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|:| Known in antiguity I:l akw Seaborg published his periodic table {1945)
I:lalsc known when (akw) Lavoisier published his list of elements (1789) D also known (ak) up to 2000

I:lakw Mendeleev published his periodic table {1869) El akto 2012

|:| akw Deming published his periodic table (1923)
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H He
Hydrogen Helium
Nonmetal 1A . 7 V. 7 VIIA Noble Gas
1 Atomic Number S 2 i
3 4 S 6 7 8 9 10
Li Be H Symbol v Bl C | N|O| F [ Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
Alkali Metal Alkaline E... Hydrogen Name‘ i Halogen | Noble Gas
Nonmetal Chemical Group Block
1 12 13 14 15 16 17 18
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Bonding and structure of linear
BeCl, — an sp hybridized
molecule.
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Consider the reaction N,O,(g)=— 2NO,(g)
At equilibrium rate;, 4 = rate _, NO,
2
SO k[N2O4]eq = k[NO,] eq
2
then —ide = [Noz]eg é
rev [N204]eq =
8
S
O
K= Kwd = [_N 02]20 N0
krev [N204] eq Time
Figure 17.3  The change in Q during the N,0,-NO, reaction.
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and Equilibrium Concentration Ratios for
,0,-NO, System at 200°C (473 K)

Initial Equilibrium
Expt [N,O,] [NO,] Q E\I_Oi [N;Osle; [NOyl, K %
[N.O,] [N2O ],
1 0.1000 0.0000 0.0000 0.0357 0.193 10.4
2 0.0000 0.1000 © 0.000924 0.0982 104
3 0.0500 0.0500 0.0500 0.00204 0.146 10.4
4 0.0750 0.0250 0.0833 0.00275 0.170 10.5

o O S 43 50 STy peie pepleS (oo 0 ools (ialejl po adsl slerlale a4z gi LS dn g ) Al diged 4

?\35)

Sample Problem 17.6 Using Concentrations to Determine Reaction
Direction
PROBLEM: For the reaction N,O,(g) == 2NO,(g), K. =0.21 at
100°C. At a point during the reaction, [N,O,] = 0.12 M
and [NO,] = 0.55 M. s the reaction at equilibrium? If not,
in which direction is it progressing?
PLAN: We write an expression for Q_, find its value by substituting the
giving concentrations, and compare the value with the given K_.

SOLUTION:
INO*  (0.55)2

[N,O4] (0.12)

25

C

Q. > K., therefore the reaction is not at equilibrium and will
proceed from right to left, from products to reactants, until Q, = K..
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2NO(g) + O,(g) == 2NOy(g)

2
PNO, g = INOJ

Qp = c
2 2
PRl [INOJ- [O,]

Dgs god aidigl Jolat Coli alayl) 0 g 0gd 0 a8 5 Ll 5 ol B Glul g Slakl> clale -

CaCO;(s) == CaO(s) + CO,(g)

Ko=Pco2 K=[CO,]
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Kp = K_ (RT)An(gas)
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Ol 55 qundS 51> 4 3205 ST sl g Ko sau ) Kpodl

Sample Problem 17.4J Converting Between K and K,

PROBLEM: A chemical engineer injects limestone (CaCO,) into the hot

flue gas of a coal-burning power plant for form lime (CaO),
which scrubs SO, from the gas and forms gypsum

(CaS0O,-2H,0). Find K, for the following reaction, if CO,
pressure is in atmospheres.

CaCOs(s) == Ca0(s) + COx(g) K, =2.1x10"* (at 1000 K)

PLAN: We know K, so to convert between K, we must first determine

Ang, from the balanced equation before we calculate K... Since
pressure iIs in atmospheres, R = 0.0821 L-atm/mol-K.

SOLUTION: Ang, = 1-0 since there is one gaseous product and no
gaseous reactants.

K, = K(RTIA" K, = KJ(RT)A" = (2.1x104)(0.0821x1000)"
=2.6x10° |

!23 | |
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the balanced equation,

the initial quantities of reactants and products,

the changes in these quantities during the reaction
the equilibrium quantities.

