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Chemical Reactions

Example: Expr
Press the Cquilibrium  constant for the

~ing chemical equation ‘

CH;OH(g) — CO(g) + 2 Hi(g)

Answer:

(o 'H«j

( H;OH |

for the

Write the equilibrium constant expression K,
following balanced chemical equations

C:Hi(g) +50,(g) =3 CO,(g) +4 H,O(g)

a)
Answer: K_ =

b) 2 NO(g) + Bry(g) == 2 NOBr(g)
Answer: /\ :

o0 2NO(g) = Ny(g) + Oy(g)

Answer: K

oy
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Aeterogeneous ilibria:
it Equilibria; Reactions Involving Solids and Liquids

Example

What is th ili
. s the equilibrium expression K. for the following reaction?

CaCOs(s) == CaO(s) + COs(g

Answer:

Since CaCO.(s) and CaO(s) are both solids, you omit them from the

equilibrium expression:

19
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5.5 Calculating the Equilibrium Constant from Measured Equilibrium

Concentrations

Consider the reaction: IuA,.J; + _uA,r; — 2 Hl(g

Suppose a mixture of H, and 1, is allowed to come to equilibrium at 445 °C.

'he measured equilibrium concentrations are: - -\

[Hy) = 0.11 M, [L,]=0.11 M, [HI]=0.78M N e VNS
What is the value of the equilibrium constant at this temperature? and predict

whether reactants or products will be favored at equilibrium.
Answer:

Y
T e © _:..Ao ) = 5.0 %10 (products favored, forward)
2) Y :
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‘roblem: Determine the 2. ST
'ro IS :_r \—a an_:r given the ?..__CS_:n concentrations at

orium  for the c:n::r..,._ reaction below. and predict whether

rcaciants or “::;:n—v $_.__ _.'n :_::f.; at cL::.TI::#

2 NOCl(g) = > NO(g) + Cly(g)

€0

INOCl) =134 M, INOJ,=0.66 M, [C1,]_=033M

Solution: K. = [NOJ [CL,] / INOCIP
K= {[0.66] [0.33]} / [1.34]
K. =(0.144)/(1.80)
K. = 0.0801 (reactant favored. reverse)

Expressing The Equilibrium Constant: Assignments

Write the correct expression for the equilibrium constant K,

cach chemical equation:

1) C(s) + 2Hy(p) = CHy(g)
2 Ni(g) + Os(g) + Bry(g) == 2 NOBr(g).

% 2 NO(g) == Ny(o) 4 O>(2)

9 CO;* (ag) + HO(l) = HCO; (ag) + OH (ag)
9 2KClOs(s) =2 KCl(s) + 3 O,(g)

§) HF(ag) + H,0(/) == Hy07 (ag) + F(ag)

7} NHi(ag) + H,O() == NH;" (ag) + OH (ag)
8 CO(eg) + Clyg) == COCly(g)
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at Equilibrium Responds

e

We can disturb g System in chemical equilibrium in

several different ways, including:
. W\ : X

A »
- N

v O:m:m.:@ Sm,no:oo::,m:o: of a reactant or product,
) 3 : ). &

¥ Changing the volume (or pressure),

v Changing the nm?UmB::m.

ressure ) Temperature

The Effect of a Concentration Change on Equilibrium

Consider this reaction in chemical equilibrium:
Zuavi.ﬁv — 2 /ﬁvu:h

Suppose we disturb the equilibrium by adding NO, to the equilibrium
mixture, What happens? According 10 Le Chatelier’s principle, the
system will shift in a direction to minimize the disturbance. The reaction

£0¢€s 1o the left side (it proceeds in the reverse direction)
\. \ > ' __ - _, .. 5 | \ ._ /\
) 2\ # 5 ,.|l|\\ e oy \ £ W?r\ ) L... \;_\.tf..h —
‘/&X g . /

: by ~ TR Add /:1 _
¢\ - Vi /x/vl}v } ) -l\!.’l‘

y, e WP
- e POV NOUE = 2NOy(g)
S Wm.. - Pr————
s S T s
\ xa..n:...:a_.::u__...: _
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~ It a chemical reactine :. ) WSeaea
cal reaction is 4 equilibrium and experiences a

change | reSSUre ¢a !
st 1IN pressure, lemperature, or concentration of

WO ‘1< > Tl s 5 g . . A ) .
products or reactants, the equilibrium shifts in the opposite

direction to oltset the change.

| =
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9.6 Le Chatelier’s Principle: How a System at Equilibrium

Responds to Disturbances

.

