CHUONG 3

HANG SO DAC TRUNG




'__ .
NOI DUNG CHINH
(2LT + 2BT)

l. CAN BANG TRAO DOI DIEN
TU

Il. CAN BANG TRAO DOI TIEU
PHAN

lll. NG DUNG



" A
MO DAU
m Yéu cau cua PrHH: xay ra hoan toan.

= Khai niém “hoan toan” cé tinh chat
twong doi vi da s6 cac ptrhh deu thuan

nghich

K(1)
aA + bB

K(2)

m Mlrc do “hoan toan” dwoc danh gia
qua K.
m K> 10’: ptr xay ra hoan toan

GV: Tran T Phuong Théo
DHBK

dD + eE




" J
|. CAN BANG TRAO DOI BIEN TW

1. Ban can bang trao doi dién tr
2. Can bang trao doi dién ttr
2.1. Hang so6 cén bang, dw dodn
chiéu phan wrng
2.2. Thé twong dwong cua dd
chtra 2 déi oxy héa khuwr

GV: Tran T Phuong Théo
DHBK



" S
1. Ban can bang trao doi dién to
DPN: La qua trinh cho - nhan dién t xay ra

gilra 2 dang oxy hoa (ox) va kh (kh) cua
mot dbi oxy hoa khr lién hop(ox/kh)

GV: Tran T Phuong Théo
DHBK 5



1. Ban can bang trao doi dién to

M- ne — M™ (1)

Mn* M+ ne-— M (2)

DI0I0I0I010
HHHEHH

(1) > (2)

GV: Tran T Phuong Théo
DHBK 6



1. Ban can bang trao doi dién to

L

pivlulvivly,
0000010

e=-
M™* + me” — Min-mi*

GV: Tran T Phuong Théo
DHBK
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ac

H2 gaS
I atm

Pién cuwc ?
hydro tiéu chuan

Quy worc:

Pt E% =0V



+0.799V
{0}
s N
e ,
Hx(9) — Salt bridge
ok ™=
( Ho ) :\- _"'D / . \
e N
gztt:____———-————‘ i CK\”‘
Glass
tube it
o s
Bubbles (Age = 1) (Apgt=1)
Of H2 L)L o ‘-—-.:___/ ST e
b N
- 0 - \

Gv: 1ran | rnwong 1nao
DHBK

Pt(s) | Ha(g, A=1) |[H'(ag, A= 1)

Y

Standard hydrogen electrode
(S H.E]

| Ag*(ag, 4= 1) | Ag(s)



M"™ +

H, -2¢" = 2H"

Tong cong

ne =M

M™ +1H
)

, <> M +nH"




( A

(H")"

AG; =-n.F.AE=AG"r +RT.In —
Mn+).(PH2 )n

( )

AE=E . -E__ =E_

/M H*'/H, /M

= AG; =AG’r -RT.In(M"")=-n.F.E_

I1+/M

AG’t RT
—E . =- + —.In(M"™
MM nF nF ( )

GV: Tran T Phuong Théo
DHBK 11



1. Ban can bang trao doi dién to

m Khi hién dién trong nwdc, cap ox/kh tao cho
dd mét the tinh theo phwong trinh Nernst:

GV: Tran T Phuong Théo
DHBK 12



" S
1. Ban can bang trao doi dién to

VOoi:

E%: hang so dac trwng cho kha nang
oxy hoéa - khwr cua doéi ox/kh lién hop

R = 8,3144 J/mol.°K

T =298°K

F =96493 Cbh/mol

(ox), (kh): hoat dé cua 2 dang ox va
kh (voiag, =1 vap,, =1atm)

GV: Tran T Phuong Théo
DHBK 13



" S
1. Ban can bang trao doi dién to

m Thay céc gia tri va néu dd lodng, thay hoat
doé bang nong do:

0,059 . [ox]
E=E° - g2 1
n g[kh: (D)
0,059 . [ox] ... ..
E=E° - lo(—== [H p)
- g([kh] H']") (2)
B =E° 4+ 299 1o LX) rppemy (3

n [kh]"
GV: Tran T Phuong Théo

DHBK 14



1. Ban can bang trao doi dién to

m O dieu kién (25°C, 1atm); pH 0 va [ox] =
Ikh]:
— E=E°
mEO |a:
thé oxy hoa chuan
thé hién cho kha nang oxy hoa hay
khtr cua hai dang lién hop

hang so dac trweng cia ban can bang
trao doi dién tw

GV: Tran T Phuong Théo
DHBK 15



" ,
1. Ban can bang trao doi dién tw

PbO,| + 4H* + 2e —~ Pb?* +2H,0

Cl,1 +2e < 2CI

GV: Tran T Phuong Théo
DHBK 16



" S
2. Can bang trao doi dién tur

PN: La qua trinh cho - nhan dién to
xay ra gira 2 d6i oxy hoa - khir khac
nhau.

2.1. Hang s6 cédn bang, dw dodn
chiéu phan trng

2.2. Thé twong dwong cuda dd
chira 2 d6i oxy hoa khuw

GV: Tran T Phuong Théo
DHBK 17



" S
Hang so6 can bang

Xét 2 doi oxy hoa khtr lién hop :
Ox, + n,e <~ Kh, E°,

n,Ox, + nkh, « =Y 5 n Ox,+ n,Kh,

GV: Tran T Phuong Théo
DHBK 18



Hang s6 cén bang

m Tai can bang, K, ., hodc K cho

biét mirc dd cla phan ng.

1 [Ox,]"[Kh, ]

nghich

K =

thuan K IR [OXl ]n2 [Kh2 ]nl

nghich

— Chi can xét mét trong 2 gia tri thi suy
o 1@ fye@c chieu phan wng.

DHBK 19



" S
Hang so can bang

m Mo6i ddi oxy hoa khir cé thé nhuw sau:

m O trang thai can bang ta co:
E,, = E1=E,

GV: Tran T Phuong Théo
DHBK

20



GV: Tran T Phuong Théo
DHBK



Hang sé6 cén bang
Vay :

K()=10 0



" A
Dw doan chiéu phan tng
K1)
n20X1 + IllKhZ — — HIOXZ nthl
K(2)

(E,"-E;*)>0:

m K(1) > K(2) — phan (rng theo chiéu 1.

m Ox1 co6 tinh oxy hoa manh hon Ox2.

m Kh1 c6 tinh kh&r yéu hon Kh2.

(E\°- E,?) <0: ngworc lai

-.E? : cho biéet cwong d6 dang oxy hoa.

DHBK 23



"
Dw doan chiéu phan trng

E? cang Ién:

mTinh oxy hdéa cua dang Ox cang
manh

m Tinh kh(r ciia dang Kh cang yéu

— dy doan chiéu phan ng: déi nao
co6 E° I&n hon thi dang oxy hoéa cua
no sé oxy hoa dang khu cua déi kia.

GV: Tran T Phuong Théo
DHBK 24



"
Dw doan chiéu phan trng

m Da sO cdc plr oxy hoa khr xay ra trong
méi trwdng acid, dw doan co thé sai vi K
da thay doi. Gia sir H* tham gia vao ban
can bang cla doi Ox,/pKh,

K()

n,Ox, + n,kh, < > n,Ox,

+n,pKh,+1/2n,mH,0O

GV: Tran T Phuong Théo
DHBK 25



"
Dw doan chiéu phan trng

[Ox, "' [Kh, ]™*

K= pr—
[Ox, ] [Kh, [ [H"]™

— gia tri K(1) phu thudc nhiéu vao [H*] hay
pH cua moi trréong.



" S
2.2. Thé twong dwong cua dd

chira 2 doi oxy hoa khur

Cach tao ra diém twong dwong:
m Trén 2 déi theo s6 dwong lwong bang
nhau.

m Thém dan Ox, vao Kh, cho dén luc
dwong lwong chung bang nhau

— diém twong dwong

— thé dd dat dwoc & can bang tai diém
twong dwong goi la thé twong dwong

GV: TréntIQ’hu’o’ng Théo

DHBK 57




"
Theé twong dwong

n,Ox, + n.Kh,+ n,mH* « 2% 5 n Ox,+
n,pKh, + 1/2n,mH,0O

Tai diém twong dwong ta co:
E.,=Ei=E,=Ey4

GV: Tran T Phuong Théo
DHBK 28



" JE——
Theé twong dwong

GV: Tran T Phuong Théo
DHBK

29



" JE——
Theé twong dwong

GV: Tran T Phuong Théo
DHBK
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" JE——
Theé twong dwong

