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Le Chatelier’s Principle

* Le Chatelier’s Principle creates the guidelines for how
a system responds to any disruption of equilibrium

* In other words, a system at equilibrium will respond
to stress by directly opposing the stress.

*  Factors that might disrupt equilibrium include:
A change in the volume or pressure
Dilution or concentration of the system J
Adding an inert gas at constant volume (doesn’t actually impact eq)
A change in temperature L
2 K

Adding or removing species involved in a reaction /7
Adding an inert gas at constant pressure

IR .



Le Chatelier’s Principle - Temperature

*  To simplify the relationship between K and temperature, we can think of
temperature like a product or a reactant of a chemical reaction depending on
whether the reaction is exothermic or endothermic.

* Endothermic reactions are driven by an input of heat; therefore, heat is like a
reactant. Increasing the heat is like adding a reactant. This shifts the equilibrium

toward the products.
Heat + Reactants = Products
>

* Exothermic reactions have an output of heat; therefore, heat is like a product.

Increasing the heat is like adding a product. This shifts the equilibrium toward
the reactants.

Reactants = Products + Heat
P




Temperature Dependence of K

K’s dependence on temperature depends on whether the reaction is
endothermic or exothermic. The van’t Hoff Equation is:
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Le Chatelier’s Principle - Questions

Consider the reaction below when it is at equilibrium:

3NO,(g) + H,0(l) & 2HNO,(aq) + NO(g) AH" = - 34kJ/mol at 298 K
In which direction will the reaction shift when:

3 moles of NO(g) are removed (3 & K —

a.
b. The temperature is raised to 320 K T Ky &

c. The total volume is decreased VJ, T —

d. Aninert gas is added at constant volume /UO TH W&

e. Aninert gas is added at constant pressure (in a piston system) \I/r ?L <’-

f. The temperature is lowered to 100 K T\', KA —>
g. 4 molesof HNO, are added (A>K <—



Acids and Bases

IDENTIFYING ACIDS AND BASES, CALCULATING pH



Acid Base Equilibria Roadmap

1. Define and identify acids and bases
To cla \/

2. Solve for pH and pOH for strong and weak
acids/bases

3. Identify and analyze the products of a full
neutralization reaction (adding acid to base

and vice versa) 7 va y S{"’ 7@[\_

4. Identify and analyze the products of a partial
neutralization

5. Understand neutralization reactions in the
context of titrations and indicators

6. Understand the role of pH in regulating the
dominant species of a polyprotic acid



Acids and Bases Fundamentals

* The study of acids and bases revolves around understanding the chemical
environment of aqueous solutions associated with proton (hydronium) and

hydroxide concentrations. 5 Hs0+ = HY 0\)
* The standard units of measurement for acids and bases are pH and pOH

” N

ey
P 2(PH =-loglH"] pOH = —1og[OH ]

* Some things to note about this relationship:
*  Because this relationship is based on the negative log, a high value of [H*] will
have a low pH value. B
* By using a logarithmic scale, you should understand that a difference between pH
=2 and pH =7 is not a difference of 5, but 5 orders of magnitude.




|dentifying Strong Acids & Bases

Periodic Table of the Elements 18
2

2A 3A 4A 5A 6A 7A He

2 ”) 13 14 15 16 17 | a0
v 7 MJ(o rd s |6 |7 |8 Jo [0

/ L’v l“o""k |oB,a1 |z.co| ur.fn 180 |9.Foo 2’0‘5
13 14 15 16 17 18

38 48 58 68 78 88 88 88 18 28 Al Si P S Cl Ar —) H’(l ) |48¢) H'

24.3 3 4 5 6 7 8 9 10 1 12 | 2698 | 2809 | 3097 | 3207 | 3545 | 39.95

20 1 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

CafSc | Ti| V |[Cr|Mn Fe|Co|Ni [Cu|Zn|Ga|Ge|As | Se| Br| Kr

g 40.08 44.96 4787 50.94 52.00 5494 5585 58.93 58.69 6355 6538

69.72 7264 7492 78.96 79.90 83.80 4‘ Sd
38 f39 (40 |41 |42 (43 |44 (a5 |46 [47 |48 |49 (50 |51 [52 |J53 |4 \/ H N 0 5 2 ('l
Srf Y |Zr |[Nb|Mo|Tc |Ru|Rh |Pd|Ag |(Cd|In ([Sn |Sb | Te| | |Xe )

8762 | 8891 | 9122 | 9291 | 9594 (98) | 101.07 | 10291 | 106.42 | 107.87 | 11241 | 11482

11871 | 121.76 | 127.60f| 126.90 J 131.29
56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86

BalLa|Hf | Ta| W |[Re [Os | Ir | Pt |Au | Hg| Tl |Pb | Bi | Po| At | Rn 4} C |0 A'{'\'C\ 0}
137.33 § 13891 | 17849 | 180.95 183.84 | 18621 | 19023 | 19222 | 19508 | 196.97 | 20059 | 204.38 | 207.20 | 208.98 | (209) (210) (222) q )

9 104 (105 |106 107 |108 |[109 (110 [111 112 (113 (114 (115 (116 |117 |118
Ra | Ac | Rf |Db | Sg ([Bh |Hs | Mt | Ds |Rg |Cn | Nh | FI | Mc|Lv | Ts | Og

(226) (227) | (261) (262) (266) (264) (277) (268) (281) (281) (285) (286) (289) (289) (293) (293) (294)




What’s actually happening in Acid/Base Equilibria

You place 0.15 moles of methylamine (weak base) into 1 L water. What happens?

