Can bang Acid-Baz
Aclid-Base Equilibria



Aclds and Bases:

« Acid: vi chua, Iam thuéc nhuédm ddi mau

. Bases: vi dang, cdm giac nhot.

« Arrhenius: acids lam tang [H*], bases lam tang [OH] trong
dung dich.

H O H, O
HCl -

HCl{aq) — H™(aq) + Cl7(aq) NaOH(s) — Na"(aq) + OHTaq)

 Arrhenius: acid + base — salt + water.
H*(aq) + ClTag) + Na"(aq) + OHTaq) — Na"(aq) + Cl7(aq) + H20(1)
An acid A base A salt Water
Problem:

« Dinh nghia nay chi ap dung dwoc trong dung dich nwdce

«  Ammonia c6 tinh baz nhwng khéng thé chirng minh sw ton tai
cua NH,OH trong dung dich.

NHi(g) + H,O(l) — NH,;OH{aq)
NHOH(aq) == NH,"(aq) + OH™aq)
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Brgnsted-Lowry Acids and Bases

The H* lon in Water

« The H*(ag) ion Is simply a proton with no
electrons. (H has one proton, one electron, and
no neutrons.)

* In water, the H*(aqg) form clusters.
 The simplest cluster is H,O*(aq).
« Larger clusters are H:O," and H,O,*.

* Generally we use H*(aq) and H;0*(aq)
Interchangeably.
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Bronsted-Lowry Acids and Bases
The H* lon in Water

po< b

.
H“‘x . . f’H Hx : !,fH
/O SN O =N
H Ty” H H H H H

\ = S
HFG2+ ?
H
H—L?:
L H p—
H,0,*
(a) (b)
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A FIGURE 16-2
A hydrated hydronium ion
This species, H11Os™*, consists
of a central H30" ion
hydrogen-bonded to four
H20 molecules.



Acid va Baz Brgnsted-Lowry

Céac phan trng trao doéi proton

« Chichuy téiion H* (hydronium ion)

 Brgnsted-Lowry: acid cho di H* (proton donor) va base
nhan H* (proron accepter)

- Baz Brgnsted-Lowry khéng nhat thiét c6 OH-.

« Xem pw: HCl(aq) + H,O(l) » H;0*(aq) + Cl-(aq)
— HCI cho nwéc 1 proton. Do vay, HCI la mét acid.
— H,O nhan 1 proton te HCI. Do vay, H,0O la mét baz.

« Nwde co thé 1a acid hodc baz.

- Chat lwérng tinh c6 thé phan trng nhw acid hodc baz
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Bronsted-Lowry Acids and Bases
Cap acid-baz lien hop (Conjugate acid-base pairs)
* Acid cho di mét proton sé tro thanh baz lién hop cua
no.

 Twong tw, mét baz sau khi nhan thém proton sé tré&

thanh acid lién hop cua no.

— Sau khi HA (acid) mat 1 proton, n6 chuyén thanh A
(base). Do vay HA va A la cap acid-baz lién hop

— Sau khi H,O (base) nhan 1 proton, n6 chuyén thanh
H,O* (acid). Do vay, H,0O and H;0O" la cap acid-baz lién
hop

— Cap acid-baz lién hop chi sai khac méi mdt proton ma thoi.

HA(aq) + H,O(I) === H30"(aq) + A'(aq)
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Brgnsted-Lowry Acids and Bases

Phan (rng acid-baz Bronsted-Lowry: Baz yéu (weak base)

Hang so can bang: ® ' @
AnH, HIOH" : ¢ ‘
o — TNH0H ‘,}J 2 -
TpgH, THLO P
- /’NH H&"

H H

.b':

. A A A . € |
Trong nwéc hoat d6 cac chat A b — A o
N X > A ~ A H H H
trén xap xi nong do nén: H > H
NH, i HO ___ . NH + OH~
base(l) acid(2) acid(1) base(2)
[NH,'J[OH]

18 x 107 =K, K, dwoc goila hang sé6 phan ly baz
(base ionization constant)

[ NH;]
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Brgnsted-Lowry Acids and Bases

Phan rng acid-baz Bronsted-Lowry:
. Acid yeu (weak acid): @_o
Twong tw nhw trwéng hop baz A A
yéu da deé cap, ta c6 hang so
can bang:

[CH,COO™|[H,0"] 7
3 : - & ab
K, = =18 X 107 & NS
[ CH3COOH) . 3 \, 1w
1N hS A A H,0 CH,CO0™ H,0*
K, dwoc goi la hang s phan ly ot W S <

Acid (acid ionization constant)

- .
- Acid manh (strong acid): J,’ Q@ "}'J 4

K, rat I&én nén phan ly coi nhw

H et

hoan toan , miii tén don (single arrow) >0::/_\|‘~|_~(:::|: WS+
H H
H,0 + HCI » H,0t + CI
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Bronsted-Lowry Acids and Bases

BnsE D6 manh twong doi cha cac
I o7 .
g w0, | acid & baz
H,0 g : - ¥
o | o F « Acid cang manh, baz lién
S0, g hop cang yeu
| 1,00, . Mm%,
: £« H*la acid manh nhat ton tai
. : o . y
5.‘:%’ L : 5 trong dung dich nwoéc
: is 2 &« OH- labaz manh nhat ton tai
i HPO . 7
g \H, trong dung dich nwéc.
Eﬁ CO,*
E PO, :
2 : OH-
) E HS 5 ) 100 percent
% oH 0 aE v Fln:rtﬂrjated
g |, ’ in H,0
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Brgnsted-Lowry Acids and Bases
“TABLE 16.1 Relative Strengths of Some Common Bransted-Lowry Acids and Bases