GV: Tran T Phuong Théo
DHBK

31



" S
Thé twong dwong

Gia sw:

m Tron V,(ml) dd Ox, cé néng d§ C\1 vao
2(mI) dd Kh, co nong do C 2 (theo
cung sO DL) de dat dworc dlem tong
duwong.

m SO DL Ox1 va Kh2 déu pi: A

m SO DL Ox2 va Kh1 sinh ra: A

m Tai CB: dd (V,+V,) ml v&i nong dd cud
cac cau tu twong wng [Ox,]; [Kh,]; [Ox,];
[Kh,]

GV: Tran T Phuong Théo
DHBK 32




"
The twong dwong

Ox, +ne — pKh,

S6 DL ctia Ox, con lai tai CB:
C,(0x,).V,.10° = A =n,.[0x,].(V, + V,).10”
S6 DL ctia Kh, sinh ra tai CB:

A =" [Kh J.(V, +V,).107
p

GV: Tran T Phuong Théo
DHBK 33



" S
Thé twong dwong

Ox, +n,e. — Kh,

S6 DL ctia Ox, sinh ra tai CB:

A= 1n,.[0x,].(V,+V,).107

S6 DL ctia Kh, con lai tai CB:
C,(Kh,).V,.10” —A =n,.[Kh,].(V, +V,).10”

GV: Tran T Phuong Théo
PHBK 34



"
The twong dwong

Vay taiCB:

S6 PL con lai cia Ox, =S6 PL con lai ctia Kh,
n .[Ox,].(V,+V,).10° =n,.[Kh,].(V, + V,).107
S6 DL cta Ox, sinh ra =S6 DL cta Kh, sinh ra

n,.[0x,].(V, + V,).107 = 2L [Kh, ].(V, + V,).107
p

GV: Tran T Phuong Théo
DHBK 35



Thé twong dwong

Suy ra :

__Ox 1 _n, v __OX 1 _ n,

Kh,] n, Kh,] n,.p

Thé vao :

E = n.E° +n,.E’

n, +n,

- 0,059 le( [Ox , [[H"]" Oxz])

I TS | [Kh,]*  [Kh,]

DHBK




Etd

Thé twong dwong

nlEO1 + n2E°2

N 0,059 [H" ]

1
n, +n, ° p.[Kh J*~



Thé twong dwong

VD: Tinh K va E,4; cua phan &ng khi tron
100ml dd Cr, 0,2 0,1N vao 200ml dd Cu*
0,1N & pH 0.

Biét: Cr,0,2/2Cr3 (EY, = 1,33V)
Cu?*/Cu* (E,° =0,153V)

GV: Tran T Phuong Théo
DHBK 38



" S
The twong dwong

GV: Tran T Phuong Théo
DHBK
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L Thé twong dwong

GV: Tran T Phuong Théo
DHBK



" A
Il. CAN BANG
TRAO DPOI TIEU PHAN

1. Ban can bang trao doi tiéu phan
B&n cédn bang tao phirc
B&n can bang acid — baz
B&an cén bang tao tua

2. Can bang trao déi tiéu phan

GV: Tran T Phuong Théo
DHBK

41



" A
1. Ban CB trao doi tieu phan
PN: La qua trinh cho - nhan tiéu phan

gilra hai dang cho D (donor) va nhan A
(acceptor) trong dd.

K(1)
K(2)

DHBK 42

A + D




1. Ban CB trao doi tieu phan

Quy woc:
[D]
K(1) =B, =
W= [Allp]
B,, :hing s6 bén clia D
K(2) =k, = 1 [Allp]
pbp (D]

o ko = hdng s6 phan ly ctia D



1. Ban CB trao doi tieu phan

Trong thuc té: B,
A + p ——— m— Dl
ky,
3,
D, p ——— D,
kn—l
f3

GV: Tran T Phuwong Thao k 1
DHBK

44



" A
1. Ban CB trao doi tieu phan

Tong cdng qua trinh trao doi n tiéu phan:

A + np — D,

éB;,n:f(B1aﬁzv ------ ’ﬁn)



