CHUONG 1

PAI CUGNG VE HOA PHAN TiCH

Hoa phan tich: nghién ctru cac phwong phap phan
tich dinh tinh va dinh lugng thanh phan hoa hoc

cua cac chat.

Hoa phan tich:

‘p.t dinh tinh:

Trong mau p.t co
nhtrng chat gi?

p.t dinh lu‘()’ng{Ham [uong CaC
chat trong mau

Khi nghién civu thanh phdn mét chat chua
biet:phan tich dinh tinh truoc, phan tich dinh
luong duoc tien hanh sau.



CAC GIAI POAN TIEN HANH PHAN TICH
— L4y mau dai dién.

— Bd4o quan mau phan tich.

— Tao mau dudi dang thich hagp.

— Tién hanh phén tich dinh tinh.

— Lua chon qui trinh phan tich dinh lugng.

— C0 lap hodc loai bo b6t mot sO ciu tlf can
trd.
— Tién hanh dinh lugng.

— Tinh todn két qua.



Cac phuong p.

nap phan tich dinh luong

Phan tich hoa
Ham lugng

1 — 10mg :vi luong )

10-3mg :si€éu vi luong )

10- 100mg:ban vi luvong

> 100mg:da luong

noc va phan tich dung cu
K¥ thuit phan tich

- Phan tich dung cu

., Phan tich hoa hoc




P.P hoda hoc / PP khoi luong
(Dung thiet bi don gian) ) PP thé tich
PP khoi luong
TD: Phan tich ham lugng Fe* trong mau
Fe** + OH- — Fe(OH),| — Fe,0,
Tu kho1 luong Fe,O, => ham lugng Fe’*
"+ Chuén do acid — bazo
PP thetich |4 Chudn do phic chat

(Cac chat pu ¢ <
trang thai dd)

+ Chuan do oxy hoa - kht.

_+ Chuan d06 két tla.



PP dung cu

PP vat ly:Tin hi¢u vat ly«

[DC) phat xa
Pho phat xa

PP hoa ly PP quang, pp dién
(Pu hoa hoc +< PP dién thé

\tin hiéu vat 1y) | PP hap thu phan tir



CHUONG II

PHUONG PHAP PHAN
TICH KHOI LUONG



I. Nguyén tac:

X (dd) R Y| loc  rwra, say 7 (dang can)
(dang két tua) nung
I1. Cac yéu cau doi voi dang két tua va dang can
1. Dang két tua:
* T, <1010 tinh khiét va dé loc
*Y — Z dé dang va hoan toan
2. Dang can:
* ¢6 thanh phan dng véi cthh xac dinh.
* Khong (hut am, hap thu CO,, bi phan hay).
¥ My, > M, s can phan on CANE nhiéu => d6 chinh x4c

1




[1I. Cach tinh két qua trong phan tich khoi luong

1. Hé s6 chuyén K: Néu dang can:A_B_

K:M<

M ,: nguyén tur gam cua chat

M, 5

_can phan tich A

Truong hop tinh % A dudi dang A D, tu A B,

2. Hé so pha lodng:
*V, :Thé tich dd (X) sau khi a gam

chat can phan tich hoa tan.
*V_ . Thé tich dd(X) lay dem phan

F:Vﬂ
T

xd

X - M,p m
_j.-
M,, x

tich



3. Tinh két qua:

%X = K.é.lOO

da

a: lugng can ban dau cua
mau chira X can phan tich

'b: khoi lwong dang can.

Néu dem a gam hoa tan va dinh muc dén V__:

v

de

%X = K.wiida 100

* Pe xac dinh do am cua mau:

-

A

' ’ N \
. a- a a’: luong mau con
Vodd.im = Commem 1001 ¢ S

' lai sau khi say kho)




Tdl:

H”
1245800 g FEOMLXHOL G K0,

m

Kz& 250 - 0,7 0 %Fe= K. 100

Fe,0. 160 m,
0 %F 0703412 100 — 0

e - I

’ 1,1245 21,24%

- bSO 2 1 K-k a 09666

Fe,0, 3 160 3

%Fe,0, = 0,9666. i 100 — 29,33%

1,1245



CHUONG III

PHAN TICH THE TICH



I. Nguyén tac

A + B o C
A va B déu ¢ trang ‘théi dung dich m <” Dd
Dung dich A ¢6 néng d6 C, chua { | chuan
bidt :
Dung dich B ¢c6 nong C di biét
Dung dd B dé xac dinh nong dd A : ‘
phép chuan do. Dd can
Dd A: dd can chuan dd. WD[FS c}Aluén
Dd B: dd chuan. ==1do




TIEN TRINH CHUAN PO

Lay chinh x4c V, ml dd A (co6
nong do C,(C,) cho vao binh
A (erlen)

Thé tich dd mau

20.0 mL of
acid
solution

Khong biét: nong d6 dd mau




Qua trinh nho tu tor dd B tir Buret vao dd A :
qua trinh chuan do

Nong do cua dd B.

Thé tich dd B tiéu ton.
DD B : dd chuin
Standard 4 ) ,
NaOH Diém tuwong duong cua qua
solution . - .2 \ ,
trinh : tho1 diem ma B tac
dung vura hét vo1r A

Q/ Initial volum
reading

N : ,a i“ // Buret

20.0 mL of
acid

solution Nhﬁn b]ét dlém tu’O’ng
duong:




Final volume
reading

Neutralized
solution
(indicator
has changed
color)

Chat chi thi :nhiing chat c6
kha ning thay doi mau sac
hay tao mot ket tha co mau
& gan diém tuong duong

Piém cuo1 cua qua trinh
chuan do: thot diém ket
thuc qua trinh chuan do.



PIEM TUONG DUGNG DIEM CUOI

Chat chuan tac dung
vira hét véi chat can
phan tich

Thoi diém két thic
qua trinh chuan do

Su khac nhau gitra di€ém tuong duong va di€ém
cuol .
Sai s6 chuan do: S=V_ -V,
Diém tvong duong = biém cudi - S=0

Thuc té : Piém cudi # Piém tvong duong — sai so
thi€u;S(-); sa1 sO thura;S(+)



Il. YEU CAU CUA PHAN UNG DUNG TRONG PHAN

TiCH THE TICH

" Chat can chuan do phai phan tng véi
thudc thtr theo mdt phuong trinh phan
urng xac dinh.

IP’

" T]

1é’1n ung phai xay ra nhanh , hoe‘m toan.

1uoc thtr chi phan irng vo1 chat can

chuan do ma thou.

xac dinh diém tuong

duong



I11. PHAN LOAI CAC PHUONG PHAP PTTT

Dua vao ban chat ctiia phan tng chuan do :
Phuong phap trung hoa (axit-baz )
H + OH 2 HO
Phuong phap tao phtrc
Agt + 2CN- 2 [Ag(CN),|

*3.3: Phuong phap oxy hoa — khu
aOxh, + bKh, 2 aKh, + bOxh,
Phuong phap két tia

A + B 2 C

l




IV.CACH TINH KET QUA TRONG PHAN TICH THE TICH
1. Chuan do truc tiép.

Chuan d6 V, ml dung dich A phai dung hét V ml

dung dich B ¢6 nong ¢ C(N). Tinh nong do
dung dich A va kho1 lugng A ¢o trong V,ml
Theo dinh luat duwong luong : V,.C, = V.C

1 Cy - o =)

=>S6 mg clia A bang : CoV, Dy

S6 gam cua A bang : a = C,V,.D,/1000




Vi du: Tinh nong do va khoi lugng cua NaOH,
biét réing khi chuan do 20ml dung dich NaOH,
phai dung hét 22,75ml dung dich HCI 0,106N.
Giai;
Ap dung DLPL 1 Cy0n Viwon = Cuar Via
Croon = (22,57 x 0,106)/20=0,1206N
Khoi lugng ciia NaOH

m,, .= (0,1206x20 x40)/1000= 0,09648 o



2.CHUAN PO NGUOC
Chat can chuan dd A tac dung vdi thuoc
thir B du. Luong B con thira dugc chuan
bag thuoc thir X

Sur dung khi:
* Piém cuo1 cua chuan do nguoc ro hon diém
cuo1 cua chuan do truc tiep.

* Dung dich chuan cho du ban dau phai phan
rng hoan toan vo1 chat phan tich.



Ban dau: HA + BOH - BA +H,0 (1)
C,.V, CV’,
Sau d6 cho lugng chuan du phan Gmg véi mot
chat chuan thtr hai theo phan tng:
BOH + HX — BX+HO (2)

C’'V’, C.V
Tu (1) va (2)
cC.v=CVv,tv,y)=CV, + CV

CV -CV

C, =

Vi




3. CHUAN DO THAY THE
Cho A tac dung vdi chat MY theo phuong trinh:
A+ MY —> MA + Y()
CoVo Cy V=GV,
Sau d6 chuan do Y thoat ra bang thudc thir B
Y + B 2 C(2)
C, Vs CV
(1) va@)=>C,\V, =C,V, =CV




A. CHUAN DO ACID BAZ

l. ACID - BAZ
1. Dinh nghia acid - baz

a. Thuyet Arhenius:

AH_ D An- + nH¢ *Dm = H,0

B(OH) H.08m+ + mMOH- :ACid n chire
* C,,.1 =>dd co tinh acid T Baz m chuc
* Cgon. T =>dd co tinh baz 1
Td: HCI(k) + NH, (k) — NH,CI(r)
Khéng phai la phan &rng acid-baz vi khéng
co H.O.




AH — A™+nH* [ *Dm batky
< * Acid n chuc
B +mH"— (BHm)m+ \ % Baz m chure

* AH. — H*1 => Tinh acid 1
*B + H* 1 => Tinh baz 1
H+
\ l
Td: HCI(k) + NH,(k) — NH,CI(r)

Acid Baz




Xem pu: H*
\ | Baz, acid,

AH + BOH 2 A + BOH.,*
Acid, baz, | \
H+
AH 2 A-+ H* ;AH/A-.cap acid/baz lien hop(1
BOH,* 2 BOH + H*;BOH,*/BOH: Cap acid
/baz lieén hop(2)

Trong 1 cap acid/baz lien hop:
Dang acid 1=> dang baz lieén hop

Dang acid

A 4

=> dang baz lién hop 1

A 4



2. pH cua dung dich (dung mai la H,O)
Trong dd/H,0O ta luon luon co:

K =C,,.Cs, =101 & 25°C

pK = pH + pOH =14 ¢ 25°C

pK, =-1gK, ; pH =-IgC,,, ; pOH =-IgC,,,



a. pH cua dd acid - baz

AH, — A™ + nH*

t, C,(M) O
t. O C,
=>C,, =nC,

TacoC,=nC,

0

nC,

BN

- C, =C,=nC,

=>pH =-IgC,;, = -Ig(nC,)




) O + -

AH 2 A + H Ka:[H 1[4 ]
t C, 0 0 [AH |
t, C,-X X x | K, =>acidt

Dét pKa = -IgKa KaT == pKal

pH = "2(pK, — I1gC,)
Td: dd CH,COOH(0,1M) ; K, = 10-°co:
pH = 72(-Ig10°-1g0,1) = 3




Xét cap acid/baz lién hop: H 1A
AH 2 A- + H¢ Ka- lﬁ}%

[4H J[OH ]
A+ HO=2AH+OH K, 3 R

H ]|A4 AH||OH 78
K, K- u u |OH ]
=> Ka.Kb—K = 10" 02500

K1t=>K|  Acid cang manh => baz lién
K |=>K71. ho’p cang yéu; va nguoec lai




:Xem 1 acid yéu 3 churc:
AH, 2 AH+H* K_ =[AH,][HJ/[AH,]
AH, 2 AHZ+ H* K, = [ARZ][R*]/[AH;]
AHZ 2 A>+ H+ K = [AY][HT)[AH?]
Thwong:K, >>K >>K . Neu:K_ /K /K .= 104
Xem AH, nhuv acid yéu don chirc voiK =K .
=> pH = %(pK,, — IgC,)

