CAN BANG HOA HOC
Chemical Equilibrium



Khéi niém vé can bang déng (Dynamic Equilibrium)

« Quan sat khi bay hoi trong mét binh kin. Sau mét th&i gian, cac phan t& khi
ngwng tu thanh trang thai 16ng véi toc dd bang vai toc do bay hoi. Ap suat hoi
liic nay khdng ddi theo thei gian. VAy, ap suat hoi (vapor pressure) |a mét
tinh chat dwoc gay ra béi diéu kién can bang.

- Khi hoa tan mét chat tan (solute) trong dung méi (solvent), hé théng cé thé dat
t&i trang thai ma téc dd hoa tan (rate of dissolution) bang véi toc do két tinh
(rate of crystallizing) trc 1a dung dich b&o hoa. £6 tan ctia mét chat tan
(solubility of a solute) 1a mét tinh chat dworc gay ra bdi diéu kién can
bang.

- Khi dung dich nwéc (aqueous solution) cuia iodine dwoe lac véi CCl, nguyén
chéat (pure), cac phan t&r iodine di chuyén sang I&p CCl,. Khi ndng do cua
iondine trong I&p CCl, dd I&n, van toc di chuyén veé lai I&ép nwdc tré nén dang
ké. Khi téc dd di chuyén qua lai cua iodine gitra hai I&p bang nhau, trang thai
can bang dwoc thiét 1ap. Ty sé ndng dd iodine gitra hai 1&p goi 1a hé sb phan bb.
Hé sé phan bé (distribution coefficient) |a méttinh chat dworc gay ra boi
dieu kién can bang.

«  Nung mét mau khi PCI; tai ap suat 1atm va 250 °C trong binh kin. Quan sat thay
ap suat tang 1&n rat nhanh va khong thay déi sau khi dat 1,7 atm. Sw phan hay
(decomposition) cua PCl; nay |a mét phan trng thuan nghich (reversible
reaction) dat téi diéu kién can bé’grgpgqgches an equilibrium condition)



Khéi niém vé can bang déng (Dynamic Equilibrium)

(a) (b)

A FIGURE 15-1

Dﬁmamic equilibrium in a
physical process

(a) A yellow-brown saturated
solution of I in water (top
layer) is broughtinto contact
with colorless CCl4(l) (bottom
layer), (b) 12 molecules
distribute themselves
between the H20 and CCl,.
When equilibrium is reached,
[15] in the CCl4 (violet, bottom
layer) is about 85 times as
great as in the water
(colorless, top layer).
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Dynamic equilibrium illustrated

(a) A saturated solution of radioactive Agl is added to a

saturated solution of Agl. (b) The radioactive iodide ions

distribute themselves throughout the solution and the solid
c| _Agl, showing that the equilibrium is dynamic.



Biéu thirc hang sé can bang
(The Equilibrium Constant Expression)

« Quan sat phan wng:

2 Cu?*(aqg) +Sn?%*(aq) — 2 Cu*(ag) + Sn*'(aq)

Khi Cu*va Sn** dwoc tao thanh,phan trng nghich xay ra:

2 Cu*(ag) +Sn**(ag) — 2 Cu?*(ag) + Sn%*(aq)

« Theo th&i gian, toc dd phan tng thuan giam trong khi tdc dd phan rng
nghich tang lén.

» Cudi cuing, toc d6 ca hai phan (ng thuan va nghich tré nén bang nhau va
hén hop phan trng dat t{)’i diéu kién cua mét can bang déng, dwoc gidi
thiéu v&i mdi tén hai chiéu (double arrow).

2 Cu’*(ag) +Sn%*(aq) —— 2 Cu'(ag) +Sn*'(aq)

 Can bang hoa hoc 1a diém ma tai d6 ndng dd cac chat khdng thay dbi
theo thoi gian nira.
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Biéu thirc hang s6 can bang

