SIMPLE pH CALCULATIONS: STRONG ELECTROLYTES

- With strong acids and bases, the acid or base completely ionizes in water. So, we only
have to worry about the effect of the acid or base on the water equilibrium itself.

- Since the equilibrium constant for the self-ionization of water is so small, the strong acid
or base will overpower the hydronium (for acids) or hydroxide (for bases) produced by

the water.
HO+ M0 = Hy0"+0H™ 5k, -

Consider a solution of 0.025 M nitric acid (a strong acid):

HNOy + HaO — Hayo™ + 40y

Assume that all the hydronium ion in solution is produced by the nitric acid,
since the presence of the acid should suppress the self-ionization of water.,
(Le ChoTeIelrs Principle)

-7

L OL Y44 H%O

Sof H%()"fl [HMOS lhoh\m“
‘ * For logarithms, the significant
9 H = -\ A o [ 0.0 LS j (JO digits are BEHIND the decimal

point. The numbers in front
What would the HYDROXIDE ion concentration be undel represent the EXPONENT in the
these conditions? original number, and are not

Clrl-g,b*] (ol = Vox 0" significant

(0.07s) CoH™ = {.ox 'DJHB
CoH 1:=H.0x10 ~ M this also equals the hydronium concentration

produced by water itself. And it's REALLY small
compared to 0.025 M |
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Consider a solution of 0.0125 M sodium hydroxide (a strong base):
NaOW (ag) = Ma™(ag )t OH" (ag)

Like before, we'll assume all of the HYDROXIDE ion in solufion comes from the sodium
hydroxide (the stfrong base). We expect the presence of hydroxide from the base to
suppress self-ionization of water.

C0n=3 2 [ NpoH ) newiuy = 0. 0128 M OH”
We'd like to know pH. First, find pOH.
f’OH 2 ﬁlugld(U,ol'Lg) 21,903

... then use the fact that pH and pOH are related by the water equilibbrium.
F H + (301,1 214,00

pH = L0y = (4,00
pH= 1210 \

Let's check the concentration of HYDRONIUM ion, since that will fell us how much water
self-ionizes under these condifions. (Remember, we assumed this amount was very small
compared to 0.0125 M) _PH —(2.1D

[HSOTBS\D = D
EV[E[)"']: %-UY'U”SM

... this number also equals the amount of hydroxide ion produced by water itself, and
is extremely small compared to 0.0125 M ...



138(A) What is the concentration of hydronium ion in an agqueous solution whose pH
is 10.507? (B) What is the hydroxide ion concentration? (C) What molar concentration
of sodium hydroxide solution would provide this pH?

A) p¥lz 10,50 CHp™Y=?

|O,9H . fHT')T] - ‘D—ro,sa

[Hw*] :\'S-’lx o' M HioT

8) C(Ho¥Loy- 1= 1oy o™

(3.?.‘”0_1") [oh“} = lLoxlu T
Cohr) '—‘;'1*‘941 fn OH

P

() NaOW — /\faé’*DH_

/[N“O]’llnm.“f :%-’LHDJ{M [0.00031}"\3
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What is the pH of a sodium hydroxide solution made from dissolving 2.50 g of

sodium hydroxide in enough water to make 500.0 mL of solution? 7,50, N 0
N&\.OH < Ho :003 mo) 5 & H

_ ol MoK
N =
L Selution & O.500 L
gOD,mL
Find concentration of NOOH ... get the moles NaOH first: =
7 .50, NetH x mol N0 0.0628 mol NaOH
J ‘f0.0()ﬁ NaoH
. ol MoK 061 my) NaOH
/V\—' L L :U' I’\‘\ul a :O.llSMM{AOH

L selution o,Sool.

Since NaOH is a strong base, it will completely ionize and conftrol the hydroxide
concentration:

NULUH Sy f\[a't *05‘[’[50 CUHF'J: EUcAUH]Y\JMrhﬂ
Cobrl 0,11 § M

2 H}O‘(]EOH‘I < lovro

._”_1
[Hqﬁo‘f](o-olls)jhoﬂo .
CH30+J:8.U$\D' m

or = \3.10 \

(4
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For a WEAK ACID, equilibrium does not lie far to the right. The ionization equilibrium
of the acid i’rse/H‘_i\sirmoor’ron’r!
L —
= +
H A+ H,0 = M0 7 R

E W O+] {V,\“] h Again, water's concentration will
Ko\ — 5 — not change significantly, so it is

_ CHA] folded intfo the ionization constant
acid - -
jonization— \
constant (HA) = concentration of undissociated acid

For a WEAK BASE, equiiliorium does not lie far to the right. The ionization equilibrium

of the base ifself is important!
VAuRN

% 4 HLD:? %H* + OH ™ Values for Ka and Kb can

often be found in
data books / tables / or on

K - [BH-PJEOH/] the web.
o

base T LRI n Eobing, fhis dafa s n the
jonization ia%egnécAeSi Zm pages

constant



141 WEAK ELECTROLYTES

- In solutions of weak acids or bases, the UNDISSOCIATED form is present in significantly
high concenfration.

- The pH of a solufion of weak acid will be HIGHER than the pH of a strong acid solution with
the same nominal concentration!

N\ <

HY My Hy 0, Fewer molecules of the weak acid ionize,
LA VG M0 so the concnetration of

X _ LREE hydrogen/hydronium ion is lower, meaning
H* Cl H* GM307 | o higher pH!

H C’ | - H CL Hl 02

S H-"m(l e rd weak wed

- The pH of a solution of weak base will be LOWER than the pH of a strong base solutfion with
the same nominal concentration!
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Consider a 0.100M solution of nitrous acid, a WEAK ACID (Hl\l ng

HND_ €« 3,0 = Aapt % MO Found on page
72 o \%O L /A-141n Ebbing
K - (a0 I N0g A -y £ 10th edition. These
n - — H‘g\{\ [0 K values are
EH/VU ’3 determined
' L experimentally like other
What is the pH of the solution? equlibrium constants.