Td:dd H,PO,(0,1M);c6 K,,=1021,K,,=1072
Ka=1072K /K /K ;=108

=>pH= Y4(-Ig1021-Ig0,1) = 1,55




B(OH), — B™ +nOH" | C,,, =nC,
t, C; 0 0 | C, =nC,
t. O Csg nCz =>C_,=C,=nC,

<

pH =14 — pOH =14 — {-Ig(nC,)}
: laOH

' 0,1N: C,,.=C,=0,1=>pH=14- (-Ig0,1) = 13

' 0,1M:C,,,=C,=C,=0,1=> pH= 13

Td:dd Ba(OH),

<

0,1N:C,,,=C,=0,1 => pH = 13

0,1M:C,,,=C,=2C,,=0,2=>pH=14-(-Ig0,2)=13,33

\_



BOH 2 B*+OH-  C,= Cy(M)

, - BALOILL | pK,= gk,

[BOH] | K 1=>pK,|, bazt

pH =14 - "/2(pK, — IgC,)
Td:dd NH,OH(0,1TM); pK, =5 C
pH =14 — 4(5 —1g0,1)=11

Néu: K,_./K, /K .2104, Ta cling xem nhw
1 baz yéu co K, = K,,



Mudi dwoc xem la sadn pham cla pu gitra
acid voi baz
Acid + baz — Mudi+ H,0

m ; - m
.~y | 4loai mubi
X
mAH_+ nB(OH)_ — A B, + m.nH,O
A B, — mA™ + nB™
A va B™ [a goc cla acid, baz manh
=> Khong bi thuy phan => pH = 7




AH + BOH — AB + H,O

AB — A-+ B* )

pH>7

A +H,0z2 AH+OH

>

pH="2(pK +pK_ +IgC )

AB — A+ B*

| pH <7

B*+H,0=2 BOH + H*

\

AB — A + B
A +H,02 AH + OH

|

pH= 72(pK,-pK-19C,)

pH tuy thudc vao sw
S0 sanh gitra K, va K,

B*+ H,0=2 BOH + H"

pH=Y4(pK,+pK,-PK,)




Xem muoi AH," cta acid yéu AH,

H [AH
AH32 AH2'+ H+ KGI:M

[AH, ]
oA ]
AHZ' 2 AH+*+ H a? [AHQ_ ]
AR [H QA
Kal KaZ [AH3] [AHz_ ] [ ]

\

=> [H+] — (Ka1'Ka2)1/2
pH = "2(-IgK,, _IgKaz)/

" pH = "2(pK,, + pK,,)




Xem muoi AH? clia acid yéu AH,;:

AH, = AH> + H* K,

AH> 2 A* + H' K,

Twong tv , ta co:

pH = 72(pK,, + pK,;)

Td: H,PO, c6K_=1021;K_,=10"2K_,=10-123

Dd H,PO,(0,1M): pH=Y4(-lg1021-Ig0,1)=1,55

NaH,PO,(0,1M) pH="4(-Ig1021-Ig1072)=4 65

Na,HPO,(0.1M) pH="4(-Ig107:2-Ig10-123)
=9,75



Dd dén l1a dd c6 pH thay ddi khéng dang ké
khi ta thém vao dd 1 lwong nho H* hoac OH-

(CH,COOH + CH,COONa) &’ Dd dén acid
CH,COONa — CH,COO- + Na*
CH,COOH 2 CH,COO + H* _
+H*=> C .1 =>cb=>nghich=> H* pw hét
+OH-;OH + H*— H,0=> C,. | =>cb=> thuan
=> OH-pw hét C
Vay: pH dd khong ddi. PH = pK - 1g =

CpH<7Y




NH,OH + NH,Cl % Dd don baz
NH,Cl — NH,* + CI-
NH,OH 2 NH, + OH-
+H*H*+ OH > H,0 0 C_ .| =>cb>thuan
=>H* pw hét => pH khong doi
+ OH-=>C___ 1 =>cb=»nghich =>OH puw hét
=> pH khong doi

- pH>7

_ Cp
pH =14- (pK -1g 5




II. NGUYEN TAC:
1. Phan &rng:

-

Baz-

Acid .

F )
C,?

Vo

/

C,?

o

Dd can chuan

do co
manh
yéu

V

-

-4

- <

-+

Vo

thé
hoac

Baz-

Acid+

N

,

Dd chuan:
lubn manh

—Mudi + H,O

— Mudi + H,O



2. Chat chi thi mau:

Chat chi thi mau acid — baz thwérng 1a acid
hodc baz yéu,mau cta dd phu thudc vao pH
cua dd.

Xem chét chi thi mau Ia 1 acid yéu Hind:
Hlnd H+ + Ind-

K. ‘ ” ‘ . .‘Hind‘

[Hind] “ lind ]

pH:-nga-lgMD DH = pK - lg el

lind ™ | ¢ lind ™ ]




0 pH = pK -lgm

¢ [ind ]
*[Hind] 210[ind-]=>dd c6 mau cua dang Hind
=>pH <pK, —-lg 10 < pK, - 1

*lind-]210[Hind] =>dd c6 mau cua dang Ind-
=> pH = pK_ —Ig1/10 = pK__ + 1
=> pH = pK_ * 1 1a khoang pH dbi ma cua

chat chi thi oK

a

oK -1 pK_+1 pH
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3.Bwong cong chuan do:
Td: chuan d6 dd AH bang dd BOH
AH + BOH — AB + H,O

CV, CV
F - C(’;IV/O phan da chuan do

Pé xac dinh chat chi mau dung trong phép
chuan dd.Ta phai vé dwdng biéu dién pH
clia dd chuan d6, theo thé tich dd chuan
thém vao dd chuan dd(hodc theo F) & cac
thei diém khac nhau.



I1l. Chuan d6 dd acid — baz manh

1. Chuan do dd acid manh
* Chwa chuan dd: v =0=>F =0

AH  +n —>]\/Faﬁ/6 + nH,O

Dd chi c6 AH_( acid manh)=> pH_=-IgC_
*0<CV<CV,6 =>0<F<1 =>Trwoc dtd

AH +n — Na A +nH,0O
g C,V, CV"
AHn: C* % CO VO ) CV
Dd < ! pH1=-lg Vi)
Na A 0

\_ J



*C V,=CV=>F=1:Dtd
H — NaA + nH,O
Dd chico Na A=>pH=7
*CV,>CV=>F>1:Sau dtd

AH, + nNaOH — Na,A + nH,0

+ N

Dd gom

‘NaOH(con thira)

pH tinh theo

CNaOH ]

_CV_C()VO

‘Na A

[ NaOH

) pH. -
ey Pl

CV _C()VO
-[-lg_

Vo'V




Pwdng cong chuan do
Td: chuan dd 100ml dd HCI 0,1N bang dd
NaOH 0,1N

HClI + NaOH — NaCl + H,O

C,V, CV

*CV=0=>F=0 PH,=-1g0,1="
‘pH, =7

CVo=CV=>F =11y - i =100m




99.9.0.]
“V,=99,9ml [ F, - qoemsm= 0.999

100.0,1 -99,9.0,1
100 +99,9

1100.1.0.1
*V, =100,1ml Ll ", = =raaes=

| pH =-1g =43

= 1,001

100,1.0,1 -100.0,1

=97
T00 T To0T

1 pH_ =14-[-1g



14}

12+
10 Strong
| base
3 .
n {5
6 |
4 L
2 Strong
acid
0 | | |
() 10 20 30

Volume of base added {mL)




Titration of strong acid HC1 01N [ 50 cm®] wath strong base MaOH 01N

14

12

10

10

—

- T 9.7
FPhenolphtal&in

] 4

8

B2 <4 pHis=7 Butc nhdy pH

Mel;rr] ad

J_ e

) 42 4.3
10 20 30 40 S0 ©0 70 80 90 100

volume MalH [cm?)




Nhan xét: 7
" bDuwong cong chuan do
doi xirng qua dtd

* Cac chat chi thi co pT
nam trong bwdc nhay
pH déu co thé dung
lam chat chi thi

* Bwdc nhay pH cang
I&n khi ndng dd chat
can chuan dod cang Ion



2.Chuan dd dd baz manh bang acid manh
“CV =0=>F =0 =>Dd chi cé B(OH),
B(OH), + RHCI — BEI_ + nH,0

== pHo =14 — ('lgCo)

*CV<CV =>F <1 (truwoc dtd)

B(OH). + nHCl — BCI_+ nH,O

 B(OH)
BCI

n

Dd gom - " =>pH tinh theo B(OH),

(.

C()VO_CV

DpH1=14-[-1gW]




*CV =C.\V. =>F =1 (dtd)

B(OH), + +AHCI — BCI, +nH,0

Dd chicé BCl =>pH =7
*CV>C\V, =>F>1(sau dtd)

M + nHCI — BCIl_ +nH,0O

HCI ] CHCI'W theo HCI
0

BCI

L n

CV _C()VO
707

Dd goém-

1 pH =-1g




Pwdng cong chuan dd
Td: chuan dd 100ml dd NaOH 0,1N bang dd

HCI 0,1N
NaOH + HCI — NaCl + H,0O

CV. CV
*V_ =0ml=>F=0 =/>pHO= 14-(-1g0,1) = 13
. o~ | PHg=T
CV=C\V, => F=1- 100,01
N th‘ - Oﬁlz 100ml
*V=99,9ml => F= 0,999 ’
100.0,1 -99,9.0.1
| pH1:14 -[— lg _] =97

100 + 999




*V =100,1ml => F = 1,001
100,1.0,1 -100.0,]

1 pH = g

Titrahion of strong base [ 50 crf] NaOH 01N with strong acid HCI0U1N

14

12

10

pH

T

10
_ 9.7
T =
Fhenolphtaléin
: i
EEE +pHp=7 Butc nhdypH
Megfl dd
"l’ agr
- T 42 Q
10 20 30 4 S50 60 70 80 90 100

wiolume HCI [onr)

14

12

10

Strong
acid \

|— RS

i ;
i Strong
base

0 10 20 30

Volume of acid added (mL)



I\V. Chuan dd dd acid- baz yéu

1. Ch.d0 dd acid (y) a. Dd acid (y) don churc:
*CV =0=>F =0 Dd(AH)

AH + NaOH —NaA + H,0

pH_= 2(pK_+IgC.)
*CV<CV, A =>F<1 AH+

Dd. - V+V




*CV=C\V,=>F =1
AH + NaOH — NaA + H,0
Dd (NaA):C, -

:Mudi bi thiy phan
cV,=CV
PH,; = #(pK, + pK, + |g =it

0

I/ + 1/
4 4

*CV>CV. =>F>1

AH + NaOH — NaA + H,0

Dd ;NaOHL _ e CV-Cl
NaA | PH>= 14~ ( lgﬁ)




Pwdng cong chuan dd
Td : Chuan d6 100ml dd CH,COOH 0,1M

(PK_= 4,8) bing dd NaOH 0,1M
CH,COOH + NaOH — CH,COONa + H.,O

*F=0 =>pH.=%(4,8-1g0,1)= 2,9

1- 0,5
‘F=05 pH 5" pK, -lg szKf 4,8

’

v :1oo,.oi1 = 100ml

110001
= 14+ 4,8+
thd 5 | g e 100+ 100/ =879

*F=1 <




*V=99,9ml => F = 0,999

pH =48- (- g

1- 0,999
0,999

)=7,8

*V =100,1ml =>F = 1,001

100,1.0,1-100.0,1

pi, =14~ Cle=—0 oo =97
V(ml) F pH Ghi chu
0 0 2,9 Chwa chuan dé
50 0,5 4,8
99,9 0,999 7,8 Lan can trudc
100 1 8,75 Piém twong dwong
100, 1 1,001 9,7 Lan can sau




D.p Bwé&c nhay pH




Nhan xet

0 biém twong dwong nam
trong moi trwong kieém (pH >
8)