1. Ban CB trao doi tieu phan

BIZ
A‘|‘2p : D2

GV: Tran T Phuong Théo
DHBK

46
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1. Ban CB trao doi tieu phan
m CM duwoc: hang so bén tong céng rng

v&i qua trinh nhan mot lic nhiéu tiéu
phan bang tich cac hang so6 bén twng

nac.
[Di] _ 1
B, _[A][p]' Bi.J,...... TRk ok
1+1=n+1)
cv.rnrenongmie —> [D;] = Bq; [AIIP] (¥)

DHBK 47
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1. Ban CB trao doi tieu phan
m Nong dé cac cau tir & thoi diém CB:
[A]?

[P]?
[Di]?

A+ p = D;+p

GV: Tran T Phuong Théo
DHBK

48



1. Ban CB trao doi tieu phan

m Ky hiéu:
[A],: nong dd A tai th&i dieém
ban dau.

[A]: nong dd A tai can bang.

[D,]: nong dé phurc D, tai can
bang.

GV: Tran T Phuong Théo
DHBK 49



l.— i .
1. Ban CB trao doi tieu phan
Ta co:
[Al, = [A] + [D,] +[D,] +.....+ [D]

GV: Tran T Phuong Théo
DHBK

50



1. Ban CB trao doi tieu phan
Dat :
Opp =1+ ) Bii[p]' :hésd dicukién
1
cua Akhico p
[A], _[A],
U+ Z ﬁl,i [p]'} U Acp)
1

= [A] =

>



1. Ban CB trao doi tieu phan
Taco:

[D;1=B,;.[A].[pI

[A]o 'Bl,i ’ [p]l
{1+ ) B,;-[p]"}

= |D. | =



1. Ban CB trao doi tieu phan
Tom lai, ta1 CB:
e Nong do A :

[A], [A],

[A]= -
{1+Zﬁ1,i°[p]l} LA

e Nong do cédc phic Di :
[A]o ‘Bl,i ‘ [p]l

= |D.|= :
{1+ > B,..[pl'"}

GV: Tran T Phuong Théo
DHBK




Hang so dac trwng
cua cac ban CB cu the

m Ban can bang tao phirc
m Bdn can bang acid — baz

m Ban cén bang tao tua

GV: Tran T Phuong Théo
DHBK

54



" A )
Ban can bang tao phuc

m 3,: hang so6 bén cuia phirc D

=k, =1/ B,: hang so phan ly cla phtrc.

GV: Tran T Phuong Théo
DHBK 55



" q
Ban can bang tao phurc

25,10
BF A\l 107 _
F’*+ Y& ———  FeY

—~——r

m Hang s6 bén cla phirc EDTA véi KL:
trang 263

m Hang sO bén B,; cia phirc KL vé&i cac
ligand khac nhau: trang 245 - 262

GV: Tran T Phuong Théo
DHBK o6




" A
B&n can bang acid — baz
mBan CB acid: p = H"

_ . Bua ‘
A+ H = HA
Kpa

mHA/A: d6i acid baz lién hop
.. {Bronsted — Lowry)




" A
B&n can bang acid — baz

Cac hang s6 cian bang acid :

Chicul: B,,

Chicéu2:k,, =k :kA/B:[H I[A]

acid [HA]



" S
B&n can bang acid — baz
m Ban can bang baz:
K,

A"+ H,0 = - HA + OH
BA-

_ [HA][OH ]
“ " [AT][H,0]




B&an can bang acid — baz

GV: Tran T Phuong Théo
DHBK



S
Ban can bang acid — baz

Nhan xét:

m Acid HA c’éng manh thi baz lien hop
A- cang yeu.
m Khi k,;, cang I&n thi B, cang nho.

m k,,, tra trong so tay (trang 226 — 232)

m B, ku- : tinh tlr cac biéu thirc twong
quan.