To find pH, we need to defermine the hydronium ion concentration at equilibrium. This time,
we can't assume all the acid ionizes. So we'll need to solve the equilibrium problem for

the acid's ionization:

SPQC;QQ EI'\‘)}:AII 6 EunliutofJUv'\l
Ao™ O £ 4 X
NO'Lﬂ O + X ¥
MO 0.0 — X 0.l00 ~ <
_(';/\_}( X) = H.Sy ID#CT This is very similar to the

B j equiilibrium problems we
( 0,100~% worked in Chapter 14!
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This is a quadratfic, We can solve it with the quadratic

3 X B equation:
EL( ) j = H. Sy 107 ] axtthx+¢ 20
0,100~}
( . =
s 1
- o
A — M. 5~ ) “

O.100 ~%
Ka is small, so there will be only a small amount of acid that ionizes. That
means 'x' (which represents the amount of acid that ionizes) is also small.
If 'x" is smnall relative to 0.100, then ..,

o - % = O.loo
0.100 ¥ When is it safe to assume that 'x' is small
\ enough to drop from the subtraction
\{\1. y term? When the initial concentration
- A SN0 of acid or base is 1000x larger than the
O, oo value of K ...
~S
e PR O
Y 2 0,006706&L0%7 3 CHy0™ |
< g (JH 2.1 (Solving the quadratic gives a pH of about 2.19 ...)
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A4
Compare:

- Weak acid HNO,_: pH of 0.10 M solution = 2.17

Let's compare the pH of the weak nitrous acid with the pH of a stopn acid like
NMeacie o vo m o MO , What \< & H .’
H MO ? 0 =Y Hyo™ « MO~
0,10 M rao y ):H.SO’(] -0,lo M

P

00

The stfronger the acid:

- the lower the pH of a solufion of given concentration will be
- the higher the concentration of hydronium ion (when compared
to the nominal acid concentration)



“* Consider an 0.100 M solution of the weak base ammonia:

N = ~ 8 9 +h
NHgJ Kb‘l.%xlD (ppi“\"{} é\o‘alo/,)
What is the pH?

NH,S—k Hoo = NHy ™+ OH

|\/l0 L | Ly ™) Con)
Cay

= |JC€\K;0’S

We want to solve for HYDROXIDE ion concentration, as it's the only thing in this expression
that's related to pH!

Species (Taiial} D Cévihibrivem )
NHL['T D + X R
on” O + X ¥
N HA 0100 ¢ O,l00~ ¥
(1) () = |. ¥ ¥ [O_S Solve for 'x' to get hydroxide

(O, lvo = ¥ ) concentration




< Thisis a quadrativ, but we can simplify it fo solve

TG g iom

faster...
(0.tvo = %)

e - (L §ylo” S

O.100~¥* Be careful here! We have
~ calculated the HYDROXIDE
%<4 0,100 y 50 0. o~y = 0,100 concentration, not the
HYDRONIUM concentration ...
7 so we can't just fake the

r - LY <10 3 negative logarithm and

0,100 call it the answer!

"..-"
N = 0.001dU1bH0E = LovJ

POH = ~\0910(0,00\W\b'~10@: 2. 867

v
S pH ~ (\OH 2 | (,UO}

ﬂ) A = VA ey oud solved this with the quadratic equation,
you would have gotten a pH of 11.13 ... same as
this answer.
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Compare pH to the pH of an 0.100 M solution of the strong base NaOH:
PH’NH; -~ V.13

Mook — Na? <04~
So, 0.0 m NeoH Cou~ 3= 0.100
(DOH 2. —|Uth[U;Iur)3 ‘L\ 1,00
FH‘- W, 00-l,06 = |’S,Ob\

e

The stronger the base:

- the higher the pH will be for a solution of given concentration
- the higher the HYDROXIDE concentration (compared to the nominal
lbbase concentration)
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Find the pH and the degree of ionization for an 0.10 M solution of formic acid: H C H 0 2

H(HO |+ Heo = Hyo T+ (HO.™

[ =~ L Wa et (K.~ Value of Ka found
}\O\ 107 3C L S = 1.7 \£|O’LI in Ebbing on
E”CHO},] page A-13 ...
Seecies | TInitiad 3 | D | L6 0 hsion)
Hgok D 'i'“% Y
CHo O -+ i
H{HO-L 0.0 ~ X O.1o-¥
( \{) (\ﬁ ) (0 -~ Y If we assume X' is small compared 1o 0.10 ...
=L Ixlo O.10-% ™ 0sl0
O.10 % Y
5 » Xt L LTy
_'_:ﬁ___'___ - 1,910 0.\0
©. 10X *:0,00‘1\1%103@‘3[”’304—3
SolgH=2-38 |
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... But what is DEGREE OF IONIZATION? The fraction of a weak acid (or base) that ionizes

in water,
[CHdl’J ~ ﬁffl?,ofj _ 0,001 %10 %% :ﬁ).ﬁH\l\OOI/
EHCHG'].Z\MH:«] EH cHU'lllmf.H .o |

Sometimes, we express this in terms of a percentage. We call this PERCENT IONIZATION

%\um’fc.lr;,,,\ pA 00]?\!00% - L{'] % ;l}'\ll'];eJ ‘

When you do Experiment 16A. By Le Chateleir's Principle, adding water to the equilibrium
should force it to the right - meaning that more acid will ionize - even as the pH goes up!.
Therefore, the degree of (or percent) ionization should INCREASES as the concentration of
the acid DECREASES. Check this with your experiment 16A data on acetic acid.