0 Bwédc nhay cua dudng
chuan dé ngan hon nhiéu so
v&i khi chuén dd axit(m)
bang baz(m)

2 NOong dé cac chat cang I1on
thi bwdc nhay cang dai

0 Chét chi thi thich hop la PP

14—
121
10 Strong
B base
gl md §
= B ;
o 5 .]|=r
4- B CD j’f *_x
W . : r,
N S ; g Weak
- ; acid
. i | |
B 10 30 30

Wolume of base added (mlL)



Td: xem acid yéu AH;Néu: K, /K ,/K ;= 10
Co thé chuan do rieng tyng churc

AH, + Na@H — NaH,A + H,0 1Cy(M)

*CV=0=>F=0=>pH_="%(pK,, —IgC,)

*0<CV<CV =>0<F <1 (trwoc dtd 1)
AH, + NaOH — NaH,A + H,0

AH. - _ cVv.-Ccr -

Dd |77 €, ﬁ_VOJrVCV . Dd don 1

_NaH,A: C, = we—

VotV

CJV, - CV - F

pH, = pK - 1g( CV )= pK, - 1g I




*CV=CV. =>F =1(dtd 1)

AHg+ NaOH —NaH,A+H,0

pH ;- *(pKal-l- PK )

*CV, <CV<2CV=>1<F<?2
NaH,A + M — Na,HA + H,0O

e -
NaH,A: C, = 2SO
VotV .
Dd < CV-CV ~ Dd doén 2
NaZHA- C = e—
N VotV

20V, - CV 2-F
sz = pKaz— lg&z pKaz— lg—

CV-CJ, F-1




*CV =2CV. =>F =2 (did 2)

NaH;A + NaOH — Na,HA + H,0O
pH,, = 72(pK,, + PK,3)

*2CV.<CV<3CV =>2<F<3
Na,HA + Na@H — Na,A + H,0

NaHA: C = e

Vo+ v

NAA: € = i

- VO + V _/

Dd < ~ Dd don 3

3C V.- ClV 3- F
pH3 = pKa3 - lg$: pKa3 — lg—

CV-2CV, F-2




*CV =3C\V.=>F = 3 (dtd 3)

}H(}la(—>NaA+Ho

CV. (CV=3CV) C.\V.

C.V
Dd (N A;Cm:iuh
d(aS) VO_I_V

pHe= 72( pK, + pK,; +1gC,)

1 CoV,
PH ;37 5IPK,,+ PK 5+ 13( o




CV=C_V




Pwdng cong chuan do:
Td: chuan dé 50ml dd H,PO, 0,1M
(pPK_.=2,1; pK_,=7,2;pK_,=12,3) bang dd

NaOH 0,1M S .
“K_IK_JK_ =105 - Co thé chuan do twng

.chirc rieng biét

H,PO, + NaOH — NaH,PO, + H,O (1)
NaH,PO, + NaOH — Na,HPO, + H,0(2)
Na,HPO, + NaOH — Na,PO, + H,O (3)




* CV =0 =>F =0 (chwa chuan do)
Dd (H;PO,) => pH = %(pK,,-IgC,)

= %(251490’1) = 1’55
*CV=%4(C V) =>F=0,5

1- 0,5
pH = pK - lg —— %

*CV=CV_ =>F=1 (dtd 1)
pH 4 = 72(PK,+PK,,)= 72(2,1+7,2) = 4,65
*Cv=1,5CV=>F=15

2- 1,5
le,S - pKaz lg 15 1 _pKaZ=712

=pK,,= 2,1



*CV=2C\V =>F=2 (btd 2)
pH .= 72(PK,+PK ;)= 72(7,2+412,3) = 9,75

*CV=2,5C V. =>F =25

3-2.5
PH 5= PK ;- 1g memmmmm =pK =123
*CV=3C,V.=> F=3 (Dtd 3)
i e 01.50
pH3 2(14 pKa3 lg ——50+150

= 14[14+ 12,3 + 1g(0,1/4)] = 12,34



F | Cong thwre tinh pH pH Ghi chu

0 pH,="(2,1-Ig0,1) 1,55 | Chwa chuan do
0,5 | pH, = PK,= 2,1 2,1

T pHg= 72(pK,1+pK,,) 3,65 Dtd1

1,5 pHy= pK,; 7,2

2,0 pH,,= 72(pK_,+pK,;) 9,75 btd 2

2,5 | pH;,= pK; 12,3

3,0 pH.,="2(14+pk_,+1g0,1/4) 12,34 Dtd 3




EE

SP1 SP2 SP3
Volume of base added



Titration of 50.0 mL of 0.10 - M
phosphorous acid with 0.10 - M NaOH

14

/‘

12

f HPO, 2 _

10 P.p

1
»
P

|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
1
O 10 20 30 40 50 60 70 80 90 100
mL NaOH



Weak Polyprotic Acid Titration Curve
Titration of 40.00 mL of 0.1000 M H,SO; with 0.1000 M NaOH

14+
pH = 9.86
12- at second
equivalence
10. point
l HSO, ] = [SO,%]
pK,,=7.19-_8 L0 ¥
a2 IH.‘ _______________________
o
E -
é at first
equivalence
2 oint
PKai = 1.35/ Bufter re9" 4 i
D I 1 . | 1
20 60 80

Volume of NaOH added (mL)

100




2. Chuan dd dd baz yéu

* CV = 0 => F = 0 (chwa chuan do)
BOH + HEl — BEl + H,0

Dd ( BOH) =>pH,=14- %(pK. —IgC,)
*0<CV<CV =>0<F<1

BOH + HEl — BCl + H,0

CV,-CV
BOH: € = == A
Dd - Cl - Dd don baz yéu
BCl: C, - —

pH, = 14- (- lg%): 14- (- lgl_TF)




*CV=CV,=>F =1

BOH + HEl — BCl + HLO

CV,=CV

(BCI) C - b

VotV

|
pH = m(pK - pK, - |g we—

*CV>CV, =>F>1
+ HClI — BCl + H,O

Dd

pH,=-lg

CV' CO VO
VotV

<

'HCI: ¢,

' BCI

_ ClV - CQVg )

VotV




Pwdng cong chuan do:

Td: Chuan @6 10ml dd NH,OH 0,1 M

(pK,= 4,8) bang dd HCI 0,1 M
NH,OH + HClI — NH,CI + H,0

CV. CV

F | Cong thwe tinh pH pH  Ghichu
0,0 |pH_ = 14-"2(4,8-1g0,1) 11,1 | Chwa c.d
0,5 pH,;=14-(pK,-IgC,/C..) 9,2

1,0 | pH,= "2[14-4,8-19(0,1)/2] 5,25 btd

1,5 pH,=-lg[(15.0,1-10.0,1)/(10+153)] | 1,6




Nhan xét
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Titrahion of weak baze [50 crr) HH4I]H 0N wath strong acid HCLOUTM
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Cac baz yéu da chirc thuwdng 1a cac muoi

trung hoa cua acid yéu da chirc

Xem baz yéu A*(la mudi trung hoa ctia AH,)

Khi hoa tan A3 vao nwoc:

A3 + HZO 2 AHZ> + OH- Kb1=Kn/Ka3

AH> + H,0 2 AH, + OH K =K/K,

AH +HO 2 AH, + OH K_=K/K_

Néu: => C06 thé chuan do
trng chure rieng biét



*CV =0 =>F =0 (chwa chuan do)
* A3 +E|z@( AH”(+C|

Dd (A*) =>pH,= %(pK,, + pK,; + 19C,)
*0<CV<CV=>0<F<1

~ AHZ: Z  — A
Dd < ot >
A3 C:CV_CV Dd don 1
o " VO+ V 4
4 F
le - pKa3 B lg - pKa3 B lg_




*CV=CV, =>F=1(atd 1)
P

Dd (AH*) =>pH,= 2(pK,, + pK,;)
*CV <CV<2CV =>1<F<2

AH?

Dck

MHAH + CI

~ Dd don

pH pKaz - lgM

2C )V, - CV

F-1
K . - o s
p a? gz F




*CV=2CV. =>F=2(dtd2)
AHZ "+ HE[L — AH, + CI-
Dd (AH,) => pH,, = 72(pK,; + pK,,)
*2CV_ <CV<3CV. =>2<F<3
AH, + HEl — AH, + CI

Dk

AH,: C, =

AH,: C, -

CV - ZCQVQ

VotV
3CQV9- CV
VotV

\

~ Dd dén

/

CV-2CF

F-2

pH, = pK, - lgﬂ: pK - 1g

3C,V,- CV

3- F




*CV =3C\V,_ =>F =3 (dtd 3)
}:H<+ HElL — AH, + CI

Dd (AH,)

C,V
H = a(pK -0 s—
PH 437 3(PK - lg p=rpr)




" CV=2C.V.

L} V=G,

I ascv,)

- CV=3C_V,




Pudng cong chuan dd

Chuan do 10ml Na,PO,0,1M bang HCI
0,1M .H,PO,(K,,=102";K_=107"2K_,=10-123
=> Na3P04 co: Kb1=10-14/10-12,3=10-1,7
K.,=1014/1072=10%8; K,=10"/10->'=10"""°
=>K,./K /K. =10"7/10%8/10-119=10°

=> C0 thé chuan do riéng tirng chirc



*F=0:Na,PO, + HCl — Na,HPO, + NaCl
=> pH, = %(14 + 12,3 +1g0,1) = 12,34

F
*F=0,5 PH,s= pK,;-1g

1- F
H = pK - lomeiem= pK . =123
P 0.5 P 43 gl_O,S P a3 )

“F = 12> pHy,= 14(7,2+12,3)= 9,75

*F =1,5: Na,HPO, + HCl — NaH,PO, + NaCl
F-1
pH, 5= PK.o~ lg s
1,5- 1
= pK - low—- pK =72
P a2 g 7-15 P a? ’



* F — 2 =>th62= %(251+7!2) = 4’65
*F=205: NaHZPO4 + HCl — H3PO4 + NaCl

F-2
H. = pK . - |0 eo—
p 2,5 p al g3_F
2,5- 2
= pK . - ]o — = pK =21
p al g3_2,5 p al

"F =3=>pHg ="[2,1-1g9(0,1/4)] = 1,85



S = N WAk U Q9 0

0,5

1,0

1,5

2,0

2,5



Td: chuan dd 10ml dd Na,CO, 0,1M bang dd
HCI 0,1M. H,CO,(K_,=10-635;K_,=10-1033)
* Na,CO, c6 K, =10-14/10-10:33=1(0-367
K., = 10-14/10-6:35 = 10765
=> K /K., = 10-367/107:65 = 104

=> C6 thé chuan dé tirng chirc riéng biét



Na,CO, + HCl — NaHCO, + NaCl
C.V, CV

* F =0=>pH_ = %(14 + 10,33 +1g0,1) =11.65

* F=O,5=>pHO,5= pK_, = 10,33

* F=1=>pH,,,= ¥( 6,35+10,33) = 8,34

*F=15

NaHCO, + HClI — CO, + H,O + NaCl
== pH1,5= pK,, = 6,33
*F=2=>pH, =dd bao hoa CO,/H,0=4



DD .~ dtd1

Metyl da cam .~ dtd2



/. Chuan dd dd hén hop

1. Dd hén hop nhiéu acid
a. dd hon hop acid manh

AH — A™+ nH*
BH — B™ + m+
Tai dtd cac acid déu chuan dd hét
b. dd ( acid manh + acid yéu)
Acid manh chuan doé truwdc:

AH + nNaOH — Na A + nH,O

Khi hét acid manh, acid yéu m&i chuan do

- C.=nC,, + mC,,



Td: Chuan d6 dd hén hop HCI(C,,) va
CH.COOH(C,,) bang dd NaOH(C)

HCI + NaOH — NaCl + H,O (1)

C..V. CV.
CH.COOH + NaOH — CH,COONa +H,0(2)
C.V. CV,
* Khi vira hét HCI: (1) =>C,,V,= CV,
Tai dtd: (2)=> C,,V, = CV,
=> C(V1+V2)= CV =(Co1+COZ)Vo




Chuan d6 dd {HCI(C_,) + H,PO,(C_,)} bang

dd NaOH(C)

HCI + NaOH — NaCl + H,O
C..V, CV,

H,PO, + NaOH — NaH,PO, + H,O
C.,V, CV,

.

