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154 Disturbing a Chemical Equilibrium: Le Chatelier's Principle
Production of ammonia - an equilibrium dilemma!

The production of ammoniais an exothermic process -
N,(g) +3 Hy(g) & 2 NH5(g) Ke=3.5x10@ 25°C
How can we maximize the production of [NHs].

o) Of oom BmpedYure , Ke 15 product Sovoned.
Howeves of Room Tompenctuge s peaction is exfaemely sfon.
Jo speed up a Reacien ... heal 1Y ... and JoR wse o coVolyel Yo Jowed The Oevivation fmengy

B) However thie Reaction 15 exsthermic .. thes \\en\'ina ol eedue He.
(s ne son eorliér this process 18 done of 4S0°C in Be presemce of o coobys,

Or 450°C, We = 14910%3, Jhus whie ke hew spesled up how quekly equilibrion is achiewed,

the equifiBaiun is ow Aeoctomt favored !

c) Not dounted ! Bn<0, thus i} P is increosed Then @7Kc ond tere w38 Be o shilk
onerds ?no&ur.\'s imnluslha e Tsd |
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16.1 Introduction to Acids and Bases
Acid and Base Definitions

(rahenius :
Ocid : ugsuh\'m confoiming Ywdogen tho, when dissolued yin naVer, ismcaeases Yhe conconiation
of WY ons
Bose © @ subrshamte confoining b Wdnoxide gaoup tha¥, when dissclued im nleq , uncreases the
concentialion of OW (ons,

Bronsren- Lowy:
0cid : O substomee that com dond o prolen (W' ion),
Bose : 0 substomce Mot com aceept o paoken (WFion),

Os Yhe BronsVed- Joway deSunttion 18 nore undusive , this is The defunfion we il Socus om,
3or example M3 15 0 Bose which oudd Qe Rwiors wnden e Qashoniis deSumtion,

Nﬂam + MO0 & NN 4+ N

L,go occepYe. Ly OW" jon concenfaalion inceeases Yhas ¥ now
% I¥s the Orehemios definition.
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16.1

Introduction to Acids and Bases
Simple Bronsted-Lowry Acids and Bases

HEop + Nhamp = F° o+ W

-+

H
TProlon donos, Trolon atceplon.
Acwo, Dase,
My + F -2 N + W)
“+
Photon donor. TPholen accepton.,
Acio, Dase.

WFog + W) & F 4 lﬂ:
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16.1 Introduction to Acids and Bases
Conjugate Acid-Base pairs

ol
H—F: - N- Fe + N
e + H - \ I"I _.t—_" R I I - ~,‘- l'l
H H
ACID base BASE acid
donates H+ accepts H+ accepts H+ donates H+
to NHa from HF from NH4* toF~

| A
| ConTugale ocid-Dose poin. l
o \ Conyeole Dose-acid poin. .
Cm:ruﬂn‘iuéd m Bose fm:ual\'t Dose /_\ Qeid

e e b Ma ¢ N "
-H Base +\ Conzugoele ac
Ocid k—/tnmanh Bose v “3“'
Nﬂql NH3
HF[F I.'m:uanh ocid- flase poia.

(onugo acid- base POIR,
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16.2 Waterandthe pH Scale
Autoionization of Water

Chemistry Interactive: Autoionization of Water

See (oss ek Sk

dre OO

Ha0m + Wa0if) & W0 + OW

Iﬁu = [HIG*][M'T]
L, @ 25°% = Iy

@25°c, Koz 1m0
[Hs0*]J[OH] = 1wyo™
[Hs0'] = [oH) = Jixo™

= w0}

Ms0') = 10
Low) = ot
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16.2 Waterandthe pH Scale
Autoionization of Water

The autoionization of water is an endothermic process.
H,0(l) + H,0(l) & H;0* + OH-
Thus as the temperature increases then - the [H;0%] should - f"';
a) Decrease b) Increase y ¢) Remainthe same

Haom + W0 + 'heﬂ" & Hiot + oW

Heo! meochion = 0dditian of a product.
s sk uords producks ... [Wa0"1 %
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16.2 Waterandthe pH Scale
Autoionization of Water

With the [H;0°] increasing with increasing temperature this must mean that as the
temperature of water increases the water -

a) becomesacidic b) becomesbhasic ¢) remainneutral /

Hiom + H0m + ‘het' <= Ha0" + OW

|_shir i
Yes the [Hs0'11
b ofse Cowl®

Tes [H20%] = [on)

Ko voues: s
0°C = 14¥10
25°c = 1010

q°C r 5S1X 10"

Slide - 100



16.2 Waterandthe pH Scale
Autoionization of Water - Neutral/Acidic/Basic Solutions

[H30%] [OH-] [Ha0%] [OH-) [H30%] [OH-]
10-1 ~10-1 1011 ~10-1 10-1 -10-1
10-3 ~10-3 10-3 10-3 10-3 10-3
10-5+ ~-10-5 105 ~10-5 10-5 -10-5
10-7 - 107 107 107 10-7 10-7
10-9- ~10-9 109~ ~10-9 109- -10-92
10-11- ~10-11 10-11 -10-1 10-11+ -10-11
10-13- ~10-13 10-13 -10-13 10-13 -10-13
10-15- ~10-15 10-15- -10-15 10-15+ -10-15
Neutral solution Acidic solution Basic solution
(H30'] = [on’] (H:0'] > Con?) [H20%) < [oW)
@ 25°% @ 25°C @ 5%
[Haot] = 110! (M:0*] = 1xi0°? [Ms0*) = 110"
ToH) = xi0” (oW1 ¢ 1xp™ fow) = 1w
K = 1xio™ K = 1Yi0°™ K = 13107
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