Acid Conjugate Base
Perchloric acid HCIO, Perchlorate ion Clo,~
Hydroiodic acid H1 lodide ion I~
Hydrobromic acid HBr Bromide ion Br-
Hydrochlone acid HCI Chloride ion CI~
Sulfuric acid H,50, Hydrogen sulfate ion H50,~ g-,
Nitric acid HNO, Nitrate ion NO;™ z
Hydronium ion® H,O" Water® H,0 E
Hydrogen sulfate ion HS0,~ Sulfate ion 50,7 E
Nitrous acid HNO, Nitrite ion NO,™ =
B | Acetic acid CH,COOH Acetate ion CH,C0O0™ | .8
g Carbonic acid H,CO, Hydrogen carbonate ion HCO4™
E Ammonium ion NH," Ammonia NH,
Hydrogen carbonate ion HCO;™ Carbonate ion CO4*
Water H,O Hydroxide ion OH™
Methanol CH,OH Methoxide ion CH 0™
Ammonia NH, Amide ion NH,™

"The hydronium ion-water combination refers to the ease with which a proton is passed from one water molecule to another; that
:i_‘-ill H],D+ I H1D — Hll_.]' - H],f.]'+.
 Bazlién hop cua acid manh (e.g. Cl) khdong co tinh baz

« Twong tw, acid lién hop cua baz manh (e.g. H,O, CH,0OH)
khong co tinh acid
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The Autoionization of Water

Qua trinh tw ion héa cua nwoérc:
« Trong nwéc tinh khiét ton tai can bang sau
H,O(l) + H,O(l) === H;0"(aq) + OH(aq)
. Tai 25°C K, =[H30+][<;H']
[H20]

K¢[H20]* =[H30*][OH']
Ky =[H30T][OH ]=1.0x10714

e '-h___; B )
// H H
] l;

:0—H + MO0—H ———""0—H + :0—H
| LR | =

H H

Base{l) Acwdi 2) Acudi] ) Base(2)

 Quatrinh trén goila autoionization of water (twion hoa
Hc%yaﬁ:ulc;‘ny:?,c) ’ Chapter 16 11



The pH Scale
* Quy woee: pH =-log[H*] = -log[H;0*]. Twong tw
POH = -log[OH].
Trong nwéc trung hoa tai 25 C, pH = pOH = 7.00.
Trong dung dich acid [H*] > 1.0 x 10-",nén pH < 7.0
Trong dung dich baz [H*] < 1.0 x 107/, nén pH > 7.0
pH cang I&n, pOH cang nho, dung dich cang co
tinh baz
Hau hét cac gia tri pH and pOH nam trong khdang
0 t&i 14.
KHoéng co giéi han doi véi gia tri pH va pOH. (e.g.
pH of 2.0 M HCI |a -0.301)
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The pH Scale W

pH [H7] [OH] pOH

MaOH, 0. 1A---------
Household bleach —-—-
Household ammonia --

Lime water----------
Milk of magnesia ----

Baking soda ----------
Egy white, sea water [~ 8 1% 108 1% 108

Humanblood. tears 4 7~y 407 4107

ﬁgl‘;a ________________ — 6 1 %1078 1% 1078
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The pH Scale

Other “p” Scales

* In general for a number X,
pX =—log X

* For example, pK,, = -log K,,.

* Since
Ky =[H30"][OH ]=1.0x10"*

oK, =—log[H2,01[OH])=14.00
W 3

~.—log[H30™]-log[OH ] =14.00
PH +pOH =14.00

Hoa Dai Cuong A2 Chapter 16
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The pH Scale

Cac phwong phap xac dinh pH

« May do pH (pH meter).

» Tuy nhién ngwéi ta ciing str dung mét s6 pham
mau thay doi mau sac khi pH thay doi, goi la
chat chi thi

- Cac chat chi thi kém chinh xac hon pH meters.

» Hau hét cac chat chi thi c6 mau dé trong moi
trirong acid (hai ngoai lé: phenolphthalein va
alizarin yellow R ¢cé mau do trong maéi triréo'ng
baz).
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The pH Scale
Measuring pH

pH range for color change
0 2 2] 6 8 10 12 14

Methyl violet
Thymol blue
Methyl orange
Methyl red
Bromthymol blue
Phenolphthalein

Alizarin yellow R

Yellow 8 Violet

RedlfF Yellow  Yellow TlBlue
Red B Yellow
Red [ Yellow
Yellow il Blue

Colorless Wl Pink

Yellow _Fied
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Strong Acids and Bases (Acid va baz manh)

Acid manh:

« Cac acid manh thong thwong la HCI, HBr, HI,
HNO,, HCIO,;, HCIO,, and H,SO,.

 Cac acid manh la cac chat dién ly manh.

 Tat ca cac acid manh déu ion héa hoan téan
trong dung dich:

HNO;(aq) + H,O(l) - H;0*(aq) + NO5(aq)
« C6 thé viét lai (H* thay H,O")
HNOs(aq) — H*(aqg) + NO;(aq)
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Acid va baz manh

Acid manh:

 Trong dung dich acid manh |a nguon cung cap
H*duy nhat. (Neu nong do acid £10° M thi can
guan tam déen autoionization cua nwéc.)

