from K
w and appropriate dissociation constants for the weak -

,t
acid or base involved.

Finally, buffer action is examined using the'BUFFER. program to6

compare the behavior of buffered and vnbuffered solut,ions towards

the addition of strong acids or bases. These buffer-and/or hydrolysis

sections might, well be made optional if time is a critical factor.

No attempt has been made to deal with the general features of

titration curAies of weak acids with a stron

1
base or weak bases with

o
strong acids. .Anumber of interebtineBAS 1 C programs for these

titrations exist in referenc,es [1] page 196 and [2] page 185. A

logical extension to this module would be the use of such programs

to simulate titration curves.

1

IMPLEMENTATION

It is desiratle that the student be familiarith the con6epts

of unit 3 ("Equilibrium Calculations") of this module before attempting

this unit. It may also be necessary for the student to read the unit

on "pH, Strong Acids and Bases" or its e.quivalent chapter in a textbook.

ANSWERS TO PROBLEMS

1. Since the value of K.is small x would be expected to be sthall.

2. [H30+] decrease
A

increase

% dissociation increase

'3. See computer printout from ACID
4

4. See computer printout from ACID

5. Should give same trends as HF

13
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6. See computer printout frqm-ACID

H20 t HNO2 __.,..a..
+ r\ _

-- + NO2. H30
.

-

initial # moles
from data

0.1 moles 0' °-

changes in moles
at equilibrium

(0.1-x) moles X moles X.moles
,

tqui1ibritm-
concentration

0.1 moles/1 moles/1 X mo es/1
-

K 4.6 x 10
-4* XI

0.I -

(4.6 x 10 4)X - (4.6 10-5) = 0

7. ,[11304.] deereaset3 in both cases

pH 7 increases

% dissociation increases

B. HF has larger value of [H30
+

HNO2 has larger pH value

HF is more highly dissociated

OF is strongerNacid more H30
+

concentration than HNO2

9. yea

10.4 See computer printout from ACID

11. 2.00

12. 5.96 x 10-6

13. 1.07 x 10
6-2

moles/liter

2.11 i< 10-4

from the same initial acid

14

,

f
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19. B + H20 ------2. BH
+

+ OH

[Be][OH-]
K T

let x = [0H-] = [Be]

15. 1.80 x 10-5

16. 3.8%

17. H20 + NH3

t.'

OH-

4

initial number of
moles from data

0.1 mole
,

0

_

,

0

change in moles -X +y +X

moles at
equilibrium

.

(0.1-X) moles X moles

_

X moles
.

equilibrium .

concentration
(0.1-X) moles X moles , X moles

0.5- 1 6-.5 I . 0.5 1

K =

X X x2
0.5 O.'S

- X 0.1 -
0.5

quadratic exprpssion

X2 + (9.0 I'l0-7)X + (9.0 x 10-6) = o

, 1.8 x 10-5

lq. f0H-] decreases

pH decreases

p0H incre-4ses

% dissociation increases

'For*methyl amine, CH3'-,NH2 and NH3

[OH-] NH3 > CH3-NH2

pH , CH3-NH2 > NH3

p0H NH3 > CH3-NH2

% dissociation NH3.> CH3-NH2

The larger the value of K the stronger the acid or base

CH3-NH2 < HI0-NH2 <, NH3 < C6H5-N/H2

X X ,X
2

K
[11] - x [B]

2 7- Kt B. . .

4 5



22.

23.

24.

25.

26.

27.

11.7

1.8 x 10-5

2.0 x 10-6

0.12 mole/1

(A) pH = 7 .(B) pH > 7

a. "pH = 7 b. pH > 7

c. pH = 7 d. pH < 7

(C) pH < 7

cannot say exactly

e. pH > 7

LHFROH-] , [HF] CH30+][0H-]28. K Kl K
wCF-HH30+]

1

LHFROH-].Kw

[F-]29. K1
IF-J 1<2

_

CHFROFT-i

30. HF + H20 F- + H30+ K' = 6.7 x 10-4

F + H20 HF + OH

1 x 10-14 1 .x 10-14K
KT

6.7 x 10-4

31. a. NH4 + H20 NH3 + H30

+ P

K _ [NH34H30
K
w

[NI-141-4]
KO

where
+[NH]NH71

K1 MHO
K
w,

= [H30
+
][OW] = 1.0

1.0 x 10
-14

1.8 x
5.5x



b. let x = number moles NH$ formed

H2o 4' NH NH3 +(

6

initial no. moles 0,,2 moi.e 0

change in moles -x moles:
.

+x moles +x moles

no. moles at
equilibrium

0.2-x) moles

_

x moles x moles

equilibrium
concentration .

0-.2-x moles
--7.-- --1.---

moles . moles
x

. .1
x

1

-1 o
c. K = 5.6 x 10

2
X X

. - x 0.2

d x2 = 1.12 x.

x = 1.06 x 10-5 moles NH3 = moles OH-

_ 1.06 x,10-5
[OH-] 1.0 liter

,

x 10-5 mole/1 = [NH3]

[H30+]
1.0 x 10-14 9.4 x 10-1° mole/1
1.06 x 10-5

pH = -log(9.4 x 10-1°) = (-0.97 - 10)

pH = 9.03

e. pH > 7 solution is basic thus confirming our prediction.

32, 2.1 x 10-4

X2 = 2.1 x

x

PP=

x x x 2
0.1 - X 0.1

5
= 21. x 10-6

3

10
-

-(0.66 - 3) = 2.34

Addition of HC007 to the system

HCOOH + 1120 HC00- +

will cause concentrations of reactant HCOOH to increase and

concentration product H30
+-to

dedrease.. Thus the pH of the

solution will increase.

34. X = moles of H30+ in solution after' addition of acid. When

0.01 mole H30
4- is added to the buffer solution it will react with

It



'46

7

0.01 mole HC00- to form 0.01 additional mole of HCOOH. ,Thus

the scorecard would appear as follows:

H20 + HCOOH H30
+

HCOO

initial moles 0.10 moles 0.01 moles 0.20 moleq

change in moles +0.01 moles -0.01 moles -poxl moles

no. moles at
equilibrium

0.11 moles X
.

0.19 moles

equilibrium
concentrations

moles
0.1

moles0.19i - 1-
,,

K = 2.1 x

X = 2.1 x

x . 1.2 x

pH = 3.91

-4 (X)(0.19)10
0.11

10
-4I(0.11M )

-67

10-4

35. let X = moles of H30
+

in solution after addition of base. When
_ .

0.01 mole OH Is added to the buffer solution it will react with

0.01 moles of HCOOH to form an additional 0.01 mole of HC00-.