25 i . o Al - o\
Le Chatelier's Principle: When a chemical

equilibrium is disturbed: the system

“
- o

system at
shifts in a direction that
minimizes the disturbance. \"_'j S~ a\s V)~ ‘\ o

'\

-

In other words, a system at equilibrium tends to maintain

equilibrium, it bounces back when disturbed:
Balance"

~——

“Restoring

© 2018 Paarson Eoucanen Inc
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lable 5.1:

Some Common Acids =T A £

Name :
3 Oceur

rence/Uses

Hydrog hloric aci
e acid (LY - :
A . Metal Cleaning: main component of stomach acid

Sulfuric acid (1.8 eni
(H,5N0 ) Fentilizer: dye and glue; automobile batteries

Nitric acid (HNO,)

Fertilizer: dye and glue manufacturing

——W——-.-v—d:-:-fo n-ﬂ-ﬂ— A———.v ’7.._»__ P_f,._:::... n_:lf ﬂﬂ.:l—:_.vu

Phosphoric acid (H,PO,)

Fertilizer manufacturing, biological buffers, preservatives

\/ﬂﬂ.—mf. u—ﬂr— AA.——uﬂavAv_—v Plastic & rubber: active component ol vinegar
_A,:ln acid |[C;HLO(COOH),] Present in citrus food such as lemon and limes

| Carbonic acid (1,0, Found in carbonated beverage

37
O 2018 Paarson Educaton Ing This Presentanon s NOT an Allerngtne® 10 1he Tertboo

Some Common Bases

Table 5.2 Some Common Bases

Name Occurrence/Uses
| Sodium hydroxide (NaOH) Soap and plastic manufacturing
Potassium hydroxide (KOH) Cotton processing, soap production. batteries
:
,
Sodium bicarbonate (NaHCO,) Antacid, ingredient of baking soda |

Sodiam carbonate (Na,C0O)) Manufacturing of glass and soap, water softener

Ammonia (NH,) Detergent, fertilizer & fiber production

S — —————— — —— ——————————————————

© 2018 Pearson Education Inc This Presentaton s NOT an Allermnatve 10 1he Textbook! wm




ilibrium

At C

onstant pressure, raising the temperature of an exothermic

reaction (think of this as adding heat) is similar to adding more

product, causing the reaction to shift left

For example, the reaction of nitrogen with hydrogen to form

ammonia is exothermic
b |
'\ . \ \ Add heat
B ,,... . 4 \
XD : «
J Zr._.fJ + 3 —~.,.‘.r.. Qi u /.__ ..r.. ¢ heal

2
~
. . ’
O X118 P Educar '

Conversely, lowering the temperature of an exothermic

reaction (think of this as removing heat) is similar to remove

more product, causing the reaction to shift right. ) ,...,r-.-
Remove heat , ~\! r
\ S ¥ D .
/.._“.r.___ ’ w:.,\.r.v R .l.._/‘:.’A.r.v + heat _ E \.v -
- ,,v. = i v g

Reaction shifts right > r/hk :
Lurger K W :

In contrast, for an endotherm/c reaction raising the temperature—
think of this as adding heat—is similar to adding more reactant,
causing the reaction to shift right. And

lowering temperature
(removing heat) Causes reaction to shift left

C 2018 Pawrwon § hEMon. Ing
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(b)

& Chitelinry Principle hanging Pretiure

Decre

asing the volume

Eases the pressure

~8using the reaction tc
e hilh 4.
2 : ﬂl. 44 er uv,o_ .,‘—w.....v..
[ S8 of nar L

les of gas. lower
pressure)

Inc reasing the volume

reduces the pressure

causing the reaction to

~ O - o
shift to the left (more « - O - o> O
noies of gas. higher
pressure
Bance : - ad :
L

if the temperature at equilibrium

the

shift in direction

mﬁ_ ; nte : 1 : . SO _k

iemperature at equilibrium increases that tend

)

10 decrease the

temperature and vice versa

)
3 ;
, = . :
.