» Do vay, pH cta dung dich chinh |a nong dé ban
dau cua acid.

Baz manh

« Hau heétionic hydroxides la baz manh (e.g.
NaOH, KOH, and Ca(OH),).
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Bal tap
1. Ex A, p 707
2. Ex B, p 707

PRACTICE EXAMPLE A: A 0.0025 M solution of Hl{aq) has [ H30"] = 0.0025 M. Calculate [I7],[OH™], and the
pH of the solution.

PRACTICE EXAMPLE B: If 535 mL of gaseous HCI, at 26.5°C and 747 mmHg, is dissolved in enough water to
prepare 625 mL of solution, what is the pH of this solution?

3. EXA, p 708
4. Ex B, p 708

PRACTICE EXAMPLE A: Milk of magnesia is a saturated solution of Mg(OH)3 Its solubility is 9.63 mg
Mg( OH)2/100.0 mL solution at 20 °C. What is the pH of saturated Mg( OH); at 20 °C?

PRACTICE EXAMPLE B: Calculate the pH of an aqueous solution that is 3.00% KOH, by mass, and has a
density of 1.0242 g/mL.
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Strong Acids and Bases

Baz manh ’
Cac baz manh la chat dién ly manh va phan'ly
hoan toan trong dung dich.

» Do vay, pOH ctia dung dich chinh la nong dé
ban dau cua baz. Cha y hé so ty lwong.

« Muon la mét baz, hydroxit phai tan dwoc trong
nwo’c.

« Cac baz khéong nhat thiét phai c6 ion OH-:
O%(aqg) + H,0O(l) - 20H-(aq)
H(aq) + H,O(l) - H,(g) + OH(aq)
N3(aq) + H,O(l) = NH;(aq) + 30H"(aq)
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Bal tap
5.Ex A, p 701
6. Ex B, p 701

PRACTICE EXAMPLE A: For each of the following reactions, identify the acids and bases in both the forward and
reverse directions.

(a} HF + H,0 == F~ + H;0"
(b) HSO,™ + NHy = SO, + NH,*
(¢) CH3COO™ + HCl = CH.,COO0H + CI™

PRACTICE EXAMPLE B: Of the following species, one is acidic, one is basic, and one is amphiprotic in their
reactions with water: HNQ,, PO,*~, HCO,™. Write the Jur equations needed to represent these facts.

/. EXA, p 706
8. Ex B, p 706

PRACTICE EXAMPLE A: 5tudents found that a yogurt sample had a pH of
2.85. What are the [H*] and [OH™] of the yogurt?

PRACTICE EXAMPLE B: The p[—I of a solution of HCI in water is found to
be 2.50. What volume of water would you add to 1.00 L of this solution to
raise the pH to 3.107



Acid yéu va baz yéu (Weak acids and Weak Bases)

- Acid yéu chi ion h6éa mét phan trong dung dich.

Do vay ton tai mét hén hop ion va acid chwa ion
hoa trong dung dich.

 Therefore, weak acids are in equilibrium:
HA(ag) + HyO(l) === H30"(aq) + A'(aq)
HA(aq) === H"(aq) + A"(aqg)
_HgO™ AT _[HTIIAT]
a= a=
[HA] [HA]

- K, la hang so6 phan ly acid (the acid dissociation
constant).
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Acid yéu va baz yéu (Weak acids and Weak Bases)

Acid yéu acid acetic:
CH,COOH + H,0 = H,0" + CH,C00"
[H;0)[CH,CO07]

K, = =1.8 x 107
! [ CH3COOH)

Strong and weak acids compared
The color of thymol blue indicator, which is present in both solutions, depends on the
pH of the solution.

pH <1.2 <pH < 28 < pH
Red Oirange Yellow

The principle of the pH meter is discussed in Section 20-4. (Left) 0.1 M HCl has
pH = 1. The pH meter shows a value of 1.20 rather than 1.00 because the molarity

of the HCI solution is, in fact, slighdy less than 0.1 M. (Right) 0.1 M CH3COOH has
pH = 2.8.
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Acid yéu

SOME WEAK ACIDS IN WATER AT 25°C*

Molecular Structural Conjugate

Acid Formula Formula Base Ka

Hydroflueric HF H—F F~ 6.8 % 107"

Nitrous HNQ, H—O—N=0 NO; 45 107"
1

Benzoic HCH:O, H—G—C@ CH:Oo ™ 6.5 % 107"
T

Acetic HC,H:0, H—:::r—-:—clz—H C,H-0," 1.8 % 10"

H
Hypochlorous ~ HCIO H—0—dl ClO” 3.0x 107
Hydrocyanic HCN H—C=N CN™ 4.9 % 107"

Phenol HOCHs I"I—G@ CH:0™ 1.3 % 10”7

* The proton that ionizes is shown in blue.
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Weak Bases

Can bang phan ly cta baz trong nwéc:
Weak base + H,O <<= conjugate acid + OH"

 Example: e “H i
H.C—N—H + H—0: * H.C—N—H + H—O:
: I 1 : | .

H H
Base Acid Acid Base

Hang so6 phan ly baz (The base dissociation constant),
Ky, cua methylamine la:
[CH3NH1][OH™]

Kp = — =42 x10™
| [CH3NH;]

Hoa Dai Cuong A2 Chapter 16 25



Weak Bases

Cac loai baz yéu

« Thwong cac baz c6 cac cap electron chuwa lién
két (lone pairs) hay dién tich am (negative
charges) dé lay protons.