J

| Ptd 1

NaH,PO, + NaOH — Na,HPO, + H,0 btd 2

C.V, CV,

(p-p)

J

: Cvtd1=C(V1+V2)=(Co1+C02)Vo
T p.p: CV g, =C(V,+V,+V,)=(C,,+2C ,)V,



2)Chuan dé dd hon hop

baz :

a) Chuan dé dd hén hop baz manh:

B(OH), — B™ +nOH-
C(OH),, — C™ + mOH-

"Con= NGy +mCy,

=> Tai dtd:tat ca cac baz déu chuan do
b) Chuan dé dd hén hop baz manh va baz

yéu don chirc

NaOH + HCl| — NacCl
C..V, CV,

NH,OH + HCI — NH,CI + H,O,

C.V, CV,

\

+ H,O

CV=C(V,+V,)=(C,, + C_,)V,



c) Chuén d6 dd hén hop baz manh va baz
yéu da churc

NaOH + HClI — NaCl + H,O
cC,.V, CV.

.
Na,CO, + HCl — NaHCO, +Nacl[ =9 1+P-P

C.V, CV, /\
NaHCO,+HC| — CO,+H,O + NaCl

C02Vo CVS !
"p-p: C(V,+V,)=(C,,+C_,)V, ’

*

- C(V +V,+V,)=(C,,+2C,)V,



V1. Sai so chi thi:

Acid + Baz — Muéi + H,O
CV. CV

btd: CV =C_V,: xac dinh dtd dung ch.ch.thi
* Ch.ch.thi c6 pT = pH,; => S%=0

" Ch.ch.thi co pT < pH,=> S% < 0 SS(-)

=> dirng chuan dd trwdc datd

* Ch.ch.thico pT > pH; => S% > 0 SS(+)
=> Drng chuan dé sau dtd



Coéng thire tinh sai so chi thi:

CV' CO V()

2 _ 2
== 102z (F-110

S%0=

CV: lwgng da ch.do

C.V,: lwgng ban dau
*CV<CV, =>F <1=>8% < 0: SS(-)
*CV>CV,_ =>F>1=>8% > 0: SS(+)



1. Chuéan acid manh bang baz manh:
AH + NaOH — NaA + H,O

cV, CV L CV-CoVy
a.pl <pHy 5707 WIO

pT=pH_=-IgC,, =>C,, = 10°T
(CV-C/V )= -C,.(V +V)=-10"T(V_+V)
RV & S Ay
CV =C,V,=> m- p= - ] = P 1
CO +(C V+VO CO tC _ V+ VO

C VO CO C COVO

S%[_f:_ 10 -

107"V +V) 107 (Cy+C)
CoV, C,c

10°




b.pT>pH, =F>1=>8% > 0;SS(+)

Dd (NaOH) thra $% =

CV-ColVo

Colo

pOH= 14 —pH=14 - pT =>C_  =10r°T

107

0 = ¢
>oon Cos

10770, + V)

10° =+

10pT-14 (CO+ C)

C,C

10°




2.Chuan dé dd baz (m) bang dd acid (m)
B(OH) +nHCI — BCI +nH,O
=> F < 1 =>Dd( BOH thira)

lopT-14 (CO+C) :
S%OH' = - —— | ()

C, C
b =>F > 1 => dd(HClI thira)
1077 (C+C)

S%H+ =+ —— | ()

C,C

2




3. Chuan dd dd acid yéu don chuc

AH + NaOH — NaA + H,O
cV, CV

=> F < 1=> dd(AH thwra)
% b 02 :(CV-C,V,)=-[AH](V,+V)

C V =[AH](V +V)+HATV +V)={([AH]HAT)(V, +V)}
(4 ][H+ '
| AT ]

&uﬂ —+1 ml
[ +] | AH | [ +] | AH |

AH2 A +H K,=




K, t[H ] [4]+[A4H)
(H']  [4H]

] [AH]

K.t H ] [A [t [AH]

AH tV
S%AH = - Mloz

([AHT[A DV Vo)

S%AH = - %102

[AH ]+ [A ]

)25
S% 47 = - 4102 Lloz
K.t ] K, t[H ]




 Sau dtd=> dd thwa NaOH
10pT—14 (Co_l_ C)

S%OH' = - _1()2

C,C

4.Chuan d6 baz yéu don chirc

BOH +HCI — BCl + H,O

CV. CV

a. pT>pH,, => F<1; dirng chuan doé trwdc dtd
=> Dd thira baz yéu

5% Aloz L_Ml()2
OH +[OH ] K, +[OH ]




. dirng chuan do sau dtd
=>Dd thwa HCI

1077 (Cy+C)
C, C

S%y = 10°




B.CHUAN PO PHUC CHAT



[. Phirc chat

*K,[Fe(CN),] = 3K* + [Fe(CN),J*

[Fe(CN),J* 2 Fe** + 6CN-

Lk giita Fe3*va 6CN-: lién két phoi tri

=>|Fe(CN),]* : 1on phuc;K,[Fe(CN),]: phtrc chat
*K SO, = 2K+ SO,>

SO, Z 86" + 407 : SO,> khong phan ly

Lk gitta S va 40 1a lién két cOng hoa tri

SO ,*:khong phai 1a 1on phuc

K.,SO, : khong phai la phurc chat



Xem ion phuc tong quat:
o 'M: ion trung tam(cac 1on kim loai tu
ML{ Y- CK 3 tr¢ 1én) |
n|L: ligand(trung hoa, 1on(+) hay 1on(-)
 x+, y- : dién tich cua 1on phtrc ,
ML, (khong chi § dén dién tich ion phirc) 1 chat
dién ly yéu, trong dd ML _ dién ly:

ML 2 M + nL ==K, = % hs khong bén

ML
M+nL 2 ML, —>  — mssiatm : hs bén

[M][L]
=> B.K,, =

\




DANH PHAP
Cach goi tén phic chat
+ Go1 tén cac ligand trudc theo thu tu
*ligand goc acid — ligand phan ti...
+ sau cung go1 tén c4ac 1on trung tim kem
theo s6 la ma viét trong dau ngodc chi héda tri
cua né(cation).

+ Néu ion phdc 14 anion thi thém dudi “at”
trude khi thém so la ma



+ Néu ligand 1a goc cta axid thi thém dudi “O” vao
tén goc axid.

Vi du: SO,*: sunfato; NO," : nitrato.

+ Néu ligand 1a ion halogen thi thém “O” vao tén
halogen.

Vi du: F- : floro; Cl: cloro; Br-: bromo; I : 10do
Mot s6 ion khac goi theo tén riéng.

Vi du: NO,: nitro; S*: sunfo; S,*:pesunfo



S phéi tri dugc goi béng tén chir sd Hy Lap dat trudc
tén pho1 tir

l :mono 2:di 3: tri 4 :tetra 5:penta

6:hexa  7:hepta 8:octa 9 :nona 10: deca
Vidu:

[Ag(NH,),]Cl diamino bac (I) clorua

K,;[Co(NO,),] : Kal1 hexanitro cobanat (III)



1. Nguyén tic chung va phin loai

1. Nguyén tic chung
Dua trén phan tng tao thanh cac phic tan hay cac
mudi phifc it phan ly

M + nL 2ML
2. Phan loai
a.Phuong phdp do bac (chuin do cyanua)
2CN+ Agt 2  Ag(CN),
D€ nhin biét di€ém tuong duong : cho du 1 giot

Ag* s& lam dung dich van duc do xuit hién két tda
tring Ag[Ag(CN),],

n

Ag(CN), + Agt2 Ag[Ag(CN).1



b. Phuong phap thuy ngan
Dua trén phan tng tao phiic gitta Hg?* véi ion
halogenua (CI-, Br, I') va SCN-
2Cl- + Hg** 2 Hg(Cl,
P€ nhin biét di€ém tuwong duong dung chi thi:

- Diphenyl Carbazit (pH=1,5 +2,6)
-Diphenyl Carbazon (pH = 2,0 + 3,5)

-Tai di€ém tuong duong du mot giot Hg?* sé tao vdi
chi thi mot phitc mau xanh tim

¢. Phudng phap Comlpexon
Dua trén p.u tao phuc gitra cac 1on kim loa1 v61 mot
nhém thudc th hitu ¢d ¢6 tén chung 1a complexon.



[11. Phuong phédp chuin dd complexon

1. Giéi thiéu chung vé cdc complexon
Complexon 1a tén goi chung chi mot nhom cdc thudc

tht hitu ¢d 1a dan xuit ctia acid amino polycarboxylic
+ Complexon 1:

Acid Nitrylotriacetic (NTA) hay con go1 la Chelaton 1

O~

H NS CO_H

\— COLH

NTA
Nitrilotriacetic acid



+ Complexon II: (chelaton II) EDTA

* ethylenediaminetetraacetic acid H,Y

HO,C—\ , ,—C0,
HN \/*NH
0,0— N—CO,H

EDTA
Ethylenediaminetetraacetic acid
(also called ethylenedinitrilotetraacetic acid)



+ Complexon 111

Muéi cua EDTA : Na,H,Y. 2H,0 goi la Trilon B

Na(OC - HQC\ / 2Hy - COUNz
N-CHy- CHy=N

HOOC - Hie \CH, - COOH



+ Complexon IV

DCTA
trans-1,2-Diaminocyclohexanetetraacetic acid



2
+ Mn“"

Y




2. Su tao phic cua Coplexon III véi cac ion kim

loai

Trong dung dich nu6c complexon III di€n ly
Na,H,Y — 2Na* + H,Y*

H,Y* 2 2H + Y*

Mex 4+ Y4 2 MeYo=4
Me™ + H,Y* 2 MY®9 + 2H*
Vi du Agr +Y*2 AgY>

Hg™ + Y* 2 HgY~*
Fe™ + Y* 2 FeY-
M™ + Y+ 2 MY®9



Vi du : Phuc calci complexonat (CaY?")

O— =0

O=—100
RN



* Anh hudng ctia pH dén do bén cia cdc complexonat
Me™ + H)Y* 2 MeY®-9 +  2H*
pH cua dung dich : 4nh hudng dén c4c dang ton tai

cua H,Y va su tao phic hydroxo kim loai.
W™ 4+ ¥ o= Me¥" "V
OH-||H* H*||OH™
We(OH ) H,Y

d pH cang cao thi sy tao phuc hydroxo kim loai cang
manh => sy tao phic complexonat cang kém.

Nhung pH cang cao thi dang Y* ton tai cang 16n =>
ting kha niang tao phiic complexonat.

Hai yéu t0 anh hudng trdi ngudc =>moicomplexonat
chi bén trong modt khodng pH nhat dinh.



+ Céc ion kim loai héa tri 3,4 bi thiy phin rdt manh
cho cac phitc hydroxo ngay ca trong mdi trudng acid.

=>complexonat cia chiing chi bén trong moi trudng
rit acid.

Vidu: FeY-,ScY~...bén trong khodng pH=1 + 2.

+ Cac 1on kim loai nhém B c6 hod tr1 2 va AI’+ bi
thUy phin yé&u hon cdc ion hod tri 3, 4 nén phuc cla
ching bén & pH cao hon mot it : pH =2 + 5.

+ C4c complexonat kim loai nhém IIA lai bén trong

moi trudng ki€m hon. Cic phitc ndy bén trong
khoang pH = 8 + 10.



