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Nhiét hoa hoc(Thermochemistry)

- Nhiét hoa hoc la phan héa hoc lién quan dén cac hiéu rng nhiét (heat
effects) cua cac phan wrng hoa hoc (chemical reactions)

Pé hiéu dwo'c méi lién hé giira nhiét véi cac bién déi vat |y va hoa hoc

chang ta can tim hiéu: '

« M6t s6 dinh nghia co ban

« Khai niém nhiét (heat) va cac phwong phap do lwdng qua trinh truyeén
dan nang lwong (energy transferation).

« Nang lwong chuyén héa dwéi dang cong (work) va sw két hop voi
nhiét trong nguyén |y thir nhat cta nhiét ddng hoc (The firtst law of
thermodynamics).

« Mai lién hé giira nhiét phan rng (heat of reaction) va bién thién cuaa
ndi nang (internal energy) va enthalpy.

« Céch str dung bién thién néi nang va enthalpy dé tinh toan bién thién
nang lwong (energy change) cia mot bién doi vat Iy va hoa hoc.

Kién thirc cia chwong nay gilp ching ta tra 1&i dwoe cau héi tai sao

khi thién nhien (natural gas) la nhién liéu tot hon than da (coal) va tai sao

nangPiao Ry EtRIEHFat Béo cung cap thi nhiéu hon bot dwérng va proteln
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Mét sé khai niém (Some Terminology)

Isolated I

system

‘—l

(c)

Hé thong (System): Phan cua
vii tru dang dwore tim hiéu
MOi trwwed’ng (Surroundings):

Phan cua vii tru bén ngoai hé
thong.

C6 3 loai hé thong:

Hé mé (open system). trao
doi ca vat chat va nang lwong
v&i moi trwrong.

Hé kin (closed system): chi
trao déi nang lwong véi moi
trwrong.

Hé cO lap (isolated system):
khong trao déi gi v&i moi
trwrong.



71 CONCEPTASSESSMENT
Consider the following situations: a stick of dynamite exploding deep within a
mountain cavern, the titration of an acid with base in a laboratory, and a cylinder

of a steam engine with all of its valves closed. To what type of thermodynamic
systems do these situations correspond?

Xem cac tredng hop sau:

M6t thanh thubc nd phat nd trong long mét hang déng.

« Sy chuan dd mét acid bang baz trong phong thi nghiém

« Xy lanh ctia mét ddng co hoi nwéc da khoa tat ca cac van.
HAi cac trwdng hop dé cap & trén twong tng voi hé thdng loai
nao?



Ban chat cda nang lwong

DPdng nang va thé nang (Kinetic and Potential Energy)
Trong vat ly:

Lwe (Force) f 1a tac ddng kéo (pull) hodc day (push) 1én mot vat (object)
cong (Work) w la két qua cua lwc [én mdt vat [am no di chuyén khoang
cach(distance) d :
w=Fxd

Nang lwong la cong w thwe hién dé di chuyén mot vat chéng lai mét lwc
f.
Péng nang (Kinetic energy) e, ciia mot vat dwa trén khoi lwong (mass) m
va toc do (velocity) u:

e.= (1/2)mu?

céng w lién hé véilwc di chuyén mét vat khdi lwong m véi gia tée a
guang duwong d: w=mxaxd

Pon vi clia nang lwong (Energy Unit): khi khoi lwong, van toc, gia toc,
khoang céach déu biéu dién bang don vi Sl thi don vi clia ca cong va
nang lwong déu 1a Joule

1J=1 kg.m2.5'2 Chapter 5 5
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Ban chat cua nang lwong
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Biéu do cot md ta sw dong gop
twong dbi ciia PE va KE vao tong
nang lwong ctia moi vi tri trai banh
v&i mau sac twong tng.

Thé nang (P.E.) va déng nang (K.E.)

« Thé nang la nang lwgng ctia mot vat
do dac trwng vi tri cua no. :

« Thé nang c6 thé chuyén doi thanh
déng nang.

Nang lwong cua trai banh tennis khi nay

Ién thay dbi lién tuc tr thé ndng sang

ddng nang va tré lai. Thé nang cuc dai

tai dinh ctia ci nay va déng nang cuc

dai tai th&i diém va cham.

Téng cua P.E. va K.E. gidm dan sau

méi cl ndy khi nhiét nang cla trai banh

va moi trwdng tang Ién. Trai banh sé

s&¢m dwrng lai.



Nhiéet (Heat)

- Nhiét la nang lwong trao dbi gitba hé thdng va moi truérng do sw chénh I&éch
nhiét d6.

- Nhiét 1a ndng lwong truyén tr vat thé nong hon (i.e. nhiét dd cao hon) sang
vat thé lanh hon (nhiét dd thap hon). |

« O mrc dd phan tl (molecular level) cac phan tlr cha vat thé nong hon, théng
qua va cham sé& mat di ddng nang cho cac phan t&r cda vat thé lanh hon.
Nhiét nang dwoc chuyén di t&i khi ndo déng nang phan té trung binh
(average molecular kinetic energy) cla cé hai vat thé bang nhau.

- Nhiét, cling nhw cong, la ndng lvong trao ddi gitra hé thdng va méi truedng
cua no.