An exothermic reaction emits heat (tAH

. We can think of

& product in an exothermic reaction Nt ¥, 1D ol
"

heat as

o’ > o - .

D+

absorbs heat (AH= +) We can think of heat

in an endothermic reaction AP R IRFE APV

heat

o ’ K

A+ BT+

An endothermic reaction

. \ - . )

a8 & reaciamt

-

C+ D

heat = )

-\.\,.- «|Lv.\b

R R T . Ay



gronsted-Lowry Definition: Conjugate Acid-Base Pairs

A conjugate acid-base pair consists of two substances related to

other by the transfer of a proton (H*):

' g ~_.ﬂwu~.w ——d

S —— . ' .:— Vg

Conjugats

O o, ,PV & i @

NH, NH,* H.O OH
._—.C—n. _m.,_:_:m...:. acd) (ad) {congugate bawe)

P — - -

3 _ Conjugate acnd-base parr | Comngugat d-buare paur
e ——e—— . ———

;ﬁ-y.., £ .mﬂ LI \D ve J | . /

v A base accepts a proton and become a conjugate acid

v An acid donates a proton and become a conjugate base
: / : -k ; ' i £ Y <

The Brgnsted-Lowry Definition: Conjugate Acid-Base Pairs

ﬂng_.m 5.4 ldentifying Bronsted-Lowry Acids and Bases and Their Conjugates

Identify the Beoasted-Lowry aoid, the Broosted-Lowry base, the jugate acnd. and the ceajugate base in each reaction

@) HSOag) = HAN * HSO; tog) + HOtay)

v (h) HCO,; Tay) + HO) == H.CO(ay) ~ OH (ay)

SOLUTION

{a) Smce H.S0, donates a proton & ! > : .
al Smoe Hao0, donates a proton 1o HyO o this H.SOag) + H.OD) » HSO, (ag) + H,0(ag)
reaction, o & the a0 proton donor . After H.SO
donales the proton, It becomes HSO; . the
compugate base. Since H,0 accepts a proton, it is H50(ag) + * HSO, (o) +
the base (proton acceptor). After H O acoepts the \ciul Con
. ,
, proton it becomes H,0°, the conjugate acid haie
. — - —

| (b) Since HO donates a proton to HCO, ™ in this

HCO, (ag) + HON = H,COaq) + OH (aq)
_ Feaction, i 1+ the acid (proton domors. After H.O . -

* ._—‘.thJ the proton, 1l zl...:.a.r a-: the r..._;:*.-;nr-

base. Since HOO,~ aCCepis & proton, 1t ix the base t HOU) == ¢ OH (ay)
. (proten acceptor. After HCO accepts the proton roxd . u
._ # bevomes HOO,. the conjugate acid , , ....-.. .

S 20 Pearaon Eae oy > e
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¢ pronsted-Lowry Definition

Bronsted-Lowry definition of acids and bases: focuses on

the transfer of N+ jon in an acid-base reaction. Since an H*

IS a proton (hydrogen atom without its electron).

