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Spontaneity: The meaning of Spontaneous
Change

* Nhiét dong lwc hoc (Thermodynamics ) quan tam t&i cau hoi: “Phan rng nay
co6 thé xay ra hay khong?”

« First Law of Thermodynamics: energy is conserved. .

Qua trinh fwrnhién (spontaneous process) : Qua trinh tw xay ra ma khéng can

bat cr can thiép nao tir bén ngoai (without outside intervention).

Lwu y:

« Néu mdt qua trinh la tw nhién, qua trinh ngwoc lai (reverse process) la khéng
tw nhién (nonspontaneous).

* Ca hai qua trinh tw nhién va khang tw nhién déu c6 thé xay ra, tuy nhién chi
gua trinh tw nhién md&i xay ra ma khoéng can can thiép tr bén ngoai.

« M6t s6 qua trinh tw nhién xay ra cham.

Céac qua trinh tw nhién thwdng 1a qua trinh tda nhiét. Tuy nhién van c6 qua

trinh tw n[]ién la thu nhiét (nwdc da nong chay tai nhiét do phc‘)ljg). Do vay,

khdong thé dwa vao mot minh hiéu wrng nhiét d‘ej dw doan chiéu twnhién

cua mét qua trinh ma con can nhin vao ham sé nhiét déng khac nira.



Spontaneous Processes

Chieu cua bién déi tw nhién c6 thé phu thuéc vao nhiét do:
Bang tan thanh nwdc tw nhién tai T> 0°C; Nw&c dong bang tw
nhién tai T < 0°C.

The direction of a spontaneous process can depend on
temperature: Ice turning to water is spontaneous at T > 0°C,
Water turning to ice is spontaneous at T < 0°C.

Spontaneous for T = 0°C

Spontaneous for T< 0°C
R s




Spontaneous Processes

Reversible and Irreversible Processes

* Areversible process is one that can go back and forth
between states along the same path. |

— When 1 mol of water is frozen at 1 atm at 0°C to form 1 mol
of ice, g = AH,,, of heat is removed.

— To reverse the process, g = AH,,, must be added to the 1 mol
of ice at 0°C and 1 atm to form 1 mol of water at 0°C.

— Therefore, converting between 1 mol of ice and 1 mol of
water at 0°C is a reversible process.
 Allowing 1 mol of ice to warm is an irreversible
process. To get the reverse process to occur, the water
temperature must be lowered to 0°C.
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Spontaneous Processes

Chemical systems in equilibrium are reversible.

In any spontaneous process, the path between
reactants and products Is irreversible.

Thermodynamics gives us the direction of a process.
It cannot predict the speed at which the process will
occur.

Why are endothermic reactions spontaneous?
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Khéi niém vé entropy (The concept of Entropy)

Gian né tw nhién ctia mét chat khi (Spontaneous Expansion
of a Gas)
Tai sao cac quatrinh twwnhién xay ra dworc?

« Xem trang thai dau (a) : hai binh cau (flask) gibng nhau néi nhau qua mét
van khc')a (closed stopcock). Mot binh la chan khéng, binh kia chira khi tai
ap suat 1 atm.

« Trang théai cudi (b): M& khoa thdng hai binh. Mai binh chira khi &p suat 0,5
atm.

 Qua trinh gidn n®& khi [a dang nhiét (isothermal). Do dé khi khong sinh céng
va khéng co6 trao dbi nhiét tiec AU=0vaAH =0
« VAy tai sao khi gian no”? (Why does the gas expand?)

| E‘P/'\
A 4

(a) Initial condition (b) After expansion into vacuum
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Entropy

»  Entropy: La tinh chat nhiét dong lién quan den cach thirc phan bo nang
lvong cia mét hé thong vao cac mire nang lvong vi moé co san.

» S0 lwgng céc cach sap xép (microstates) clia cAc vi tiéu phan (nguyén ti,
phan t&, ion) cang nhiéu thi entropy cua hé thong cang lon.

« Entropy ky hiéu la S, la mét ham trang thai.

« Trong qua trinh gian no kh’I' dé cap & slide trwde, entropy cua khi tang va
AS > 0 (nang lwgng tinh tién tang).