- Nhiét khdng nhivng lam thay déi nhiét do ma con c6 thé lam thay dbi trang
thai clia vat chat (qua trinh néng chay, bay hoi...)

: Nhiét khéng dwoc lwu git trong hé thong. Nang lwong lwu gidr trong hé

thong goi la ndi nang (internal energy)

Lwong nhiét (quantity of heat) q can thiét dé thay déi nhiét dé ciia mot chéat phu

thudc vao:
Do thay dbi clia nhiét do
Lwong chéat st dung
Ban chét cua chat s dung



Nhiét (Heat), nhiét dung (heat capacity)

Trwdc day, lwong nhiét can thiét dé thay déi nhiét dd ctia 1 gram nuwéc 1 dd C dwoc
goi la calorie (cal).

* Inthe U.S. don vi kilocalorie (kcal) dwoc str dung réng rai,dac biét trong do lwdng
nang lwgng dinh dwdng.

« Lwong nhiét can thiét dé thay déi nhiét dd cia mét hé thdng 1 dd dwoc goi la nhiét
dung (heat capacity) ¢ cua hé thdong, don vi la J.do.

« Néu hé thdéng la modt mol chat, twong ing sé 1a nhiét dung mol (molar heat
capacity), don vi la J mol-* dé.

« Néu hé théng la mdét gram chat, twong (rng sé la nhiét dung riéng (specific heat
capacity hay thwdng dung la specific heat), don vila J gt do1.

VD (Example) 7-1: Tinh lugng nhiét can thiét dé tang nhiét d6 clia 7,35 g nudc tir 21,0

t¢i1 98,0 °C. Cho rang nhiét dung riéng cta nwéc la 4,18 J g+ °C-* trong sudt qua trinh

nhiét d6 thay doi.

Giai (Solve):

Nhiét dung riéng ctia nwéc la nhiét dung cua 1 g nwdc: 4,18 J/ g nwdc °C

Nhiét dung cla hé thdng (7,35 g nwéc) la :

7,35 g nwéc x (4,18 J/ g nwéc °C) = 30,7 J/°C

Thay dbi nhiét do cda hé théng: (98,0 — 21,0) °C = 77,0 °C

Lwong nhiét can thiét dé tao ra thay doi nhiét do trén: 30,7 (J/°C) x 77,0 °C = 2,36 x 103

Lwu y: Tim hiéu phan chir sé c6 nghia (significant figure) 8



Nhiéet (Heat), nhiét dung (heat capacity)

Tom lai:
Lwong nhiét = khéi lwong chat x nhiét dung riéng x thay doi nhiét doé
Hay g = m X nhiétdung riéng x AT = C x AT

Xac dinh nhiét dung tw thwc nghiém Figure 7.3, Example 7-2:
Nh& lai (recall) : dinh luat bao toan nang luong (law of conservation of energy)

qsystem + CIsurroundings =0

| Lead

‘Insulation 2

Taco: Uiead = ~Awater (®) (b) ()

Quwater = 50,0 g nwéc x 4,18 (J / g nwéc °C) x (28,8 —22,0)°C = 1,4 x 103

Uiead = ~Owater = 1’4 x 103J

Nhiét dung riéng cua chi (lead) = (1,4 x 103J)/ 150,0 g chi x (28,8 — 100,0)°C =0,13J/g°C



Excercises

1. Hay tinh lwong nhiét bang kilojoules (kJ) can dé tang nhiét dd cia 237
g nwoce lanh tir 4,0 °C lén 37,0 °C.

2. Hay tinh lwong nhiét bang kilojoules (kJ) can dé tang nhiét do cua 2,5
kg Hg(l) tlr -20,0 °C |én -6,0 °C. Cho biét ty trong va nhiét dung mol cta
Hg (I) 1an lwot [a 13,6 g/mL va 28,0 J molt °C-1.

3. Khi 1,00 kg chi ( nhiét dung riéng = 0,13 J g* °C) tai 100,0 °C duoc
nhdng vao nwéc co nhiét dd 28,5 °C, nhiét dé sau cling ctia hén hop
chi-nwéc la 35,2 °C. Hai khdi lwong nuwéc la bao nhiéu?

4. 100 g ddng ( nhiét dung riéng = 0,386 J g1 °C1) tai 100,0 °C dwoc
nhdng vao 50,0 g nwédc ¢o nhiét dd 26,5 °C. Hoi nhiét dd sau cung cua
hén hop déng-nuwéc 1a bao nhiéu?

10



Nhiét phan trng (Heat of Reaction) g, va do nhiét
phan rng bang nhiét lwong ké (Calorimetry)

Nhiét phan tng (heat of reaction) g, la lwong nhiét trao doi gitba mot hé
thong va méi trwdng fai nhiét do khong doi (constant temperature).

Néu phan L,'fng dwoc thwe hién trong mét hé cb lap, khdéng co trao dobi npiét :
hay vat chat voi moi truvong, phan rng sé tao ra lwgng nhiét lam thay doi
nhiét dé cua hé thong. Lwong nhiét nay chinh la nhiét phan ng q;,,.
Phan ng thu nhiét (endothermic reaction) q,,,, > 0

Phan rng tdéa nhiét (exothermic reaction) g,,, <0

« Exothermic and endothermic reactions
(a) An exothermic reaction. Slaked lime, Ca(OH)s,
is produced by the action of water on quicklime,
(Ca0). The reactants are mixed at room tempera-
ture, but the temperature of the mixture rises to
40.5 °C.