Thus the scorecard: 1

H20 HCOOH HC00-

initial moles, 0.10 moles 2.1 x 10
-4

_

0.20 moles
,

change in moles -0.01 moles c +0.01 moles

no.. moles at
equilibrium

0.09 moles X
,

0.21 moles
.

equilibrium
Concentrations

0.09
moles X

I 0.21 IT1949..p._

1

-4 (X)(0.21>
K = 2.1 x 10

(o.a9)

X = 9.0 x 10-5

pH



36. (a) acid: H30 + CH3C00-

base:

1120 + CH3COOH

CH3C00- + 1120OH- + CH3COOH

(b) acid: H30 + NH3 NH4

base: OH- + Ng NH3

+ H20

+ H20

37. (A) K. of weak acid

(B) 'concentration of weak acid

(C) concentration of weak base

3 4 4 4

39. 2.82

40. 9.56

41. 0.90 mole/1

L. K [e][A-]
LF1+

-taking negative logarithA of both sides

-log K = -log[0]

pK = pH

43. (A) (i) decrease [A-1

(ii) increase slightly

decrease slightly

(iv) decrease markedly

(B) (i) increase [A-3

(ii) decreas'e Aightly

(iii) increase slightly

(iv) increase markedlY

(C) when moles 'of added 1130 + = moles of salt in solution

buffer capacity exceeded.

"

/19
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ANSWERS TO PROBLEM SETS

TisT 1 2 TEST 3 TEsT
.10

4

1. A. 18E+01

1. 3.60 r-01 1. 2. 614E+02 1. 4. 58E+00

2. 2. 22E-03 2. 4.98E+00 2. 2.66E-07
2. 1.07E+00

e 3.3. 5. 60E-08 4. 23E-04
3. 1.63E+00

3.. 5. 83E-01
4. 4. 87E-12

4. 1. 72E-01 m 4. 14. 57E-01t
OP

14. 6.73E-05
9. 2. 15E-06 S. 1.79E-01 M

5. . 1. 31E-05
5. 1.28E-12

.1.

6. 62E+00 6. 4. 60E- 11 ,

6. 2. 28F-05 6. 1.08E-02
7. 1. 50E+01 F. 4. 30E-13

7. 8:42E-09 '7. 1. 35E-14
9. 1. 51E+00

8, 2.76E+00 '8. 4. 56 E+ 00

8. 4.99E+00

9, 1. 17E+01
9. 1. 34E+01 9. I. 03 0,1

9. 4.52E+00

10. 14. 38E-01 1 . 2.70E+02 10. 2. 38E703 1C. 3. 84E- 01.

0

L.
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C.

owitl

TEST 5 TEsT 6 TEST 7 VEST 8

1. 3.82E+00 1. 5.58E-07
1. 1.35R-01 . 14 22E+00

_

2. 5.92E-02
v.

2. 3.96E-03
2. 1.13E+01

3. 2. V. 32E-03

... 4. 1.65E+00 PI

3. 6.174r,+oo 3. 1.72E-01 3. 1.08E-01.

5. b 1.17E+01
4. 1.18E+01 , 14, ' 3.814F- 10

6. 19.54E-15
1.16E+015. 1.80E-05 14 5.42E-02 I 5.

6. 8.71 E-08 5.
,

8.75E- 13 6. 1.48E+01 M

7. 4.36E+00
6. 5.97E-01 Pg

, 7. 4.22E-04

4.

7. 8.87E-01 7. 1.34E-02 8. 1.09E+01
8. 4.26E-0,2

8. 1.58E+00
8. 1.01E-05 9. 4.94E-06

9. 3.06E+00
9. 2.27E-08

9. 41.73E+00
I`

10. 3.88E+00 10. 4. 79E-04 1.0.t. 1.00E+00 10. 9.42E+00



TEST

.3. 50e-01

, 2: 4. 39E-01

1. 28E+01

4.

5.

5.12E-06

3.26E+00

6 1. 17E+01

7: 2. 35E-07

8. 8.36E-01
if

9. 4.00E-03

10. 3.14E-04

9

M

TEsT 10 .

1.

TEST 11

3. 75E+00
L _6. 79E-01

1.
2. 1.17E+01

2. 2. 62E-11

3. 8. 24E.- 08 2.

3. 2. 51E-06
j.

4. 9.48E+00'
4. 9. 92E+00

tell

5. 6. 02E-05 5. 1. 91E=.02

6 1. 47E+01 .6. 2. 42E+00. M

5.

- 7. 5.32E+00 6.
7. 4. 52E-01

0

7.
8. 4. 74E-08

8. 5. 69E-01
8.

9. 2. 64E+02 ,

9. 8. 57E+00 9. "

10. 5. 60E-d8 - 10. 1. 80E-08 10.

52

TEST

11

12
;.

1. 16E+01

5. 72E-07

14.50E-04

3.4E+00 '

8`.. 76F,-04

1. 23E.-.10

1.48E-03

3. 54E-02 M

1. 12E+00

1. 16E+01



-

TEST 13

1:

1. 3. 90E-02

2.

2. .2. 37E+00

3.

3. 1. 15E-03
.4.

4. 1. 56E-06
5.

5. 1. 14E+01
- 6.

6. 1. 44 E+01

7.
7. 7. 36E-01

8., 1. 64E-05
8.

9. 9. 93E+00
9.

10. 2:88E+01 10.

TEST 14

1. 51E-04

7 45E E-05

1.07E+01

1. 15E- 12

1. 17E+,01

1.65E-01 M

TEST 15

1. 4. 83E+*);

2. 3. 91E-05

3. 11.66E702

4. 2. 50E+00

5: 2. 77E-02

6. 6. 32E-02

1. 97E-04
7. 53. 86E-05

3. 14E-03

1. 09E+0.1

1. 66g-,,05

11

4

R.

9.

10..

1: 43E-06

12

TEST 16

1. 1. 19E+01 .

2. 2. 2'4E+00

6:81F.+01

4. 6. 16E+00

5. 4. 92E-02

6. 1.39E-02

1. 35E+ 01.

8; 4:99000
3:30E4-00

,

. 1. 614E-04

,

1. 11E+01 10. § 94E709
\

53
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TEST 17

81E+00

6. 87E-04

A

c' 3. 3. 17E+00

4, 1. 19E+01

5. 2. 05E+00

I
er's

." 6. 2. 83 E+T(0

7. 1. 71E+01

.8. 3. 23E-02
0

9. 9. 56E-08
,

11

10.. 4, 21.E-01

9.

00

4.

TEST 18

1. 2. 55E-01

2.- 1. 85E-06

3. 3. 51E- 14

4.. 3. 20E707

5. 44. 87E+60

6. 9. 89E-01 M

9. 29E+00

tt

4.00E-10

9. 3e 76E+00

10. 5. 99E+00

1.