GV: Tran T Phuong Théo
DHBK 61



'-_
B&an can bang acid — baz
VD:
NH, + H,0 < NH,* + OH-
a k(NH,) = 104755

— k(NH,*) = 10-14/104.755 = 109,245

= k(CH,COOH) = 1047
—K(CH;CO0-) = 101410476 = 10924



" S
B&dn can bang tao tua

mp # H* va D| it tan
Trong nhié‘u trwdng hop thuc te, giai doan
tao tia gom 2 ban can bang lién tiép:
tao phirc
tao tua

B Bp
A+ np — D = ! ¢

GV: Tran T Phuong Théo
DHBK 63




"
B&n céan bang tao tua

GV: Tran T Phuong Théo
DHBK

64



" S
B&dn can bang tao tua

Trong DD, tai th&i diém can bang:

m[A]l.[p]" =T, (D|) = const

mDieu kién de xuat hién tua D|:
[Al.[p]" > T (DY)



B&an can bang tao tua

B Bp
A+np — — D = ! ¢

mPo tan S cua (D]): tong néng dd ctia D
chuyén vao dd (tat ca cac dang).

= [D] + [A] =[A]

(Thwe té: [D] rat nhd )

GV: Tran T Phuong Théo
DHBK 66



" S
B&n céan bang tao tua

= D6 tan S cua hop chat A.B,:

AB < mA™ + nB™

S(M) mS nS

GV: Tran T Phuong Théo
DHBK
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B&n céan bang tao tua

GV: Tran T Phuong Théo
DHBK
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B&n céan bang tao tua

So sanh dd bén cua cac taa:

GV: Tran T Phuong Théo
DHBK
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" S
B&an can bang tao taa

m Neu cac chat cé bieu thirc tich so tan
giong nhau (cung s6 mi) so sanh do
bén cua cac chat théng qua T va S:
T va S cang Ion — tua cang kem
bén.

m Néu cac chat cd biéu thirc tich so tan
khac nhau (khac s6 mii) so sanh do
bén cua cac chat théng qua S.

GV: Tran T Phuong Théo
DHBK 70



"
Ban can bang tao tua

r:[ﬂAgC1 _ 10—9.75
TAgBr _ 10—12.28
TAgI _ 10—16.08

TAgCN _ 10—15.84

GV: Tran T Phuong Théo
DHBK
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"
Ban can bang tao tua

GV: Tran T Phuong Théo
DHBK
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"

2. Can bang
trao doi
tieu phan (Poc)




2. CB trao doi tieu phan

La qua trinh cho nhan tiéu phan p gitra hai
ddi cho nhan tieu phan D,/A, va D./A,,.

A;+np

D,

K
mA; +nD, =0 Dy +n1A;

DHBK 74




2. CB trao doi tieu phan

- RIS
D,]".[A]7

Ma B, =20 vy g, =2l
- A L] - 1A, LIp]™

(Boy)™
K(1) =
AT




"
2. CB trao doi tieu phan

m Chieu 1:

By
K(1) =
NI

mNéu (Bp)"? > (Bpy)"" : can bang xay
ra wu tien theo chiéu 1 va ngworc
GV: TlariDpuong Thao

PbHBK ™




= I
Néng dé cua cdc tiéu phan &
diem twong dwong

n2A1 - n1D2 — m— n2D1 ™ n1A2

m Tai can bang ) [Az] } [Dl]

n,[A;] = ny[D,]

miD;] = n, [A, D,] [A,]

GV: Tran T Phuong Théo
DHBK 77




= S
Néng dé cua cdc tiéu phan &
diem twong dwong

[D,I*[A,]"
[A, 1= [D,]"

- [Dl]n1+n2 - (ﬁDl)nz

N [Al]n1+n2 (ﬁDz )Ill

K(1) =




. b\ >
Nong do cua cac tieu phan &
diem twong dwong

Cdch biéu dién va tinh todn doéi véi
can bang trao doi tieu phan trong
thue te:

Quy wéc:

m Can bang xay ra gilka cac cau tu
chinh la can bang chinh.

GV: Tran T Phuong Théo
DHBK 79



" S
Nong dé cua cac tieu phan &
diem twong dwong

Quy wéc:

m Cau t&r con lai s& xem la cau tr gay
nhiéu lén can bang chinh

m Cac can bang trao doi tiéu phan trong
thwc té dwogc dwa vé ban can bang
dé tién biéu dién va tinh toan d&
phurc tap. Xeét ky hon trong chwong 4.