Vi du : Dé ch.d Pb** bing ph.ph complexon, can tié€n
hanh ch.d trong moi trudng ki€m ¢6 pH = 9 + 10.
Trong m.t nay Pb>* — Pb(OH),|, do d6 cin cho vao
dd chat tao phitc phu véi Pb?* nhu mudi tartrat
(KHC,H,O,) hay Trietanolamin

ﬁ\%ﬁ%éﬂj@ﬁ? }é’lph huong cua cac ion can tro

+ Chon pH thich hop sao cho EDTA chi tao phuc
bén véi ion kim loai cAn chuin do.

Vi du : Dé ch.d riéng ion Ca?* khi cé mdit Mg,

Tién hanh § moi trudng ki€m manh (pH = 12).
Mg?+ sé két tiia dugi dang Mg(OH),

Ca2* ton tai § dang CaY?.



+ Dung chat che thich hop d€ tao phitc véi cdc ion
can trG
Vidu : Dung CN- dé che cac ion Cu?*, Co?*, Ni%* khi
chuan dd Ca2+*, Mg2* trong hdén hdp cé chita cic ion
trén.
Dtmg F- @€ che Al+, Ca?*, Fe’ khi chun do
n2+ Cd2+

+ Téch cdc ion cdn trd bing cdch két tiia phan doan .



3. Chat chi thi dung trong phuong phiap chuin do
complexon

Chi thi mau kim loai 14 cdc thudc tht hitu cd c6 kha
nang tao v4i cac cation kim loai cac phuc ¢c6 mau va
ban than chi thi cling ¢ mau.

Chat chi thi mau kim loai ciing 12 nhitng da axit hay
da baz hitu c¢d y€u thudc loai thudc nhudm nén tiy

theo pH clia mdi trudng ma cé thé ton tai dudi nhi€u

dang khac nhau c6 mau khac nhau.
(] mau sdc cta chi thi thay doi tuy theo pH cla dung
dich.



Vi du: Chuin do tryc ti€p ion kim loai Me™ dung chi
th1 mau kim loai HInd. 1on kim loai s€ tao phic mau
vGi chi thi :

Me™ 4+ HInd 2 Melnd™Y* + H*
Khi nhd tir titr dung dich chuin Trilon B vao:

Me™ + H,Y* 2 MeY®™* + 2H*

Khi hét Me", Trilon B sé pu v&i Melnd®™+,
Melnd®™P* + H,Y*- 2 MeY®® + HInd + H* (1)

Lam thé nao dé nhan biét duoc dtd?

O di€m twong dueng: dung dich chuyén tr mau clia
dang Melnd sang mau cua dang chi thi tu do HInd.




Pé nhan ra diém tudng duong mét cach ro rang
-Phan tng (1) phai xay ra hoan toan :

phtic ctia chi thi va kim loai phdi kém bén hon
nhi€u so v4i phitc complexonat kim loai.
—Chi thi phai c6 d0 nhay cao

Phitc chi thi v6i kim loai ciing phai twong doi
bén Thudng chon chi thi thda min yéu ciu :

104 < BMeInd

1()LLBMeInd< BMeY
—Chon pH sao cho

Phitc MeY bén
Mau cda phiic Melnd phdi khidc hin mau clia chi
th1 tu do HInd.



MOT SO CHAT CHI THI THONG DUNG
+ Eriocrom -T- black ( ET-00 hay NET)( H,Ind)

Cong thic phan tu : C,)H,;N,O.S.

ET - 00 thudng dung dudi dang mudi Natri c6 cOng
thic phan tu CmH N O, NaS M =461,39

o Chi thi NET
ch dugc dung &
5 pH=7 +11

Trong dung dich nudc: H,Ind *+ H,Ind"
H,Ind" HInd* Ind3‘

Erd 7 Nanh biEc 11 [Ca cam pH




Vidu :

NET dudc dung lam chi thi khi chudn do Mg?,
/Zn>*, Pb** . . . trong mo1 truong c6 pH =9 +10.
Pi€m tuong duong : dung dich chuyén tir mau dé
nho sang mau xanh biéc.




+ Murexid : CCHN.O.H,0; M = 302,21.

Murexid 12 axit 4 nac (H,Ind" y.
T
[:l=|:|3 C—MN=C C=0-HU

H—N—C (—N—H
OMNH, O
H,Ind" | H,Ind*" | H,Ind’" h
Tim do 9 Tim 11  Tim xanh pH

— X4ac dinh Ca?* § pH = 12. Btd dng véi khi dung
dich chuyén tir mau dé ( Calnd®") sang mau tim
xanh ( chi thi ty do H,Ind*").

— Xac dinh Ni**, Co**, Cu** § pH = 8 + 9. btd ting
v6i khi dung dich chuyén tir mau vang ( Melnd*")
cano ma timm A chithi tivda H Tndo)



4. Pudng cong chuian do complexon
Ch.d V, dd ion M™ C, (M) bang dd dichTrilon B C(M)
Goi B,,, 12 hing s6 bén clia phiic MY.
V(Trilon B) cho vao trong tirng thdi di€m.
F: mic d6 dd ion M d3 dudc chuan do
PU M+ HY*2 MY® + 2H*

M + Y =2 MY I -

C,V,

Pudng cong chuian dd 1a dudng bi€u dién pM = f(F)
+ Khi (V=0, F=0):
pM dudc quyét dinh bdi dd M™ ban dau.

pM = - 1gC,



+ Trudc diém twong duong ( V,C, > CV, F<1)
pM dudc quyét dinh bdi dung dich M+ du

- V,.C,- V.C
[M]: bv L V.C pM: -lgh
V,+V Vot V
+ Tai di€m tuong duong (V,C, = VC, F=1)
pM dudc quyét dinh bdi dung (MY =
Y

dich phuc MY

M
VotV
:m: 184 = M = oy
O s R ol e

_ ON%




+ Sau dtd (V,C,<VC, F>1)
pM dudc quyét dinh bGi Trilon B du

[MY]:% [Y]:w
VotV V,+V

- ML Cr0+ 1) Gl

wrl! ] rBMY(CV_ COVO)(VO tV) :BMY(CV' COVO)

pM=-lg(q*K)

IBMY(CV i CoVo)




S. Sai sO chuan do _ CV
[M]=
IBMY (VO t V)

+ Néu K&t thiic chuan do tai pM > pM., : K&t thic
chuan dd sau dtd. Thira dung dich chuin Trilon B
gAy sai sO thira : SS%, |

+ Né&u chuan do tai’ pM < pM,, : K&t thiic chuan do
trudc dtd. Phép chuidn dd mic sai s6 thiéu SS%Mm
M(C,+C
S%M”+:_ M )100
COC




Vi du: Chuén d§ 100ml dung dich Mg?* 0,1M bing
dung dich Trilon B 0,1M. Biét B,,,, = 1087

a)Vé dudng cong chuin do

b)Tinh sai s6 cda phép chuan dd néu két thic chuin
dd & pM =6
Phan Gng chuin do:

Mg + Y = MgY
Tai diém tuong duong V. chuin do hét
0,1.100

V, =V, = T =100m!



Vs F Cong thiec tinh pH pM | Ghi chu
0 0 pM = -1gC, 2 |Chua ch.do
50 0,5 V,.C,- V.C 2,48
00 0,9 PM*-lgmimtm—=; 18
99 0,99 43 S%=-1%
100 |1 pyr=-1 ¢ 55 bid
MY(VO t V)
101 1,01 6.7 S%=+1%
110 1,1 pMZ-lgq*K 1,7
150 1,5 Pur(€V=Co) g 4
200 2 3,7







BuGc nhay ng:4,3_:‘,6ﬁ/ngDTD:5>5




Sai s6 chuan d khi két thic chuin do tai pMg = 6

[M];), - m =107
P (Vo t V)

pM = 35,5
+ Né&u K&t thic chuéin do tai pM=6 > pM,,_s : K&t
thic chuin do sau diém tuong duong. Thira dung
dich chuan Trilon B giy sai so thira :

SS%., = ee— 100
B ay[M]

] ]
SS%-, = m.lOO: W.IOOZ 0,2%
MY L




[1I. C4c phuong phédp ti€én hanh
chuan dd complexon

®

/(’ A\ ° /\/
huan do truc tuép

®

huan do nguoc

O

huan do thay thé



Chufn do truc ti€p: St dung khi:
+ Phdn ¢ng chuin dod x4y ra nhanh.
+ Chat chi thi d6i mau rd rang.
Vi du:

Chuin do Mg?* biang Trilon B  pH =9 — 10 véi chi
thi NET

ChuAn dd Ca?* bing Trilon B & pH = 12 véi chi thi
Murexit

Chuin dd Fe*bing Trilon B § pH = 2 — 3 v6i chi thi
acid sunfosalisilic



2. Chudn do Ngudce: St dung khi:
+ Khong c6 chat chi thi thich hop.
+ P.u gitta ion kim loai v6i Trilon B xay ra qua cham.
+ O pH ch.d,ion kim loai k&t tiadudi dang hydroxyt
Vidu : Xac dinh M,
M, + HY*du—>MY + 2H
HY>+ M, 2 MY + 2H*

N A’ N A? A oA’ o A? Ao
Lam thé nao dé nhdn biet duoc diem cuoi?

Pi€m cudi : chuyén mau tir mau chi thi tv do HInd san

[ )] < P - v



Vi du: Xdc dinh Pb?* § pH = 9 — 10 bing ch.d ngudc
Pb?++ Trilon B (du)
pH : NH,CI + NH, ; chi thi NET
Trilon B du + /Zn*
Pi€m cudi:

HInd?* —  ZnlInd-

xanh biét dd nho



3. Chuan dd thay thé&

M, + MY —M,Y +M,

M, + HY>*2MY + 2H*:10"<B,,,y << By

- R A A N N < .
Pi€ém cub1 : chuyén mau tu M,Ind sang mau Hind

VD: Xac dinh Pb** 6

hH =9 —10 bang ch. gidn tiép

Pb** + ZnY> — P

Y% + 7Zn*

Zn** + H,Y> 2 ZnY*> + 2H*: Chi thi Net

Pi€m cudi : chuyén tir mau dé nho (Znlnd-) sang

xanh bi€c (HInd?)



C. CHUAN PO OXY HOA KHU



I. Phan trng oxy hoa khu
1. Chat oxy hoa va chat khur:
* Fe2t + MnO, + H* 2 Fe3+ + Mn2++ H,0
* 5 |Fexr 2 Fesr+e
e 1 | MnO,+5e¢+ 8H+* 2 Mn2+ +4H,0
=> SFe2r + MnO,- + 8H* 2 5Fe3+ + Mn2++ 4H,0O
* Fest/Fe2t : Fe3+ + e 2 Fe2t (cap oxy hoa khu 1)
e MnO,/Mn2+: MnO,- + 5e + 8H+ 2 Mn2+ + 4H,0O
(cap oxy hoa khur

2)

* =>pu oxy hoa khu phai c6 2 cap oxy hoa khu tron
lan vao nhau.