2.

3.

(4.

5.

6.

7..

8.,

9.

10.,

13

TES'T 19' .

4, .

1.,

TEST 20

6. 02E+00
,

1, 15E+01

14E-07

3. 5, 54E-02 M

4. 21E-02
,

0. 83E+00 4. 81,f-08

9.33E+00

5. 4.84E+02'

4.67E-201 6: 4.44E- 10

4.00E 10 7. 1. 13E+01

1. 33E+01

8. 7:39E+00

.24E-05

1. 52E+00 M 9. 3. 11E-02

1.02E-13 10. :2; 10E 04

54
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SOFTWARE

Program nescriptions

PAD
This is an interactive prOgram which deals with the'systems

HA + H20 H30+ + A'

-_

a

B + H20 BH
+

+ OH

where HA is a weak acid and B is a weak base.

Tho student chooses the system, acid or base; and enters, the.!--"'

aTproli.riate equilibrium constant, initial number of aoles of aeid or

base, and the volume of the solution.- The program calculates initial

and equi:librium concentrations of reactant and product species, the

,pH of-the equilibrium solution and the percentage dissociatioa of

original acid or base.. These calculations employ the quadratic

formula to obt.ain eicact solutions. After the student obtains answers

ftom his initial input data he may'(1) enter another initial con-

, centration (2) chaffge to a different acid (or base') reaction or

(3) terminate the program. These choices are available to him

after each set of calculations.

BUFFER

-This is an interactive simulation program to allow the student
,

to make up given volume.of weak acid/Salt bUffer solu tion. The

behavior of this solution is compared w,ith an equal-volume of a pure

vater solution upon the addie5n of small amount pf strong acid or

base. The student may adjust the initial pH of the,buffei, by adding

weak -acid or salt. He then chooses whether to add strong acid or

strong base. Next he adds the reagent he has chosen dropwise to both

solutions 4nd observes the results. He may add as many increments

of reagent as he desires. It is recommended that initially the

, student add increments of 1 or 2 drops in order to..best Maximize pH

difference in' buffered and water solutions 1f the buffer capacity

whould be exceeded, the program prints "BUFFER,CAPACITY EXCEE6ED"

and tewinateg.



REFERENCES

Computer programming referendes for an instructor or his

motivated students interested in writing their own programs to

aCcompany,these units are given beloW:

[1] "BASIC and Chemistry", L. Soltzberg, A. A. Shah, J. C. Saber,

.and E. T. Canty (Houghton Mifflin, Boston, 1975).

[2] "Jntroduction to Computer Programming for Chemists - BASIC

liersion",.C..1. Wilkins, _C._EKlopfenstein,_T_

P. C. Jurs (Allyn.and Bacon, Boston, 1974).
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Sample run of AcIp

.ENTER THE TYPE OF EOUILIRIUM YOU WISH TO 'STUDY.
'KID FOR WEAK ACID OP /BASEe FOR WEAK BASE.7BASE

ENTER THE FORMULA OF YOUR BASE.
?NH3

ENTER THP VALUE OF THE EQUILIBRIUM CONSTANT?1.8E-05

ENTER THE 1: OF MOLES OF NH3 ORIGINALLy IN THE SOLUTION
0. 1

NTER THE VOLUME OF THE SOLUTION IN LITERS?!

INITIAL CONC
EQUIL CONC
QH- CONC
BH+ CONC
PH = 11.1247

BASE =
BASE =

.1 HOLES LITER
9.86673E-02 MOLES'LITER
1.33267E-03 MOLES LITER
1.33267E-03 MOLES/LITER.

% DISSOCIATION = 1.33267

WOULD YOU LIKE TO CHOOSE ANOTHER CONC OF NH3-7
ANSWER YES OP NO7YES
ENTER THE 1: OF MOLES OF NH3 ORIGINALLY IN THE '11LOTION

.71

ENTER THE VOLUME OF THE SOLUTION IN LITERS?100

INITIAL CONC BASE
EQUIL CONC BASE
OH- CONC
BH+ CONC
PH = Mt-7184

= .01 MOLES LITER
9.58464E-03 MOLES/LITER
4.15360E-04 MOLES LITER
4.153b0E-04 MOLES,LITER

% DISSOCIATION = 4.15359

WOULD YOU LIKE TO CHOOSE ANOTHER CONC "OF NH3?
9NSWER YES OR NO?YES
ENTER THE 1: OF,MOLES OF NH3 ORIGINALLY IN THE SOLUTION

NTER THE VOLUME OF THE SOLUTION IN LITERS?10.

INITIAL CONC
EQUIL CONC
OH- CONC
BR+ cONC
PH = 10.973

BASE =
BASE,=

MOLES LITER
4.90603E-02 MOLES,LITER
9.39726E-04 MOLES,LITER
9.39726E-04 MOLES LITER

DISSOCIATION = 1.87945

WOULD YOU LIKE TO CHOOSE ANOTHER cow OF NH3?
ANSWER YES OR N&NO

z

16

NI-13

INfTIRE

K = .00001R

EQUILIBRIUM
(HA) [1130+) PH DISSOCIATION

'.1000
,CHAl
.0987 .0013 .0013 11.1247 1.3327

.1:1100 .0096 .0004 .0004 10.6184 4.15:1A

050i) .0491 ..0009 .0009 10.9730 1.87915



WOULD YOU LIKE TO TRY A DIFFERENT ACID OR BASE? YES OR NO ?YES
/ACID' FOR WEAK ACID OR 'BASE' FflP WEAK-BASE.7ACID

ENTER JHE FORMULA OF YOUR ACID.
?HF.

ENTER THE VALUE OF THE EQUILIBRIUM CONSTANT?6.7E-04
tt

ENTER THE 11 OF MOLES OF HF ORIGINALLY IN THE SOLUTION
7.3
NTER THE VOLUME OF THE SOLUTION IN LITERS?5

INITIAL CONC ACID =
EQUIL CONC ACID =
H30+ CONC
A- CONC
PH = 2.22083

.06 MOLES)LITER
5.39859E-02 MOLES/LITER
6.01419E-03 MOLES/LITER
6.01419E-03 MOLES 'LITER

% DISSOCIATION = 10.0237

WOULD YOU LIKE -TO CHOOSE ANOTHER CONC OF HF?
ANSWER YES OR NO?YES
NTER THE OF MOLES OF HF ORIGINALLY IN THE SOLUTION
7.03 )4
riTER THE VOLUME OF THE,SOLUTION IN LITERS?2

INITIAL CONC ACID =
EQUIL CONC ACID =
H30+ CONC
A- CONC
PH = 2.54473

..015
1.21472E-02
2.85282E-03
2.85282E-03

MOLES/LITER
, MOLES/LITER

.MOLES/LITER
MOLESAATER

% DISSOCIATION = 19.0188

WOULD YOU LIKE TO CHOOSE ANOTHER CONC OF HF?
ANSWER YES OR NEMO

1

K = .00067

INITIAL 'EQUILIBRIUM
(HA] . (HA] CH30+]
. 0600 .0540 .0060
. 01.50 .0121 .0029

CA-3 PH
. 0060 2.2208
. 0029 2.5447 .

