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EQUILIBRIUM

EQUILIBRIUM STATE

T

In a dynamic equilibrium, the rate of

the forward reaction is equal to the
rate of the back reaction.

e reactants and

nstant but

The concentration of th
products remains co

not necessarily equal.



EQUILIBRIUM

A STRESS EQUILIBRIUM

MINIMIZES THE STRESS







EQUILIBRIU

2NO,(g) = N,O, (g) AH=-57.2kJ
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CALORIMETRY

SPECIFIC HEAT CAPACITY

THE AMOUNT OF HEAT REQUIRED TO RAISE THE TEMPERATURE &
OF ONE MASS UNIT OF A SUBSTANCE BY 1.00°C. %




CALORI M_‘I\TT RY
SPECIFIC HEAT CAPACL

Substance

Specific heat

capaCity Jlkgl°c

water 4181
lead 18

918
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CALORI M_‘I\TT RY
SPECIFIC HEAT CAPACL

S capacity J/kg/°C
water 4181 |

128

lead




CALORIME
APACITY

T
<PECIFIC HEATC RY

Substance Specific heat
capacity J/kg/°C
water 4181

Water has a ver
This makes itu

and for transporti
centra

ng it aroun
| heating pipes-



CALORIMETRY

The energy
released when




CALORIMETRY

The heat from Th
purned fuel e
heats the water

Fuel is burned
in spirit burner



CALORIMETRY

ENERGY EQUATION

To convert temperature rise into energy:

E;, = cmAT

E,= the energy released
c = the specific heat capacity of water
m = the mass of water heated in kilograms
(1000cm? = 1litre = 1kg)
AT = temperature change in °C




CALORIMETRY

ENERGY EQUATION
Ep, = cmAT
SPECIFIC HEAT CAPACITY _

, I water 418 kJkg C |

o




ENERGY EQUATION

E, = cmAT
CPECIFIC HEAT CAPACTY
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CALORIMETRY

ENERGY EQUATION

| water | 4.18 kJ

How much energy required to | ¢ @
raise the temperature of :
of water by 1°C ?




CALORIMETRY

ENERGY EQUATION

| water |4.18 kJ

How much energy required to

raise the temperature of
of water by 41°C ?




CALORIMETRY

ENERGY EQUATION

E, = cmAT
<pECIFIC HEAT CAPACITY

wate 4 -
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How much energy required to o e
raise the temperature of of :

water by 2°C ?




CALORIMETRY

ENERGY EQUATION

E, = cmAT
SPECIFIC HEAT CAPACITY

I water |4.18 kJ

How much energy required to

raise the temperature of of
water by 2°C ?




CALORIMETRY

ENERGY EQUATlON
E;, = cmAT

At the start of the ‘
experiment the thermomon 4.18 kJ oc-1|

temperature was
20°C.

At the end of the
reaction
temperature was
50°C.




CALORIMETRY

ENERGY EQUATION E = cmAT
4.18 kJkg °c”]

thermometer

c=4-18
m-=

Eh=4-18x x 30

= 25.08 kJ



ENERGY EQUATION

CALORIMETRY







CALORIMETRY

ENERGY EQUATION E
n = cmAT
4.18 kJkg °c”]

thermometer

The energy
released from &
system at 20°C was

6.27kJ-
What was the final
temperature?



CALORIMETRY

ENERGY EQUATION Eh = T

4.18 ; 4.18 kJkg °c”]
— 4 ™ sl

= Zogcm?’ (0.2 litres Imometer \

m = 200 )

é butan-2_01

E, = 6.27TKJ

AT = E;, | (€ X m)
= 6.27 | (4.18 X
=7.5°C
20 + 7-5 — 27.5oc




CALORIMETRY

Enthalpy of solution

esulting in

ressure r
dilution-

infinite
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CALORIMETRY

Enthalpy of solution
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CALO=IMETRY

Enthalpy of solution

The enthalpy change when
1mol of ionic compound fully
dissolves in water.