+ P OH—‘
CH;A)Hz[&pJ'H?’O(I) = CH],LNHTS [b) k N (6\
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Conceptual Question: @C%NHZ ¢ H
What is the dominant

species in solution for the b. CH3;NH;* d. OH

reaction discussed above?




A particularly important K value

K, represents the auto-ionization of water; that is, it is the equilibrium constant for the

following reaction at 298.15K: N
) Ka-Ky, =£<£ = LoW](Hse!J
HZO(I) = |-I+(aq) + c)H-(aq) 2) l"l = ’POH +?H

K, = 1.0x 104 = [H*][OH ] 3) Cemjugeke of a weak bas<
& Mot shees el
* K, represents the standard for our pH scale at room temperature
° For a neutral solution, pH =7
° Acidic solutions have pH < 7
o Basic solutions have pH > 7

Therefore, the H* and OH- concentrations are equal to 1.0 x 107 for a neutral solution at
room temperature




Quantifying Acids and Bases

The standard units of measurement for acids and bases are pH and pOH

pH=-log[H"] pOH = -log[OH ]

In a strong acid or strong base solution, we can use this relationship: )
Ca(oMl7

pH =-log[C,] pOH = —log[CiL/ ! 2:C%

pH and pOH can be interconverted using the relationship based on pK,, (14):

pH =14 - pOH pOH =14 - pH



i %—2[000, S/
Quantifying Weak Acids and Bases  igwre ¥

For a weak acid, we are dealing with a more interesting equilibrium (additional
steps). The approximation formulas are below:

2
/IH*1=C,. ‘K, (0H 1=C, K, K ime

Don’t forget that at any time you can convert between different terms:

K, =110 =[H*][OH] K,_, R HA 2H' AT
Ka ’ I CA ¢ d

K, =KK K. C x KX
D Z=K“ E Gx xX



Quantifying Weak Acids and Bases

Important Reminder: K, will get you [H*], K, will get you [OH"]. Therefore, K,
corresponds to a weak acid reaction and K, corresponds to a weak base

reaction. > ey ,7[]—!*]:\/'(:'-&,,
[H[A]7 7
HA 2 H' +A—— K = THA] pH =-log[H"]

(Solve using approximation or quadratic)

_[OH™1[BH"]
[B]

B=BH'+OH —K,

pOH = -log[OH ]



Acid Base Reactions Recap

1. Strong Acid _ o
Hel(agy = HEte +CV Cop) pit= fvj(CA\

2. Strong Base _
NeoH ) = Nate) ¥ ONGd pGH (Cg) C
Ca (oH)z Gy —7 Co2t(s) +204 Po\.l - -1y (‘Z * g>

3. Weak Acid 2 o .
i —> Wt KD Kew 2oy ph=FalH]

4. Weak Base ' _ ) __7‘_?: . [M—l’
W200) ‘[5(,0 =) RH" + Ol ) Kb'cB,‘)( ?otl fg g



Warm-Up Question

Classify each solution as acidic, basic, or neutral:

1. 0.5MHF zlﬁ/“k ands

2. 0.5 M CH;COOH

3. o.5M(CH,@ —> Wesk bue

4. 0.5MNaOH —> Strey 3

5. 05MNacl —> Salk, neure

—



S [HY] = [oH}

Conceptual Question K, S l077

Which of the following is/are true for a neutral pure water solution at any temperature?

Note: AH’ for the auto-ionization of water is about 55.7 kJ/mol.

. Kw=1.<>)(?-14 H?O/l) = H "[“b) - oM ;‘?‘>

i.  1.0x10%:[H*][OH]

[H]=[OH]
iv.
Vv

[H*] and [O ren’t always equal

H = (- pOH .
@ zH de);:feaZesastemperaturegoes up — K’r\ CH+}1\£0H J/l\
Vil. p%7 |
\4

?H='£‘J H*'
v



Warm-Up Question

What is the pH of a 0.50 M HNO; solution?

?H - _/9 [/4/1/03]
030 = -[7(0«5@




Warm-Up Question

What is the Qydrogen ion goncentration of a 0.30 M calcium hydroxide solution?

’\)OHT— —O gz'(;l(>0> 6{0%)2 —_ 2X0-30M
= 62218 ... = 0.60 M
?H; Y- 0.221% . K,, = CHICoH]
=\3.7 7‘&g - X0~ [H+] (0-bow)
~13. oo | ot

[:H*l‘ |0 = 6T xlo" 0-60 \|/ 0-60

|.67 %10~




Challenge Question |

The hydrogen ion concentration in a 25°C solution is 630 times the concentration of
the hydroxide ion. What is the pH of this solution?

Il\w‘ CHZO*-.& [o&'} > é.ZOXM"z - %
\l’ \'Z fX;Z.SleO'éz CHSO”j

1A= (1) (£ @\




Challenge Question |l HA = A 44

- _ +
Trichloroacetic acid is a harsh chemical, typ- R CC,\ SCOOH = CC I 3( 00~ * H

ically used for cosmetic treatments such as

tattoo removal. What is the pH of a .0100 M /
trichloroacetic acid solution (g_q_lﬁQQH)" I O .0loom ¢/
K,=2.1x 101 C _,)( +
—_— q
? .0\ E 0.0100 =X Ry X

2

Y= ~BEY BTUAS 1-Leg 5

2 A
&:}ﬁ: 0.00754: (Htd O21= Foue-x
Ny —6.2145 6 0= Yz +0.2lx— 0.002\




