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Evrenin incelenmek Uzere secilen bolimune sistem adi verilir.
Sistem disinda kalan evren parcasina ¢evre adi verilir.
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Eneriji is yapabilme kapasitesidir. Bir kuvvetin bir yol boyunca etkimesi bir is yapar.

Haraketli cismin enerjisine kinetik enerji denir.

Potansiyel enerji, cisimler arasindaki itme ya da cekme kuvvetlerinden veya
konumundan ve bilesiminden ileri gelen bir enerji cesididir.



Is1 sicaklik farkindan ileri gelen enerji alisverisidir.
Sicak bir cisimden soguk bir cisme enerji aktarimi isi seklinde olur.

Units of Heat
Calorie (cal)

The quantity of heat required to change the
temperature of one gram of water by one
degree Celsius.

Joule (J)
ST unit for heat

l cal=4.184]



Heat Capacity

The quantity of heat required to change the
temperature of a system by one degree.

Molar heat capacity.
System is one mole of substance.
Specitic heat capacity, c.

q= mcAT
System is one gram of substance
Heat capacity
= CAT
(Mass of system) X specific heat. q C

maddenin kitlesi (g) x 6zgll 1s1 (c) = C (1s1 kapasitesi)

Ist miktari (q) =mxcxdeltaT=CxdeltaT

Specific heat capacity (c) = 6zgul 1s1 kapasitesi =6zgl i1si



Law of conservation of energy

In interactions between a system and its
surroundings the total energy remains constant—
energy is neither created nor destroyed.

=0

qsysrem + qsurmundings

qsysrem - 'qs;l,u‘mundings
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A FIGURE 7-3
Determining the specific heat of lead — Example 7-2 illustrated

Solve
First, use equation (7.5) to calculate q,, ster-

418]

X (28.8 — 22.0)°C = 1.4 X 10°
T (28.8 — 22.0)°C = 1.4 X 10°]

Gwater = 0.0 g water X

From equation (7.8) we can write

fiead = —Gwater = =14 X 10°]
Now, from equation (7.5) again, we obtain
(feag = 150.0glead X specific heat of lead X (28.8 — 100.0) °C = —1.4 X 10?]
-14 % 10%] B -14 x 10°]
150.0 glead x (288 — 100.0)°C  150.0glead X -712°C

specific heat of lead = =013)g'°c™!



Bomb Calorimetry

Thermometer
Wire for ﬂj
ignition Stirrer
Uixn = ~Yeal
Water Jeal = 9 bomb +q water +q wires T
Reactants
: Define the heat capacity of the
Steel bomb . calorimeter:
ear = a‘,\:";miciAT = CcalAT
A FIGURE7-5

A bomb calorimeter assembly



Example 7-3

Using Bomb Calorimetry Data to Determine a Heat of Reaction.

The combustion of 1.010 g sucrose, in a bomb calorimeter,
causes the temperature to rise from 24.92 to 28.33°C. The
heat capacity of the calorimeter assembly is 4.90 kJ/°C,

(a) What is the heat of combustion of sucrose, expressed in
kJ/mol C,H,,0,,

(b) Verity the claim ot sugar producers that one teaspoon ot
sugar (about 4.8 ¢) contains only 19 calories.



Example 7-3

Calculate

q calorimeter:

4. = CAT = (4.90 kJ/°C)(28.33-24.92)°C = (4.90)(3.41) kJ
=17 Kkl

Calculate q,.,,:
Qo = Qe = -17.7 kI per 1.010 g



Example 7-3

Calculate q,,, in the required units:

Uexn = ~Yeal =_l7.7 = =-17.5 l\l/g
471010 ¢
3433 ¢
= - 5 o
Qrxy = -17.5 klVg 1.00 mol

=-5.75 % 103 kJ/mol

Calculate q,., for one teaspoon:

4.8 ¢ 1.00 cal
= (-17.5 kl/ o = -19 cal/ts

(a)

(b)



The “Coffee-Cup” Calorimeter

[ A simple calorimeter.
“___ Well insulated and therefore isolated.
h“‘""———"“i Measure temperature change.
| —_ =]
I'-I,_____ ___FH1J|
I I
'| I|'
I —
I| III Urxn = “Yeal
IIL.______F_JI

A FIGURET7-6

A Styrofoam “coffee-cup” calorimeter
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7-4 Work

P In addition to heat effects

aim

chemical reactions may
also do work.

atm

Gas formed pushes
against the atmosphere.