).7

DISSOCIATION
10.0237
19.0188

WOULD YOU LIKE TO TRY A DIFFERENT ACID OR BASE? YES OR NO ?YES
ACID/_FOR WEAK. ACID OR 'BASE' FOR WEAK BASE.?ACID

ENTER THE FORMULA OF YOUR ACID.
7HCN

ENTER THE VALUE OF THE EQUILIBRIUM CONSTANT?8E-07

ENTER THE n OF'MOLES OF HCA ORIGINALLY IN THE SOLUTION
1.001 .

ENTER THE VOLUME IF THE SOLUffbN IN LITERS?10
04.



INITIAL CONC ACID =
EQUIL CONC AcIp
H30+ CONC

CONC
Pk - 5.06788

. 0001 MOLES LITER
9.14468E-05 MOLES/LITER
8.55321E-06 MOLES LITER
3.5521E-06 MOLES/LITER

DISSOCIATION 8.55321

MOULD YOU LIKE TO CHOOSE ANOTHER altic OF NCH'?
ANSWER YES OP NO?YES
ENTER THE OF MOLES OF HCN ORLGINALLY IN THF SOLUTION
7.0001
NTER tHE VOLUME OF THE SOLUTION IN LITEFS?10

INITIAL CONC ACID =
EMIL CONC ACID =
H-30+ CONC
A- CONC
FH = 5.60968

. 00001 MOLES-LITER
7.54343E-06 MOLES,LITER
2.45657E-06 MOLES-LITER
2.45657E-06 MOLESAATER

". DISSOCIATION = 24.5657

MOULD YOU LI14 TO CHOOSE AMTHER CONC OF HCN?
ANS,WER YES OR NOMO

HCN

INITIAL
[HA]
. 0001
. 0000

= 8".00000E-07

[HA]
;0001
.0000

:18,

EQUILIBRIUM
[H30+] [A-3 PH DISSOCIATION
. 0000 .0000 5.0679 0.5532
. 0000 .0000 5.6097 24.567

WOULD YOU.LIP,E TO TRY A DIFFERENT AsID OR BASE? YES OR NO 7NO



Sampfe run of BUFFER

ENTER FORMULA ,0 F THE WEAK AC I D BUFFERICOMPON T
a ? CH3COOH

ENTER FORMULA OF THE SALT BUFFER COMPONENT
?CH3COONA

ENTER THE EQUILI BRI UM CONSTANT FOR WEAK AC I D
71.8E-05

ENTER THE CONCENTRATION - FWEAK ACI D (MOLES/LITER)
? .1

-
CONCENTRATION OF SALT (MOUES/LITER) ?

1.15

THE PH OF THE BUFFER IS 4.92083

DO YOU WI SH TO ADJUSt THE PH 0 F TH E BUFFER
ANSWER YES OR NO

? YES
ENTER THE CONCENTRATION 3F WEAK AC ID (MOLES/LI TER)

1.13

CONCENTRATION OF SALT (MOLES/LITER)
? .15

, 0
THE PH OF THE BUFFER IS 4.80689

_ DO YOU WI SH TO ADJUST TUE PH 0 F THE BUFFER ?
ANSWER YES OR NO .

?NO

ENTER. TOTAL VOLUME OF BUFFER IN MILL I TERS
1250

ADDING STRONG ACID OR STRONG BASE TO BUFFER ?
ANSWER ACID OR BASE

. ?BASE
INTER CONCENTRATION OF' STRONG BASE (MOLES/L1TER)

?

WE WILL NOW ADD THE SAME 0 OF DROPS OF STRONG BASE TO
250 MI, OF BUFFER SOLUTION AND 250 ML PURE WATER .

FACH DROP IS CONSIDERED TO HAVE A VOLUME OF 0.05 ,ML

DROPS OF BASE
71

TOTAL ML STRONG BASE ADDED 05
PH OF WATER 9.30096

6o
6

19



PH 0 F BUFFER 4.80701
FIN I SHED ?

?NO
DROPS 0 F BASE

? 1

TOTAL ML STRONG BASE ADDED
PH 0 F WATER 9.60191
PH 0 F BUFFER 4.80714
FIN I SHED ?

?NO
DROPS 0 F BASE

? 5
TOTAL ML STRONG BASE ADDED . 35
PH 0 F WATER 10.1455
PH 0 F BUFFER 4.80776
FIN I SHED ?

?NO
DROPS OF BASE

? 20
TOTAL ML STRONG BASE ADDED 1.35
PH 0 F WATER 10.7301
PH 0 F -BUFFER 4.81026
FINISHED ?

? NO

DROPS ØF BASE
?1-00

TOTAL MI. STRONG BASE ADDED 6.35
PH OF WATER 11.394
PH 0 F BUFFER 4.82275
FIN I SHED ?

?Ng
MVPS ØF BASE

? 100
TOTAL ML STRONG BASE ADDED 11.35
PH ØF WATEB 11 6378
PH 0 F BUFFER 4.83527
FIN I SHED ?

?NO
DROPS ØF BASE

? 560
TOTAL ML STRONG BASE ADDED 364-35
PH ØF WATER 12.1036
PH 0 F BUFFER 4.89858
FIN I SHED ?

?NO
DROPS -OF BASE

71000
TO TAL ML STRONG BASE ADDED 86.35
PH OF WATER 12.4095
PH 0 F BUFFER 5.03101
FIN I SHED ?

? NO

'1(

61
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2 1

DROPS P' BASE
? 4000

TOTAL ML STRONG BASE ADDED 286.35
PH 0 F WATER 12.7275
PH 0 F BUFFER 5.97802
FINISHED

?NO
DROPS ØF BASE

? 4000
BUFFER CAPAC I TY EXCEEDED !

BUFFER SYSTEM CH3COOFfiCH3COONA
OR! GINAL BUFFER PH = .4." 4.80689

DROPS 0 F BASE PH WATER PH BUFFER
1 9.30096 4.80101
2 9.60191 4.80714
7 10.1455 4.80776
27 10.7301 4.81026
127 11 394 4.82275
227 11 6378 4.83527
727 12.1036 4.89858
1727 12.4095 5.03101
5727 12.7275 5.9780a

4
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ACID Program

v."