NacCl (s) > Na*(aq) + Cl” (aq)




Enthalpy of solution

The enthalpy change when
1mol of ionic compound fully
dissolves in water.

NacCl (s) > Na*(aq) + Cl” (aq)

AN BE ‘
ENDO/EXOT HERMIC
REACTION!



Al AHIMETRY

Enthalpy of Hydration

The enthalpy change when
1mol of gaseous ions fully
dissolves in water.

Na+(g) e Na+(aq)



Al AHIMETRY

Enthalpy of Hydration

The enthalpy change when
1mol of gaseous ions fully
dissolves in water.

Na+(g) e Na+(aq)

ALWAYS
~ EXOTHERMIC
~ REACTION!



CAL ARTMETRY

of Hydration

The enthalpy change when
1mol of gaseous ions fully
dissolves in water.

Na*(g) » Na"(aq)

\ ALWAYS
“ EXOTHERMIC

4

Bond mr::“;‘fgy ~ REACTION!
gives O :
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CALRIMETRY

Lattice Enthalpy

The enthalpy change when
1mol of ionic lattice is formed
from gaseous ions.

Na*(g) + Cl (g) —» NacCl(s)

ALWAYS
~ EXOTHERMIC

4

REACTION!



CALORIMETRY

K'(g) + Cl"{9)
322I Hydration of K

K*(aq) + Cl (g)

363 | Hydration of CI

YK(a
A

Lattice enthalpy

Enthalpy change
of solution
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CALORIMETRY

Enthalpy of neutralisation
of neutra\isation of

an acl enthalpy changeé
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CALORIRE=TRY

Enthalpy of neutralisation

f
Calculate the enthalpy o
neutralisation of HCI(aq) by NaOH(aq)

NaOH + HCI — NaCl + H,O + Heat

Measurement Results

20cm: 2mol I'1 HCI

Solutions used 20cm:? 2mol I NaOH

Temperature of acid before mixing 19.5°C

Temperature of alkali before mixing 18.5°C

Highest temperature of solution

A 32.5°C
after mixing




Enthalpy of Neutralisation

Average initial temperature
= (19.5 + 18.5)/2 = 19°C

Temperat
E ure rise AT

Total volume of solution
= 40cm?’
Mass of solution

= 409 =



Enthalpy of Neutralisation

Number of moles of acid = cV
=2 x 0.02 = 0.04 moles

.,,stg )
rmed

Number of moles of water fo

: = 0.04
(since 1mole of HCI > 1mole of H,0)



Enthalpy of Neutralisation

0.04dmoles of water > 2.26kJ

1 mole of water > 2.26/0.04
=56.4kJ




CHEMICAL ENERGY

HESS'S LAW

The total enthal
Q reaction does

the Pathway it ¢
on its initial
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CHEMIC A " NERGY

HESS'S LAW

As long as you
start with the
Same reactant and
end with the same
Products the
enthalpy change
"] stay the Same
régardless of the

Féaction pathway.
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CHEMICAL ENERGY
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CHEMICAL ENERGY




CHEMICAL ENERGY




AL ENERGY

100

Calculate AH for the following reaction-

2C0(g) + Oy * 2C0y, AH=?

s Step 1. Manipulate given
ZC(‘)+ 02(9) ZCO@) AH =-221.0 kl equations to most closely

resemble equation of interesti

C)* Ozq) —> CO,, AH=-393.5k




CHEMICAL ENERGY

" Step 1. Manipulate given
2C(5)+ 02(9) AH =-221.0 k] equations to most closely

resemble equation of interest. |

C)t O2(g) — COz(g) =-393.5 kJ Perform same “operation”
on AH as on equation.

2C0,) =™  2C,+ 0y, AH=+221.0kl

If you “flip” equation, flip the sign on AH.




?

Step 1. Manipulate given
equations to most closely
resemble equation of interest. |

Perform same “operation” B
on AH as on equation.