CaO(s) + HO(l) —— Ca(OH)z(s)

(b) An endothermic reaction. Ba(OH), +8 H»O(s)
and NH 4Cl(s) are mixed at room temperature, and
the temperature falls to 5.8 °C in the reaction.

Ba(OH); 8 H,O(s) + 2NH CI(s)
BaCl, + 2H,O(s) + 2NHx(aq) + 8 H,O(1)
11

(a) (bh)



Nhiét phan tng (Heat of Reaction) g, va do nhiét
phan rng bang nhiét lwong ké (Calori metry)

Nhiét lwong ké bomb (Bomb calorimeter): .
« Thwdng dung do nhiét lwgng cua cac phan trng chay

Ta co: Urxn = ~Ocalorim (Vé’i Ucalorim = Ybomb + qwater)
Ma g.40im = Nhiét dung cua calorim x AT

. Lam thi nghiém trwdc véi mot chat da biét nhiét phan ng, do AT dé tim nhiét dung
cua calorim. Nhiét dung cda calorim ludn dworc xac dinh twe thwwe nghiém
« Sau doé thye hién phan ng, do AT va tim d,,, (Aeaiorim = - rxr)
(Xem vi du 7-3)

Thermometer 09 ——
Wire for{ \
ignilion Stirrer 4 FIGURE 7-5 a
A bomb calorimeter assembly
An iron wire is embedded in the sample in the
lower half of the bomb. The bomb is assembled
: and filled with O(g) at high pressure. The
' _Water assembled bomb is immersed in water in the
calorimeter, and the initial temperature is
measured. A short pulse of electric current heats
Reactants the sample, causing it to ignite. The final
temperature of the calorimeter assembly is
determined after the combustion. Because the
bomb confines the reaction mixture to a fixed
Seal bomb volume, the rgactjon is said to occur at c.:onstant
' volume. The significance of this fact is discussed
on page 259.




Nhiét phan tng (Heat of Reaction) q,,, va do nhiét

phan rng bang nhiét Iwong ké (Calori metry)
Nhiét lwong ké Coffe-Cup (Coffe-Cup calorimeter):

Céu tao don gian, tién dung hon NLK bomb.
Thwdng dung do cac qua trinh xay ra trong dung dich,
Nhiét dung ctia hé nhiét lwvgng ké coi nhw xap xi nhiét dung clia=Awéc, bd
qua nhiét dung nho cua coc Styrofoam. Do vay khong can xac dinh nhiét
dung hé thong bang thuec nghiém nira. (Xem vi du 7-4)

4

7 The reaction mixture is in -
the inner cup. The outer cup
provides additional thermal

, . insulation from the surrounding

] o air. The cup is closed off with a

) [ cork stopper through which a

& 3 // thermometer and a stirrer are

et inserted and immersed into the
reaction mixture. The reaction

\ in the calorimeter occurs

/ under the constant pressure

of the atmosphere. We
consider the difference

J between constant-volume
and constant-pressure

A FIGURE 7-6 » reactions in Section 7-6.

A Styrofoam “coffee-cup’
calorimeter 13



Bal tap

1. Vanillin 1a mdt thanh phan tw nhién trong vanilla. N6 cling dwoc san xuat
lam hwong nhan tao mui vanilla. D6t chay 1,013 g vanillin, CgHgO5, lam
nhiét dd trong nhiét lwong ké tang tir 24,89 1én 30,09 °C. Haéi nhiét dot chay
cda vanillin 1& bao nhiéu kd/mol? (biét nhiét lwong ké c6 nhiét dung 1a 4,90
kJ/°C).

2. Nhiét dét chay cua acid benzoic la -26,42 kJ/g. Bt chay 1,176 g acid
benzoic 1am nhiét dé trong mot nhiét lwong ké tang 4,96 °C. Tim nhiét dung
cua nhiét lwong ké nay.

3. Hai dung dich 100,0 mL AgNO(aq) 1,00 M va 100,0 mL NaCl(aq) 1,00 M
déu & nhiét dd 22,4 °C dwoc thém vao mét nhiét lwong ké cdc Styrofoam
va dé cho phan &ng xay ra trong nhiét lwong ké nay. Nhiét dé sau dé tang
Ién dén 30,2 °C. Hay tim nhiét phan &ng (kJ/mol) cla phan &ng sau:

Ag*(aq) +Cl(aq) — AgCl(s)

4. Hai dung dich 100,0 mL HCI 1,020 M va 50,0 mL NaOH 1,988 M déu &
nhiét dd 24,52 °C dwoc trdn 1an trong mot nhiét lwong ké coc Styrofoam va
dé cho phan (rng xay ra trong nhiét lwong ké nay. Héi nhiét dd sau cung
ctia hé thdng? Cho biét nhiét phan &ng trung hoa l1a -56 kJ/mol H,O tao

AR 009, PRENTICE HALL Chapter 5 14



Cong (Work)

M6t s6 phan ing hdéa hoc cé lién quan dén cong, tirc hé thdng sinh cong 1én moi
trwd’ng hoac nguoc lai.

