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Chapter 8

제8장 열화학
Thermochemistry
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열흐름의기본원리

• 열흐름의방향과크기
• 측정방법 : 열계량법

엔탈피

• 엔탈피의개념과엔탈피변화
• 반응에서의 ∆H

열화학방정식

열역학제1법칙
열과다른형태의에너지와의관계
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Energy

“Capacity to do work”

Kinetic Energy      “Energy of motion”
Mechanical
Thermal 
Electrical
Radiant

Potential Energy    “Energy due to position”
Gravitational
Electrostatic
Chemical
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8.1   열화학(Thermochemistry)

기본개념

칼로리

열화학방정식
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8.1   기본개념

정의:
계(system)
주위(surroundings)
상태함수(state property)
비열(specific heat)

열흐름(heat transfer) 기본방정식:
q = m × c × ∆t

(c = specific heat unit :J/K·g  or J/°C·g)
C= m × c : heat capacity
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예제)

원래 20°C인 15.0 g 의물 (c = 4.18 J/g ⋅ °C), 에 652 J 의열을
가했다면최종온도는?

∆t = = 10.4°C ;   final t = 30.4°C

•열이계에의해흡수되면(q>0), 온도는증가하고;  열이
주위로방출되면(q<0)온도는감소함. 

•반응열

652 J
4.18 J/g ⋅ °C × 15.0 g
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8.2   엔탈피(Enthalpy)

엔탈피
qp = ∆H =(Hfinal –Hinitial)

일정한압력하에서반응열 = 엔탈피의차

흡열반응
q = ∆H > 0

발열반응

H2O(s) → H2O(l)

CH4(g)  +  2O2(g)  
→ CO2(g)  +  2H2O
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8.3   열흐름의측정; 
열계량법(Calorimetry)

Coffee cup 열량계:

∆H of the reaction = -q water (q 반응= -q 열량계)

반응에서방출된열은커피컵의물에흡수됨.

412 g 의물에열이흡수되어온도가 20.12 에서 29.86°C로
상승했다면 ∆H는얼마인가 ?

q water = 4.18  × 4.12 g × 9.74°C = 1.68 × 103 J

∆H = –1.68 kJ

J
g⋅°C
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열계량(계속)

봄베열량계(Bomb calorimeter): 금속과그주변의물에의해
열이흡수됨

봄베열량계의방정식:

q 반응 = -q 열량계
= -(C열량계) × ∆t

단, C열량계 봄베와물의
총열용량 : 실험적결정
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봄베열량계안에 1.60 g CH4을넣고연소하였더니온도가

5.14°C 상승하였다. (Ccalorimeter = 17.2 kJ/°C)  반응열은?

q 반응 =-17.2 kJ/°C × 5.14°C  = -88.4 kJ
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8.4  열화학반응식(Thermochemical Equations)

반응물과생성물의질량관계와엔탈피 관계표시

H2(g) + Cl2(g) → 2HCl(g);  ∆H= -185 kJ
2 몰의 HCl이형성되는데 185 kJ 의열이방출됨

2HgO(s) → 2Hg(l) + O2(g); ∆H= +182 kJ
2 몰의 HgO가분해하기위해서는 182 kJ 의열이반드시
흡수되어야함.
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열화학법칙1 
∆H은반응물과생성물의양에비례

예1) 1몰의얼음이녹을때 6.00 kJ 의열이흡수됨, ∆H = +6.00 kJ. 

1g의얼음이녹을때, ∆H = = 6.00 kJ/18.02 = +0.333 kJ. 

예2)        H2(g) + Cl2(g) → 2HCl(g)  ∆H = -185 kJ

1.00 g 의 Cl2이반응할때:

∆H = 1.00 g Cl2 × × = -2.61 kJ1 mol Cl2

70.90 g Cl2

-185 kJ
1 mol Cl2
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열화학법칙2 : ∆H정반응 = - ∆H역반응

예3)

H2O(s) → H2O(l) ;  ∆H = +6.00 kJ;  6.00 kJ 흡수됨

H2O(l) → H2O(s) ; ∆H = -6.00 kJ;  6.00 kJ 방출됨
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열화학법칙 3 :  Hess의법칙

Hess의법칙:
반응 1 + 반응 2 = 반응 3   이라면, 
∆H3 = ∆H1 + ∆H2

•전체반응의 ∆H과나머지과정의 ∆H 를알면, 한과정의 ∆H 를계산할수
있음 :   ∆H는반응경로에무관

예)C(s) + 1/2O2(g) → CO(g) ∆H1 = ?
CO(g) + 1/2O2 (g) → CO2(g) ∆H2 = -283.0 kJ
C(s) + O2(g) → CO2(g) ∆H3 = -393.5 kJ

∆H1 = -110.5 kJ
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예)
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8.5  생성열(Heats of Formation)

생성엔탈피(∆Hf°) : 각각의안정한원소로부터그화합물
1몰이생성될때 ∆H

2Ag(s) + Cl2(g)  → 2AgCl(s) ∆H° = -254.0 kJ

∆Hf° AgCl(s) = -127.0 kJ

HgO(s) → Hg (l)  + 1/2O2 (g) ∆H° = +90.8 kJ

∆Hf° HgO(s) = -90.8 kJ
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생성열(계속)
열화학방정식에서 :

∆H° = Σ∆Hf° products - Σ∆Hf° reactants

안정한원소의생성열(생성엔탈피) 는 0.

CH4(g)  +  2O2(g)  → CO2(g)  +  2H2O

∆H° =∆Hf° CO2(g)  +  2∆Hf° H2O(g ) - ∆Hf° CH4(g)

= -393.5 kJ + 2(-285.8 kJ) - (-74.8 kJ)
=  -890.3 kJ
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생성열(계속)

이온에적용:

Zn(s) + 2H+(aq)  → Zn2+(aq) + H2(g)

∆Hf° H+(aq) = 0 라고정의

∆H° = ∆Hf° Zn2+(aq)  =  152.4 kJ
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8.6    결합에너지(Bond Energies)

B.E. : 기체상태에서 1몰의결합이끊어지는데필요한 ∆H

Cl2(g) → 2Cl(g) ∆H =  B.E. Cl–Cl : 243 kJ
N2(g) → N(g) ∆H = B.E. N  N : 941 kJ

일반적으로다중결합이단일결합보다강하다:
C–C : 347 kJ C=C : 612 kJ C  C : 820 kJ
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H2와 Cl2의결합에너지의비교

• 결합에너지>0
결합이깨질때:에너지흡수
결합이생길때:에너지방출

•발열반응
약한결합이깨진고강한결합생성
반응물에더많은결합

•흡열반응
걍한결합이깨지고약한결합생성
생성물에더많은결합이있다. 
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8.7   열역학제1법칙

에너지보존의법칙 : 에너지는생성, 소멸되지않음
∆E = q + w 

∆E계의에너지변화

q계에흡수된열

w계에행해진일
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∆H = qp :  ∆E = qv(∵ w=0)
∆E = q - ∆(PV)
∆E = qp - P∆V at const. P

∆H = ∆E + ∆(PV)
∆(PV)를계산하려면, 고체와액체는무시하고이상기체의법칙으로부터기체의

PV를계산.

CH4(g) + 2O2(g) → CO2(g) + 2H2O(l)
∆H = ∆E - 2RT ;  RT = 5.0 kJ at 25°C

(∵ PV=nRT = 1 mol X 0.0821 L· atm/mol· K X 298K 
0.1013kJ/L· atm)