« Qua trinh gidn n& cla khi xay ra tw nhién nay khéng do thay déi néi nang
hay enthalpy ma co Ié la do sw gia tang entropy.

Phuwong trinh Boltzmann cho entropy (Boltzmann Equation for Entropy)

S=kinWwW
V&i S 1a entropy; k [a hang s6 Boltzmann; W la sb cach sap xép (microstates)
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Bién thién entropy (Entropy Change), AS

Bién thién entropy AS: Lién quan dén nhiét g va nhiét do T vi hai yé to nay an
huwdng dén cach thirc Qhén bd nang lwong cua mét hé thong vao eac mire
nang lwgng vi moé co san.
AS =0, /T
V@i T la nhiét dd Kelvin; g,., 1 nhiét trao dbi thuan nghich
Bon trwdng hop thwdng dan dén gia tang entropy:
« Chéatléng hay dung dich 16ng dwoc tao thanh tir chat ran.
« Chéat khi dwoc tao thanh tir chéat 16ng hay ran.
«  S6 mol khi tang l1én do phan &ng hoa hoc.
« Nhiét do cua chat tang.
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Tinh toan entropy va bién thién entropy:

Cho qué trinh chuyén pha (phase transitions): AS,. = AHy
) Tl:r

V@i AH,, 1a nhiét chuyén pha, T, [a nhiét dd chuyén pha

H,O(s, 1 atm) == H,0(1,1atm)  AH%, = 6.02 k] mol™ at 273.15K
the standard entropy change is

asg, = AHhs _ 602K mol™ _ ) o 02 kg ol k!
fus = = = mo
Top  27315K

=220 mol™ K™
Vay: néu biét bién thién enthalpy va entropy sé tim dwoc nhiét dé chuyén
pha cua hé thong.
Dinh luat Trouton (Trouton’s rule):

AH Vap
AS%ap = —— = 87 Jmol ™ K™
Iy
Chi can biét bien thién enthalpy la cé.fhg wde lwrong dwoc nhiét dé soi gla

hA thANA




Entropy tuyét doi (Absolute Entropies), S:

Trang thai nang lwong thap nhat co thé (lowest possible energy state)ctia mot
chat goi la zero-point energy, Entropy cla trang thai nay dwoc coi la zero.
Nguyén ly thir ba cua nhiét déong hoc:

Entropy ctia méttinh thé hoan hao tai 0 K 1a zero.

Entropy tuyét doi cia 1 mole chat & trang thai chuan dworc goi la
entropy mol chuan S°

Bién thién entropy ctda mét phan irng dworc tinh toan twong tw nhuw
cach tinh enthalpy cua phan trng.

AS® = | X vpS%(products) — 2 w59 J'En-:tnmsj]

Entropy mol la ham sé theo nhiét dé
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Bal tap

1. Dw doan entropy tédng, giam hay khéng thé dw doan (kém gidi thich) cho céac phan
trng sau:

al 2H,S(k) + SO,k) — 3S(r) + 2H,0(k)

b/ 2HgO(r) — 2Hg(l) + O4(K)

c/ Zn(r) + Ag,0O(r) — ZnO(r) + 2Ag(r)

d/ 2Cl(dd) + 2H,0(l) — 2O0H-(dd) + Cl,(k) + H,(k)

2. Hay tinh entropy mol chuan AS°®,, cho qua trinh bay hoi cua CCl,F,, cho biét
nhiét d6 s6i ctia CCl,F, la -=29,79 °C va nhiét hoa hoi AH°,,, = 20,2 kmol™".
3. Sw thay dbi entropy mol chuan cho qué trinh chuyén trang théai thi hinh tow

rhombic sulfur ran sang monoclinic sulfur ran & 95,5 °C la AS°, = 1,09 Jmol='K~!. Hay
tinh enthalpy mol chuan AH®,, cho qua trinh chuyén trang thai trén.