The volume changes.

Pressure-volume work.

A FIGURE7-7 lllustrating work (expansion) during the chemical reaction
2 KCIO,(s) —=> 2 KCI(s) + 3 0,(g)
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w=Fxd
=(mXg) X Ah

Water bath

— (m_Xg) X Ah X A

A
=PAV
W= extAV
State | State 2
A FIGURE7-8

Pressure-volume work
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IC ENERIJI: Bir sistemin kinetik ve potansiyel enerijilerinin toplamidir.

INTERNAL ENERGY

Ep (atom)
Energy due o
altraction
between
nucleus and
electrons;
repulsion
between
electrons

Ep (bona)
Energy cue to
attraction
between
nuclei and
shared
electrons

Eqp (nuctel)
Energy due to
attraction
between
particles

in nucleus

I. Electronic Energy
2. Rotational Energy
3. Vibrational Energy

4. Translational Energy
E=E +E +E +E

E k (translation)
Energy due

to motion of
molecule
through space

E K (retation)
Energy due

to motion of
each atom
around its
center of mass

E k (vibration)
Energy due to
back-and-forth
motion of each
pair of atoms

Oteleme E

Donme E

Titresim E



The First Law of Thermodynamics

A system contains on/y internal energy.

A system does not contain heat or work.

These only occur during a change in the system.

Law of Conservation of Energy

The energy of an isolated system 1s constant




The First Law of Thermodynamics

An isolated system is unable to exchange either
heat or work with its surroundings, so that
AU, .q SYStem = 0, and we can say:

The energy of an isolated system is constant.
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Sistemden ¢ikan enerji - isaretlidir. Sisteme giren enerji + isaretlidir.

Surroundings Surroundings

A FIGURE 7-10
lHlustration of slgn conventions used in thermodynamlcs
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7-6 Heats of Reaction: AU and AH

Reactants — Products

ﬂU = Uf- Ui
AU =q, +w

In a system at constant volume (bomb calorimeter):

AU=q,,+0=q,,=q,

But we live in a constant pressure world!
How does q relate to q,?
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Initial state

Initial state

Internal energy

Y

W

&
|

o P

Final state
AU = gy,

(a)

A FIGURET7-13

Final state |
AU = gp +w

(b)

Two different paths leading to the same internal energy change in a system
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Heats of Reaction
gv=¢gp+W
We know that w = - PAV and AU = g, therefore:
AU = gp - PAV
gp =AU+ PAV
These are all state functions, so define a new function.
Let enthalpy be H=U+PV
Then AH=H— H,= AU+ APV

If we work at constant pressure and temperature:

AH = AU + PAV = ¢,




Comparing Heats of Reaction

= <di= gv=AU= AH - PAV
Sabit hacim: J.» :
i I -— v . ‘ft’ =-563.5 kJ/mol
s yapiimiyor. SO == e Ly,
) ¢ 8 5

w=PAV=PV,-V)

Sabit basing: . | ' = RT(n;— n;)
Cevre sisteme is <= i = I
yapar ve sistem

_ H— =-2.5Kkl]
daha kuguk bir @ ool =

. . pressure Heat
® Q0 . gp =AH
hacme sikistirilir. «®e ¢ 4§ I
Sabit hacimdeki for oy = -566 kJ/mol
. . Ih

tepkimeye gore
daha fazla isi A FIGURE7-14
acl éa Cl kar. Comparing heats of reaction at constant volume and constant pressure for

— tPg7reaction 2CO(g) +20,g) — 2CO,Q)
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Products

&

AH =0

Enthalpy

Reactants

Endothermic
reaction

A FIGURET-15
Enthalpy Diagrams

Products

AH <0

Enthalpy

Reactants

Exothermic
reaction
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Hal Degisimlerinde Entalpi Degisimi

Mol buharlasma entalpisi:

H,0 (1) > H,0(g)  AH=44.0kJ at 298 K

Mol erime entalpisi:

H,O (s) - H,O(l)  AH=6.01kl at273.15 K




Standard States and Standard Enthalpy Changes

Define a particular state as a standard state.