Xem phan ng oxy hoa khir tong quat
Ox, + Kh, 2 Kh, + Ox,

a
b

Ox, + be 2 Kh,
Kh, 2 Ox, + ae

aOx, + bKh, 2 aKh, + bOx,

Ox,/Kh,: Ox, + be 2 Kh, Cap oh-kh(1)

Ox,/Kh,: Ox, + ae 2 Kh, Cap oh-kh(2)

MOi ciip oxy hoa khtr & diéu kién( nong do, ap
suat, nhiét do) xac dinh co gia tr1 dién thé OXYy
hoa khu xac dinh: E° . (Volt)

E° ..: dién thé oxy hoa khir tiéu chuan{[ ]=1M,

p= latm, T = 25°C} cua cap oxy hoa khu



2. Thé oxy héa khu-Phuong trinh Nerst
Thé oxy héa - khit cia mot cdp oxy hod - khir
lién hop cang cao thi chat oxy héa cua cip 4y
cang manh va chat kht cang yéu
xem cap: Ox+ne 2 Kh
Eo : dién thé & diéukién chuén( 1M ; 1 atm)
E : dién thé ¢ diéu kién khong chuan

0,059 . [Ox

E=E"+ —lg_

n Kh




- CINRER B Standard Reduction Potentials at 25°C

E°

Reduction Half-Reaction (4%)
Stronger Fy(g) + 2 —> 2 F (aq) 2.87 Weaker
oxidizing H,O,(aq) + 2H*(@aq) + 2e~ —> 2 H,O()) 1.78 reducing
agent MnO, (aq) + 8 H*(@ag) + 5¢~ —> Mn?*(aq) + 4 H,O(l) 1.51 agent

Cly(g) + 2 & —> 2 Cl(ag) 1.36

CryO*(aq) + 14 H*(aq) + 6 - —> 2 Cr¥**(aq) + 7 H,O(l) 155

O,(Q) + 4H"(aq) + 4 e —> 2 H,O()) 1.23

Bry(l) + 2™ —> 2 Br(aq) 1.09

Ag*(aq) + e~ —> Ag(s) 0.80

Fe*(aq) + e —> Fe?*(aq) 0.77

O,(g) + 2H*(ag) + 2 e —> H,05(aq) 0.70

I(s) + 2e™ —> 2 17 (aq) 0.54

Oy(g) + 2H,0() + 4 e —> 4 OH~(ag) 0.40

Cu?*(aq) + 2 e —> Cu(s) 0.34

Sn**(aq) + 2 e —> Sn**(aq) 0.15

2H*(aq) + 2 e — Ha(g) 0

Pb%*(aq) + 2e~ —> Pb(s) -0.13

Ni**(aq) + 2 e~ —> Ni(s) -0.26

Cd**(aq) + 2 e —> Cd(s) —0.40

Fe**(aq) + 2 e~ —> Fe(s) -0.45

Zn**(aq) + 2 e —> Zn(s) -0.76

2H,O() + 2 e — 5 H,(g) + 2 OH~(ag) ~0.83

AlP*(aq) + 3 e —> Al(s) -1.66
Weaker Mg**(aq) + 2 e —>Mg() —2.37 Stronger
oxidizing Na*(agq) + e~ —> Na(s) —-2.71 reducing
agent Li*(aq) + e~ —> Li(s) -3.04 agent



Vi DU

Vi€t biéu thitc th& oxy héa - khit clia cac
cap oxy hoa - khu sau ¢ 25°C

a. Cuz2+/Cu
b. MNO,-/ Mn2+

*Cu2++ 2¢ 2 Cu

E = E, 4t ke |o[Cu” ]

Cu’t /Cu Cu“" /Cu 2

*MnO, + 5e + 8H+ 2 Mn2+ + 4H,0

i, + 18
E s+ e lg Ol
MnOy | Mn MnOy | Mn 5 [Mn2+ ]



Pw oxy héa kh(r xay ra theo chiéu nao?

Cho 2 cap oxy hoéa khur: ( Dang Ox cla cap ¢

Ox, + be 2Kh; E, E I&n hon sé pw voi
< 5 s . ,

Ox, + ae 2 Kh, E, |dangkh( cua cap co
. E nho hon

Td:E.>E, =>aOx, +bKh, — aKh, + bOx,
Td: Tron lan 2 cap: Cu?*/Cu(E,= + 0,7v) va
Zn#/Zn(E,= - 0,77v) ta co:

Cu+ Zn — Cu + Zn#*



II. Nguyén tic chung

a0Ox; + bKh, 2 aKh, + bOx,
Phan tng phai thda man yéu cau sau:
—Phai xay ra hoan toan : Kc 16n.

— Phan ting xay ra nhanbh.

— Khoéng xay ra phan tng phu.

— Ph4i nhin biét dugc diém tuong duong.



1. CACH XAC PINH PIEM TUOGNG PUGNG
1. Thém mét chat chi thi c6 kha ning
tao mau manh va diac trung voi mot
dang nao d6 cua cac cap oxy hoa -
khu trong phan wng.
2. Dung chat chi thi oxy héa - khu

3. Khong can dung chi thi.



Chi thi oxy héa khu
Chat chi thi oxy hoa - khir 1a nhitng
chat hitu cd ¢6 tinh oxy hoa hay khu
mau cla dang oxy héa khic hin véi
mau cua dang khu lién hgp.
khi th€ cia dung dich thay doi thi mau

sic clia chi thi cling thay doi



Khoang th& doi mau cda chat chi thi

° |nd0x + ne s Inth

, 2059, [Ind,.]

0
E =)
Ind,, / Ind Ind,./Ind - -
’ & o n _Inth ]

[In%é Shf](}) ‘13]0 Eléu cua (%a%g Indo, kbiw

Ind, | Indg, Ind, | Ind,
[Ind, | . . 7

:In%ggs diihDC() mau cua c%a%gg Ind, khi 0,059
] 10

- Ind ./ Ind Ind . /Ind
_Inth Kh Kh n




Khodng thé :
0,059

0
= T  —
AE Ind E Ind, /Indy, ~ "

AE,,q khodng th€ chuyén mau cta chi thi
oxy héa — khu

V.d: Fprrnin_énhﬁ’(‘ ~11a Fe2+v&il 10 nhen ﬂgntr()lin

’;{ H‘{ H - 1= — f \k‘f \
M— M=
e e

M M
&
4 "4

Mau do Mau xanh
Ena=1,14 £ 0,06 (V)



Mot s chat chi thi oxy hda khi

Mau
n’ 4 o EO(V) tai

Chat chi thi Ind,, Ind, pH = 0
Diphénylamin 0,76
Natri Diphénylamin §3LR# 0,84

Sulfonat
Acid Tim do 1,08

Phénylanthranilic

Ferroin Xanh nhat 1,06

h 9 d h | o M L 4 h |



2. Puong cong chuan do
akKh, + "bOx,” =2 aOx; + bKh,

Ox, +be 2

o Ox, + ad'2 Kh,
Cisco {le %‘;_: (E _ ng . : 0,0S9 lg [O)C]]
I Co b [ KA, ]
| BB e g
2 a | Kh, |

Red, 4 Mo B E CV \
{vnmlﬂgEﬁ F — DI CO Vé C: (CN)
il 25 COVO )




 Truwdc dtd: Tinh th€ dung dich theo cip Ox,/ Kh,

E= B 0,059 le [oxh]]

b [kh, ]
[oxhl] = i [khl] = M
VotV V,+V
1 E=E 4 w@ a2
b CV,-CV

E -E' 0,059lg F

b 1- F




Tai dtd: Thé cha hai ciip (1) va (2) cin bing
nén tinh thé dung dich theo ca hai cap

=0 800,008 p. o, 2059 [Ox)
b Kh, a Kh,

bE = DE, + 0,059lg& aE = aE) + 0,059lg&
Kh, Kh, ]

akh, + bOx, <= aOx, + bKh,

[Kh, ] =[0x,] ; [Ox,] = [Kh,]

Ox][0c] | . _ bE]+ aE}
I'D q + b

[Khy |.[Kh, ]




Sau dtd:Tinh th€ dung dich theo cip Ox,/Kh,

E= B 0,059 le [oxha]
a [kh, ] -
[OXhz] - M [kh2] - &
VitV VotV

1 Er B+ | Sl

a C.V,

E =E)+ wlg(F- 1)
d




ViDU

Vé dudng chuian do khi chuan dd 20 ml dung
dich Fe2+ 0,IN bang dung dich KMnO,
0,1N trong mo61 truéng H,SO, co pH= 0.

0 -
Eer3+ [Fe*' ) O377(V)
E’ = 1L,51(V)

MnO;,/Mn*’



Phan ¢ng chuin do :
MnO,+ S5Fe2+ + 8H+ 2 Mn2+ + 5Fe3+ + 4H,0

* Fe yaa Fe3+ + e
_F 3+ =

i EO o 0,059 oA ez+ _
e 1 Fe™ |

MnO.-+ Se + KH+ =2 Mn2+ + 4H.0)

M H' T
E =B+ i | b
MnO, / Mn 5 [Mn ]
pH=0 => [H'] = IM

; , 0059 [MnOs ]
L EMnO4 | Mn** ? lg m



\% F | Cong thic tinh th€ E | E (Volt) Ghi chd
KMnO,
10 0,5 B 0,77
18 0,9 0,83
E =
19,8 0,99 0,39
19,98 10,999 0,95 S % =-0,1%
0 + 0
20 | 1| |E,, : e | 139 | P
atb
2002 1,001 o o po, QOB sy 1,48 S% = +0,1%
a
20,2 1,01 1,49
o 0059,
30 1,5 k= EMnog,gH* e ?lg(F 1 1,51




E () 7
_ /f_,_
_ 1,48
| |
139 - 1B Buéc nhdy E
| |
B ] 0,595
0 - | | , . L

U< 04 0B 08 1.0 1.2 1.4 1.6 1.8 Z0OF




Cach chon chat chi thi
Dua vao khodng thé d6i mau va budc
nhay
+ Khodng th& doi mau nim trong budc
nhay
Chon chat chi thi nay
Dua vao thé Eo cda chat chi thi

+ Néu Eo ctia chat chi ndm trong budc
nhdy [1 Chon chit chi thi nay

+ Néu E0 = Ep0 : Chon chat chi thi nay




NHAN XET

Truéc va sau dtd E cda dd thay doi cham.

Tai 0,999 < F < 1,001 : E cua dd ting dot ngdt
tao thanh budc nhdy thé€ cia dudng chuin do

Trong ch.dd, budc nhdy thé khong phu thudc
vao ndng do cla dd chuin va dd can ch.dd
ma phu thudc vao do chénh léch thé cta 2
cdp oxy hoa khu tham gia phan tng ch.do.
Chénh 1éch th€ gitra 2 cidp ohk cang 16n thi
dd chinh xac cua phuong phap ch.d cang cao.
Chon chat chi thi: 0,95 (V) < Eo,.< 1.48(V)



IV. SAI SO CHI THI

SS% = mummmkmea 100 = (F. - 1.100
COVO




ViDU
Tinh sai sd khi chuan do dung dich
Fe2+ bang dung dich KMnO, 0,1N
trong moi trudng H,SO, ¢6 nong dod ion
H-+ khong d6i bing 1 mol/ lit va két
thic chuan @6 6 E. = 0,87V

E’ = 0,77(V)

Fe’ /Fe”

E° = 1,51(V)

MnO,/Mn**



GIAI
5.1,51+ 0,77
E,, = -

E =0,87V< E,=1387V

= 1,387V

Két thic chuin do truée diém tuong duong

B o-pos 809,
b “1-F.

SS% = -1 ,960/0



ViDU
* Tinh sai s6 khi chuan dd dung dich Fe2-
0,1M bing dung dich Ce4 0,1M. Biét ring
hét thic chuan 4o S E. = 1,257 V

E’ = 0,77(V)

Fe’* /Fe?