4. St dung céc s0 liéu entropy mol chuan cla cac chat (tra ctru trong Handbook)
dé tinh bién thién entropy mol chuan cho phan &rng tong hop ammonia & 25 °C:
N,(k) + 3 Hy(k) — 2 NHg(Kk) ASCyggk = ?
5. N,O, la mot oxid khong bén, dé bi phan hay theo phwong trinh phan (ng sau:
N,O5;(k) — NO(k) + NO,(k) CO ASCygq, = 138,5 JK™

Hay tinh entropy mol tiéu chuan cta N,O4(k) & 25 °C
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Entropy mol chuan S°

Tai sao entropy mol chuan cda NO,(g) 1a 240,1 J mol-1 K1 /é&n hon entropy

mol chuan cta NO(g) 12 210,8 J mol-1 K1 ?
Tai vi phan tr NO Chl co 1 loai dao déng néi N-O, con phan tor NO, co toi

3 loai dao déng noi N-O '
d:% @‘:% kﬁx?lb)
N\ / N

* i

A FIGURE 19-8

Vibrational energy and entropy

The movement of atoms is suggested by the arrows. (a) The NO molecule has only one
type of vibrational motion, whereas (b) the NO, molecule has three. This difference helps

account for the fact that the molar entropy of NO(g) is greater than that of NO(g).

Twong tw, entropy mol chuan cda methane nhé hon ethane, cda ethane
nho hon propane

Methane, CH, . Ethare, CIH_EI , Propane, CyHg
§° = 1863 Jmol ! K! § =21961mol " K §°=2703Jmol ' K™}

Vay:entropy mol chuan tang khi M tang. .,
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Bién dbi tw nhién: Nguyén ly thir nhi cda nhiét
dong hoc (the Second Law of Thermodynamics)

Entropy

« Entropy, S, la thwdc do do bat trat tw (disorder) cia mot hé thong.

« Cac phan rng tw nhién xay ra thwong lam giam nang lwong hoac tang
entropy.

* Khi nwdc déng bang tw nhién & -10 °C, qua trinh nay c6 entropy giam AS<O.
Tuy nhién day la qué trinh téa nhiét nén AH <0. Nhiét téa ra lam entropy maoi
trwong tang len AS, , >0.

» Nhu vay, khi danh gié bién thién entropy, can chd y téi ca bién thién entropy
cua hé thong va moi trwong.

+ Tiéu chuan dé mot bjén doi xay ra tw nhién phan dya trén tong cla ca hai
bién thién entropy ké trén, goi la bién thién entropy cua vi tru AS ;.

’Astgtal = ASuniverse = ASsystem + ASsurroundings

* Khi mét bién doi xay ra tw nhién: AS,;, = AS, + AS,, >0

Nguyén |y thirnhi cda nhiét déng hoc: “ Moi bién déi tw nhién déu lam

tang entropy cua via tru”
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Nédng Iwong Gibbs va bién thién ndng lwong Gibbs

« Dé bién ddi xay ra tw nhién thi AS,.., >0

Asuniv - ASsys T ASsur >0
Ma AS,,, ~ (-AHg, / T)
Nén AS,, = ASqs — (AH,s / T)

Nhan 2 vé v&i —T, ta co:
-TAS iy = AHSyS - TASSVS
Ham nang lwgng mai goi la nang Iwong Gibbs (Gibbs energy)
G=H-TS
Cho mét qua trinh, ta cd: AG =AH - T AS =-T AS,;,,
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Case AH AS AG Result Example
1. - + - spontaneous at all temp. 2N2{g) — 2Nag) + Oxg)
_ _ -— spnnnta neous at low temp.
x { + nonspontaneous at high temp. } HA(D) H20(s)
+ nonspontaneous at low temp.
3. + + —_—
{— spontaneous at high temp. } EHHE[E} Mig} +3 Hﬂ‘g}

4. + - + nonspontaneous at all temp. 3O0Ag) — 204(g)

Cho mét qua trinh xay ra & diéu kién dang nhlet va
dang ap

Néu AG < 0, qua trinh 1a tw nhién.
Néu AG > 0, qua trinh 1a bat tw nhién.
Néu AG = 0, qua trinh dang tai can bang.

Chapter 19 15



Gibbs Energy, G

Potential energy — »
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Bién thién nang lwong Gibbs chuan thirc, AG°

Standard Free-Energy Changes

 Nang lvong tw do tao thanhchuan (standard free-energies of
formation), AG®; dwoc dinh nghia twong tw enthalpy tao thanh
chuan.