- Hau hét cac baz yeu trung héa chira nitrogen.

- Anions cua acid yéeu ciing la cac base yéu.
Example: OCl-is the conjugate base of HOCI
(weak acid):

ClO (aq) + H,O(l) == HCIO(aq) + OH(ag) K,=3.3x 10"
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Lién hé gitra K, and K,
« Cho moét cap acid-baz lién hop
K, x K, =K,
» Do vay, K, cang Ion thi K, cang nhé hay laacid
cang manh, baz lien hop cang yéu.
« Taking negative logarithms:
pKa + pr - pKW
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Acid s

lonization
lonization Equilibrium Constant K  pK
Acid K = pkK,
lodic acid HIO; + H,0 H;0" + 104~ 1.6 107! 0.80
Chlorous acid HCID + H,0 H,0" + ClO,~ 1.1 % 1072 1.96
Chloroacetic acid EIEHEEDDH + H,0 H,0" + CICH,COO0~ 14X 1073 285
Nitrous acid HNO, + H,0 H,O0" + NO,~ 7.2% 1074 314
Hydrofluoric acid HF + H,0 H, 0" + F~ 6.6% 1074 318
Formic acid HCOOH + H,0 HHEI*' + HCOO™ 1.8 % 1074 3.74
Benzoic acid CgH;COOH + H,0 H,0" + CH,.CO0™ 6.3% 1077 4.20
Hydrazoic acid HN; + H,0 H,0" + Ny~ 1.9% 1077 4.72
Acetic acid CH,COOH + H,0 H,0" + CH,CO0~ 1.8 % 1077 474
Hypochlorous acid HOCL+ H,O H,0" + OCI” 293 1078 1.54
Hydrocyanic acid HCN + H,0 H,O0" + CN™ 6.2% 10710 0.21
Phenol HOC:H; + H,0 H,0" + C,H;0™ 1.0% 1071 10,00
Hydrogen peroxide H,0, + H,0 H,0" + HO,™ 1.8x 10712 11,74
Base K= pKy
Diethylamine (C;Hs),NH + H,0 (C,Hs),NH,™ + OH™ 69X 1074 316
Ethylamine C,H;NH, + H,0 C,H;NH;" + OH™ 43 % 1074 3.37
Ammonia NH; + H,0 NH,* + OH™ 1.8 % 1077 474
Hydroxylamine HONH, + H,0 HONH,™ + OH~ 9.1 % 1079 8.04
Pyridine Cs;H;N + H,0 CsH;NH" + OH" 1.5% 1079 8.82
Aniline CgH;NH, + H,0 C H;NH,™ + OH™ 7.4% 10710 013

rnvua val vuvlily A<

wliapwer 1o

0




Acid yéu va baz yéu

« K,, K, cang I&n, acid va baz yéu cang manh (i.e.
cO nhiéu ion tai can bang hon |1a s6 acid/baz
chwa phan ly)

+ Néu K_/K, >>1, thiion hoala hoan tdan va
acid/baz la mot acid/baz manh.

St dung K_/K, dé tinh pH
— Viét phwong trinh can bang phan ly acid/baz.

— Viét biéu thirc can bang dé tim gia tri K /K,

— Viét nong dé ban dau va nong dé tai can bang cho tat
ca cac chat (triv nwoc). Chang ta thwong dat bien
thién néng dé cua H* la x.

» Thay vao biéu thirc can bang va giai tim x.
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Bal tap
9. ExA, p 712
10. Ex B, p 712

PRACTICE EXAMPLE A: Hypochlorous acid, HOC], is used in water treatment and as a disinfectant in swimming
pools. A(L150 M solution of HOCI has a pH of 4.18. Determine K, for hypochlorous acid.

PRACTICE EXAMPLE B: The much-abused drug cocaine is an alkaloid. Alkaloids are noted for their bitter taste,
an indication of their basic properties. Cocaine, CyyHs OyN, is soluble in water to the extent of (.17 g/100 mL
solution, and a saturated solution has a pH = 10.08. What is the value of K, for cocaine?

CizHyON + HyO — CysH5;O,NH* + OH™ K, =?

11. EX A, p 713
12. Ex B, p 713 )
P o e
PRACTICE EXAMPLE A: Substituting halogen atoms for hydrogen atoms bound to 9
carbon increases the strength of carboxylic acids. Show that the pH of 0.100 M
CH>FCOOH, fluoroacetic acid, is lower than that calculated in Example 16-6 for A Fluoroacetic acid,
0.100 M CH,COOH. SHfCOCH
CH,FCOOH + H,0 — H,0* + CH,FCOO~ K, =26 x 107 ;
PRACTICE EXAMPLE B: Acetylsalicylic acid, HCgH70y, is the active component in .
aspirin. This acid is the cause of the stomach upset some people get when taking ’ . ° ‘\.
aspirin. Two extra-strength aqpirin tablets, each cnntaining 500 mg of . e
acetylsalicylic acid, are dissolved in 325 mL of water. What is the pH of this . Q .
solution? )

HCH,0, + H,0 — H.,0% + CH,0,~ K, =33 x 10~ Fi o ot



Acid yéu

S dung K_/K, dé tinh pH
» Phan trdam ion ho6a (percent ionization) la mét
cac khéac de biéu diéen dé manh cua acid/baz.
« Xem phan rng
HA(aq) + HyO(l) === I;I30+(aq) + A'(ag)
H
[H" legm <100
HA]g
« Phan tram ion héalién quan dén nong dé H* tai

can bang, [H*]gqm, dén noéng dé acid ban dau
[HA],.

