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Termodinamikte temel kavramlar:
Sistem ve Cevre

SISTEM:
*Sistem: incelenecek alanin hepsidir.

Incelemekte oldugumuz kimyasal bir
tepkimede tepkimeye girecek bilesik ve
molekullerin tamami sistemi olusturur.
CEVRE:

*Incelenecek alan (tepkime vs) disinda
kalan hersey cevredir.

Piston ve silindir kap cevreyi olustururken kap icerisindeki
oksijen ve hidrojen molekdlleri sistemdlir.
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Enerji
Isi transfer etme veya is yapabilme
kapasitesine Enerji denir.
Durum Fonksiyonudur, Son bulunulan duruma
gore aciklantr.
> Is: kitlesi olan bir cisimi hareket ettirmek icin
enerji kullanilmasidir.
» Isi: Bir cisimin sicakligini arttirmak Uzere enerji
kullaniimasidir.
Potansiyel Enerji : Bir cismin konumu veya
kimyasal kompozisyonu (icerigi) sebebiyle
sahip oldugu enerijidir.
Kinetik Enerji:  Bir cismin  hareketliligi
sebebiyle sahip oldugu ener;jidir.

Enerji Birimleri

Enerji Birimi Sl sistemine gore joule (J).
Yaygin olarak kullanilan ve Sl birimi olmayan
Enerji birimi kaloridir: calorie (cal).

<
@D

Potansiyel Enerji
Kinetik Enerji
@fﬂ' g
X0
kg m?
1d=1 g_
82
1cal=4.184 J
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Enerjinin Donusturulmesi

a) PE: potansiyel enerji. Plastik topun yerden
alinarak tugla duvar uzerine konmasiyla PE artar.

b) Topun sahip oldugu PE diusmeye basladiginda
KE’ye ¢evrilir.

c) Top yere carptiginda KE sifirlanirken (hareket
etmedigi icin) bu enerjinin bir kismi PE olarak
saklanirken diger kismi ise 1s1 (Q) olarak agiga
cikar
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Termodinamigin ilk yasasi

Enerjinin korunumu yasasi: Enerji ne yaratilir ne de yok edilir ancak farkli
formlari arasinda donusum olabilir.

Termodinamigin ilk yasasi=Evrenin toplam enerijisi sabittir:
» Sistem Enerji kaybederse bu enerji gcevre tarafindan alinmistir
» Sistem Enerji kazanirsa bu enerjii cevreden alinmistir.

ic (Internal) Enerji (E) Sistemi olusturan herseyin Kinetik ve potansiyel
Enerjilerinin toplamidir:

» AE = Eg — Ey

A

T Ik durum Son
L (initial) L durum
= = (Final)
E Einitial ‘g } El'inal
L L]
=y Efinal < Einitial | Enerji Cevreye < e SE . Enerji Cevreden
T son Verilir (kayip) T | ik durum AE>0 Alinir (Kazang)
&  durum & | (initial)
£ (Final) £

| Efinal Einitial

Sistem E Azalir - Sistem E Azalir
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Durum Fonksiyonlari

Genellikle sistemin i¢ enerjisinin ne oldugunu bilmemize imkan yoktur. Bu hesaplamayi

yapmak olduk¢a zordur.

Ic Eneriji bir durum fonksiyonu oldugundan son duruma gelinceye kadar kat edilen yoldan

bagimsizdir ve hesaplamalar durum degisikligine gore yapilabilir.

Oda i1sisindaki suyun i¢ enerijisini bilmek igin suyun hangi durumdan bu son duruma gelmis

oldugunu bilmek yeterlidir.
AE sadece E,;, ve E.  degerlerine bagimlidir ve bu E bilgileri kullanilarak hesaplanir
» AE = Egng — Ei

g 50¢g 50¢g
H,O (1) H,0O () H,0 (s)
100°C 25°C 0°C

Sogutma Isitma

> l < ]
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—).

Internal (i¢) Enerji, E

—>.