22

100 PEM p R P G.R 41.1 .....********.................
1111 PEM STRING VARIABLES: LINES 160, 240, 30O 111, 370, 570,
120 PEM 580, 590, 600, 730. 810, 820, 830, 950, 990, 1110.
130 PEM PRINT USING/IMAE PAJR AT LINES 1040.1050
140 REM
15.0 REM
160 DIM ASf4Y,F3(20),Y1(11
170 DIM C0(10),c1 (103 IMO) PP4 [1019D[10]
180 PRINT CBACIP ACID-BASE EQUILIBRIUM DEMONSTRATION ";
190'PRINT "PROGRAM"
200 PRINT
210.PRINT "ENTER THE TYPE OF EQUILIBRIUM YOU WISH TO STUDY.'
220 PRINT "'ACID', FOP WEAK ACID OR 'BASE FOR WEAK BASE.";
230 INPUT AS
240 IF AS="ACID" OR AS="BASE" THEN 300
250 PRINT "PLEASE ENTER 'ACID' OP 'BASE' ";
260 GOTO 230
270 REM
280 PEMINPUT OF PARAMETERS.
290 REM
300 PRINT LIN,(2);"ENTER. THE FOTULA OF-YOUR ";Ai(1;41;"."
310 INPUT F$
320 PRINT LIN(1);"ENTER THE VALUE OF THE EQUILIBRIUM COfiSTANT";
330 INPUT lk

340 PRINT
350 LET I=0
360 LET 1=1+1
370 PRINT "ENTER THE 0 OF MOLES OF ";FS;" ORIGINALLY IN 'I
380 PRINT "THE SOLUTION"
390 INPUT M
400 PRINT "ENTER THE VOLUME OF THE SOLUTION IN LITERS";
410 INPUT V
420 LET C0CI1=M/V
430 REM
440 REMil>W>QUADRATIC ROOTS DERIVED.
450 REM FORMERLY SUBROUTINE IN ORIGINAL.
460 REM
470 FOR 1793.1 TO 1

480 LET A=1

63



v

490
500
510
520
530
540
550
560
570

s 580
590

r 600
610
620
630
640,
650
660
670"
680
690
700
710
720
70
740
750
760
770
780
790
800
810
820
830
846
850
860
.870
880
890
900

LET Bak
LET Cm-B.CO(I)
LET R0T13..2-4.A.0
'JF R0(.0 1HEN 1260
LET R1T(-11+SOR(R0))/(2*A)
LET R2=(-B-SQR(W0))/(2A)
IF'(R1<0 OR (C0CI]-R1)<0)
LET RTR1
IF (R.000001 AND ASm"ACID") THEN 1160
IF (R<.000001- AND AS="PASE") THEN 1180
IF (R*>1 ,AND ASTT-ACID") THEN 1200
IF (R1 AND AS="FASE") THEN 1230
GOTO 680
LET RTR2
IF R.000001 THEM 570
REM
REMCALCULATION OF OUTPUT VALUES.
PEM
FOR 28=1 ,TO 1

CO[I]=M/V
ftl[I]=COCI1-R
IO[I]=R
P4[I]=(LO5(1/R))/2.0258
D[I]T(R/CO(I3)100
IF AS="ACID" THEN 800
LET P4[I]=14-P4[I]

NEXT 28
NEXT 29
REM
REM>INDIVIDUAL DISPLAY.
REM
PRINT '

PRINT "INITIAL CONC ";AS;" =
PRINT "EQUIL CONC =

THEN 620

IF AST-BASE"
PRINT "Fin+
PRINT "A-
GOTO 890
PRINT "OH-
PRINT "RH+
PRINT "PH =

C0E13;" MOLES/LITER"
;C1[I];" MOLES;LITER"

THO 870
CONC = MOLES/LITER"
CONC = ";IOEI];" MOLES/LITER"

CONC -=4";IO[f];" MOLES/LITER"
CONC = ";IOCI);" MOLES/LITER"

";p4[I];"
IF IT10 THEN 990

% DISSOCIATION

40:
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A/
910 PRINT
920 PRINT -WOULD YOU'LIKE TO CHOOSE ANOTHER CONC OF -;FS;"7"
930 PRINT 'ANSWER YES OWN0"1
940 INPUT VS
950 IF VS="Y" THEN 360
960 REM
970 REMABULAR DISPLAY.
9,9'0 REM
990 PRINT LIN.1).TAB(5;FSg- K

1000 PAINT LINk21.-INITIAL FOUILIBRIUM"
1010 PRINT [HA] NA] CH30+3 CA-1 ";

1020 PRINT PH DIS3OCIATION"
1030 FOR J=-1 TO I

1040 PRINT USING 10510;C0LA 1C1 [J] 1 0 (J) IOLA .P4 CA 4E-0
1050 IMAGE 6.DDD.DDDD00000
1060 NEVI' J

1070 PRINT
108R PRINT "wOULD YOU LIKE TO TRY A DIFFERENT ACID OR BASE?";
1100 PPINT YES OP NO -;
1100 INPUT VS
1110 1 IS=")'" THEN 22,0
1120 -.,,TOP

113-0 REM
1140 REMERROR WARNING MESSAGES.
1150 FEM
1160 PRINT -6ARNING THE H30+ CONC IS LESS THAN 1.0E-6"
1170 GOTO 300
1480-PRINT -WARNING THE OH- CONC IS LESS THAN 1.0E-6-
1190 GOTO 300
1200 PRINT -WARNING THE H30+ ,CONC IS GREATER THAN 1.0";
1210 PRINT VER) ACIDIC SOLUTION!"
1220 GOTO 300
1230 PRINT "WARNING THE OH- CONC IS GREATER THAN 1.0-;
1240 PRINT VERY BA;TIC SOLUTION!"
1250 GOTO 300 ,

1260 PRINT "ROOTS ARE IMAGINARY."
1276 PRINT -THE DATA GIVEN IS NOT POSSIBLE TRY AGAIN.-
1280 GOTO 300
1290 END

65



BUFFER Proplarn

10 DIM DC 1110)./a(1/0),Z(
20 DIN OW 20) *SS( 20) QS( 5)
30 PRINT
40 PRINT
50 PRINT " ENTER FORMULA OF THE WEAK ACID BUFFER' COMPONENT 1
60 INPUT AS
70 PRINT

PRINT ENTER FORMULA OF, THE- ifkLT 'BUFFER COMPONENT "
90 INPUT SS

100 PRINT
110 PRINT ." ENTER THE EQUILIBRIUM CONSTANT 'FOR. WEAK ACID
120 INPUT K
130 PRINT

-140 PRINT " ENTER' THE CONCENTRATION OF WEAK AC A.D (MOLES/LITER)"
150 INPUT CI
160 PRINT
170 PRINT " CONCENTRATION OF SALT (MOLES/LITER) ? "
180 INPUT
190 PRINT
200 LET HEBK*C11 C2
210 LET' PIn(LOG(1/H))/2. 30258
220 PRINT "THE PH OF THE BUFFER IS "; PI .