0% 1Ionization =
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Weak Acids

» Phan tram ion héa cang cao, acid cang manh.
» Phan tram ion hoa clia mét acid yéu giam khi
nong do dung dich tang.

 Dung dich acetic acid, 0.05M c06 2.0 % ion hoa
trong khi dung dich 0.15 M c0 1.0 % ionized.
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HCI

Percent lonization 100 - ———— "

(2.70) (2.40) (2.00)

80 —

Phan tram ion hoa cang cao,
acid cang manh.

Phan tram ion héa cda mdt acid
yéu giam khi nong dé dung dich
tang. :

Dung dich acetic acid, 0.010 M ol '
c6 khoang 4.0 % ion héa trong 0 [ 00020 0.0040 0.0060 0.0080 0.010
khi dung dich 3,6.105 M c6 20 sexigms Mol ofacid M

. . ( ) represents pH of solution
% Ionized.

60 — | CH;COOH

Percent ionization

40 ~
/(4.14)
20 —-'\ (3.73) (3.58) (3.38)

HA + H,0 == H;0" + A~

At equilibrium, ny s moles of the acid HA, ny. o+ moles of H;O", and n,-
moles of A~ are present in a volume of V liters. The K, expression is
_[HO"AT]  (myg0r/VI(na-/V)  (npyor)(na-) . ]

* " [HA] AV e v

When we dilute the solution, V increases, 1/V decreases, and the ratio
(MH,0+)( 14-) /Mpa must increase to maintain the constant value of K. In turn,
Hy,or and 1 4- must increase and ny, must decrease, signifying an increase in
the percent ionization.

33



Bal tap
13. Ex A, p 713
14. Ex B, p 713

PRACTICE EXAMPLE A: What is the pH of 0.015 M CH,FCOOH( aq)?
CH,FCOOH + H,0 = H.0" + CH,FCOO~ K, =26 x 1073

PRACTICE EXAMPLE B: Piperidine is a base found in small amounts in black
pepper. What is the p[—I of 315 mL of an AqUEoUSs solution cﬂntaining 114 mg
piperidine?"

CsHyiN + Hs0 — CsHyyNHY + OH~ K = 1.6 x 107

15. Ex A, p 717
16. Ex B, p 717

PRACTICE EXAMPLE A: What is the percent ionization of hydrofluoric acid in 0.20 M HF and in 0,020 M HF?

PRACTICE EXAMPLE B: An 0.0284 M aqueous solution of lactic acid, a carboxylic acid that accumulates in the
blood and muscles during physical activity, is found to be 6.7% ionized. Determine K, for lactic acid.
CH3yCH({OH)COOH + H»0 —— H30" + CH3CH{OH)COO~ K, =17
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Acids da proton Polyprotic acids

Polyprotic acids c6 nhiéu hon mét proton bi ion hoa
Cac proton phan ly tieng giai doan mot chw khéng

dong loat:
[H30"|[H,PO,T]

(1) H,PO, + H,0 — H,0" + H,PO,~ K, = =71 %1073
3 e Fi 3 P 1 4] [H?PD_L]

. H,0'[HPO? _

(2) HPO;™ + H,0 == H;0* + HPO,* K, = H07]l i =63 x 107®
| [HaPO,T]
H,0*[PO >

(3) HPO,~ + H,0 == H;0" + PO,* K, = [H507 - L =42 x 107
| [HPO,™]

Proton th& nhat dé bi ion héa hon proton th hai Do
Véy, Kal > Ka2 > Ka3

Hau hét H*(ag) tai can bang la do qua trinh ion hoa
dau tién (i.e. the K_; equilibrium).
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Acids da proton (Polyprotic Acids)
(TABLE 16.4 lonization Constants of Some Polyprotic Acids

Acid lonization Equilibria lonization Constants, K pK
Hydrosulfuric* H,S + H,0 == H;0" + HS™ K, =10x 1077 pK, =7.00
HS™ + H,0 H,0" + 827 K, =1x10=2 pK,, =190
Carbonic® H,CO, + H,0 H,0" + HCO,~ K, =44 %1077 pK, =6.36
HCO,~ + H,0 H,0* + CO,2- K, =47 %101 pK, = 1033
Citric H,CH 0, + H,0 H,0" + H,CHs0;~ Ka: =75% 1074 pK,: =312
H,CgHO;™ + H,0 H0* + HCH 0>~ K, = 1.7 X 1073 pK, =477
HCH;0,%~ + H,0 H,0* + C(H0,*~ K,; =40 %1077 pKa: = 6.40
Phosphoric H4PO, + H,0 H;0" + H,PO,~ K, =7.1X 1073 pK, =2.15
H,PO,~ + H,0 H,0* + HPO, 2~ K, =63 x107® pK,, = 7.20
HPOZ?™ + H,0 H,0" + PO~ K, =42x1071 pK,, = 1238
Oxalic H,C,0, + H,0 H,0* + HC,0,~ K, =56X 1072 pK, =125
HC,0,~ + H,0 H;0* +C,0,%" K, =54x10° pK, =427
Sulfurous® H,S0; + H,0 HyO" + HSO,~ K,: =13 X% 1072 pK,: = 1.89
HSO;~ + H,0 H,0* + S04~ K, =62x10"8 pK, =721
Sulfuricd H,S0, + H,0 H,0™ + HSO,~ Kn: = very large pKa: <0
HSO,~ + H,0 H,0* + 502" K, =1.1x1072 pK,, = 1.96

*The value for K, of HS most commonly found in older literature is about 1 X 107"%, but current evidence suggests that the value

is considerably smaller.