Standard enthalpy of reaction, AH’

The enthalpy change of a reaction in which all
reactants and products are in their standard
states.

Standard State

The pure element or compound at a pressure of
| bar and at the temperature of interest.




AH bir

kapasite
ozelligidir.

Tepkime
tersine

dondiginde
AH n isareti
degisir.

7-7 Indirect Determination of AH:
Hess's Law

* AH is an extensive property.

Enthalpy change is directly proportional to the amount of
substance in a system.

N,y(2) + Oy(g) - 2NO(g)  AH°=+180.50 kJ

15N, () + 40,(2) - NO(g)  AH °=+90.25 kI

* AH changes sign when a process is reversed

NO(g) - ¥aN,(g) + ¥20,(g)  AH°=-90.25k]



Hess’in
tepkime

Istlarinin
toplanabilirligi
yasasl

e Hess’s law of constant heat summation

15N, (g) + O,(g) - W+ Yy 2 (2) AH® = +90.25 kJ

y)@ +1597(2) - NO,(g) AH °=-57.07 k]
N, (2) + O,(2) > NO(2) AH °=+33.18 k]

If a process occurs in stages or steps (even hypothetically),
the enthalpy change for the overall process is the sum of the
enthalpy changes for the individual steps.




Standard Olusum Entalpisi

o

7-8 Standard Enthalpies of Formation AH;

The enthalpy change that occurs in the formation of
one mole of a substance 1n the standard state from
the reference forms of the elements in their standard

states.

The standard enthalpy of formation ot a pure
element in its reference state 1s 0.




TABLE 7.2 Some Standard Molar Enthalpies of Formation,

AHP at 298.15K

Substance kJ/mol? Substance kJ/mol®
CO(g) —110.5 HBr(g) —36.40
COy(g) —393.5 HI(g) 26.48
CH.(g) ~74.81 H,0(g) ~241.8
C,Hj(g) 226.7 H,O(1) —285.8
CoHu(g) 52.26 H,S(g) —20.63
C3H3(g) —-103.8 NO(g) 90.25
C4Hm(g) —125.6 NQO(g) 82.05
CH;OH(I) —238.7 NO»(g) 33.18
C,H;0H(1) -277.7 N2O4(g) 9.16
HF(g) —271.1 SO, (g) —296.8
HCl(g) —un SOs(g) —395.7
4Values are for reactions in which one mole of substance is formed. Most of the data have

been rounded off to four significant figures.



Standard tepkime entalpilerinden tepkime isisinin hesaplanmasi:

AH® = 2v AH"(products) - 2.v AH®(reactants) (7.21)



lonic Reactions in Solutions

H*(aq) + OH (aq) — H,0(1) AH° = —558k] (7.22)

AH® = 1mol HyO X AH{[H,O(1)] — {Imol H" x AHf[H"(aq)]
+ 1mol OH™ x AH[OH (aq)]} = —55.8Kk]
AH{[OH (aq)] =
55.8k] + (1 mol H,O X AH{[H,O(1)]) — (1 mol H X AHf[H*(aq)])

1 mol OH™

55.8k] — 285.8K] — 0kJ

AH{[OH (aq)] = T on = —230.0 kJ/mol OH"




TABLE 7.3 Some Standard Molar Enthalpies of Formation, AH{

of lons in Aqueous Solution at 298.15 K

lon kJ/mol lon kJ/mol
H* 0 OH™ —230.0
Lit —278 5 Cl™ —167.2
Na* —240.1 Br~ -121.6
K* 2524 I~ —55.19
NH,* 1325 NO;~ —205.0
Ag* 105.6 CO5%~ —677.1
Mg** ~466.9 s 33.05
Ca** —542.8 SO, —909.3
Ba®" —537.6 S,05% —648.5
Cu®' 64.77 PO, —1277

AT —531