230 PRINT
240 PRINT " DO YOU WISH TO ADJUST THC PH
250 PRINT " ANSWER YES OR NO "
260 INPUT QS
270 IF QS-"YES". THEN 140
280 PRINT
290- PRINT " MILER TOTAL VOLUME OF BUFiER
300 INPUT VI
310 PRINT " ADDING STRONG ACID OR STRONG
,320 PRINT " ANSWER ACID OR /BASE "
330 INPUT QS
340 IF GISR"BASE" T IEN 750
350 PRINT " ENTER -CONCENTRATI0N F STRONG ACID (MOLES/LI TER) "
360 INPUT C3
370 PRINT* "WE WILL NOW ADD THE SAME # OF DROPS STRONG ACID TO "
380 PRINT V13" MI, BUFFER SOLUTION AND "; VI .8" ML OF PURE WATER "
39.0 PRINT "EACH DROP IS CONSIDERED TO HAVE A VOLUME OF 0. 05 ML "
400 PRINT
410 LET 10
420 LET D2n0
430 LET 4-1+1
440 PRINT " DROPS 01r ACID "
450 INPUT DI
460 LET D2*D1+D2
470 LET Ii[I]02
480 LET V4sIDC 13/20

C2

F THE BUF'FER., ?"

IN MILLITERS "

BASE 13 BUFFER "

.4

6'6
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,

490 LET H129( V4*C3)/( V1+114) 4

500 IF V4*C3,V1*C2 THEN 720
510 LET H2=1(C1*V1+C3*V4)*K/(C2*V1C3*Y4)
520 _LET PC 13=(LOG(1/H1 ))/2.30g58
530 LET Z( 1)211(LO 0(1/H2))/2.30258

- ..

dt

540 PRINT " TOTAL ML STRONG ACID ADDED "11.74 ...
.1

550 PRINT " PH OF WATER of "J PC ) 4.
a.

560 PRINT " PH ØF BUFFER = "31[13
570 PRINT " FINI SHED r
580 INPUT QS
590 IF QS="YES" THEN 610

..n

600 GO TO 430
610 LET j= I
620 PRINT
630 PRINT
640 PRINT BuftFFER SYSTEM "3 ASj"/"LSS.
650 PRINT " ORIGINAL BUFFER PH me "; PI

660 PRINT
670 PRINT " DROPS OF ACID .1314 WATER PH .BUFFFA I I

680 POR 1=1 TO J
690 PRINT IA 1.3,P1 I )/ZE I
700 NEXT I
710 END
720 PRINT " BUFFER CAPACITY EXCEEDED 1-"
730 LET J=1-1
740 GOTO 620
750 PRINT " ENTER CONCENTRATION OF STRONG BASE (MOLES/LI TER)"
.760 INPUT C4
770 PRINT
780 PRINT " WE WILL NOW ADD THE 'SAME 0 OF DROPS OF 'STRONG BASE TO
790 PRINT VW* ML OF BUFFER SOLUTION AND "I i" ML PURE WATER "
800 PRINT " EACH DROP IS CONSADERED TO HAVE A VOLUME OF .0.05 ML
810 PRINT
820 1.4ET I=0
830 LET D2=0, 7

840 LET 1=1+1
850 'PRINT " DROPS OF BASE "
860 INPUT D1
870 LET D2261)1+D2
880 LET DC 17=62
890 LET VS=DI I A/0
900 IF V5IC4>V1*G1 THEN 1030
910 LET H1=( V5*C4 )/( V1+V5)
920 LET H2r(1E'.14)/H1
930 LET H3= (C1*V1C4'411)5)*K/ (C2*V1+CV)
940. LET P( 11=CLOG(1/H2))/2.30258
950 LET Z[1]=(L0G(1/H3))/2.302.58
960 PRINT " TOTAL ML STRONG BASE ADDED "r11.15
970 PRINT " PH .OF WATER',"3Pf I ),

A 980 PRINT:7 PH 'OF BUFFER "; ZE I]
990 PRINT " FINISHED ?"
1000 INPUT QS
101d IF QS="YES" THEN 4060
1020 GOTS NO__

.i.

41,

6 1/
r
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A

0

1030

4

PRINT. " ,BUFFER CAPACITY- EDCCEEDED 1 " t

2

.1040 LET Joije1
1050 GOTO 1070
1060 Lir? Jo I
1070 PRINT
1080 PRINT
1090 PRINT " BUFFER SYSTEM "s AS/ "/"J SS
1100 PRINT " ORIGINAL BUFFER PH it "/ P 1
1110 PRANT
1120 PRINT "DROPS" *3" ØF BASE PH WATER PH BUFFER "
1130 IleR Joel TO J.
1140 PRINT DE I). PE I Z( I)
1150 -NEXT I
1160 END

11

D

7



Unit st on Acid-Base Equilibria time' = 20 min.

%TEST 1

1. WHAT IS THE DEGREE OF IONIZATION OF A 2.082 M SOLUTION OF Formic acid
WHOSE IONIZATION COrTANT IS 2.10E-04 ?

. A PUFFER SOLUTION IS MADE UP BY ADDING 1.542 MOLES OF-THE SODIUM SALT
TO 0.802 LITERS OF A 0..876 M SOLUTION OF HCN WHOSE IONIZATION
CONSTANT IS 4.000E-10. WHAT I3 THE pH ,OF THIS SOLUTION?

; -

3. A-SOLUTION PREPARED FROM C.815.MOLE OF A WEAK ACID,
HX, AND '0.518 MOLE OF.NaX DILUTED TO 204 ML
HAS A pH OF 5.289. WHAT IS THE IONIZATION CONSTANT OF HX ?

A 4.300 M,SOLUTION OF A WEAK ACID, HX, HAS A' pH OF 3.850 .

WHAt TS THE IONIZATION CONSTANT OF TRE ACID ?

5. CALCULATE THE pH OP 1,794 M METNYLAMINE WHOSE IONIZATION CONSTANT
IS

I

TEST,

1. 2,08E-02

.2. 9.74E+00

3. 3.27E-06

4.64E-09

5. 1.18E+01

.

6'9
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Unit Test on Acid-Base Equilibria time a 20 sin.

TEST 2 .

-1. CALCULATE THE pH OF 1.482 M NH3 WHOSE IONIZATION CONSTANT

IS 1.8E-5.

wHAT-IS THE-CONCENTRATION-OF-NaHS03_IN A.SOLUTIM.PkEPARED BY

ADDING 35 ML0F.2.585 M OF TUE SODIUM SALT TO 371 ML OF 2.725 M HCL ?