« Xem qua trinh phan huay cua potassium chlorate thanh potassium chloride va
oxygen dw¢i day, ap suat tang day piston |én tirc hé thdng sinh cdng ra moi
trrdng. Ngay ca khi khéng co6 piston thi hé thong van sinh céng khi O, sinh ra day
giat khong khi ra.

« Cong lién quan dén qua trinh gidn n& hodc nén khi dwoc goi la cong gidn ép
(expansion work), pressure-volume work hay P-V work. N

Cf)ng W thU’C hlén work (w) = force(M X g) X distance(Ah) = —M X g X Ah

b&i khi khi di

chuyén khéi lvong

M mdt khoang cach Py
Ah, dién tich pistol A: '
w=-MxgxAh
=[(-M x g)/A] x Ax Ah f— H

= -Pgy XAV » FIGURE 7-7
lllustrating work (expansion) during ‘
the chemical reaction |
2 KClO3(s) — 2KCl(s) + 3 O,(g) | I()z
The oxygen gas that is formed pushes e ]
back the weight and, in doing so, does
work on the surroundings. KClo; ) L KCl :

IJ

atm




Nguyén ly thir nhat caa nhiét déng hoc (the
First Law of Thermodynamics)

* No&i nang (Internal energy), U: la tong tat ca nang lvong (c& ddng nang va thé nang)
cua mét hé thong, bao gom ca déng nang tinh tién (translational kinetic energy),
nang lvgng clda qua tr]nh xoay va dao déng (molecular rotations and vibrations) ctua
cac phan t& cua hé thong.

«  N6i nang con bao gdm nang lwong twong tac cua cac protons va neutrons trong hat
nhan nguyén tr, mac du thanh phan nay khéng thay doi trong mét phan ng hoa
hoc.

« M0t hé thdng chi s& hiru duy nhat ndi nang.

« M6t hé thong khéng s& hivu nang lwvong dwdi dang nhiét va cong.

»  Nhiét va cong la phuong tién dé hé thong trao doi nang lwgng véi mdi trwdng. Do
vay nhiét va cong chi hién hiru trong qua trinh bién doi cua hé thong.

» Moi lién hé gitra nhiét (q), cdng (W) va bién thién néi nang (AU) tuan theo dinh luat
bao toan nang lwong, dwoc dién ta dwdi dang nguyén |y thie nhat cua nhiét dong
hoc (the first law of thermodynamics).

AU=q+w
« Mot hé thong cé lap thi khéng trao dbi nhiét hay cong véi moi trwdrng nén
AU g ated system = 0, hay nang Iweing cua mot hé théng c6 lap thi khong doi

Copyright 1999, PRENTICE HALL Chapter 5 16



No6i nang (Internal energy) U

2 @

Translational

& F

Rotational

KJ/‘\J] J" J J"‘ <9

Vibrational

& @

Electrostatic
(Intermolecular attractions)

A FIGURE 7-9

Some contributions to
the internal energy
of a system

The models represent water
molecules, and the arrows
represent the types of motion
they can undergo. In the
intermolecular attractions
between water molecules,
the symbols d+ and 6—
signify a separation of
charge, producing centers
of positive and negative
charge that are smaller

than ionic charges. These
intermolecular attractions
are discussed in Chapter 12.



Nguyén |y thde nhat cda nhiét déng hoc (the
First Law of Thermodynamics)

Lwuy:
 Bat cr ndng lwong nao di vao hé thong déu mang dau “+”.

« Bat cr ndng lwong nao di ra khdi hé thong déu mang dau “-”.

« Néu hé thong nhan nang lwong nhiéu hon phong thich, AU >0.

« Néu hé thong phong thich nang lwong nhiéu hon nhan vao, AU <0
VD: mét khi khi gidin n& hap thu
lwong nhiét 25 J va thye hién moét Suounding
cong 243 J. H6i AU cua chat khi System

Surroundings

nay la bao nhiéu? 2 7B il
Giai: | /
Nhiét hap thuq =+ 25 J = = ERr-——
Cong phong thichw =-243 ] g<0,w<0 qg>0,w>0

AU=q+w=(+25J) +(-243J)=-218J

D&u “” nghia |a khi gidm néi ndng, mat bét di néng luong Y



Ham trang thai (Funtion of State / State Function)

« P& mo ta hoan chinh mot hé thong, ching ta can chi ra nhiét do, ap suat,
thudc tinh va lwong s6 cta né. Khi dé chang ta da chi rd dwoc trang thai
(state) cla hé thdong.

« BAat c tinh chat nao c6é giéa tri ddc nhat (unique value) cla trang thai da cho
nay dwoc goi la ham trang thai (function of state / state function).

VD: Nwde nguyén chat (pure water) tai 20 °C va ap suat 100 kPa = & mét trang
thai xac dinh. Ty khdi (density) clia nwéc tai trang thai nay la 0,99820 g/mL. Ty
khdi nay c6 gia tri cd dinh (unique value)-mot ham trang théi- theo céach sau:
thu dwoc 3 mau nuwéc tir

(1) chwng cat nwéc ngam,

(2) tir phan ng tdng hop nwdc bang cach dét chay hydro va oxy tinh khiét va
(3) t phan rng nung CuS0O,.5 H,O roi ngwng tu hoi nwdc thanh 16ng.