GV: Tran T Phuong Théo
DHBK 80



" JdE L
ll. ’NG DUNG

1. Xét tinh dinh lwoong cua moét can
bang hoa hoc - mirc dd hiru hiéu
cua bién phap tach

2. Tinh pH cua dung dich

GV: Tran T Phuong Théo

DHBK 81
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1. Xét tinh dinh Iwong cua moét can
bang hoa hoc - mirc dé hiru hiéu cda
bién phap tach

GV: Tran T Phuong Théo
DHBK 82



2. Tinh pH cua dung dich

Nguyén tic: pH = -Ig[H*]
Nong dé H* trong dd la nghiém cua mét

phwo’ng trinh tong quat dwoc td6 hop tw
cac phwong trinh.

Pt trung hoa dién tich trong dd
Pt tich s6 ion cua nwéc

Pt bao toan vat chat

Pt hang so6 phan ly acid —baz.

GV: Tran T Phuong Théo
DHBK 83



2. Tinh pH cua dung dich

Tw do ap dung cho cac triweong hop sau:

Phwong trinh tinh pH cua dd acid.

Phwong trinh tinh pH cua dd chira 2
don acid HA,, HA,.

Phwong trinh tinh pH cua dd baz.
pH ctia dd gom acid va baz lién hop.

GV: Tran T Phuong Théo
PHBK 84
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XAY DUNG
CONG THUC TINH pH

CHO DD BDON ACID HA
CO [HA], = Cya



" S
pH cua dd don acid HA

Trong dd nwéc, co CB:
HA < H* + A"
H,O — H* + OH-
Ton tai 4 an so:

GV: Tran T Phuong Théo
DHBK
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"
pH cua dd don acid HA

GV: Tran T Phuong Théo
DHBK
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"
pH cua dd don acid HA

GV: Tran T Phuong Théo
DHBK
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"
pH cua dd don acid HA

GV: Tran T Phuong Théo
DHBK
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"
pH cua dd don acid HA

GV: Tran T Phuong Théo
DHBK

90



pH cua dd don acid HA
[H—I—]3 _l_ kHA [H+]2
—(kpyx Cpa 107 [H']
—k,;,.107" =0



Py

Tran T Phwong Thao

GV

92

bHBK



“"bH DD hdn hop céc acid yéu

[H'] = ) kya-Cua
1



pH DD chita 1 acid yéu

GV: Tran T Phuong Théo
DHBK



pH DD hon hop cdc baz yéu

— 1?2 .
[OH ]’ = ka C,.



pH DD chita 1 baz yeu

GV: Tran T Phuong Théo
DHBK



pH DD chita 1 baz yeu

GV: Tran T Phuong Théo
DHBK



H
pH DD chita 1 baz yé
eu

pH="7+ :
1 1
2pKHA+—1gC
2 o



pH DD dém

DD dém cé thé cau tao b&i:

m Acid yéu va baz lién hop
CH,COOH/CH,COO-

m Baz yéu va acid lién hop
NH,/NH,*

m Hai chat lwéng tinh acid — baz
NaH,PO,/ Na,HPO,

GV: Tran T Phuong Théo
DHBK
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H DD dém
p

dd dém : .
® pH

A
I
p



pH DD dém

Pém nang (dung lwong dém) cua DD
dem: 8

m Kha nang diéu hoa pH trong 1 gi¢i han
xac dinh.

m Biéu dién bang s6 mol acid manh hay
baz manh thém vao 1 lit DD dém dé pH
cla no thay doi 1 don vij pH.

GV: Tran T Phuong Théo
DHBK 101



pH DD dém
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"
m pH cta hop chat ion cau
tao béi acid manh + baz
manh

— pPpH =7
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" A
m pH cua hop chat ion cau
tao boi acid manh + baz
yeu
1 1
pH — EPKHA _Elgcmu@’i
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" J
= pH cua hop chat ion cau
tao béi acid yeu + baz
manh:

pH=7+—-—pK,, +=1gC



Ap dung chung cho da so
triro'ng ho’p thoa man:

PK: k., 2107 & C, ., 2105 M

[H*]? + kya[H'] - kya-Cya =0



" JdE
Pieu kién:
mk,, 210" va 106 C, £ 102
Hoac
104 ko £102& 106 C,,, £105

= pH =-1gC,,
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