0.180 — 0.180 — 0.180
Cu’(ag)  Sn*’(aq) Cu'fag) Sn*faq) 4 oieol- s o160 2 0160 |-
= = =
Experiment 1 2 0140 |- 2 0140} 2 0140 F—
Initial amounts, mol 0.100 0.100 0.000 0.000 _: _f_;- _f;—
Equilibrium amounts, mol 0.0360 0.0680 0.0640 0.0320 g 0120 £ 0120 £ 0120+
Equilibrium concentrations, mol/L.  0.0360 0.0680 0.0640 0.0320 £ fe £ ] —
2 0100 £ 0100 g 0100
Experiment 2 5 5 é f—t
Initial amounts, mol 0.000 0.000 0.100 0.100 = 0.080 = 0.080 - £ 0.080 -
Equilibrium amounts, mol 0.05a67 0.0283 0.0433 0.0717 ; | z =5 z
Equilibrium concentrations, mol/L  0.0567 0.0283 0.0433 0.0717 g 0.060 - E 0.060 . < 0.060 -
Experiment 3 0.040 1~ i 0.040 — < 0040 -
Initial amounts, mol 0.100 0.100 0.100 0.100 0.020 0.020 e a0
Equilibrium amounts, mol 0.0922 0.0961 01078 0.1039 " Bt | 1T sl
Equilibrium concentrations, mol/L ~ 0.0922 0.0961 0.1078 0.1039
= . . . . Time Time Time
The concentrations printed in blue are used in the calculations in Table 15.2. Prnariiadi AR b et 3
2 Reaction carried out in 1.00 L of solution at 298 K. Pe pe = pe
'C-u+ 5 d+ % [C + 5 4 C + 2 g A4
Trial1:—[ 2][ HE] Trial 2: (2 x1 uz bl nz_] Trial 3: fCu T'i5n 1 Uz]zlﬂz]
Expt [Cus*][Sn<*] (2 % [Cus*])[Sn<*] [Cu<t]¢[Sn<*]
[Cu* 5 [5n*" g 2 % 0.0640) X 0.0320 2
F = = 1.48 0.0640 X 0.0320 _ .. (2 x 0.0640) x 0. e 0.0640% X 0.0320 _ o
[4:.,=!+](1,q[5..11+]eq 0.0360 * 0.0680 (2 x 0.0360) x 0.0680 0.0360° % 0.0680
0.0433 » 0.0717 s (2 x 0.0433) x 0.0717 s 0.0433 x 0.0717 .
0.0567 X 0.0283 (2 % 0.0567) x 0.0283 o 0.05672 x 0.0283
3 0.1078 X 01039 __ (2 x 0.1078) X 0.1039 e 0.10782 x 0.1039 _
0.0922 x 0.0961 (2 % 0.0922) x 0.0961 0.0922% x 0.0961

Equilibrium concentration data are from Table 15.1. In Trial 1, the equilibrium concentration of Cu* and Sn** are placed in the
numerator and the equilibrium concentration of Cu™" and Sn**, in the denominator. In Trial 2, each concentration is multiplied
' by its stoichiometric coefficient. In Trial 3, each concentration is raised to a power equal to its stoichiometric coefficient. Trial 3
HOA DAI CUONG A2 has essentially the same value for each experiment. This value is the equilibrium constant K



Biéu thirc hang s6 can bang

a) Néu ta bat dau bang mét hon hop Cu?, Sn?", Cu’, va Sn**
ty & bat ky (Exp 3), phan trng sé dat t&i can bang tuvong
trng v&i nong do khong doi cua Cu?*, Sn?", Cu*, va Sn**.

b) Tuy nhién néu ban dau ta chi cé Cu*va Sn** (Exp 2) hoac
chi c6 Cu?*va Sn2* (Exp 1) , phan (rng van xay ra. N, va-H,
dwoc tao thanh cho toi kh[ cac nong dé cua Cu*, Sn**,
Cu*, va Sn** dat t&i can bang.

c) Tai 300 K, phan &ng trén co biéu thirc hang sb can bang
(equilibrium constant expression):

Cu* E -E-n'”-L
K= ]q 2 =148
[Cu™* Jaa[s0™

Vé&i K: hang so6 can bang (equilibrium constant)
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Hang s6 can bang va hoat dé
(Equilibrium Constant and Activity)
G N Lewis dé nghi mét cach biéu dién phu hop hon cho biéu thirc hang so
can bang str dung hoat dé (activity, a) cua cac tac chat va san pham thay
cho ndng dé. (Xem lai dinh nghia hoat dé ¢ p 844, Chap. 19)

a = y[X]/c°
Véiy 1a hé so hoat d6 (activity coefficient), [X] Ia nong d6 da cho, vacela
nong do tai trang thai chuan (concentration in a chosen reference state, 1M
cho dung dich).
Cho chat khi: a = yP/P°
Véiy la hé so hoat do (activity coefficient), P 1a &p suat da cho, va Pelién
hé v&i ap suat tai trang thai chuan (pressure in the chosen reference state,
1 bar cho dung dich).