ASSUME THAT THE TOTAL VOLUME OF THE.SOIUTION IS 406 ML.

THE IONIZATION CONSTANT OF NaHS03 IS 5.60E-08

SOLUTION IS MADE UP BY ADDING 0.752 MOLES OF TOO SODIUM SALT

LITERS OF A 0.106 M SOLUTION OF HCN,VHOSE IONIZATION

IS 4.000E-10. WHAT IS THE pH OF THIS SOLUTION?

3. A HUFFER
TO 0.532
CONSTANT

4. WHAT TS THE DEGREE OF IONIZATION Or A 2.496 M SOLUTION OF HAc

WHOSE IONIZATION CONSTANT IS lt.80i-OS ?

5. A 4.702 SOLUTION OF A WEAK ACID,HX,:HAS A pH OF 5.650 ./

WHAT IS T F IONIZATION CONSTANT OF 15E'ACID ?

TEST

1. 1.17E+01

2. 2.235-01

.3. 1.05E91

4. 6.69! -(1.1.3%,,,

5. 1.07E-12 ,
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Unit Test on Acid-Base Equilibria tijmo = 20 min.

TEST 3

1. CALCULATE THE pH OF 1.-230 M NH3 WHOSE IONTZATION CONSTANT
IS 1.8E-5:

A WEAK ACID, UX, I'S 33.781 % IONIZED IN 1.860 M SOLUTION.
WHAT PERCENT OF HX IS ICNIZED TN A 4.478 M SOLUTION ?

3. A BUFFER SOLUTION TS MADE UP BY RDDING 1.052 MOLES OF THE SODIUM SALT
TO 1.432 LITERS OF A 0.49C M SOLUTICN OF HCN WHOSE IONIZAT,TON
CONSTANT IS 4.000E-10. WHAT IS THE pH*OF THI6 SOLUTION?

4. A SOLUTICiN PREPARED FROM, 0.261 MOLE OF A WEAK ACID, HX,
DILUTED-TO .301 ML HAS A pH OF 6.534 WHAT IS THE pH
OF-THE SOLUTION AFTER 0.358 MOLE OF SOLID NaX rs DISSOLVED IN TT?
ASSUME THAT NO SIGNIFICANT VOLUME CitiNGE OCCURS
WHEN THE .NaX IS DISSOLVED IN THE SOLUTION. .

11

5. A 1.4.50 M SOLUTION OF A .WEAK ACID, HX, HAS A pH OF 2.050 .

WHAT IS THE IONIZATION CONSTANT OF THE ACID ?

.P

efir

a

TEST 3

1. 1.17E+01

2.. 2.34E+01

3. 9.57E+00

' is. 1. 31E401

5. 5.53E-05

ttf,

(

%



4M,

Ob.

.4141/4

Alk

Olt

oglok

Unit Test on Acid-Base Equilibria time zr 20 min.

TEST 4

1. HOW MANY MOLES OF-HCN MUST BE USED TO PREPARE
1.25 L OF SOLUTION THAT HAS A pH OF 4.895 ?
THE IONIZATION CONSTANT OF HCN IS . 4.00E-10 .

2. WHAT IS THE DEGREE OF TONIZATION'OF A 3.654 M SOLUTION' -OF Formic acid
WHOSE IONIZATTCN-CONSTANT IS 2.10E-04 ?

3. WHAT IS THE CONCENTRATION OF Propibnic acid IN A SOLUTION PREPARED BY
ADDING 29 ML OF 4.400 M OF TUE SODIUM SALT TO 16 ML OF 3.200 M HCL ?
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION TS 45 ML.
THE IONIZATION CONST1NT OF Propionic acid IS 1.40E-135

-4. WHAT rs THE pH OF 1.272 M NaHS03 WHOSE IONIZATION CONSTANT Is
5.600E-08? I.

4

5. A,pLU 111EPARED FROM 0.086 MOLE OF A WEAK ACID,
AND .698 MOLE bF NaX DILUTED TO 467 ML

HAS ,A.pH OF 3.694. WHAT IS THE IONIZATION CONSTANT OF HX ?

A

TINT 11

1. 5.08E-01

2. 2.76E-02

3. 1.14E+00

4. '3.57E+00

5, 4064E-03

frY,-)
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Unit Test on Acid-Base Equilibria time = 20 min.

TEST 5
1. A SOLUTION PREPARED FROM 0.142 MOLE OF A WEAK ACID,

11, AND 0.418 MOLE OF NaX DILUTED TO 234 ML
HAS A pH OF 6.369. WHAT IS THE IONIZATION CONSTANT OF HX ?

4

2. WHAT IS THE DEGREE OF IONIZATION OF A 4.638 M SOLUTION OF Formic acid
WHOSE IONIZATION CONSTANT IS 2.10E-04 ? \!,

3. CALCULATE THE le OF 0.920 M METHYLAMINE WHOSE IONIZATION CONSTANT
IS 1.8E-5..

q. HOW MANY MOLES OF THE SODIUM SALT SHOULD BE ADDED
TO 292 ML OF 0.816 M Propionic acid TO PREPAREA BUFFER
WITH 4 pH OF 4.564 ? ASSUME THAT NO VOLUME CHANGE OCCURS
WHEN THE SODIUM SALT IS ADDED TO THE SOLUTiON.
THE IONIZATIO1 CONSTANT OF Propionic acfd IS 1.40E4.05 .

). HOW MANY MOL'ES OF HCN MUST BE USED TO PREPARE
1.23 L OF SOLUTION THAT,HAS A pH OF 4.420 -?
THE IONIZATION CONSTANT OF HCN IS 4.00E-10 .

I ,

V.

TEST 5

1. 1.26E-06

2. 3.11E-02

3. T.16E+01

1. 18E-01

5. 4.46E 00

,

a
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Unit Teat ob Acid-Base Equilibria time 20 min.

oft,

TEST 6
I. IF A WEAK ACID, HX, IS 12.061 % IONIZED IN 4.310 M SOLUTION,

AT WHAT CONCENTRATION 1,5 THE ACID 16.381 % IONIZED?oat

Aft

SOIL

t.

2. CALCULATE THE=pH OF 0.724 M NH3 WHOSE IONIZATION CONSTANT
IS 1.8E-5.

3. WHAT IS-THE CONCENTRATION OF Formic acid IN A SOLUTION PREPARED BY
ADDING 26 ML OF 4.995 M OF ThE SODIUM SAtT TO 313 ML OF 2.010 M HCL ?
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 339 ML:
THE IONIZATLON CONSTANT OF Formic acid IS 2.10E-04

4. HOW MANY MOLES OF HF MUST BE USED TO PREPARE
1.65 L OF SOLUTION THAT HAS A pH OF 5.180 ?
THE IONIZATION CONSTANT OF HF IS 7.00E704 .