E’ o = L44V



GIAI
1,44+ 0,77
ETD - 2

E =1,257V>E, =1,105V

= L1I0SV

K&t thic chuan do sau di€ém tuong duong

E =E)+ wlg(F- 1)
d

SS% = 0,08%



V. CAC PHUONG PHAP CHUAN PO

OXY HOA - KHU
1. Phuong phdp chudn dj oxy hod — khir
bang KMnO,

2. Phuong phdp chudn do bang Ce(SO,),

3. Phuong phdp chudn dj oxy hod khii bang
K2Cl’°207

4. Phuong phdp chudn dj oxy héa khit theo
phuong phdp 16t - Thiosulfat



1.Phuong phdp chudn dj oxy hod —
khit bang KMnO,
Nguyén tic
MnO, + 8H+ + 5e 2 Mn2+ + 4H,0 Eo=1,51V
Khong dung HNO; va HCl lam mo1 trudng

K _
Eocnncr< EOvinos-mnze =>

2MnO,- + 10Cl- +16H+ - 2Mn2++ 5Cl,+ 8H,0

0 _
E%os.no = EOvinoaomna+

HNO; ciing oxy hoa chat khtr



Ung dung ciia phuong phdp chudn
do oxy hod — khit bang KMnO,
Chuén do truc ti€p cac chat khi
Xac dlnh H2C204

5H,C,0, + 2KMnO, + 8H,SO, 2 2MnSO, +
10CO, + K,SO, + 8H,0

Xac dinh Fe2+

Fe2+ + MnO, + 8H+ 2 5Fe3+ + Mn2+ + 4H,0
Xac dinh H,0,

5H,0, + 2MnO, + 6H+ 2 2Mn2++ 50, + 8H,0



Ung dung cia phuong phdp chudn
do oxy hod — khit bang KMnO,
Chuin do thay thé

Ap dung d61 vé6i : Chat khit dé bi khong khi
oxy hoa

Chat khtt + Fe3+ — Fe2+
Chuin do Fe2+ bing KMnO,
+ Xac dinh RCHO
RCHO + 2Cu(OH),—RCOOH + Cu,O + 2H,0
Cu,0O + Fe3+r= Cu2+ + Fe2+
S5Fe2+ + MnO., + 8H = SFe3+ + Mn2+ + 4H,0



+ Xac dinh cac ion tao dugc tua oxalat
Ca2+,Cd2+, Zn2+, Pb2+, Co2+, N12+, ...
- Dung (NH,),C,0, dé két tlia c4c ion kI trén
Caz + C,0.2 — Ca(C,0y,
- Loc rira tda oxalat thu dudc bang H,SO, (1)
CaC,0, + H,50O, — CaS0,, + H,C,0,
- Chuin H,C,0, sinh ra bing KMnO,

5H,C,0, + 2KMnO, + 8H,SO, 2 2MnSO, +
10CO, + K,SO, + 8H,0



Chuan do ngugc

Ap dung d61 v6i:Chat khit phdn tng cham véi
MHO4'

Chat khdt + MnO, du
Chuin d6 KMnO, du bing chit khi khic
+ Xac dinh S2-
Cho Sz tdc dung v6i KMnO, 14y du
5S2+8MnO,du+24H+ —5S0,2+8Mn2++12H,0
Chuan lugng KMnO, du bing Fe2-
SFe2r + MnO,+ 8H+ 2 SFe3r + Mn2t + 4H,0



2. Phuong phdp chuan do
Ce(S0,),

Ce+ + e - Ce3+ Eo=+1,44V
Mau cam
Phép chuin dd Ce4 phai ding chat chi thi
Thudng dung chi thi Feroin.

Tai di€m tuong duong: mau xanh nhat —
mau do.



Ung dung ctia ph.ph chuin do Ce(SO,),

Chat PT Phan ﬁ’ng Piéu kién TH

SIl Sn2+ + 2C€4+ (-_) Sn4+ + 2Ce3+ Kh Sn* = Zn

Fe | Fe* + Ce* 2 Fe* + Ce* | Kh Fe’ bang

Zn , SnCl,
Mg, H,C,0,+2Ce*22CO,+2Ce* | | cacion dudi
Ca, Zn, OH dang MC,0,.
Co, Pb, Loc, rita két
Ag t}'ia, hoa tan
bang H,SO, 1

HNO, HNO,+2Ce**+H,02NO,+
2Ce’*+3H*




3. Phuong phdp chuan dd oxy héa khir
bing K,Cr,0,
Cr,02- + 14H+ + 6e 2 2Cr3+ + T7H,O
mau do cam Eo=1,33V
P€ nhin biét di€m tuong duong:
Chi thi Diphenylamin
Pi€m cudi : mau xanh 14 cdy - xanh tim dim
C6 thé dung HCI 1am moi trudng



4. Phuong phdp chuan do I,- Na,S,0,
Nguyén tic
I, +2e 2 2I E0o=0,54 V
SO + 2e 2 25,052 Eo=0,1V
Chuan I, + Na,S,0;
I, + 2Na,S,0; 2 2Nal + Na,S5,0q
Chat chi thi : HO tinh bot

o A Ao N , A N
Pi€m cubi : mau xanh tim — khong mau



Chii ¥: Khi chuin d6 I, bing Na,S,0; nén:

+ Ti€n hanh G nhiét do thudng

Vi : 6 Tocao I, bi thing hoa va dd nhay cua
ho tinh bot bi gidm di

+ Chuin do trong moi trudng acid yéu hoic
trung tinh 5 < pH <7

Vi: Trong mo1 truéng acid manh
S,0;2- + 2H+ - H,SO; + S
Trong moi trudng ki€m
I, + 20H- - I0- + I + H,O



Ung dung ctia phuong phap chuin do
I,- Na,S,0,

* Chuan do truc tiép:

I, + 2Na,S,0; 2 2Nal + Na,S40q
C,V, = CV
Chuan d6 nguoc: Chat Khu + I, du
C,V, C’V,
Chuan I, du béing Na,S,0;
I, + 2Na,S,0; 22Nal + Na,S.0q

cV, CV
PMMd OV -CV =V’ = (V. 4\



* Chuan do thay thé
Chat oxy hoa + KI du — 1,
Chuin L, tao ra bing Na,S,0;
+ X4c dinh Cu2+: tién hanh pH = 4 (CH;COOH)
2Cu2++ 4I-=2Cul, + L,
I, + 2Na,S,0; =2Nal + Na,S,0O¢

Chi y: d€ tranh su hap phu I, trén tua Cul lam tua

cO mau vang thim khong x4c dinh dugc di€ém
cudi.

SCN- 4+ Cul = CuSCN 4, + 1



D. CHUAN PO KET TUA



I. Can bang hoa tan cua chat kho tan(tich so tan)
1. Tich so0 tan.

Pem hoa tan chat kho tan A_B (r) vao nudc:

lwong da hoa tan rat nho, =» Dd rat lodng:

phan d3 hoa tan xem nhu dién ly hoan toan: c6 cb
A B 2 mA~+nB™ :ddbdohoa A B /H,O
[, a 0 0 } Nong d6 ctia dd bao hoa
ty - mS nS go1 la do tan(S) cua A _B..
K. =[A™]"[B™]* = (mS)"(nS)" = m™n"St™™)

m n

o o — (mtn
K= T, 5, = m™n"St) S AmBn

m n




AmBn T 9 SAmBnT

Cac chat c6 cong thire twong tu nhau(A B, =C D)
chatnaoc6 T T =S 1
Td: AgX T pex Spex = (Thg)"? (M)
AgCl 10-10 10-
AgBr 101 106
Agl 10-16 108

. Cac chat co cong thtc khong twong duong(A B

va C D, ), phai tinh cy thé
Td: AgCl Tpue =109=> S, =107

Ag,CrO, T =4.10"2 S= m —10+
5 A 21
. Pha loang dd=»tan nhi€u hon

. Pun s6i:H,0 bay hoi=»C(ion)1=> két tia nhié¢u hon




Table 16.2 Solubility Products of Some Slightly Soluble lonic Compounds at 25°C

Compound Ksp Compound Ksp

Aluminum hydroxide [AI(OH),] 18X 1073 Lead(ll) chromate (PbCrO,) 20 x 107 ™
Barium carbonate (BaCOs) 8.1x10°° Lead(ll) fluoride (PbF,) 41x10°8
Barium fluoride (BaF,) 1.7%10°° Lead(ll) iodide (Pbl,) 14%x10°8
Barium sulfate (BaSO,) 1.1%x 107 Lead(ll) sulfide (PbS) 3.4x 10728
Bismuth sulfide (Bi,Ss) 16X 10772 Magnesium carbonate (MgCO5) 40 % 107>
Cadmium sulfide (CdS) 8.0 x 107 Magnesium hydroxide [Mg(OH),] 1.2x 107"
Calcium carbonate (CaCO,) 8.7x107° Manganese(ll) sulfide (MnS) 3.0%x 107"
Calcium fluoride (CaF,) 40% 10" Mercury(l) chloride (Hg,Cl,) 3.5x10 '8
Calcium hydroxide [Ca(OH),] 8.0x10°° Mercury(ll) sulfide (HgS) 4.0 x 10>
Calcium phosphate [Caz(PO,),] 12 <1070 Nickel(ll) sulfide (NiS) 1.4 %1074
Chromium(lll) hydroxide [Cr(OH)s] 3.0 x 1072 Silver bromide (AgBr) 77x10°"
Cobalt(I1) sulfide (CoS) 4.0 x 10 Silver carbonate (Ag,CO5) 8.1x10 '
Copper(l) bromide (CuBr) 42x1078 Silver chloride (AgCl) 1.6 %1071
Copper(l) iodide (Cul) 5.1 X 107" Silver fodide (Ag|) 83x 107"
Copper(ll) hydroxide [Cu(OH),] 2.2 x107%° Silver sulfate (Ag,50.) 1.4 %1072
Copper(ll) sulfide (CuS) 6.0 X 1077 Silver sulfide (Ag,S) 6.0 X 107"
Iron(1l) hydroxide [Fe(OH),] 1.6%x10 ™ Strontium carbonate (SrCOs) 1.6%x10°°
Iron(1ll) hydroxide [Fe(OH),] 1.1 X 107°8 Strontium sulfate (SrS0,) 3.8x10°7
Iron(ll) sulfide (FeS) 6.0 x 107" Tin(ll) sulfide (SnS) 10X 107%°
Lead(ll) carbonate (PbCO3) 33x10°™ Zinc hydroxide [Zn(OH),] 18%x 10 ™
Lead(ll) chloride (PbCl,) 24%10°° Zinc sulfide (ZnS) 3.0x10 %




2. Diu kién dé co ket tua
a. Hoa tan 1 lurong xac dinh chat kho tan A B,
. N€éu tan heét:
A B — mA™ + nB™
t, -C, mC, nC, VuC,=m/M, .
T,AmB,n — (ljnc,o)m;(ncao)n ,
Sosanh T, . vaT, .:taco

T < T =>dd chua bdo hoa: tan hét

T =T =» dd bdo hoa: tan hét

T > T =>dd qua bdo hoa: tan 1 phan, ¢6 (r 2 1)
Td: hoa tan 10~ mol Ag,CrO,(r) vao nudc — 11dd
Ag,CrO, — 2Ag"+ CrO,*

C'=10°M D>T'=(2.10%)2(103) =4.10° >T=>tan 1 phan



b. Tron lan 2 dd:
dd(1)A~{C,V,} +dd(2)B™{C,,V,}— dd(3) c6]?
mA™~+nB™ — A B | dd(3){C,,C,V,=V +V))
~Sau khi tron lan nhung chua pu:
| n=C,V=n=CV, } C = % O = %
'n,=C,V,=n,=C’,V, 7 £
T, s =AY)™MB"™)" ;sosanh vo1 T, .
T <T =» dd chua bao hoa =» chua c6 |

T = T=>»dd bao hoa=»chua co |
T > T=>»dd qua bdo hoa=» co |
10ml dd(1) AgNO,(2.10 M) +10ml dd(2) Na,CrO,(2.10°M)

<CA ., =2.102.10/20 = 10-*M :C con = 2.107°.10/20 = 10°M
TAQZCrO4 (10°)%.(10°)=10">T, .04 = co |




*C6 hinh thanh két tia khong khi cho 2l dd 0,2 M
NaOH tac dung véi 1. 1dd 0,1 M CaCl,?