Bai tap
17. Ex A, p 720
18. Ex B, p 720

PRACTICE EXAMPLE A: Malonic acid, HOOCCH,COOH, is a diprotic acid used in the manufacture of
barbiturates.

HOOCCH:COOH + H»0 — H30% + HOOCCHCOO™ Kyy =14 X 1073
HOOCCH,CO0™ + Hy0 == Hy0* + "O0CCH,CO0™ K, = 20 x 107
Calculate [Hy0*], [HOOCCH,COO™], and [ "OOCCH,CO0O™] ina 1.00 M solution of malonic acid.

PRACTICE EXAMPLE B: (xalic acid, found in the leaves of rhubarb and other plants, is a diprotic acid.
HaC204 + H20 = H30" + HC204~ Ey =17

HCEDJI_ + HED — H3C'+ -+ CzCL; - Ka] =7

An aqueous solution that is 1.05 M H2C,0, has pH = (.67. The free oxalate ion concentration in this solution
is [C2047] = 5.3 % 107 M. Determine K,, and K,, for oxalic acid.

19. Ex A, p 721
20. Ex B, p 721

PRACTICE EXAMPLE A: Calculate [H,0"),[HS0,™], and [SO,;7] in 0.20 M H,50,,

PRACTICE EXAMPLE B: Calculate [H30"],[HSO,7), and [SO7] in 0.020 M H550,.
[Hint: Is the assumption that [ HSO,™] = [H30"] valid?]
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Tinh Acid-Base cua cdc dung dich mudi

Hau nhw moi muoi déu la chat dién ly.
Do vay, trong dung dich muoi nam hoan toan &
dang ion. |
Tinh Acid-Base cta cac dung dich mudila hé
qgua cua phan trng cua cac ion trong dung dich.
Phan trng tao thanh cac ion H* or OH-trong
nwoe goi la sw thuy phan (hydrolysis).

Anions tir acid yéu co tinh baz.

Anions tw acid manh thi trung hoa.

Anions coO ionizable protons (e.g. HSO,) thi
lwdng tinh (amphoteric).
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Tinh Acid-Base cta céac dung dich muébi

NH;t + HyO —— NH; + H;0°
Acikd(1) Basel 2) Base(1) Acid( 2)
CH;COO™ + H,0 — CH;COOH + OH-

Base{1) Acid( X) Acid(1) Base 2)

lon ammonium la moét acid, cho nwéc (baz) mét proton.
Hang so6 phan ly acid ctia ion ammonium K, trong moi
twong quan vé&i hang so phan ly baz K, cia ammoniava K,
nhw sau: ~ [NH3)[H:O*][OHT] Kk, 1.0 x 10
Ka = INH/[OHT] K» 1.8 x 107
Twong tw, hang s6 phan ly baz caa ion acetate K, trong moi
twong quan véi hang so6 phan ly acid K,, cta acid acetic va

= 5.6 x 10710

KW nhw Sau k. = [{:HE{:WH::GH-] _ K'.'. — LO X H]-H = hbH X ]ﬂ-]ﬂ
" [CH;COO™] - K,(CH,COOH) 18 x 107 "

Vay:.

Kai(acid) ® Kp(its conjugate base) = K,
Kp(base) X K,(its conjugate acid) = K,
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Sw thuy phan (Hydrolysis)

Thay phan cia mudi NaCl  na* + CI™ + Hs0 — no reaction
Thay phan cta muoi NH,CI CI™ + H»0 — no reaction
(tréi, vang): NHY + HyO = NH; + H:0"
Thﬁy phén ctiia muoi Na® + Hs0 — no reaction

CH;COONa (phai, xanh): CH;C0O0™ + H.0 — CHsCOOH + OH~

A FIGURE 16-9
lons as acids and bases
Each of these 1 M solutions contains bromthymol blue indicator, which has the

following colors:

pH< 7 pH =7 pH> 7
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Acid-Base Properties of Salt Solutions

e To determine whether a salt has acid-base
properties we use:

— Salts derived from a strong acid and strong base are
neutral (e.g. NaCl, Ca(NO,),).

— Salts derived from a strong base and weak acid are
basic (e.g. NaOCI, Ba(C,H;0,).,).

— Salts derived from a weak base and strong base are
acidic (e.g. NH,CI, AI(NO,),).

— Salts derived from a weak acid and weak base can be
either acidic or basic. Equilibrium rules apply!
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Bai tap
21.Ex A, p 725
22.EX B, p 725

PRACTICE EXAMPLE A: FPredict whether each of the following 1.0 M solutions is acidic, basi::,_nr pH neutral:
(a) CH3NH3"NO3(aq); (b) Nal(aq); (c) NaNO4f ag).

PRACTICE EXAMPLE B: An aqueous solution containing HsPO4~ has a pH of about 4.7. Write equations for two
reactions of H,PO~ with water, and explain which reaction occurs to the greater extent.

23.EX A, p 726
24.Ex B, p 726

PRACTICE EXAMPLE A: The organic bases cocaine (pKp = 8.41) and codeine (pKp =7.95) react with
hydrochloric acid to form salts (similar to the formation of NH4Cl by the reaction of NH3 and HCI). If
solutions of the following salts have the same molarity, which solution would have the higher pH: cocaine

hydrochloride, Ci7Hx O4NH™CI™, or codeine hydrochloride, CygHxn Cl103NH 1

PRACTICE EXAMPLE B: Predict whether the solution NH4CN{aq) is acidic, basic, or neutral; and explain the
basis of vour prediction.