Ty khdi clia ca 3 mau nwdce nay tai cling trang thai da cho trén 1a nhw nhau.
Do vay gia tri cia mot ham trang thai phu thudc vao trang thai caa hé thong,
KhONQ phu thudc vao cach thie thiét 1ap nén hé thdng.

19



First Law of Thermodynamics / Funtion of State

N6i nang U la mét ham trang thai
Khong thé do dworc gié tri ctia ndi nang U
Chi do dworc bién thién clia ndi ndng AU théng qua nhiét va cong hé thong
trao d6i v&i moi truong.
AU =q+w
Bién thién ctia ndi nang AU ciing 1a mét ham trang thai
Nhiétva cong khéng phaila ham trang thai. (Nhiétva cong la path-
dependent functions)

State 2
U:,_
50 g 50 g 50 g
H,O() H,O(l) H,0(s)
100° C 25°C 0" C AU = - AU =

Internal energy

Eﬁ% .Coolulg E ' ; _ Heating .
. “ i
\ ; > \/> \/ AUO:Lm“ U,-S[lajtei Uy=U,=0

20



Bal tap

1.

Cho biét lvgng cong lién quan trong qua trinh 0,225 mol N, tai
nhiét d khong doi 23 °C gian né thém thé tich 1,50 L chong
lai 4p suat ngoai 0,750 atm 1a bao nhiéu?

Cho biét lwong coéng sinh ra tinh bang joules chong lai ap suat
ngoai 2,25 atm tai nhiét dd khéng doi 20,0 °C ctia 50,0 g N,(9)
trong xylanh thé tich 75,0 L |a bao nhiéu? (Xylanh tuong tw
hinh 7-8)

Khi nén mét khi, lwong céng 355 J dwoc dwa vao hé thong
cung lic véi 185 J nhiét thoat ra tr hé thong. Héi AU clia hé
thong la bao nhiéu?

NO6i ndng cla mot hé thong gidm di 125 J cung luc vai viéce
hap thu 54 J nhiét lwong. Héi hé thong nay nhan céng hay
sinh cong? Lwong cong la bao nhieu?

21



Nhiét phan wng (Heats of Reactions)

Xét mét phan rng hoa hoc véi tac chat (reactants) 1a trang thai dau (initial
state) va san pham (products) la trang thai cudi (final state), ta co:

reactants —— pmd ucts

{ initial state) { final state)

LI Lis
AU = U = L,

Theo nguyén Iy th& nhat cda nhiét ddng hoc:
AU =q,, +w

Truwong hop phan ting chay thwe hién trong mét bomb calorimeter, phan ng
xay ra trong dieu kién dang tich (constant volume) AV = 0.

Dovay.: w=-PAV =0
Goi q, la nhiét trao ddi tai diéu kién dang tich, ta co:
AU :qrxn+W:qrxn+O:qrxn :qv

22



Nhiét phan tkng (Heats of Reactions)
Néu phan &ng thyc hién trong dieu kién dang ap (constant pressure), mét
lwong nhé cong P-V trao doi voi mai trwong, do vay q, khac voi q,. Lac nay:
AU :qrxn+W:qP+W
Thay AU = g, vaw = -P AV vao biéu thire trén, ta co:
AU =qgp-PAV hay g, =AU + P AV

U, V, P déu la ham trang thai. Do vay (AU + P AV) ciing la ham trang thai, goi
la enthalpy H.

H Ia tdng cla ndi ndng va cdng cla hé thdng.
Bién thién enthalpy(enthalpy change) AH ctia mét qua trinh Ia:
AH = Hy = Hy = (U + Py = (LI; + PV)) Initial state Initial state

L". I L'r'.
AH = (Us — U;) + (PVy — BY)) W
AH = AU + APV E 'I'
Néu ap suét khong ddi: 5 1 |
AH = AU + PAV 5 T

E
AH — qp Y T l [
Final state f Final state T

AU = g, Al = gp+
{a) (b) 23



AH va AU cua mét phan trng héa hoc

Xem phan tng thwe hién tai 4p suat khong déi:
2 CO(Q) + 0,(g) = 2 CO,(G)  AH.,qq = -566 kJ
Céng P-V cda hé théng nhan vao:
PAV = P(V, — V)
Theo PT khi ly twédng: PAV = RT(n;— n)
= 0,0083145 kJ molt K1 x 298 K x 1 mol
=-2,5kJ
Ma: AU = AH — PAV = -566 kJ — (-2,5 kJ) = -563,5 kJ
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AH di kém véi mét bién déi trang théi

 Qua trinh bay hoi ctia chat 16ng:

H,O(l) - H,O(Qg) AH = 44,0 kJ tai 298 K
Enthalpy cua qua trinh nay la nhiét bay hoi (molar enthalpy/heat of
evaporation AH,,,).

« Qua trinh néng chay cla chat ran:
H,O(r) -» H,O()) AH =-6,01 kJ tai 298 K

Enthalpy cua qua trinh nay la nhiét ndng chay (molar enthalpy/heat of fusion
AHfus)

Twong tw, ta co nhiét nguwng tu, nhiét thang hoa v.v
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Bal tdp

1. Hay tinh lwong sucrose’cén db6t chay dé tao ra 1,00 x 103 kJ nhiét
lwrong. Cho biét nhiét dét chay cua sucrose la -5,65 x 10° kJ/mol
sucrose.