Chat 16ng hay ran tinh khiétcé a =1
Trong phan &ng trén, biéu thirc hang sb can bang duorc viét lai:

- ; ro i+
4 _ u{ Cu™] Yand+ SN 7]
Ay TG , . = YCu [ : g I —
K = ] = 1.48 voi o o 5 i
EL.U:_'!-'!'.‘:-II:_ ':r'I:.'.-.G'[ I::u2 _ a 1,-5":',:5“2‘]

) Qo2+ = s liggt+ =
HOA PAI CUGNG A2 Che - a - "



Hang s6 can bang va hoat dé
(Equilibrium Constant and Activity)

Trong phan &ng trén, biéu thirc hang s6 can bang dworc viét lai:

ﬂ%u*ﬂﬂnh . ACy+ = Tcu+[::u+]: A5pt = Poute{Se]
K = = 1.48 Vo ¢ e
ﬂ%uz"ﬂﬂni" N Tu::uh[iuC'-l“]: ress = ?&#*L[fﬂy]
Chon c®° =1 mol L1, y =1, ta co:
(TCu"[Cu+]eq )1 Yant*[ S0 V] eq
I G R - o
(Tcul*[ 'Eu“]ﬁ:,)2 Yo (S0 leg  [Cu?*]2[Sn?" |y
" c®

Biéu thirc tong quét cda hang sé can bang:
aA(aq) + bB(aq) --- == gG(aq) + hH(aq) -

! ) - - an| {5 ... .
) I':[ﬂi]:j(ﬂ]:;b___ = (]) i - (L)i K. voiAn=(g+h+t...)— (atb+...)

[AJB]"---  \€

.

c®
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Pé Ié'n cia hang sé can bang

Hang so can bang, K, la ty Ié cia san pham
trén tac chat. Do d6:

. K cang I&n thi tai can bang nong dé san
pham cang Ién.

- Ngwore lai, K cang nho thi tai can bang nong
dé tac chat cang Ion

e Néu K >> 1, cdc san pham chiém wu thé tai
can bang va can bang chuyén sang phai

« Néu K << 1, cac tac chat chiem wu thé tai
can bang va can bang chuyén sang trai

HOA PAI CUONG A2 Chapter 15



Quan hé cua hang sé can bang véi hang sé téc dé
Relationship Between the Equilibrium Constant and Rate Constant

L,
rd I 4 R 7 . + o o 7 + -
Xem phan (rng téng quat sau: ah + BB+ - 5= gG + hH

Gia st ca phan (rng thuan va nghich déu 1a phan &ng co ban, ta co thé viét:

rate of forward reaction = k[ A]%[ Ei]"-' ‘e ] ) o B
a A oo = kal G
rate of reverse reaction = F;.1[L]]“[H]F"___ y k[A]B] [ GI{H]

b _(GEH' - o R

k1 [A)[B]" k-

HOA PAI CUONG A2 Chapter 15 10



Hang sé can bang

Chuing ta lu6n phai chac chan rang biéu thirc hang s6 can bang pht hop
vOi hé sO ty lwgng cua phwong trinh phan &ng.

« Cho phén trng nghich, hang s6 can bang 1a nghich ddo cua K-

»  Khinhan hé so ca hai vé clia pt phan &ng n lan, hang s6 can bang K
thay doi vai s6 mi twong ng.

»  Khi chia hé s6 ca hai vé clia pt phan (rng n lan, hang so6 can bang K
thay doi theo can bac twong ng.

» V&i cac phan (ng noi tiep trong chudi phan (g lién tuc, hang sé can
bang K la tich cua cac hang s6 can bang trong chudi phan teng déa cho.

HOA PAI CUONG A2 Chapter 15 11



Bal tdp

Bai tap 1-4 trang 6.