2C0,) =™  2C,+ 0y, AH=+221.0k

If you “flip” equation, flip the sign on AH.



> 2C0O,, AH

_ Step 1. Manipulate given
2C,,)+ Oy, —> 2CO,,, AH=-221.0kl

equations to most closely i
resemble equation of interest. |

s [Cf$J+ O29) > CO,, AH=-3935 k.l] Perform same “operation” '

on AH as on equation.

2CO,) =™  2C+ 0y, AH=+221.0kl

2C,y)+ 20, =+ 2CO,,, AH = -787 kI

If you multiply or divide the chemical equation, multiply or divide AH by the same number.



Step 1. Manipulate given
2C,,)+ Oy, —> 2CO,, AH-221.0kl

equations to most closely
resemble equation of interest. I

2 [CI'SJ + Oz(g) Coz(g; AH =-393.5 k.l] Perform same “operation” --"

on AH as on equation.

2CO,) —™>  2C,+ 0y, AH=+221.0kl

2Cy)+ 20,,)=> 2CO,,, AH = -787 kI

If you multiply or divide the chemical equation, multiply or divide AH by the same number.



1ICAL ENERGY

2C0,, + Oy > 20, OH=

Step 2. Add “new” reactions together. gi8

2€0,, —>  2C, +0,, AH=+221.0K

+ 2C,+20,,=—> 200,, AH=-787K

2C0g) + 2Ci5+ 2005 —>2C(;+ Oyq) + 2C0y,) AH=-566 K




ICAL ENERGY

2C0g) * Oyg) > 200, BH=?

Step 3. Cancel out any compounds that are the same on both sides of the reaction arrow.

200, =  2C,+ 0y, AH=+221.0k

+ 2Cy+20,, =+ 200,, AH=-787kl

200+ 27+ 10,y = 28074, + 200y,

£




ICAL ENERGY

ZCO(Q) + OZ(Q) — ZCO AH - ?

2(g)

Step 4. Write new equation and double check to make sure it matches the equation of
interest.

2C0,, ==+ 2C,+0,, AH=+221.0Kk

g)

+ 20,+20,,=> 200,, AH=-787K

2C0(g + Oy 2005, AH=:3661d




ICAL ENERGY

ZCO(Q) + OZ(Q) — ZCO AH - ?

2(g)

Step 4. Write new equation and double check to make sure it matches the equation of
interest.

200, — 2C,+0,, AH=+221.0k)

+ 20,+20,,=> 200,, AH=-787K

2C0() + Oy 2C0, 4




CHEMICAL ENERGY
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Calculate AH for the following reaction- -

2N, 50y —>  2N,0q

HZ(g) 5 %OZ(Q) > HZO(/) AH = ‘2858 kJ

N,O

sig)+ H200) > 2HNO,, AH =-76.6 k)

N, .+ 30

29 302()* Hagg) > 2HNO,,, AH = -348.2 kJ




CHEMICAL ENERGY

Calculate AH for the following reaction-

2N+ 50 > 2N,04,

Hyp) + %20, AH =-285.8 kI

N,O

sig)t H20¢) - 2HNO,, AH =-76.6 kJ

N+ 30,5+ Harg - 2HNO,, AH = -348.2 k)




CHEMICAL ENERGY

Calculate AH for the following reaction-

2Nz(g) b 502(9)

Hyp) + 20,4, AH =-285.8 kI

N,O

s+ H20¢) AH =-76.6 kJ




_oesann
I

2N+ 50,

Hy g+ 7205 AH =-285.8 kJ

N,O

s T H20) AH =-76.6 kJ

Nyg)+ 30505+ Hag AH = -348.2 kI

4HNO,, AH = 153 kI

Hyp)* 720, AH =-285.8 kJ




ICAL ENERGY
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2N, + 50, > 2N,0q,, AR ST con

hlultiply by 2and

S

HZ(g) o Vzoz(g) —d HZO(I) AH =-285.8 k.l
N,051+ H,0y > 2HNO,, AH =-76.6 kI

4HNO,, > 2N205,g AH =153 kJ
2N,/ + 605, + 2H,,, AH = -696 kJ

et
y




MICAL ENERGY

>0;(4)