2. 25,0 mL HCl(aq) 1,045 M dwoc trung hoa bang NaOH(aq). Hay tinh
lwong nhiét tda ra clia qua trinh trung hoa nay. Biét nhiét phan &ng
trung hoa la -56 kJ/mol H,O tao thanh.

3. Khi mét khdi bang lap phwong canh dai 2,00 cm dwoc dwa tir -10,0
°C |én 23,2 °C, bién thién enthalpy cla qué trinh la bao nhiéu? Cho
biét ty khdi ctia bang la 0,917 g/cm3, nhiét dung riéng cla bang la
2,01 J/gt °C-t va nhiét nong chay cua bang la 6,01 kJ/mol.

4. Hai khdi lwong téi da bang tai nhiét dd -15 °C cé thé chuyén thanh
hoi nwéce tai 25 °C khi dung Ilwgng nhiét 5,00 x 103 kJ.
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Trang thai chuan va bién thién enthalpy chuan

Két qua do bién thién enthalpy ciia mét phan trng hoa hoc chi cho két qua
thong nhat khi trang thai dau va cudi dwoc mé ta chinh xac.

Néu chuing ta dinh nghia 1 trang thai 1a trang thai chuan va do dac thay dbi
enthalpy cda tac chat va san pham déu tai trang thai nay, ching ta sé co6 -
enthalpy chuan cta 1 puhh (standard enthalpy change of reaction)

Trang thai chuan (standard state) ciia mét chat ran hoac 16ng la don chét
tinh khiét (pure element) hodc hop chat tai ap suét 1 bar (105 Pa) va nhiét
dé tuyy.

D6i véi chat khi, trang thai chuan 1a chat khi tinh khiét x& sy nhw 1 khily
twdng (ideal gas) tai tai ap suat 1 bar (10° Pa) va nhiét do tly y.
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Xac dinh gian tiép AH: Hess’s Law

Binh luét Hess (Hess’s law): Néu mdt qua trinh xay ra
qua nhiéu giai doan (steps), AH clGa téng qua trinh
bang tdng cac enthalpy clia mdi giai doan.

(if a reaction is carried out in a number of steps, AH for
the overall reaction is the sum of AH for each individual

step).
Vi du:
CH,(g) + 20,(g) > CO,(g) + 2H,0O(g) AH =-802 kJ
2H,0(g) — 2H,0(l) AH = -88 kJ

CH,(g) + 20,(g) > CO,(g) + 2H,0O()  AH =-890 kJ

28



Hess’s Law

Enthalpy ———— =

CH,(g) + 20,(g)

| AH, = -607 K]

Ay = |
890 kJ |

1
+CD{g} +2H,0() + O,(g)

| AH,= 283 K]

Y Y
CO,(g) + 2H,0(/)

Trong gian do enthalpy trén:

Copyright 1999, PRENTICE HALL
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Enthalpy tao thanh chuan AHe,
( Standard Enthalpies of Formation)

. Enthalpy tao thanh chuan (standard enthalpy of formation),
AHe, 1a bién thién enthalpy qua trinh tao thanh 1 mol chat
tte cAc don chat cda no & trang théai chuan.

If 1 mol of compound is formed from its constituent elements in
standard states, then the enthalpy change for the reaction is
called the standard enthalpy of formation, AH®; .

« Néu mcf)t’chét ton tai & nhiéu hon mét dang thu hinh tai dieu
kKién chuan, dang nao bén hon sé dwoc st dung.

VD: dang bén nhat ciia mét s6 don chat nhw Na(s), H,(g), Br,(l),

C(graphite), P(s, white)

* Quy wéc: AH°; cta cac don chat & trang thai quy chiéu
(reference form) la bang 0.

Don vi cua AH®, = ?
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Enthalpy tao thanh chuan AHe,
( Standard Enthalpies of Formation)

Substance kJ/mol® Substance kJ/mol®
CO(g) -110.5 HBrig) ~36.40
CO4(g) ~393.5 HI(g) 26.48
CH,(g) —74.81 H,0(g) -241.8
CaHa(g) 226.7 HL0(1) —285.8
CaHaylg) 52.26 H5(g) -20.63
CaHglg) —584.68 NHi(g) -46.11
CsHg(g) -103.8 NO{g) 90.25
CiHyolg) ~125.6 N0 g) 82.05
CH;0H(1) —238.7 NOx(g) 33.18
C,HsOH( 1) ~277.7 N2Ou(g) 9.16
HF(g) -271.1 SO g) -296.8
HCl{g) =02.31 S04 g) =-395.7

MWalues are for reachions 1in which one mole of substance 15 formed. Most of the data have

been rounded off to four significant fgures. 31



Bal tdp

1. Nhiét dot chay chuan cutia propene, C;Hg(g), 1a -2058 kJ/mol C;Hg(g), cla
propane C;Hg(Q), la -2219 kJ/mol C;Hg(g) Hay st dung dir liéu nay va tra
ctu thém cac div liéu nhiét hinh thanh mol chuan ctia CO,(g) va H,O(l)
can thiét trong bang 7.2 dé xac dinh AH° ctia qué trinh hydrogen hoda cta
propene thanh propane.