According to Brensted-Lowry:
» Acid: is a proton (H*) donor ~ 217

» Base: is a proton (H*) acceptor

O 201 E Paarson Egucaton Inc

The Brgnsted-Lowry Definition

Under the Bronsted-Lowry definition, acids (proton donors) and
bases (proton acceptors) always occur together:

» Example:

HCl(ag) + H,O(/) — H;0"(aq) + Cl (aq)

v HCI = acid, Donates H* (proton ao:o& e VY ¥ o
¥ H,0 = base, Accepts H* (proton accepter) b '=v 1 2 b
» Example: ey

NH;(ag) + H,O(]) == NH,"(ag) + O::Eﬁ
¥ NH, = base, Accepts H* (proton accepter) A \J

¥ H,;0 = acid, Donates H* (protondonor) (,e 2
3 S WA AW C.Nl\Wimﬂ.( e ) 22 00 L s \4

Note: Water in the two examples above, acted as an acid and as a base.
. » Substance that can act as acids or bases are termed ..m.:u:o"m:n.u

‘ et ||l.

3018 Pearson Eduration Inc
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ioned before, The pH valyes are calculated using the

PH = -log [H,0"]

~ There is also a pOH scale, based upon the hydroxide ion
concentration [OH-| with the equation

pOH = -log |OH"|

For Acids, For Bases,
pM = -log [(H,0°| POH = ~fog [OH")

» pH and pOH are related by:
pH+ pOH =14

® 2918 Pesrson Eoucator I

The pH Scale: Practice

Example 5.5: Calculating pH from [H,0°| or |OH"]:

Calculate the pH of a solution at 25°C and indicate whether the solution

1s acidic or basic, 1f Vo /
\ A ] "/

(2) [H,O°| = L8 =< 107 M.

Solution:
pH = -log[H.0] -log( 1.8 » 10%) = «(-3.74) = 3.74

Since pH < 7, the solution is acidic.

(b) [OH]= 1.3 x 102 M

Solution:

pOH= -log[OH] = <log(1.3 = 102) = | .88
Using pH + pOH = 14, we get pH= 14 - pOH
Then (14.0) - (1.88)=12.12

Since pH > 7, the solution is basic,

C 2012 Pewrvon Edzanon ing
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\& - BF; + NH;

5 N. Lewis, the American chemist defined acids and bases as

Lewis acid: electron pair accepfor JAVE ) \y;
-~ Lewis base: electron pair donor 17,3\ ee

v

Boron trifluoride has an empty orbital that can accept the electron pair
from ammonia and form the product (the product of a Lewis acid-base

reaction 1s sometimes called an agauch

v A Lewis acid has an empty orbital (or can rearrange electrons 10

create an empty orbital) that can accept an electron pair

> F1B:NH;

2 ) e Le\\'ig ;}Cid Lewis base adduct

© 2018 Pearson Egucancn Ine Th Presomuton o NG T an Al
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TABLESA Some Weak Acids
Hydrofluoric acid (HF)
Acetic acid .:nwzuou |
Formic acid (HCHO,)

Sulfurous acid (H;S0,) (diprotic)
_ Carbonic acid (H,C0,) (diprotic)
_ Phosphoric acid (HyPO,) (triprotic)

Two of the weak acids above are diprotic. meaning they have two

'Onizable protons, and One is triprotic (three ionizable protons)
N "> .
._/ .»“w.f — r\-d r- r / / m, ~ vy/ ’ : . . ¢y A

i : :

Notice that: Although Acetic acid (CH,COOH) contains 4 hydrogen

atoms in its formula, it's a monoprotic acid, because only one of the
four hydrogens is “lonizable’

o
on

S 2018 Pewnen Baucaton Ine - s Presertanun s NO T asmalive o 1 Testtoos ) :
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The n:-wnm_.m“ IS @ compact way to specify the acidity of a

solution. We define pH as

PH = —log [H"]| or |pH = —log [H;0%] | ..~

-

For example, a solution with [H;O']=1.0x 10 M
has a pH of -log 1.0 x 102 = -(-3.0) = 3.0 (Acidic)
~ In general, at 25 °C:

- : v »ﬁrt.‘, Pﬂ -
PH<7.0 |Solutionis acidic [H30*] > [OH")

PH=7.0 |Solution s neutral [H30*] = [OH]

.¥,l|~

PH>7.0 |Solution is basic [H30%] < [OH7]

O U0 Fesrson Eaucoten e Tha Frmertaton i NOT an At native 4 e Tesrce mm