25.Ex A, p 727
26.Ex B, p 727

PRACTICE EXAMPLE A: Sodium fluoride, NaF, is found in some toothpaste formulations as an anticavity agent
What is the pH of 0.10 M NaF(aq)?

PRACTICE EXAMPLE B: The pH of an aqueous solution of NaCN is 10.38. What is [CN 7] in this solution?
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Cau truc phan tdeva tinh acid-baz

Molecular Structure and Acid-Base Behavior

D6 manh (strength) cua binary acids: |

Xem hop chat H-X. Dé chat nay la mét acid, cac dieu:
Kién can co la:

» NOi H-X phai phan cuc véi H3* va X3, X la phi kim
(néu X la mo6t kim Ioaj thi ndi H-X §é phan cwe Ho-,
X6+ va la mot baz) dé durt theo kiéu di ly.

H—X
HX(g) - ) = Hig) + X(g)

J'Elll]J—e' A P &
DHY X™) -
H* (g) + X~ig)

« NOi H-X phai di yéu dé bi dut ra,
 Baz lién hop, X-, phai du bén.
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Binary Acids

K

|

DIH—X)
DHY X™)

increasing acid strength

. Binary acid cda nguyén té trong

cung chu ky (row) c6 dé manh
acid (acid strength) tang khi do
phan cwc cua ndi tang, tire tir trai
sang phai dé6 manh acid tang
Binary acid cda nguyén té trong
cung nhom (group) c6 dé manh
acid (acid strength) tang khi dé dai
ndi tang, ttrc tir trén xubng dudi o

manh acid tang

Hoa Dai Cuong A2

H—CH, H—NH, H—OH H—F
1= 1060 1= 10=H 1.8 10™!6 f.6x 10"
414 389 464 563
1717 1630 1598 1549

H—5H H—CI
1.0x 1077 1x10°
368 431
1458 1394
H—5e¢H H—Br
1.3 1074 1% 107
335 364
1434 1351
H—TeH H—I
23107 1% 107
277 297
Chapter 16 1386 1314 44




Cau trac phan tdevatinh acid-baz
Molecular Structure and Acid-Base Behava

Binary Acids

CH.4 NHj3 H»O HF
bagenpargge?tﬁes Weak base == Weak acid m—
Sifly PHj H,S HCI
No acid or _ .
base properties Weak base | Weak acid @ Strong acid
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Cau truc phan tdeva tinh acid-baz
Molecular Structure and Acid-Base Behawor
Oxoacids
* Oxoacids chtra O-H bonds.
 Moi oxoacids c6 cau tric chung la Y-O-H.
* D6 manh cua acid phu thuéc vao Y va nguyén tu
gan voi Y.
—Néu Y la mét kim loai (BAD nhé-low
electronegativity), thi hop chat nay sé la mot
baz.

—Néu Y c6 BAD trung binh (intermediate
electronegativity) (VD nhw I, EN = 2.5), cac
electron nam gitra Y and O hop chat la weak
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Oxoacids
— Néu Y c6 DAD Ién (large electronegativity) (e.g. Cl, EN
= 3.0), cac electrons nam gan véi Y hon O va O-H
bond bi phan cwec phdng thich H*.

H—§—Ci: H—G—tis
ENg, = 3.0 ENg, = 2.8
K =29% 1078 K= 21X 10"

— SO0 nguyén tir O gan vé&i Y lam tang dé phan ecwce
(polarity) cua O-H bond \{é dé manh cua acid tang
(VD. H,S0O; la mét acid yéu hon H,SO,)

(s 0 F
| 54 : W e
H—8—S <0 —H H— —s—0—H

0

- -
H’u]-t-ltﬁ K, =13x10
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Cau truc phan tievatinh acid-baz
Molecular Structure and Acid-Base Behawor

Oxoacids

Electron drift

[

EN=3.0

|

EN=2.5
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Cau tric phan tievatinh acid-baz

Molecular Structure and Acid-Base Behavior
D6 manh cua acid hiru co’ (Carboxylic Acids)
* Acid hiru co (organic acids) T
chira nhém COOH (R 1a goc hivu co). S

- Acid acetic manh hon ethanol nhiéu. RT "OH
H 0: H H
H—C :y '? H H—C é ':E "
H iR
Acetic acid Ethanol

= =3 e =16
K, =18 10 K,=13x10
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Carboxylic Acids
Giai thich:
1. N&i O-H cla acid phan cwc hon ethanol.

2. Khi mat H*, dién tich &m cda acid phan bd trén hai nguyén t& oxy nén ion
carboxylate bén hon ethoxide:

H -i.jl. H 1-{.'-:.7 H H
| # P | | .._
H—C —C = H—C—C H—C —C—0:
L N\ Y, j [ *®
H Lo H ne H H
Acetate 10n Ethoxide 1on
* D6 dai cua mach carbon it anh hwéong [Eén dé6 manh acid.
CH;COOH CH4(CH4),COOH
Acetic acid Oictanoic acid
K, =18 %107 K, =13 x 107
Cl :0:

« P6 manh acid tang khi s6 nhom hut C
- 2 H—C —C—O0—H
electron (electronegative group) gan | -

vao R ting |én do lam phan cwc néi O-H. ,

Chlomacenic acid
Hoa Dai Cuong A2 Chapter 16 ﬁ:’ﬂ = |.4x 1(I” 3



D6 manh cua cac baz amines

Strengths of Amines as Bases
 P6 manh cua baz amine phu thudéc vao cap electron tw do

(lone pair).
« Nhom rat e gan vao N lam giam tinh baz va ngweoe lai.