2. S dung cac két qua tinh toan cua bai tap 1 trén két hop véi di liéu duwdi
day dé xac dinh nhiét dét chay chuan ctia mét mole 2-propanol
CH3;CH(OH)CH(I)

CH,CH=CH,(g) + H,O(l) - CH,CH(OH)CH,(l)  AH° =-52,3kJ

1. Nhiét hinh thanh chuan ctia amino acid leucine la -637,3 kJ/mol
CgH.20,N(s). Hay viét phwong trinh héa hoc twong tng véi gia tri nay.

2. Giatri AHe ciia phan ng dwdi day lién hé nhw thé ndo v&i nhiét hinh
thanh chuan cta NH,(g) trong bang 7.2? Gia tri cia AH° [a bao nhiéu?
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Enthalpy chuan cda phan trng (Standard enthalpy of

reaction) 4H°,,, hay AH®°
« S& dung nguyén ly Hess dé tinh enthalpy chuan ctia phan &ng AH® tir cac
di¥ liéu enthalpy tao thanh chuan AHY ,

VD:Tinh enthalpy chudn ctia phan (rng phan hdy (decomposision) ctia sodium
bicarbonate (xay ra khi nwéng banh)

2NaHCOy(s) — NaCOs(s) + HyO(l) + COxg) AH° =7  (7.19)
Ap dung nguyén ly Hess, ta thay (7.19) la tdng cla 4 phwong trinh sau:
(a) 2NaHCOs(s) — 2Na(s) + Ha(g) + 2C(graphite) + 304(g)
AH® = =2 X AHYNaHCO4(s)]
(b) 2Na(s) + C{graphite) + gﬂz[g} — NayCO4ys)
AH® = AHF[Na,CO4s)]

(c) Hag) + ~Oa(g) —> Ha0(1) AH® = AHF[H,0(1)]
(d) C(graphite) + O4g) — CO4g) AH® = AHF[CO4g)]
2 NaHCO4(s) —— Na,CO4(s) + H,0(l) + CO4(g) AH® =?

AH® = AHJ[NasCOs(s)] + AHF[H.O(1)] +
AHF[COa(g)] = 2 X AHZ[NaHCO4(s)] (7.20)
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Enthalpy chuan cua phan trng (Standard enthalpy of
reaction) 4H°,,, hay AH®°

2 Nafs) + H,l(g)+ 2 C(graphite)

I + 3 O(g)
A AH® = jHﬂemmpnﬁutmn + AHfecombination
Decomposition
eoo | AH3ecomposition = =2 X AHP[NaHCOx(s)]
—E Na,CO4(s) AHtecombination = AHF[NaxCOs(s)] + AHf[H2O(1)] + AHF[COx(g)]
= + CO,(g)
s + H,00l) §
I_ AH® = AHf[NasCOs4(s)] + AHf[HaO{1)] + ﬁHf[CDz[E]'] - 2 X AHf{ NaHCO4(s)]
Owerall
2 NaHCOqfs) \
[ [ o — o
AH® = » EIF,.-i'iH f( products) y v, AHf( reactants)
'y Elements ' Elements
i Recombination Recombination
Decomposition Decomposition
'EE Products 'EE Reaciants
5 1 =
( (i
Overall (AH > 0) Overall (AH < 0)
Eeaciants Products i
Endothermic reaction Exothermic reaction
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Phan trng cua ion trong dung dich
(Ionlc Reactions in Solutions)

Nhiéu phan trng trong dung dich nwéc dwoc coi la phan rng gilra cac ion
va dwoc biéu dién bang phwong trinh ion thu gon (net ionic equations).

« Enthalpy cua cac phan rng nay dwoc tinh toan thdng qua enthalpy tao
thanh chuan cua céac ion trong dung dich nwéc.

« Enthalpy tao thanh chuan cua cac ion dwoc so sanh v&i enthalpy tao thanh
chuan cla ion H* trong dd nuéc (=0).
VD: Xem pt trung hoa H*(aq) + OH(aq) —H,O(l) AH° = -55,8 kJ

AH® = 1 mol HsO x AHP[H20(1)] = {1 mol H* x AH}{H*(aq)]
+ 1 mol OH™ x AHf[OHTag)]} = —55.8k]

AHF[OH(aq)] =
55.8k] + (1 mol H,O x AHF{H-0(1)]) = (1 mol HY x _‘LH,'?[H+{aq]|]]n
1 mol OH™
cE — B —
AH{[OH™ a ]l] 2.8 K] — 2858k] — Ok = =230.0 k]/mol OH™

1 mol OH™
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Table 7.3 lists data for several common ions in aqueous solution. Enthalpies
of formation in solution depend on the solute concentration. These data are
representative for dilute aqueous solutions (about 1 M), the type of solution
that we normally deal with. Some of these data are used in Example 7-13.

lon kJ/mol lon kJ/mol
Ht 0 OH~ =230.0
Lit -278.5 cI- -167.2
Na® -240.1 Br~ -121.6
Kt -252.4 [~ -55.19
NH,* -132.5 NO,™ —205.0
Ag* 105.6 CO4™" —677.1
Mgt —466.9 G- 33.05
Ca -542.8 S0 —009.3
Ba®* —537.6 5,0 —648.5
Cu?t 64.77 PO, —1277
At —531