T caioryz = 8.0 x 10°
C4c ion ton tai trong dung dich 1a Na*, OH-, Ca?*, CI-.
Chi c6 thé hinh thanh két tia Ca(OH)..
Khi 7'=C'_...(C'_. )" > Teyony, = Ca(OH),|
C.,.=01/3M: C,,. =(2.210")/3 M

I'z C' o (C'yy V'2[0,1.(4.101)2] 127=[1,6.107] 127
"> T hinh thanh két tda



Tinh d6 hoa tan cua AgBr trong
a.Nudc nguyén chat.

b. dung dich 0,001M NaBr.
AgBr 2 Ag'+ Br

Anh hudng ctia ion chung d&n do tan
il

a) H,0O b) dd NaBr 10°M
NaBr — Na™+ Br
T=7.7x10"
o1 C’. =10°M
_ _ AgBr 2 Agt+ Br
s=38.8x107 ,
[Ag] =5
[Br] =103 +S = 107
=107 . 5"

{77 10710 D




Anh hudng ctia pH dén do tan
* Su hién di€én cua 10on chung lam giam do tan
* Baz khong tan hoa tan trong dd axit
* Axit khong tan hoa tan trong dd baz

Xem: Mg(OH), & Mg + 20H
Togn J1.2.10 y

[Mg*]=1,4.10*M |IOH|=2s=2.8x 10* M
pOH =3,55=>pH =10,45
TaipH < 10.45 OH-+ H*(aq) —H,O (/)

[OH] | =>1am 1 dd tan cua Mg(OH),

Tai pH >10.45:[OH"] 1=>1am | d6 tan cua Mg(OH),




I. NGUYEN TAC VA PHAN LOAI
1. Nguyén tic

Phuong phdp chuin do két tia dua trén phan
tng tao thanh cdc hgp chit it tan

Céc p.u ch.d két tua phdi thda man:

— P.ur két tda phdi x.r hoan toan (T < 10-19).

— P.u xay ra nhanh.

— P.u x4y ra theo mot hé sO ty lugng nhit dinh.
— P.u phai chon loc, nghia la cac qua trinh phu
nhu cong két. . . phai khong ddng ké.

— Phai ¢6 ch.ch.th thich hop d€ xdc dinh dtd



2. PHAN LOAI PHUONG PHAP CHUAN PO KET TUA :

a. Phuong phdp bac : Dya trén phdn ¢ng chuan do :
X+ Agt —  AgX,

Dé€ ch.d (Cl, Br, I) va SCN- biing dd AgNO.,.

b. Phuong phdp thiiy ngan : sit dung dd Hg?* d€ ch.d

(CI, I') theo p.u:  2X~ + Hg* = Hg,X,,

c. Phuong phdp chudan dé kém : Cho phép xac dinh

ion Zn** bing dd K,[Fe(CN),] theo p.u :

37Zn** 42K [Fe(CN).] = K.Zn,[Fe(CN).],| + 6K+



3. PHUONG PHAP PO BAC

Gid st tién hanh chuan do V, ml dung dich
chura 10on halogenur X~ (Cl, Br~, I hay SCN~) ¢0
nong do C (mol/l) bing dung dich AgNO, c6 nong
do C (mol/l).

Goi V 1a thé tich AgNO, cho vao tai mdi thdi diém
clia qué trinh chuin do.

F: mic d6 ion X- dd dudc chuan do

cV

F:—

CoVs



Puchuandd: X + Agr = AgX,
Pudng ch.d 13 dudng bi€u dién su thay
doi pX (hoic pAg) theo thé tich cda dd
chuan AgNO, thém vao : pX = f(V)
Khi chua chuin dé (V =0, F =0)

pX dudc quyét dinh bdi dd X- ¢6 nong
Aol C, => pX =-1eC,

Trude dtd (V,C, > VC), F<I :

pX dudc quyét dinh bdi dd X~ con du :




Taidtd (V,C, =VC,F=1): AgX, 2 Agt+ X
T, = [Ag'lIXTT=>[Ag'] = [X]

[X_]:JTAgX D pXtd‘: *pTAgX

Sau dtd (V,C < VC, F>1):
pX dugc quyét dinh bdi lugng AgNO, du

T, ox = [Ag].[X]
(X = ﬂ&
| Ag ]
CV-CV

X = pT . .+ |0 o—————
p pAgX g VO+V




Vi du : V& dudng chuan do 50 ml dung dich NaCl
0,1M bang dung dich AgNO, 0,1M.

Biét rang T,,, = 1,0.107
Phan tng chuin do:
Agt + CI =2 AgCl,
Tai di€m tuong duong thé tich AgNO, bing:

50x0,1

Vi =V agno, - T = 50ml



\Y F Cong thic tinh pCl pCl | pAg GHI CHU
0 0 pX = -IgC, 1,00 1 9,00
5 0,1 1,09 | 8,91
75 0,5 1,48 | 8 52
45 | 09 | pX=- lgw 2,28 | 7,72
VetV ’
49,5 | 0,99 3,30 16,70
49,95 | 0,999 4,30 | 5,70 | SS% =-0,1%
50 1 pX =8pT, 5,00 | 5,00 | Piém tuong duong
50,05 | 1,001 5,70 | 430 | SS% =+ 0,1%
505 | 101 | pX = pT, .+ lg%@m 3,30
75 | 19 O 779 | 221
100 | 2 8,70 | 1,30




Titration MNaCll O,1M [ S0 o] with AP0 01K

10 - Pl
E |
5T 5.7
—+4pClg =5 Buc nhiay pCl
1
4 43
2
D 1 | L | L | 1 | 1 |

10 200 a0 40 il GO 70 ]l 0 100
volume AgMC; [on?]




o A’ A A
Sai s0 chudn do

SS% = emmmmima 100
CoVo
Tai di€ém tuong duong

pX - %pTAgX

Né&u két thic § pX < pX. . :

K&t thiic chuin dd truéc diém tuong duong (du
dung dich NaX ). Phép chuian d6 mic sai s6 thi€u SS
% <0 va duge ky hieu  S%.

_pX
S% = - itk 10
4 COVO




Néu két thic ¢ pX > pX,,,

K&t thic chuin do sau diém tudng duong (du dd
AgNO,). Phép chuin dd mic sai sd thira SS% > 0 va

dudc ky hiéu S5% , 1

pX PTAex
S%A , M 10?




Vidu : Chuin do 100ml dung dich Nal 0,1M bing
dung dich AgNO, ¢6 cliing nong do.

a) Tinh sai s6 clia phép chuin do trén néu két
thic chuan d6 & pAg = 11.

b) BE€ sai s6 chuan dd khdng vudt qui 0,02%
thi phai két thic chuin do trong khodng pl bing bao
nhiéu ?

Cho biét : T, = 1076



Gial
* Nal + AgNO; — Agl + NaNO;
* pHe="2pT ="2(-Ig10-16) = 8
* a)pAg.=11=>pl.=-Ig10-16 —11 =5
* pl.<plg=>F <1;ddthwa Nal

- pl ¥ -5 n -1
S%I_:-IO i 10 - - — 10 = - 0,02%

CV, 10 .10

* b) S%= + 0,02% => F>1 dd thira Ag*

pl-16 s PI-16 1y s 107)
$% . =+ - CIC/ 10" - + mm 10_1010_ —10° = +0,02%
0”0 :

e 10p-16= 10-5 => p| =11

- _—n~ s llAlI\ If\L\I?\\l i~ — R 4 4



4. CAC PHUONG PHAP XA C PINH PIEM CUOI TRONG
PHUONG PHAP PO BAC

Nguyén tic cua phudng phdp 14 thém vao dung dich
chuan do mot ion c6 khi ning tao véi ion Ag* mot
két tia c6 mau dim & gan diém tuong duong.

a. Phuong phap Mohr

Mohr d€ nghi dung ion CrO,> 1am chi thi
2Ag*+ CrO,> — Ag,CrO,, (do gach)

— - 11,95
TAngrO4 B 10



Qu4 trinh chuan dd ion halogenur X~ theo phuong

phiap Mohr xay ra nhu sau :
X +Ag" —>  AgX,
CV,6 CV
Khi vra du mot giot ion Ag+ thi :
CrO,> + 2Agt — Ag,CrO,, (do gach)
Khi thay hdn hop chuyén tif mau vang sang mau hoi

d6 cia két tha Ag,CrO, thi ngirng chuin do.



A Precipitation Titration

... dd Két tia | .- Két tia
AgNO, tring | Ag,CrO,
AgCl mau do
e trong dd gach.
g Dd mau BS54 e

vans vang.

e

&

.

Khi CI- da
o»| pwhet... | ©

(a)



Pp Mohr dudgc dung d€ dinh lugng Cl-, Br
nhung khong dung d€ dinh luong I, SCN- vi
Agl| va AgSCN| hip phu manh ion do d6 sé&
quan sdt thay su chuyén mau trudc t rat xa,

/ A A 1 . o
phép chuan do0 mac sai1 sO 10n.



P.P Moh can tién tién hanh trong méi trudong cé
pH=6,5— 8,5 vi:
* Trong moi truong axit thi nong do ion giam
nhiéu do tham gia phan (ing:

H*+ CrO,> — HCrO,
Do d6 sy doi mau xay ra ¢ sau va xa dtd(sai so
16m)
* Nguoc lai trong méi truong kiém manh sé& xay
ra phan orng:

2Ag" + 20H- — 2AgOH]

2AgOH — Ag,0O(den) + H,O



b. Phuong phap Fajans

Dua trén kha niing thay doi mau cda 1 loai
chi thi ic biét khi hap phu 1én bé miit két tda
tich dién(ct hap phu).

Chi thi hap phu 1a cédc acid hodc baz hitu co
yéu

HInd 2 H*+ Ind"-
Hay IndOH 2 Ind*+ OH-



Ch.dd Cl- bang Ag* v6i chi thi hap phu HInd
Ag® + CIr 2 Ag(Cl|
* Trudce dtd tao hé keo am:

@[(mAgCl)nCl' (n- x)Na" 1xNa™ E

Hat két tia 4m nén khong hap phu Ind- => dd co
mau cua chi thi tu do.

* Sau dt tao hé keo duong AgCl/AgNO,
(a[(mAgCl)nAg+ ,(n- x)NO; ]xNO;}

Hat k€t taa tich dién duong nén hap phu anion

Ind- do d6 hat két tia c6 mau.



Céac chat chi thi thuong dung 1a:

— Fluorescein : 12 mot acid yéu(K =10"%) nén
phdi ch.dd trong m.t kiém d€ chi thi phan ly
manh thi méi thdy 1o mau.

pH mt < 10 dé tranh xay ra pu

2Ag*+ 20H—Ag,0, 4., + H,0

tot nhat 1a chuian do & pH = 6,5 +10.



Fluorescein dung trong chuan do cac ion CI-,Br,
[ O dtd dd sé chuyén tr mau luc ( ¢6 anh huynh
quang) sang mau dé hong(két tia hong trong dd
khong mau).

- Oesein; dung dé chuan do cac ion:Br, I, SCN-
o pH =2— 10. O dtd: dd chuyén tir mau kuc
sang mau do tham.




C. Phuong phap Volhard
Nguyén tdc : Dua vao phan ¢ng chuin do ion Ag*
bing ion SCN~ v4i ion Fe?* 1am chi thi :

Ag- + SCN- 2  AgSCN | i
Khi d6 du 1 giot SCN- thi xu4t hién mau dé m4u cla
phuc Fe(SCN)* : Fe’* + SCN- 2 FeSCN#
*Cho mot lugng du, chinh xac dd AgNO, vao dd X~
CI,Br,In: Agt + X° — AgX,
chuan dd Ag* du bing dung dich chudn SCN- véi
Fe3* lam chi thi nhu trén :

Agt + SCN- =2 AgSCN

Ngirng chuin do khi thdy mau cta dung dich chuyén
sang mau hone.



Luu ¥ : Pp nay can thuc hién trong m.t acid d€ trdnh
sy thuy phan ctua ion Fe** ( HNO, vGi C > 0,3M)

— Khi xdc dinh I bing pp nay can cho AgNO, du
truGe d€ két tia hét I~ rdi mdi thém chi thi Fe** d€
tranh phan tng : 2Fe** + 2I- — 2Fe* + 1,
— Khi xdc dinh Cl- bing pp nay & di€m cudi sé& xdy

rapu:AgCl, + SCN- — AgSCN, + CI°
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