Internal (ic) Enerji, E

Hj(g), Oa(g)

A

AE >0

HO(1)

Hj(g), O2(g)

AE <O

H,O(])

Suyun olusum ve parcalanmasinda
E degisimi

» Sistem cevreden E absorblar.
» Bu enerji degisimine
ENDERGONIK degisim denir.

» Sistem cevreye E salimi yapar
» Bu enerji degisimine
EGZERGONIK degisim denir.
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Sistem

AE >0

Ic Enerjideki Degisimler

ISI qg>0
Cevre
s w>0

Cevre ve sistem arasinda bir enerji
aligverisi oldugunda bu ya ISI (q) ya
da IS (w) olarak gerceklesir:
AE=qg+w

is (W) ve Isi (q)

IS (w): Bir cismin belirli bir mesafede

hareket  ettiriimesi  i¢cin  ener;i
kullaniimasidir.
w=F xd,

kuvvet, d: kuvvetin uygulandigi
mesafe (yol)

IS (q): sicakhk degisimidir. Daha
sicak bir cisimden daha soguk cisme
transfer s6z konusudur.
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AE=q+w

AE = Sistemin Igenerjisindeki degisimdir, Durum fonksiyonudur.
Ancak g ve w durum fonksiyonu degildir!
q = Sistem i¢i veya disina akan Isi Enerjisi

-q Ise sistemin E cevreye salinir

+q Iise sistemin E ¢evreden alinir

w = sisteme veya sistemce yapilan is

-w Ig sistem tarafindan cevre uzerinde yapilmistir
+w is gevre tarafindan sistem uzerinde yapilmistir
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IS ve ISI
*Sarj edilebilir pil 6rneginde eger pil vantilatort calistirmak igin
harcaniyorsa veya pil su isiticisinda kullaniliyorsa

» Her iki durumda da AE aynidir.

» Ancak q ve w her iki durumda da farklidir.

— 0000000 — ]
Sarj edilmis
Iél
1Sl HE AE K T)i”tr:.w
i aybettigi
Ll Enerji
Sarj bitmis
(Desarj)
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Cross-sectional

Initial area = A Final
state state
Piston —é’\
= o) ]
\’/- ﬂ\\"‘ -
/:__',__',/"‘\\. Ny = e
% L \
Zn c{ \
rf |
| ‘J

- ~HCl solution
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F/A I §

« Acik bir kapta gerceklesen islemde
yapilan tek is genellikle buharlasan
maddenin gevreye gecisiyle
cevreye dogru is yapllir.

« Piston modelinde yapilan is

Volume o« P=f/A=>f=PxA

Ah
i

P . Ah=AV=dxA
o -W=fxd=(PxA)xd=PAV
« W=-PAV
* Buyuzden ig igin P.V isi denir.
L, —
ahniéphere ' W= — P A V
\? I

' HCI solution
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« AE», «g» ve «w» nin yoni ve anlami

+q : sistem i1s1 alir

-q : sistem isi verir

+w : sistem Uzerinde is yapilmistir

-w : ig sistem tarafindan yapilmistir
+AE : sistemin kazandigi net enerji
-AE : sistemin kaybettigi net enerji
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Entalpi

Bir islem sabit basinga gerceklesiyorsa ve sadece P-V isi yapiliyorsa, isi
akisini olgmemiz mumkundur ve buna entalpi (H) denir

H=E+ PV

Eger sistemdeki degisim sabit basing altinda oluyorsa entalpi degisimi, AH.:
AH = A(E + PV)

Bu esitlik daha acgik ve net yazilirsa:
AH = AE + PAV

AE =q + wve w=-PAV oldugundan esitligin yerine koyarsak:
AH = AE + PAV
AH = (g+w) - w
AH=q

Boylece sabit basing altinda gergeklesen entalpi degisimi alinan veya
verilen 1siya esittir.
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Endotermik ve Ekzotermik olma durumlari

(;evrg
Sistem l' . Bir islevde AH is pozitif ise
s endotermiktir.