Chapter 5
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Bal tdp

1. S dung di¥ liéu trong bang 7.2 dé tinh nhiét dét chay chuan cuta ethanol,
CH,CH,OH(l), tai 298,15 K.
2. Hay tinh nhiét dbt chay chuan tai 298,15 K cho 1 mol ciia mot nhién liéu khi
chra C;Hg va C,H,, v&i ty 1€ phan mol twong tng la 0,62 va 0,38.
3. Phan (rng chung xay ra trong qua trinh quang hgp cua thwe vat la
6 CO,(g) + 6 H,O(l) — CsH,,04(s) + 6 O,(g)  AH° = 2803 kJ
Hay st dung di¥ liéu nay va tra ctru thém cac di¥ liéu nhiét hinh thanh mol
chuan clia CO,(g) va H,O(l) can thiét trong bang 7.2 dé xac dinh nhiét hinh
thanh chuan cla glucose, CgH,,04(S).
4. M6t handbook liét k& nhiét ddt chay chuan cla dimethyl ether tai 298 K
la -31,70 kJ/g(CH;),0 (g). Hay st dung di¥ liéu nay va tra ctru thém cac dir
liéu nhiét hinh thanh mol chuan ctia CO,(g) va H,O(l) can thiét trong bang 7.2
dé xac dinh nhiét hinh thanh mol chuan cla khi dimethyl ether tai 298 K.
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Enthalpy va ndng Iwong noéi (Bond Energy) (p.
435 437, chap. 10)

« Trong phan (r‘ng ma tac chatva san pham déu & trang thai
khi, Qhan trng chung co thé Xxem nhu la tgng cua hai qua trinh:
dwrt tat ca cac noi cua tac chat roi rap lai tat ca cac ndi cua san
pham.

- Do vay, enthalpy ctia phan trng c6 thé tinh theo cong thirc sau:

AH = AH (bond breakage) + AH ( bond formation)
= XBE (reactants) — ZBE (products)

Vay, AH thu dworc tee cach tinh toan nay so véi két qua tinh tir
AHe; tra trong handbook c6 khac nhau khong??? Giai thich!!!
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Fuels as Sources of Energy

Nhién liéu héa thach (Fossil fuel)

*Bao gom cac hydrocarbon nhe nhw khi thién nhién (natural gas) dén dau
ICra (petroleum) va than da (coal) c6 ngudn goc tir thwe vat va déng vat.
La nhién liéu khbng tai tao (nonrenewable energy)

Gay 6 nhiém moi trwéng (do chira S va qua trinh d6t chay gay nén phan
rng tao cac oxides cua nitrogen), gay ra acid rain + “green house” gas CO,
=> Global warming

@) 40,000 ~
(c)
P 35.000 -
é 30.000 -
e £ 25,000 -
- EQ& e C“‘g " Ly
Heat of Combustion £ f'm S < 20.000
o

s £ 15,000 -

z

Fuel kJ/ A FIGURE 7-23 I "

g The “greenhouse” effect 10,000 /\/
Municipal waste =117 5.000 - /
Cellulose -17.5 0 -

Pinewood -21.2 VO Y NS § R ST (S (S ) S P ) At
Methanol -227 SN NPT IRIT VN EDPOD
Peat ~20.8 F T F IS S P S
Bituminous coal -28.3 Year
Ispoctane -47 8 (b)

network. (b) The actual and predicted CO» emissions for a 55-year span due to the
{:} mmlir.ﬂnent combustion of nawral gas (pink line), coal (yellow), and petroleum (dark blue), together
of gaso lnE] with the total of all CO5 emissions (light blue). The CO- content of the atmosphere
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Than gé (coal) va cac nguén nhién liéu khac (xem p 278-280)

Khi than

Methanol

Ethanol

Biofuels: biodiesels

Hydrogen

Nguoén nang lwong thay thé: pin nhién liéu (fuel cells), nang
lwgng mat trdi (solar energy), thuy dién (hydroeleqtric energy),
dia nhiét (geothermal energy), nang lwgng thuay triéu va gié
(tidal & wind power).
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Foods and Fuels

Foods

Compositions and Fuel Values of Some Common Foods

Approximate Composition (% by mass) Fuel Value

Carbohydrate Fat Protein kd/g kcal/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 11 2 18 4.4
Green beans 7.0 - 1.9 1.5 0.38
Hamburger - 30 22 15 3.6
Milk (whole) 5.0 4.0 3.3 3.0 0.74
Peanuts 22 39 26 23 5.5

“Beers typically contain 3.5 percent ethanol, which has fuel value
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Foods and Fuels
Fuels

U.S.: 1.0 x 10° kJ of fuel per day:.
Most from petroleum and natural gas.

Remainder from coal, nuclear, and hydroelectric.
Fossil fuels are not renewable.

Fuel Values and Compositions of Some Common Fuels

Approximate Elemental

Composition (%)

C H 0] Fuel Value (kJ/g)
Wood (pine) 20 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 100 0 142

Copyright 1999, PRENTICE HALL

42



Foods and Fuels

Fuels »

~uel value = energy released when 1 g of substance Is
ourned.

Hydrogen has great potential as a fuel with a fuel value
of 142 kJ/q.

Nuclear Hydroelectric Petroleum
(8.2%%)  and other (4.1%)

Coal
(22.5%)

Natural gas (25.5%)
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