1S Axgs ) JUo 4

pslS1080 sles ;o CO, 58 L el 3 o oS 2Ty 40 Kp acwlxa
CO,(g) + C(graphite) == 2C0O(g)

a3l 01757 Joles cll> jo IS )L 5 050 (0 adlol ool 5 4 100031 0/458 adql s L COp 55

D9 (50
(S ax g o] Galides lpiond a) 2STy Jgoz o, >

Pressure (atm) CO2(g) + C(graphite) == 2CO(g)

Initial 0.458 - 0
Change ; Sl S gl 4 g L s

Equilibrium 0.458 -x - 2X




] 09290 glaj5 L ro> Jolw 2> o 5 Les

The total pressure at equilibrium is 0.757 atm = 2., .+ Pcogeq)

18l 1) ogzge slajls (Joles jlid amlyo o X (lg (oo JS jLid g 4l JLis il b cnl by
0.757 atm = 0.458 — x + 2x (from reaction table)
e ———— et

0.757 atm = 0.458 + x
x=0.757 —0.458 = 0.299 atm

At equilibrium Frq o) =0.458 —x = 0.458 — 0.299 = 0.159 atm
Pco = 2x = 2(0.299) = 0.598 atm

K= Ployeq = 0.5982 = 295
Pcoteq) 0.159

DS o 1y (s (39,008 4520 (1S Te) 7-17 aline diges ol (o0 aslies job o

Sample Problem 17.7 | Calculating K, from Concentration Data

PROBLEM: In order to study hydrogen halide decomposition, a
researcher fills an evacuated 2.00-L flask with 0.200 mol
of HI gas and allows the reaction to proceed at 453°C.

2HI(g) == Ha(g) * lx(g)
At equilibrium, [HI] = 0.078 M. Calculate K..

13,9 Cwsd @y alis slo oolo b g o 1) oyl adgl clale 5 ol oo ool HI Jolss clale

0.200 mol
Hl=——— =0.100M
2.00 L
1S ly Jgue
Concentration (M) 2HI(g) == H,(g) + 15(9)
Initial 0.100 0 0
Change - 2x +x +x

Equilibrium 0.100 - x X X



098 oo dumliee K g (S0 slo 4568 Joles cdale ams (0 ¢ X lude HI Jols cdale cials b

[HI]=0.078=0.100-2x; x=0011 M

C[HJAT  (0.011)(0.011)
O [HE 0078y

Q, = 0.020 = K,

K loolawl b Jolss glpsdale poed ox pgo <> Ll @

o> 50 9750 Jgo ol s p o ool 5145 oS ax g el dbaly ) 10 9-17 3 8-17 Plue aiges

Jobs 4y oy gl iiSTy Sy 4T 50 50 S dwlboa 1) Yae slpadale b oyl il sascin

(g g Logles) 9-17 alinns diges

Sample Problem 17.9 | Determining Equilibrium Concentrations from
Initial Concentrations and K_

PROBLEM: Fuel engineers use the extent of the change from CO and
H,O to CO, and H, to regulate the proportions of synthetic
fuel mixtures. If 0.250 mol of CO and 0.250 mol of H,O are
placed in a 125-mL flask at 900 K, what is the composition of
the equilibrium mixture? At this temperature, K_ is 1.56.

SOLUTION: CO(g) + H,0O(g) == CO,(g) + Hx(9)
sl slerlale dlons 1o

0.250 mol
[CO] =[H,0] = 01251 2.00 M

i S ly Jgoz e



Concentration (M) CO(g) + H,0(g) =~— CO,(9) + Hy(g)

Initial 2.00 2.00 0 0
Change -X - X +x +x
Equilibrium 200-x 200-x X X
(x)(x) )2
Q.=K. = [CO.JH] _ _ ()
[COIH,0]  (2.00-x)(2.00-x) (2.00 - x)
@156 = ——— =+125 x=11M 200-x=089M
2.00- x
[CO] = [H,0] =0.89 M [CO,]=[H,]=1.11M

1Olawlxo 40,5 ool (gl p (Jolas sladale acwlxo o oy ) solisiul

dmled az g8 (ymd 4505 ) 10-17 alsns diges 4

Sample Problem 17.10 | Making a Simplifying Assumption to
Calculate Equilibrium Concentrations

PROBLEM: Phosgene is a potent chemical warfare agent that is now
outlawed by international agreement. It decomposes by the
reaction COCl,(g) == CO(g) + Cly(g); K, =8.3x10* at
360°C. Calculate [CQO], [CL,], and [COCI,] when the following
amounts of phosgene decompose and reach equilibrium in a
10.0-L flask.