« AG° cho moét qua trinh dwgc tinh toan tw cac gia tri nang lwong
tao thanh chuan theo cong thirc sau:

AG° =Y nAG® ¢ (products)—> mAG?® ¢ (reactants)

» Gia tri clia AG° cho mét phan (rng cho biét mét hon hop cac
chat sé phan rng tw nhién tao thanh nhiéu tac chat (AG° > 0)
hay san pham (AG° < 0) hon.
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Nang lwong Gibbs va nhiét do
« Ch( ¥ va0 AG = AH - TAS:
— Néu AH <0 va AS >0 thi AG ludn luén am.
— Néu AH >0 va AS < 0 thi AG ludn ludn dwong.
— Néu AH < 0 va AS < 0 thi AG am tai nhiét dé du thap.
— Néu AH > 0 va AS > 0 thi AG am tai nhiét dé dua cao.
 Ngay ca khi AG am, phan trng khdong nhat thiét phai
xay ra nhanh.
« Nhiét ddng hoc chi cho biét chiéu clia mdt qué trinh
tw nhién ch khéng lién quan dén tdéc dd xay ra cta
gua trinh nay.
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Free Energy and Temperature

EFFECT OF TEMPERATURE ON REACTION SPONTANEITY
AH AS AG Reaction Characteristics Example

- + Always negative Reaction is spontaneous at 20407y — 30(8)
all temperaturas; reverse reaction
is always nonspontanecus

+ - Always positive Reaction is nonspontanaous 300 2050 ¢)
at all temperatures,
reverse reaction is
always spontaneous

- - Megative at low Reaction is spontaneous at CaQs) + COy{ g} — CalOys)
temperaturas; low temperaturas but
positive at high becomes nonspontaneous
temperatures at high temperatures

+ + Positive at low Reaction is nonspontansous Caliyfs) —— Calis) + T g)
termperatures; at low temperatures but
negative at high becomes spontanecus at
ternperatures high temperatures
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Bal tap

1. Dw doan cac phan (rng sau c6 xay ra tw nhién & nhiét dé thwdng hay
khéng?
al N,(K) + 3 H,(k) — 2 NH5(k) AH®, g0 = —92,22 kJ
b/ 2 C(graphite) + 2 H,(k) — C,H,(k) AH®,qe¢ = 52,26 kJ

2. O diéu kién nhiét dd nao cac phan &ng sau xay ra tw nhién?
a/ CaCOg4(r) — CaO(r) +CO,(k)

b/ ZnS(r) + 3/2 0,(k) — ZnO(r) + SO,(K) AH®, g0 = =439,1 kJ
3. Tinh AG° & 298 K cho phan &rng sau:

Cho biét AH®, g = —1648 kJ va AS%,qs, = —549,3 JK‘
4. Tinh AG® & 298 K cho phan (rng sau bang cach st dung nang lwong

tw do mol chuan cla céc chat (Appendix D hodc handbook))
2 NO(K) + O,(k) —» 2NO,(k) AGO%gg= ?
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Nédng Iwong tw do va hang sé can bang
(Free Energy and the Equilibrium Constant)
¢ MObi lién hé gitra AG va Q (equilibrium quotient) 4p dung cho
moi diéu kién (xem p 670, chap 15):
AG =AG°+RT InQ
« Taicanbang, Q=Kva AG =0, nén

AG =AG°+RTInQ
0=AG°+RTInK.
. AG°=-RT InK.

« Ta c6 thé két luan:
— IfAG®° <0, then K> 1.
— IfAG° =0, then K =1.
— If AG®° > 0, then K < 1.
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Bal tdp

« Tai nhiét dd nao thi hang s can bang clia phan
trng tao thanh NOCI(g) cé gia triK=1,00 x 103 ?

Cho biét mét s6 div liéu clia phan rng & 25 °C nhw

sau:

2 NO(g) + Cl,(g) =NOCI(g) AG° =-40,9 kJ mol-
AH° = -77,1 kJ mol! AS° =-121,3 J mol1 K1
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