5. A SOLUTION PREPARED FROM 0.239 MOLE OF A WEAK ACID, HX,
DILUTED TO 460 ML HAS A pH OF 6.664 WHAT IS THE pH
OF THE SOLUTION AFTER 0.378 MOLE OF SOLID NaX IS DISSOLVED IN IT?
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS
WHEN THE NaX IS DISSOLVED IN THE SOLUTION.

, TEST-

1. 2.23E+00 M

2. 1.16E+01

3. 3.83E-01

4. 1.03E-07

4.
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Unit Test on Acid-Base Equilibria time 20 min.

cr,

TEST 7
1. A SOLUTION PREPARED FROM 0.297 MOLE OF A WEAK ACID,

HX, AND 0028 MOLE OF NaX DILUTED TO 337AL
HAS RA pit OF 5.119. WHAT TS THE IONIZATION CONSTANT OF HX ?

2. A 6.346 M SOLUTION OF A WEAK ACID, HX, HAS A OM-OF-6.400- . A

WHAT IS THE IONIZATION CONSTANT OF THE ACID ?

1. A SOLUTION PREPARED FROM 0.232 MOLE OF A WEAK ACID, HX,
DILUTED TO 468 ML HAS A pH OF 3.614 WHAT IS-THE pH
OF TUE SOLUTION AFTER 0.548'MOLE OF SOW) NaX IS DISSOLVED IN IT?
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS
WHEN THE NaX TS DISSOLVED IN THE SOLUTION.

. .

4. IF A WEAK ACID, HX, IS 8:581 % IONIZED IN 4.4'15 M SOLUTION,,
AT WHAT CONCENTRATION IS THE &CID 4.181 % IONIZED?

9. WHAT IS THE pH OF 2.652 M HF WHOSE IONIZATION CONSTANT TS
7.000E-04?

I

TEST 7

1. 1.86E-05

2. 2.50E-14

3. 7.30E+00

4. 1.77E+01 M

9. .37E+00
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Unit Test on Acid-Rase Equilibria. time = 20 min.

TEST 8

1. A 2.050 M SOLUTION OF A WEAK ACID, HX, HAS A pH OF 6.950 .

WHAT TS THE IONIZATION CONSTAWVOF THE ACID ?

2. WHAT IS THE DEGREE OF,JONIZATION OF A 3.456 M SOLUTION OF Propionic acif
WHO5r IONIZATION CONSIO(NT TS 1.40E-05 ?

3. A SOLUTION PREPARED FROM 0.452 MOLE OF A WEAK ACID, HX,
DILUtED TO 126 ML HAS A pH OF 5.774 .'WHAT IS THE pH
OF THE SOLUTION AFTER 0.848 MCLE OF SOLID NaX IS DISSOLVED JN IT?
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE,OCCURS
WHEN THE NaX TS DISSOLVED IN THE SOLUTION.

4. A nUFFER SOLUTION IS MA6E UP BY ADDING 1.313 MOLES OF THE SODIUM SALT
TO 0.313 LITERS OF A 0.730 M SOLUTION OF Propionic acid WHOSE IONIZATION
CONSTANT IS 1.400E-05. WHO' TS THE pH OF THIS SOLUTION/

5. WHAT IS THE pH OF 0.858 M NaHCO3 WHOSE IOWIZATION CONSTANT IS
4.800E-11?

TEST "8

1. 6. 14E-15

2. 6.95E-03

3. 1.24E+01

4. 5.61E+00

5. 5.19E+00
3
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Ullit Test on Acid-Base Equilibria time = 20 min.

TEST 9

1. WHAT IS THE pH OF 1.884 M Propionic acid WHOSE IONIZATION CONSTANT IS
1.400E-05?

2. IF A WEAK ACID, HX, I8 13.481.11 IONIZED IN 2.200 M SOLUTION,
AT WHAT CONCENTRATfbN IS-THE ACI-D 33.281 SJONIZED?

3. HOW MANY MOLES OF NaHS03 MUST BE USED TO PREPARE
1.59 L OF SOLUTION THAT HAS h,pH OF 2.305 ?
THE IONIZATION CONSTANT OrNaHS03 IS 5.60E-08

1

4. A BUFFER SOLUTIONI _MADE UP BY ADDING 1.352 MOLES OF THE SODIUM SALT
TO 0:832 IITER Of 0.664 M SOLUTION OF HC10 WHOSE IONIZATION
CONSTANT IS 3.200E 08. WHAT TS TOE pH OF THIS SOLUTION?

5. WHAT TS THE CONCENTRATTON OF BenZoic acid IN A SOLUTION PREPARED BY
ADDING 67 ML OF 4.190 M OF THE SOBIUM SALT TO 45 ML OF 4.880 M HCL ?
ASSUME THAT THE TOTAL VOLUME OE THE SOLUTION IS 112 ML. .

.

THE TONIZATTON CONSTANT OF Benzoic acid IS, 6.60E-05

TF.Sf 9

1. 2. 29E+00

a

2. 2.78E-01 N

3. 7.02E+02

4. 7N. 88E+60
4.

5. 1,96E+00

b do

'1 :4
'a

EA

I



TEST 10
A SOLUTION PREPARED FROM 0.311 MOLE OP A WEAK ACID,
HX, AND 0.138 MOLE OP NaX DILUTED TO 291 ML
HAS A pH OF 3.185. WHAT-IS THE IONIZATION-CONSTANT OF HX ?

1.

dik
3A

Aft,
4,

5.

.410.

4

Unit Test on Acid-Base Equilibria time = 20 min.

A HOPPER SOLUTTON TS MADE OP BY kDDIN 0.363 oLES. oP THE SODTUM SALT
TO 1.063 LITERS OF A.0.792 M SOLUTION OF NaHCO3 WHOSE IONIZATION
CONSTANT IS 4.800E-11; WHAT IS THE pH OF THIS%SOLUTION?

A WEAK ACID, HX, IS 6.581 % IONIZED IN 1.480 M s'OLUTION.
WHAT PERCENT OF FIX IS IONIZED IN-A 1,128,M'SOLUTION ?

A 2.056 m SOLUTION OF A WEAK ACID, HX, HAS A pH OF 6.150 .

WHAT IS THE IONIZATION-CONSTANT OFJHE ACID ?

WHAT IS THE pH OF 4.740 M HAC WHOSE IONIZATION CONJTANT TS
1.860E-05?

47"

,404

1:1

TEST 16

1. 2.90E-04

.2. .1.01E+011

3. 7.50E+00

2.414T-:13

4

5. 2.031+0.0"

I