™ —
H H % '
{ )—NH, NH,
H- t~|4 Br r~|4: ~— \ /
| | Cyclohexylamine, pAjy = 3.36 Aniline, pK,= 9.13
H H
Ammonia Bromamine /=x <H— % ‘NH,
pK, = 4.74 NH,Br pky= 761 I »—NH,
N /O cl
para-Chloroaniline, pKy, = 10.01 ortho-Chloroaniline, pKy, = 11.36

« Goc HC gan vao N lam tang nhe tinh baz.

H H H H H H

| . L
H—N: H—C—N: H—C—C—N:

| - |

H H H H IL IL
Ammonia Methylamine Ethylamine
pK,= 4.74 CH,NH,, pK, = 3.38 CH,CH,NH,, pK,= 3.37
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Lewis Acids and Bases

. Brgnsted-Lowry acid |a mét chat cho proton.

« Néu chu y dén electrons: mét Brgnsted-Lowry acid c6
the coi la chat nhan electron (electron pair acceptor).

. Lewis acid A: chat nhan electron (electron pair
acceptor).

« Lewis base B: chat cho electron (electron pair donor).

B +A —B-—A Iil ﬂft |-|1 *F:
H I.i,“-""-"-:ﬂ[lj .E: —3 H- Pi'l B :::
H J H :F:

L
]
L

Lwu y: Lewis acids and bases khéng can chira protons.

Do vy, dinh nghfa acid baz Lewis la tong quéat nhat
trong cac dinh nghia vé acids and bases.
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Lewis Acids and Bases

« Lewis acids thwong co incomplete octet (e.g. BFy).

 Céc ion kim loai chuyén tiép (Transition metal ions)
thwong la Lewis acids.

. Lewis acids phai c6 van dao trong (vacant orbital) (dée
nhan electron pairs).

« Hop chat c6 with -bonds c6 thé |am Lewis acids:
CaO(s) + SO,(g) » CaS0O4(s)

0: i e [
e NI L ;'r-";'- s L
Ca* 0 5: — Ca** |:0—5:
= 1‘-___-:{ - + & --:-.i'::l-l

Phan trng di pha CaO(s) va SO,(g) la mét phan rng acid-
baz Lewis
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Sw thuy phan cua ion kim loai

(Hydrolysis of Metal lons)

* |lon kim loai c6 dién tich dworng sé hut phan tw nwéce
(thGng qua lone pairs cua O).

 The higher the charge, the smaller the metal ion-and the
stronger the M-OH, interaction.

« lon kim loai hydrat hoa thé hién nhw acid (Hydrated metal
lons act as acids):

[ Hnel i e
H,0 0 \\ 3 i e
2 - A OH_w_ + :b/ Sz > A OHI L\ ﬁp\
H,0” | “OH, "X H,0” | “SOH, H l "H
© OH, ° H = Ol ™ H
K,=1,8.10"
. o - ;o A FIGURE 16-13
« pHdung dich tang khi kich thwéc ion fa plopuBesof
o - . , .- The yellow color qf ‘ .
tang (e.g. Ca?* vs. Zn?*) va dién tich giam E;";%,‘j;‘;{’;;)'f?;ﬂ%ﬁ;g
@ soluton IS acidic. ep
(Nedodswira® and Zn=* vs. Al¢hgter s -t



Sw thay phan caaion kim loai

(Hydrolysis of Metal lons)

Metal lonic p %107,
Cation Radius, pm  Charge pm™ pK,
Li* 76 3.27 13.6
MNa* 102 1.53 14.2
Kt 138 0.680 145
Be’* 45 232 5.4
Cu®* 66 9.33 8.0
NiZt 69 8.35 9.9
Mgt 72 7.51 11.4
Zntt 74 7.00 9.0
Co®? 74 7.00 9.7
Mn®* 83 5.23 106
Ca* 100 3.22 128 %
AP 53 23.8 5.0
Crit 61 17.0 4.0
Ti** 67 13.5 2.2
Felt 78 9.19 2.2
The pK, of HyO% is —1.7, and the pK, of water 15 15.7.
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Bai tap
27.Ex A, p 730

28. Ex B, p 730

PRACTICE EXAMPLE A: Explain which is the stronger acid, HNO3 or HCIOy; CH>FCOOH or CH2BrCOOH.
| Hinf: Draw plausible Lewis structures. |

PRACTICE EXAMPLE B: Explain which is the stronger acid, H3POy or H2503; CClsCH2COOH or CCl:FCH
COOH. [ Hint: Draw plausible Lewis structures. |

29. EX A, p 735

24. Ex B, p 735
PRACTICE EXAMPLE A: Identify the Lewis acids and bases in these reactions.

(a) BFy + NHy —— FsBMNH3,
(b) Cr** + 6 H,0 — [Cr(H,0)]**

PRACTICE EXAMPLE B: Iden I:'ij.r the Lewis acids and bases in these reactions.

(a) AlJOH)3 + OH™ — [Al{OH)4]”
(b) SnCl; + 2C1I” — [SnCL)*
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