Can bang trong pha khi
(Equilibria Involving Gases)

« Xem phan &ng: 2504(g) + O g) = 2504(g)
~ ( (50,)° ) o Yoo, _voPo,  _ ¥so,Po,
{ﬂﬁﬂl}zﬂﬂz - VvOI 50, ﬁﬂz ’ 0; -P%}: ; S0, PE-CIJ_

P5o, \2
vay:  ©° ((rif:))!h) - Pn(u&iﬁm)m CUrE e T (Ui;ia )eq

I]l:l

n  Fso, v Fo, n Bso =3
Thay [S0d=y=3r [0d=gp=gm [S0d=3= 37 vao, taco:

K =( (Psoy)® ) =( ([SO3]RT)* ) =.L( [S03]? )
P \(Bso)?Po,/eq  \([SO2]RT){O2]RT Jeq  RT \[SO2]102] /eq

Cho phan (rng tdng quat:  aAlg) + bB(g) + --- == gG(g) + hH(g) + -
¢ - () (ar)" m(I)-‘"PEP{I]--- _(L)anﬁ j
(@) (ag)? - P PLph... pe Fova Kp = K RT) Moras
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Can bang lién hé véi chat ran va Iéng tinh khiét
(Equilibria Involving Pure Liquids and Solids)

» Gom nhiing phan (ng c6 mat chat ran, léng tiép xdc véi chat khi hay dung
dich, goi la phan rng di thé (heterogeneous reactions)

»  DO0i véi nhirng phan (rng nay, biéu thirc hang so can bang khong chiva nong
dd cua chat ran hay 16ng.

« Xemphanwng:  CaCOsfs) == CaO(s) + COy(g) K. =[COy]

K, =Pco, and K, =K{RT)

¥ P FIGURE 15-4
Equilibrium in the reaction @ .
Trong bieu thtrc hang s6 can GHCOala) === G0l * COdlg) P NI F Rl 4
. [a) Decomposition of CaCOsx(s) upon heating oty ‘ .
~ A A ~ n a closed vessel yields a few granules CaO(s),
bang khong Co CaCO3 va CaO together with CO3(g), which soon exerts its ' » “ > @
N A 7 . X Y equilibrium partial pressure. (b) Introduction of a0 €O NS
VI them bo’t hal Chat nay additional CaCOj3(s) and/or more CaO(s) has no . o R Hal
~ - 2. . effect on the partial pressure of the COz(g), e S s o, s
khong Iam thay d'0| PCOZ ta| CB which remains the same asin (a). @) )

HOA PAI CUONG A2 Chapter 15 14



Bal tap

- Bai 5-8 trang 6-7 phan Bai tap
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Pé Ién cua hang sé can bang
The Magnitude of an Equilibrium Constant

Reaction Equilibrium Constant, K
2 Hsy(g) + Os(g) = 2H-0(1) 1.4 x 10% at 298 K
CaCOy(s) == CaQs) + CO+(g) 1.9 % 10™2 2t 2098 K

1.0 at about 1200 K
2504 g) + Oxg) = 2504(g) 3.4at1000 K
C(s) + HyO(g) == CO(g) + Hg) 1.6 x 1072 at 2908 K

10.0 at about 1100 K

« M6t phan 'ng dwoc coi la xay ra hoan toan khi K > 1010
« M6t phan tkng dwoc coi la khdng xay khi K < 10-1°

HOA PAI CUONG A2 Chapter 15 16



Thwong s6 phan rng, Q: dw dodn chiéu bién doéi
Reaction Quotient, Q: Predicting the Direction of Net Change
Xem lai phan &rng : 2 Cu?*(aq) + Sn?*(aq) —— 2 Cu*(ag) + Sn*'(aqg)

Thuc hién véi cac nong d dau khac nhau (Table 15.1).
Goi Q la thwong sO phan trng (Reaction Quotient)

_ ( @inie) X Bypi) " _ [G] el H] b
‘ ["hm]a'[”lmt]b ["!"‘]:Trdt[E']?rﬁt
[Cl.l+],2.-|_i-|:[5ﬂd+]“-,i|: 0 x0

+ Expli Q= iemr e T honodo) |+ Phan ing xdy ra sang phai.

