1

O :
(0.100-%)(0.1007%)

X= 49 (0,106 ~x) (0-1v0 -x)
L@=5)* ot 2 11®
Y2 L[‘3!(o.ol -0 00X H(t)
X = 0-%”%?}&"‘["71\1’
D = L.lt:jnl_‘\o‘(g*-&o.qof
a 2 U9 = e CF 0,49

49

The QUADRATIC EQUATION:

O\WKIL*\OX (20
“la-{:/\f)oz-"{c«(,
=~
Lo,

Each quadratic has two solutions (see the
+/- part of the equation), but onlu one of
them will be the correct chemical solution.

= 10.g¥ ;\I(,m,g)t—w[%n/)[.%) . lf"‘“tm

2{49)
(= O#7 o 0.0639

N-0.0639

93

We will discard the value of x=0.157, since this would
result in NEGATIVE concentrations of phosphorus

trichloride and chlorine gas ... which is physically
impossible.
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PLls O +X X
Moles of each species
EQUILIBRIUM

t equilibri
CONCENTRATIONS at equilibrium

Cl
EPC\:)J—L": 0.loo - ¥ = 0.0%6 M % H.o0( = O+ YUY mal P 2

Cul-}i O.\op - =20.026M ~ U.oel_ = O.l4ums) Clo
EPC‘S}‘ X Z 0,0egqnf‘\\\‘ L'lfOUL':.O,rLSG mo\ P(,\S

Quick comparison of initial and equilibrium states:

PCt
O.H'DO YHU\ 3 }<£ - L’l? c|
O Hbe mol Clo } O.1HUY vyl LiL

O mou P(_|S o_"}_S'G ol PC'S




A

" An 8.00 L reaction vessel at 3900C is charged with 0.850 mol of nifrogen and oxygen
gases. Find the concentration of all species at equilibrium.

Nytg) = Oply ) T= 2 NO(g) Ke=0.0123

concentrations in terms of one variable.

|<C, —,LO 01V 2 [A/O]l To solve this, we must express all these equilibrium

ENZ:]EU'LE
S‘P{C 1S EI"‘" Hﬁ"] A [E-q\,i |;1Jfl;v~ﬂ] Defined X' as
.53 1 the change in
s §SOmy :
- 0.10 —_— nifrogen
Nz G .06 L 1061 — X 0.10618 — concentration.
O, §Sdmel
- 0.10 _— -
O G 0oL 0.1061LSm O AT YRR
N O O +7_x Lx
2
> 2
[ 1o ( \0 ~ 0.01212

Cny 3003 (00625-%)(0.1062¢-x )

We must solve this expression for 'x' fo solve the problem.
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| (2x)°

< 0.6112
(010625-%)(0.1062¢-x )
1
2
/ (2x) 1’:/\/0-0\23

(010625 -%)

Ly = 0.10905365

0. (0628 ~ ¥

Tv 2 0.109053651 (010625 %]

-

|%:D$}3q16q\( - O,\OB'Z.S“-}C

19,0593 7260y =
0.00$5g12L9Y

N 5
Ny 5 0, 10625 - ¥ =|0-10] M Mo
O, 0.Wet5~¥ = ©. 0] m Oc
Mot ~o.onnL m MO
; ,

0 10 62¢ k{////

N 2 0. 10615 — ¥
O'L 0.1662LS ~ %
NO Ly

/]

After finding X', plug back into
the table to find each
concentration!

Since Kc is small (0.0123), we
expect that reactants will
dominate at equilibrium.

That's what we see
<--- herel



ne  PRESSURE AND EQUILIBRIUM

- Pressure can affect a GAS-PHASE equiilibrium ... sometimes. How?

(0(q) + LH () = CHyOH(g)

... how might pressure affect this equilibrium?

- If the change in pressure CHANGES CONCENTRATIONS, then this equilibrium
would be disturbed and Le Chateleir's Principle would apply.

- Adding an INERT GAS would change pressure, but would it change
concentration of the gases? NO - so addition of argon would have no
effect on the equilibrium!

- What about COMPRESSION?
co vV Y
W, (o
J<v v J4<e
CryoH LVl UM

... compression increases pressure by DECREASING total volume.



CO

Hq

(,VhD()H

vV Y

(o
]‘r‘P Vi jlr'lp

(V0¥

... but this volume change affects ALL concentrations the same way. In this example,
each concentration is DOUBLED.

CO(q) + ZHL(.7> — C’f\g(DH(g)

_ For simplicity,
KL - ECH}OH] (1) - | let's assume
2L (3 Kc=1,andall
CLOICHT} (')( lb concs = 1M
Doubling 9l |
concentrations = _
gives Q= (1) (1L)? Y

QL < }{L , $0 equilibrium shifts to the RIGHT, forming
more methanol at the expense of hydrogen
and carbon monoxide.

In general, compressing an equilibrium reaction in the gas phase will cause the
equilibrium to shift towards the side with fewer moles of gas. This causes the
pressure to decrease.



In general, decompressing an equilibrium reaction in the gas phase will cause the
equilibrium to shiftf towards the side with more moles of gas. This causes the
pressure to increase.

HOWEVER, this can only be frue IF there's a side of the reaction with more moles of gas than the
other. If both sides of the reaction have the SAME number of moles of gas, then a pressure change
will NOT affect the equilibrium.

Example: ,L(g) -+ OZ(%)\j 2/\/0(@)

... would not respond fo a pressure change.



""FACTORS THAT MAY AFFECT EQUILBRIUM

@ TEMPERATURE (effect depends on whether reaction is endothermic or exothermic)

- Changes rate of reaction, 100!
... changes Kc

@ PRESSURE - only for gas-phase reactions which have different numibers of moles of gas
on each side of the equilbrium. Otherwise, no effect.

... N0 change of Kc

@ CATALYSTS - do NOT affect equilibrium, but make the equilbrium state occur more quickly.
N A Q{¥* N
The catalyst raises BOTH forward
n 40 j\/ $ and reverse rates, so it doesn't
affect the composition of
y \L the equilibrium mixture!

CONCENTRATION - Le Chateleir's Principle applies for changing concentrations. An
equilibrium will shiftf fo counteract a change in concentration of reactant or product.

... doesn't change Kc.



ACID/BASE EQUILIBRIUM

- Several scientific theories exist that define acid-base chemistry. We will discuss
THREE of these theories.

- These theories differ in the way that acids, bases, and their associated reactions
are defined.

- Typically, the newer theories include MORE chemicals under the umbrella of "acid-base
chemistry’!

THREE ACID-BASE THEORIES

@ Arrhenius theory

@ Bronsted-Lowry theory

@ Lewis tTheory