(Endothermic)

Cevre

Sistem

* Birigslevde AH is negatif ise
ekzotermiktir.

AH <0
(Exothermic)
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epkimelerin Entalpisi

AH tepkime entalpisi veya tepkime isisi adini alir.

AH = H.

urunler tepkenler

CHy(g) + 2 0,(9) 2 Hy(g) + Ox(g)

A
AHl = AHZ - AH <0
—890 kJ 890 kJ ekzotermik
:%‘ ekzotermik endotermik
= y Y
. 2 H,0(g)

COy(g) + 2 HyO(!)

Dog. Dr. yasemin G. ISGOR link: http://80.251.40.59/ankara.edu.tr/isgor/index.html



The Truth about Enthalpy

1. Enthalpy is an extensive property.

2. AH for a reaction in the forward
direction is equal in size, but opposite
in sign, to AH for the reverse reaction.

3. AH for a reaction depends on the state
of the products and the state of the

reactants.
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Kalorimetre

CHy(g) + 2 Oq(g)

A

AHl - AHZ -
—890 kJ 890 k]

Y

Enthalpy

; Motorized
A
_ + — 1 Electrical leads
| " for igniting
| =

sample

) /Insulated
/ container

g O, inlet
Bomb (reaction
' chamber)

_~Fine wire
in contact
with sample

—Cup holding
\. sample

Water

Since we cannot know the exact enthalpy of the reactants
and products, we measure AH through calorimetry, the

measurement of heat flow.
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Heat Capacity and Specific Heat

* |si sigasi: the temperature of a
substance by 1 K (1°C) is its heat
capacity.

» We define specific heat capacity (or
simply specific heat) as the amount of
energy required to raise the temperature
of 1 g of a substance by 1 K.
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Heat Capacity and Specific Heat

Specific heat, then, is
heat transferred

Specific heat =
mass x temperature change

q
mxAT
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Constant Pressure Calorimetry

Thermometer

By carrying out a

__Glass stirrer reaction in agueous
H solution in a simple
P . I"/Cork stopper _ _
N calorimeter such as this

one, one can indirectly
measure the heat
change for the system
by measuring the heat
N Lo Styrofoam® change for the water in
cups nested the calorimeter.

together containing
reactants in solution
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Constant Pressure Calorimetry

_‘/Thermometer
s sticos Because the specific
/ .
o heat for water is well
ork stopper
e~ wP known (4.184 J/mol-K),

o -.—.' e 71 _f’
we can measure AH for

the reaction with this
equation:

g=mxSxAT
D

Two Styrofoam®
cups nested
together containing
reactants in solution
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Bomb Calorimetry

Reactions can be
carried out in a
sealed “bomb,” such
as this one, and
measure the heat
absorbed by the
water.

\ Motorized
i | stirrer
1 _ Electri
- + — ectrical leads
L for igniting
|

sample

/ container
O, inlet

‘ Bomb (reaction
° chamber)

' _Fine wire
in contact
with sample

: Cup holding
sample

Water
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Bomb Calorimetry

Because the volume
In the bomb
calorimeter is
constant, what is

measured is really the

change in internal
energy, AE, not AH.

For most reactions,
the difference is very
small.

. __~Motorized

| stirrer
ﬂ_]_/_'/ Electrical leads

‘ for igniting

1 sample
Il

1 —Thermometer

-4 = Insulated
container

02 inlet

Bomb (reaction
~ chamber)

' _-Fine wire
in contact
with sample

~—Cup holding
\_ sample

Water
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Bomb Calorimetry

Compounds
[ Benzoic Add
500 mg 1000¢g
Mass Mass of
Benzoic Add Water in
Calormeter
(=

The heat capacity of the
calorimetervessel is 420JC

Temperature Change

297

20!

0 Time (minutes) 5




Hess’s Law

* AH Is well known for many reactions,
and it is inconvenient to measure AH
for every reaction in which we are
Interested.

 However, we can estimate AH using
AH values that are published and the
properties of enthalpy.