LRk *

[Cu* )i Sn*inse  (0.100)% 0.100)

« Exp2: o = = = =~ , Pphan rng xay ra sang trai.
R [P Tl T 0 X0
4+ 2 > ’ DN ~
o Exp2: o o (Ol S e _ (0100)%0100) - phan (g theo chiéu thuan
¢ [Cu™iad 5o i (0.100)5(0.100)
(Vi Q. <K K =1.48) (a) () (© (d) [e}
Initial condition: Pure “Left” of Equilibrinm “Right” of
reactants equilibrium equilibrium pmdm_m
Reaction quotient, @, =0 < K, K. K. =
HOA PAI CUGNG A2 Reaclion pmceols 3 3 b

i the rzhi i the left



Thay doéi diéu kién can bang. Nguyén Iy Le Chéatelier
Altering Equilibrium Conditions:Le Chatelier’s Principle
Anh hwdng cua viéc thay doi lvong tac chat 1én can bang

(Effect of Changing the Amounts of Reacting Species on Equilibrium)
Xem phan ing: 250 g) + Oxg) == 2504(g) K. =28 x 107at 1000 K

DD ®-Hdd

COrriginal equilibrium Immediately pllotwing disturbance
[SO3] [SOs) 1.00 mol SO, -
Qe ==K Qe =0 =K
[50)*[ 0] [S0,]*[ O] \

Thém SO, vao hén hop

can bang lam cho Q, > K..
Can bang dich chuyén sang
trai theo hwéng lam giam SO,

HOA PAI CUONG A2

N AR (b) , 1.46 mol S0,

e e \ Wy -
0.68 mol SO, / A / \
. \ H

}_ A 1 :
0.32 mol SO, J \ j

I §, |
\_ 100/ . 10.0L /
016 mol O, | | L ~a (.54 mol SO,

(@) (c)

0.27 mol O,

N

& FIGURE 15-56
Changing equilibrium conditions by changing the amount of a reactant

2 SO5(g) + Ozlg) = 2 SO;(g), K. = 2.8 x 10 at 1000 K

(a) The original equilibrium condition. (b) Disturbance caused by adding 1.00 mol 50;.
(c) The new equilibrium condition. The amount of SO in the new equilibrium mixture,
1.46 mol, is greater than the original 0.48 mel butitis not as great as immediately atter

the addition of 1.00 mol 503. The effect of adding SO3 to an equilibrium mixture is
[T D | IR SN SR . | [ R S T |



Bail tap
1. ExA(p672) =
2. ExB (p672)

PRACTICE EXAMPLE A: In Example 15-5, equal masses of CO, H5O, CO,, and H, are mixed at a temperature of
about 1100 K. When equilibrium is established, which substance(s) will show an increase in quantity and which
will show a decrease compared with the initial quantities?

PRACTICE EXAMPLE B: For the reaction PCls(g) —— PCly{g) + Cla(g), K, = 0.0454 at 261 °C. If a vessel is filled
with these gases such that the initial partial pressures are P|:-c|3 = 2.19 atm, P;:lz = (.88 atm, ch|5 = 19.7 atm,
in which direction will a net change occur?

3. ExA (p674)
4. ExB (p 674)

PRACTICE EXAMPLE A: Given the reaction 2 C({g) + Osg) == 2 COx(g), what is the effect of adding Os(g) to
a constant-volume equilibrium mixture?

PRACTICE EXAMPLE B: Calcination of limestone (decomposition by heating), CaCO4(s) —— CaO(s) + CO4g),
is the commercial source of quicklime, Ca()(s). After this equilibrium has been established in a constant-
temperature, constant-volume container, what is the effect on the equilibrium amounts of materials caused by

adding some (a) CaQ)s); (b) COxg); (c) CaCO4(s)?

HOA PAI CUONG A2 Chapter 15 19



Anh hwéng cua viéc thay déi ap suat hodc thé tich 1&én can bang

(Effects of changes in Pressure or Volume on Equilibrium) ]

Co0 3 cach thay doi ap suat 1én mét hon hop can bang tai nhiét dé khong doi:

1. Thém vao hodc lay di mét lwong san pham hodc tac chat pha khi:
tac dong twong tw viéc thay doi lwgng tac chat hoac san pham.