(a) 5.00 mol COCI, (b) 0.100 mol COCI,
(05 dle Yoo o Sl 8,6 o> 5 D 5@ sla ools 5l oslarnl L) adgl clale oo o0 2aST,
Lasl5 Jolw cdale ol Callas .04 oo plox]

1>

109..13 SR )y ’A-A-S X ‘5 JS“\> o9 ol d“"’“"bu 4—‘J9‘ le'e('“’a‘l'c ‘M‘



SOLUTION:
0.500 mol
(a) Calculating initial concentrations,[COCI] :TomLo = 0.500 mol/L
Let x = amount of COCI, that reacts:

Concentration (mol/L) COCI, (g) == CO(g) + Cl,(9)

Initial 0.500 0 0
Change - X o +x
Equilibrium 0.500 - x X X
[CO]ICL,] 5
K = Z = —=  -83x10*

C

[COCL]  0.500-x

w)mu‘ysndbb.emﬁﬁbs)dw)bdaM@oéw‘wﬁ)‘mwuwoéud‘fhjb
s

s el 38 L e &S ol

K = [CO][CI] X2 S
- = = 0.93x10
° [coCl]  0.500-x

Az )0 0,8 At o lsies Ve 0/05 atsl clalé b ayliio 1o X e 5l Conl SzoS K a5 ol )

-2

: 2 = (8.3x104)(0.500)
0.500

so x =2.0x102

K, =8.3x104 =

At equilibrium, [COCI,] = 0.500 — 2.0x102 = 7.5x10-3 mol/L
and [Cl,] = [CO] = 2.0x102 mol/L

.Mdbaﬁll)%)jss'@)o%bwd%%,53)'14&345%_;54?93

Jol> i slas oilgs oo ol S5 0/05 L anslin 1o ool Cawd 44X 340 o0 0dnlive a5 jshilen
ol Jg8 BB ol 2o y0 5 5l eS s slaz &S S g0 0 0nsS Clas p) Sy ]y (58 cpl

X _ 2.0x102 _ n
X 100 =————— x 100 = 4%, which is < 5%, so the
[COCI ]t 0.500 assumption is justified.
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Sample Problem 17.10

0.100 mol
(b) Calculating initial concentrations,[COCI.)] =TOTO =0.0100 mol/L
[COIICL,] 2
= - = 8.3x104

° [cocl]  0.0100-x

If we assume that 0.0100 —x=0.100
2

0.0100

then K, = 8.3x10* = and x = 2.9x103

Checking the assumption:

2.9x103 _ s o

——— x 100 = 29%, which is > 5%, so the assumption is not
0.0100 justified.

oSt 5 51y 25 ol ool Blaos Jo (sl 4odls y5b &

Figure 17.6 Steps in solving equilibrium problems.
- - e - SOLVING FOR x AND EQUILIBRIUM
QUANTITIES
PRELIMINARY SETTING UP
1. Write the balanced equation.
2. Write the reaction quotient, Q.

6. Substitute the quantities into Q.
7. To simplify the math, assume that x is

3. Convert all amounts into the negligible:
correct units (M or atm). ([ALinit — * = [Aleq = [Alinit)
8. Solve for x.
WORKING O'I?L;EE REACTION (:/ Chgck that assumption is )
justified (<5% error). If not, solve
4. When reaction direction is not  quadratic equation for x. y

known, compare Q with K.
5. Construct a reaction table.

-
[J Check the sign of x, the ] v Check to see that calculated

9. Find the equilibrium quantities.

change in the concentration values give the known K.
(or pressure). -
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N2 (g) + 3H2 (g) — 2NHs (g)
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PCl; + Cl, == PCl;

Ny(9) + 3Hy(9)~— 2NH;(g) AH®,,, = -91.8 kJ
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Disturbance

Effect on Equilibrium Position

Effect on Value of K

Concentration
Increase [reactant]
Decrease [reactant]
Increase [product]
Decrease [product]

Pressure

Increase P
(decrease V)

Decrease P
(increase V)
Increase P
(add inert gas, no
change in V)
Temperature

Increase T
Decrease T’

Catalyst added

Toward formation of product
Toward formation of reactant
Toward formation of reactant
Toward formation of product

Toward formation of fewer moles
of gas

Toward formation of more moles
of gas

None: concentrations unchanged

Toward absorption of heat
Toward release of heat

None; forward and reverse rates
increase equally; equilibrium
attained sooner

None
None
None
None

None
None

None

Increases if AH?, >0

r<n
Decreases if AH;,, <0
Increases if AH®. < 0

x<n

Decreases if AHS, >0
None