Dog. Dr. yasemin G. ISGOR link: http://80.251.40.59/ankara.edu.tr/isgor/index.html



Enthalpy

Hess’s Law

CHy(g) +204(8)

AH, = —607 k]

COlg) - 2H,00) + 10,(9)

AH, = —283 k]

Y Y

Hess’s law states that
“If a reaction is carried
out in a series of
steps, AH for the
overall reaction will be
equal to the sum of
the enthalpy changes
for the individual
steps.”
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Enthalpy

Hess’s Law

CHy(g) +204(8)

AH, = —607 k]

COlg) - 2H,00) + 10,(9)

AH, = —283 k]

Because AH is a state
function, the total
enthalpy change
depends only on the
initial state of the
reactants and the final
state of the products.
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Enthalpies of Formation

An enthalpy of formation, AH,, is defined
as the enthalpy change for the reaction
in which a compound is made from its
constituent elements in their elemental
forms.
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Standard Enthalpies of Formation

Standard enthalpies of formation, AH,, are
measured under standard conditions (25° C
and 1.00 atm pressure).

Substance Formula AH? (kJ/mol) Substance Formula AH? (k] /mol)
Acetylene CoHo(Q) 226.7 Hydrogen chloride HCl(g) —92.30
Ammonia NH3(g) —46.19 Hydrogen fluoride HF(g) —268.60
Benzene CeHg(D) 49.0 Hydrogen iodide HI(g) 25.9
Calcium carbonate CaCOs(s) -1207.1 Methane CHy(g) —74.80
Calcium oxide CaO(s) —635.5 Methanol CH3O0H()) —238.6
Carbon dioxide COs(9) —393.5 Propane C3Hg(g) —103.85
Carbon monoxide CO(g) =7105 Silver chloride AgCl(s) -127.0
Diamond C(s) 1.88 Sodium bicarbonate NaHCOj5(s) —947.7
Ethane CoHg(g) —84.68 Sodium carbonate Na,CO5(s) 1 - 130.9
Ethanol C,HsOH()) —277.7 Sodium chloride NaCl(s) —410.9
Ethylene C2H4(g) 52.30 Sucrose C 1 zH 2201 1 (S) —2221
Glucose CeH1204(s) ~1273 Water H»O() —285.8
Hydrogen bromide HBr(g) —36.23 Water vapor H,0(g) —241.8
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Calculation of AH

* Imagine this as occurring
in 3 steps:

CiHg(g) — 3 C(graphite) +4 H,(g)

3 C (graphite) + 4 Ha(g) + 5 0,(g)

1
+103.85 k]

A

: Elements

! ]
i (1) Decomposition E (2)Formation of 3 CO,

1 CHy(g) + 5 0s(g) |

Enthalpy ——

1 AH, = —1181 k]
Reactants :

|
§3 CO(g) + 4 Hy(g) + 2 On(g)
I

I
: @ Formation of 4 H,O

)
| AH; = —1143 k]

} 3CON9) +4H00)

Products
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Calculation of AH

* Imagine this as occurring
in 3 steps:

CiHg(g) — 3 C(graphite) +4 H,(g)
3 C(graphite) +3 O, (99— 3 CO, (9)

3 C (graphite) + 4 Hy(g) + 5 O(g)

A

+103.85KJ |

- Elements :
1

: ]
i (D) Decomposition y (2) Formation of 3 CO,
]

| CHy(g) + 5 0(g) |

Enthalpy ——

1 AH, = —1181 k]
Reactants

i
i
I
i
I
I

A

3 CO,(g) + 4 Hy(g) +20,(g)

I
: @ Formation of 4 H,O

)
| AH; = —1143 k]

} 3CON9) +4H00)

Products
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Calculation of AH

3 C (graphite) + 4 Hy( g)l+ 50,(8)
* Imagine this as occurring oy Hemes

. ﬁé{ss g i @Decomposition : @ Formation of 3 CO,

In 3 steps: 1 icaH;(gc; 5049 JOR—
Ci;Hg(g) — 3 C(graphite) +4H,(9) £| oo 3CO4g) + 4T + 2049