2. Thém métkhi trovao hén hop phén trng trong diéu kién dang tich:
viéc nay lam tang ap suat tong, nhwng ap suat rieng phan cua cac chat
khéng doi, do vay khdng tac ddng Ién can bang.

3. Thay doi 4p suat bang céch thay doi thé tich cda hé thong: Gidm thé
tich sé lam tang ap suat va nguoc lai. Anh hwong nay twong tw viéc
thay doi thé tich. Khi thé tich giam, can bang dich chuyén theo chiéu
lam giam s6 mol khi va ngwoec lai.

— \
0.68 mol SO, < FIGURE 15-7

}—_ Effect of pressure change on
l equilibrium in the reaction

0.32 mol SO,
016 mol O, | ili ([ 1  2502(g) + O2(g) = 250s(g)

: An increase in external pressure
| A 0.83 mol SO, causes a decrease in thgreaction
. 10.0L 1.00 L volume and a shift in equilibrium
' 0.17 mol SO, “to the right.” (See Exercise 77
L = for a calculation of the new

H (a) (b) -/()/Oi‘%imolo2 equilibrium amounts.)




Anh hwéng cua viéc thay déi nhiét dé 1én can bang

Effects of Temperature on Equilibrium

Chung ta c6 thé coi viéc thay doi nhiét do twong tw nhw thém b&t nhiét lvong.
Theo nguyeén ly Le Chatelier, thém nhiét lwvgng sé lam can bang dich chuyen
theo chiéu hap thu nhiét (endothermic reaction).

Vay khi tang nhiét dé (thém nhiét Iwvong) can péng dich chuyén ‘vé phia -

phan rng thu nhiét. Khi giam nhiét dé, can bang dich chuyén vé phia

phan rng tdéa nhiét

Anh hwéng cua xic tac 1én can bang

Thém xUc tac vao hon hop phan tng lam tang toc dé6 cua ca phan trng

thuan va nghich, Qén bang sé nhanh chépg dworc thjét lap hon nhwng

khéng lam thay doi lwong s6 cua cac chat tai can bang.

Giai thich:

« Xlc tac lam thay dbi co ché phan &rng nén lam gidm nang lwong hoat hoa.

«  XUc tac khdng anh hwéng Ién diéu kién can bang ctia mét phan wng thuan
nghich.

Nghia la diéu kién can bang khong phu thuéc vao co’ ché phan trng.

Hang so6 can bang, do vay, |1a mét dai Iwvong nhiét déng.
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Bai tap
1. ExA (p676) !
2. ExB(p677)

PRACTICE EXAMPLE A: The reaction N2Oy(g) = 2 NOx(g) is at equilibrium in a 3.00 L cylinder. What would
be the effect on the concentrations of NyOy(g) and NOy(g) if the pressure were doubled (that is, cylinder
volume decreased to 1.50 L)?

PRACTICE EXAMPLE B: How is the equilibrium amount of Hxg) produced in the water-gas shift reaction
affected by changing the total gas pressure or the system volume? Explain.

CO(g) + Ha0(g) == COx(g) + Hxg)
3. EXA(p678) <
4. ExB (p 678) i

PRACTICE EXAMPLE A: The reaction N2Oy(g) —— 2 NOa(g) has AH" = +57.2 k]. Will the amount of NOa(g)
formed from NaOy(g) be greater at high or low temperatures?

PRACTICE EXAMPLE B: The enthalpy of formation of NH; is AHf[NH;(g)] = —46.11 kJ/mol NH;. Will the
concentration of NHj3 in an equilibrium mixture with its elements be greater at 100 or at 300°C? Explain.

HOA PAI CUONG A2 Chapter 15 22



Bai tap

1. ExA (p 680)

VRl
o, 0
A FIGURE 15-8 A The Lewis structures of N;O4 and NOz(g)
The equilibrium N;O4(g) == 2 NO(g) Nitrogen dioxide is a free radical that combines
(a) At dry ice temperatures, N2Oj exists as a solid. exothermically to form dinitrogen tetroxide.