Hy g+ %20, AH =-285.8 kJ

N,O,+ H,0y AH =-76.6 kJ

Nyg)+ 30505+ Hapg) AH = -348.2 k)

4HNO3(U » 2N205(9)+ ZHZO(/) AH =153 kJ
2N, )+ 60,15+ 2Hy > 4HNO,, AH = -696 kI




CHEMICAL ENERGY

2NZ(g) = 502{9)

2N+ 60,4+ 2H57) - AH = -696 kJ
AH =572 kI

2~(1)
+

2N, + 50, AH =29 kJ




CHEMICAL ENERGY

-

2Nt 50y, > 2N,04,

4HNG, * 2N;0:0)* 2850
2Ny )+ 60y, + 2H57) > 4HNCT, AH = -696 kJ
240, > 250+ 05; AH=572k)

s

2Ny + 30y 2N;054)



Enthalpy change when M
a bond in gaseous |
Molecule js broken.

1(9)
Cl,(g) — 2C
Af—l = 243 kJmol"

b N




CHEMICAL ENERGY

It takes 243kJ
of energy to

break the bonds
Cl, (g) — 2ClI(g)

between al| the

AH = 243 kJmol1 CI molﬁye;cules_

B



CHEMICAL ENERGY

HESS'S LAW

nthalpy
gond E P W50

of energy to

Cl,(g) — 2CI(9) break the bongs

between a" th e

AH = 243 kJmol'  ¢i
molecules, |

=3

Makihg bonds releases
energy and is therefore
EXOTHERMIC




CHEMICAL ENERGY

H, (g) + Cl, (g) > 2HCI (9)

AH /kJmol-1 -

Broken bonds

675




CHEMICAL ENERGY

BO“d E“tha‘py AH,

H, (g) + Cl, (g) > 2HCI (9)

Broken made AH /kdmol-!



CHEMICAL ENERGY

HESS'S LAW
|
Bond Enthalpy AH>

H, (g) + Cl, (g) > 2HCI (9)

1. Determine the number and
type of bonds BROKEN |
2_petermine the number and |

type of bonds FORMED i



CHEMICAL ENERGY

H, (g) + Cl, (g) > 2HCI (g)

AH /kJmol' |

Broken made |

Two bonds are being
FORMED here



CHEMICAL ENERGY

HESS'S LAW
|
Bond Enthalpy AH>

H; (9) *+ Cl; (9) 2 2HCI (9)

AH = total bonds broken 4+ total bonds made

- 675 + (-864) = =1 89kJmol’



QUESTIONS

Cl, 99 + H,O0
| i i
20 (1) & CI (aq) ¥ ClO" (aq) + 2H" (aq)

g is least likely
f equilibrium?

sl < P i | e
QR - o Ty
L e =
3 ¥ e

Which of the followin
to alter the position o

a)NaOH (aq)
b)NaBr (s)
c)HCI (aq)
d) KCI (s)




QUESTIONS

Cl, 9 + H,0
| i i
20 (1) & CI (aq) ¥ ClO" (aq) + 2H" (aq)

g is least likely

Which of the followin
f equilibrium?

to alter the position o

a)NaOH (aq)
b) NaBr (s)
c)HCI (aq)
d) KCI (s)




QUESTIONS

Using enthalpies of formation AH?
(ethyne)

3C,H, (g) 2 C.H; (1)

a) AH = 107 kJmol*
b) AH = +632 kJmol-*
c) AH = -632 kdmol-1
d) AH = -204 kJdmol-1




QUESTIONS

Using enthalpies of formation AH?
(ethyne)

3C,H, (9) 2 CcHg (1)

a) AH = 107 kdmol-1
b) AH = +632 kJmol-*
c) AH = -632 kdmol-1
d) AH = -204 kJmol-*