5| L : |
3 C(graphite) + 3 02 (g) N 3 C02 (g) E@Formahonof4H20
| AH; = —1143 kJ
4 H,(@)+20,(g—— 4 H0 (@ | 3coyg) +4H,00) |
Products
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Calculation of AH

3 C (graphite) + 4 Hy(g) + 5 O4(g)
* The sum of these T Henens |
e q uations iS: ﬁéfss l(Ji(DDecc»mposition E@Formation of 3CO,
\CoHls() +50u(9) | 0
1 Reactants g R J
C3H8 (g) — 3 C(graphlte) + 4 H2 (g) ;S AH = ;3C:02(8)+4H2(8)+202(8)
g | —2220K] ! |
3 C(graphlte) + 3 02 (g) > 3 C02 (g) E@Formahonof4H20
| AH; = —1143 kJ
4 H,(g) +2 O, (g)—> 4 H,O () | 300, +4H,00 |
Products

CsHg (9) + 5 O, (9)——> 3 CO, (g9) +4 H,O ()
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Calculation of AH

We can use Hess's law in this way:

AH=%2n AHR -2m AH?(reactants)

products)

where n and m are the stoichiometric
coefficients.
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Calculation of AH
AH = [3(-393.5 kJ) + 4(-285.8 kJ)] - [1(-103.85 kJ) + 5(0 kJ)]

Enthalpy
; o
I

3 C (graphite) + 4 Hp(g) + 5 Oy(g)

f Elements :
I

! i
e—lli(}::SS 1 3 @Decomposition E @Formation of 3 CO,

1

1C3Hg(¢) + 50 :

L Cotls(g) 28) | AH, = —1181 k]
Reactants

:

|

13 COx(g) + 4 Hy(g) + 2 Ox(g)
1

—2220 k] l _
: (3) Formation of 4 H,O
I
i AH; = —1143 kJ

v 3COs(g) +4HO() |

Products
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Energy in Foods

Most of the fuel in the
food we eat comes
from carbohydrates
and fats.

Approximate Composition (% by mass) Fuel Value

Carbohydrate Fat Protein kJ/g kcal/g (Cal/g)
Carbohydrate 100 - - 17 4
Fat = 100 = 38 9
Protein — — 100 17 4
Apples 13 0.5 0.4 2.5 0.59
Beer’ 1.2 - 0.3 1.8 0.42
Bread 52 3 9 12 2.8
Cheese 4 37 28 20 4.7
Eggs 0.7 10 13 6.0 1.4
Fudge 81 1 2 18 4.4
Green beans 7.0 - 1.9 1.5 0.38
Hamburger - 30 22 15 3.6
Milk (whole) 5.0 40 33 3.0 0.74
Peanuts 22 39 26 23 5.5

"Beers typically contain 3.5% ethanol, which has fuel value.
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The vast majority
of the energy
consumed In this
country comes
from fossil fuels.
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Fuels

Approximate Elemental
Composition (mass %)

C H (@) Fuel Value (kJ/g)
Wood (pine) 50 6 44 18
Anthracite coal (Pennsylvania) 82 1 2 31
Bituminous coal (Pennsylvania) 77 5 7 32
Charcoal 100 0 0 34
Crude oil (Texas) 85 12 0 45
Gasoline 85 15 0 48
Natural gas 70 23 0 49
Hydrogen 0 100 0 142
Renewable
Nuclear energy (6.3%)
(8.2%)
Coal Petraleum
(22.5%) _(#0.0%)

Natural gas (23.0%)
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Endothermicity and

Surroundings

System ’

Heat

Surroundings

System

Heat

AH <0
(Exothermic)

Exothermicity

Qevre

A process is "

endothermic wr \ﬁ
AH s positive. I

A process IS (End?)gleix?lic)
exothermic whe Cevre

AH 1s negative. | sistem

AH <0
(Exothermic)
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