The gas in equilibrium with the solid is mostly
colorless N2O4, with only a trace of brown NO3.
(b) When warmed to room temperature and above,
the N,O4 melts and vaporizes. The proportion of
NO2(g) at equilibrium increases over that at low
temperatures, and the equilibrium mixture of
N,04(g) and NO4(g) has a red-brown color.

PRACTICE EXAMPLE A: Equilibrium is established in a 3.00 L flask at 1405 K for the reaction 2 Hs5(g) —
2Hx{g) + Sa(g). At equilibrium, there is 0.11 mol Sz(g), 0.22 mol Hx{g), and 2.78 mol H>5(g). What is the
value of K. for this reaction?

PRACTICE EXAMPLE B: Equilibrium is established at 25 °C in the reaction N2Oy(g) =—— 2 NOa(g), K. = 461 X 1072
If[NO2] = 0.0236 M ina 2.26 L flask, how many grams of N>0; are also present?

3. ExA (p681)
4. ExB (p 681)

PRACTICE EXAMPLE A: A 5.00 L evacuated flask is filled with 1.86 mol NOBr. At equilibrium at 25°C, there is
0.082 mol of Bra present. Determine K. and K, for the reaction 2 NOBr(g) —— 2 NO(g) + Br(g).

PRACTICE EXAMPLE B: (.100 mol 503 and 0.100 mol O are introduced into an evacuated 1.52 L flask at 900 K.
When equilibrium is reached, the amount of 504 found is (0.0%16 mol. Use these data to determine KP for the

reaction 2 5O4(g) —— 2501(g) + Oalg).



Bal tap
1. ExA (p682)

2. ExB(p682)

PRACTICE EXAMPLE A: Sodium hydrogen carbonate (baking soda) decomposes at elevated temperatures and is
one of the sources of CO2 g) when this compound is used in baking,

2NaHCOy(s) == NaCOs(s) + H20(g) + COafg) Ky, = 0.231 at 100°C
What is the partial pressure of CO2{g) when this equilibrium is established starting with NaHCO3(s)?

PRACTICE EXAMPLE B: If enough additional NHs(g) is added to the flask in Example 15-11 to raise its partial
pressure to (L300 atm at equilibrium, what will be the fotal gas pressure when equilibrium is re-established?

3. ExA(p684)

4. ExXB (p 684)

PRACTICE EXAMPLE A: If 0.150 mol Hs(g) and 0.200 mol Is(g) are introduced into a 15.0 L flask at 445 °C and
allowed to come to equilibrium, how many moles of Hl(g) will be present?

Ha(g) + If(g) = 2HI(g) K. = 50.2 at 445°C

PRACTICE EXAMPLE B: Suppose the equilibrium mixture of Example 15-12 is transferred to a 10.0 L flask. (a) Will

the equilibrium amount of N3Oy increase or decrease? Explain. (b) Calculate the number of moles of N2y in
the new equilibrium condition.

Ex A (p 685) PRACTICE EXAMPLE A: Excess Ag(s) is added to 1.20 M FE3+[aq]|. Given that

o1

Ex B (p 685) Ag'(aq) + Fe*(aq) == Ag(s) + Fe"(aq) K. =298

what are the equilibrium concentrations of the species in solution?

o

PRACTICE EXAMPLE B: A solution is prepared with[ V**] = [Cr®*] = 0.0100 M
and [V**] = [Cr**] = 0.150 M. The following reaction occurs.

V*(aq) + Cr'*(aq) == V*(aq) + Cr*'(aq) K. =7.2 X107

HOA DPAI CUONG What are the ion concentrations when equilibrium is established? [Hint: The algebra can be greatly simplified
: by extracting the square root of both sides of an equation at the appropriate point. |



AG° va K nhw ham cua nhiét do
AG° and K as Functions of Temperature

Tacod: AG°=AH° - T AS°

Va: AG°=-RTInK

Avs — 0 _ (0]

gﬁézRgﬁhE F?'Il'—l taIc’JASI g = —AHT A5 .
V -RT, - InK = ———

ET E

_ = N
5

8.0 —

6.0 —

TK YT, K Kp In Ky, a0

800 125 x 1074 9.1 % 10° 6.81

850 11.8 x 1074 1.7 % 10° 5.14 =20=

900 1.1 x 107 42 x 10" 3.74 Slope = | c 0 = 22X 104K

950 10.5 x 1074 1.0 x 10! 2.30 =
1000 10.0 x 1074 3.2 % 10° 116 g 3 : : : : ‘
1050 952 x 107~ 1.0 % 10° 0.00 8.0 9.0 10.0 11.0 120 13.0x 1074
1100 9.09 x 1074 3.9 x 107 —0.94 1K™
1170 8.5 x 1074 1.2 x 107 -212

Temperature dependence of the equilibrium

Tim K khi nhigt do thay doi, Van't Hoff equation:  constantKp for the reaction
2 5O5(g) + Oalg) = 2 SOs(g)

K: jHD 'l 'l This graph can be used to establish the enthalpy of

].I'I i p— - reaction, AH® (see equation 19.14).
K'l. R T_E T-I_ slope = AH®/R = 2.2 % 10%K
P o . R R . AH® = =8.3145 Jmol™ K™ x 2.2 x 10°K
« DOoi voi phan tng thu nhiét, K va T doéng bién = -1.8 X 10° Jmol™

P S . . . ) Lz = —1.8 % 10°kJ mol™
* DOI voi phan tng toa nhiét, K va T nghich bién
HOA PAI CUONG A2 Chapter 15 25



Bal tap
1. ExA(p851)
2. ExB(p851)

PRACTICE EXAMPLE A: Estimate the temperature at which KP = 5.8 % 10”2 for the reaction in Example 19-10.
Use data from Table 19.3 and Figure 19-12.

PRACTICE EXAMPLE B: What is the value of K;; for the reaction 2503(g) + Oz(g) —— 2503(g) at 235°C7? Use
data from Table 19.3, Figure 19-12 and the van't Hoff equation (19.15).

HOA PAI CUONG A2 Chapter 15 26



1000

=
=
=

=
4
=

400

Pressure (mm Hg)

200

Vapor pressure curves for diethyl ester,
ethyl alcohol, and water

760 mm Hg

Diethyl ether
Normal b.p.

34.6°C

i Ethyl alcohol
' Normal b.p.
1 78.5°C

' Normal b.p.
» 100°C

=20 0 20 40 60 80 100
Temperature (“C)
Harcourt Brace & Company iterms and derived items copyright © 1888 by Harcourt Brace & Company

MRE1S 03 PIC

120

HOA PAI CUONG A2

Chapter 15

27



Phase Diagram - General

Solid

critical point

1 atm

mp.
}J

triple point

Gas

sublimation point
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Critical Point

 The temperature and pressure at which
the liguid and gaseous phases of a pure
stable substance become identical.

 The critical temperature of a gas iIs the
maximum temperature at which the gas
can be liquefied; the critical pressure is
the pressure necessary to liquefy the gas
at the critical temperature.
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Phase diagram Normal boiling point
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Phase diagram for carbon dioxide

Supercritical
P, fluid
'I3atnld‘ff ‘ C

10  Solid

5.2 atm
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Gas
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| : ["‘Tf
-78 =57 0 31
Temperature (°C) —>
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Unusual properties of water

Property

Comparison with
Other Substances

Importance in Physical and
Biological Environment

Specific heat capacity
(4.18 J/g'K)

Heat of fusion
(333 J/g)

Heat of vaporization
(2250 J/g)

Surface tension
(7.3 x 10-2 J/m?)

Thermal conductivity
(0.6 J/s*m-K)

Highest of all liquids
and solids except NH;

Highest of all molecular
solids except NH;

Highest of all molecular
substances

Highest of all molecular
liquids

Highest of all molecular
liquids

Moderates temperature in the environment
and in organisms; climate affected by
movement of water (e.g., Gulf Stream)

Freezing water releases large gquantity of
thermal energy; used to save crops from
freezing by spraying them with liquid water

Condensation of water vapor in clouds
releases large quantities of thermal energy,
fueling storms

Contributes to capillary action in plants;
causes formation of spherical droplets;
supports insects on water surfaces

Provides for transfer of thermal energy
within organisms; rapidly cools organisms
immersed in cold water, causing hypothermia
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Open-cage structure of ice

Harcourt Brace & Company iterms and derived itermms copyright ©1988 by Harcourt Brace & Company

MRS PIC

HOA PAI CUONG A2 Chapter 15

34



