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Phitc chat 1a hop chit sinh ra do ion don(ion
kim loai) go1 la 10on trung tam héa hgp véi
phan t hodc ion khdc goi 12 phoi tu.
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Mot vai can bing tao phic
M + D =MD

[M][D]

M + 2B =MB,

[M][B]
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Mot vai can bing tao phic

M+ B = MB
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Mot vai can bing tao phifc

K.=K *K, = ___[}\/{]%] * ___[_1\/_”_32_]

[M][B] [MB][B]
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Mot vai can bang tao phuc
M + 4 A=MA,

M][A]
M+ A = MA
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Mot vai can bang tao phuc
MA, + A = MA,

[MA]
O
[MA,J[A]
va
MA, + A = MA,
. MAT
[MA,][A]
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Mot vai can bang tao phifc

o, = K=K *K *K, *K,

L IMA]L IMA] L [MA] L [MA]

IMI[AT  [MAJIA]  [IMAJIA] - [MA][A]
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DANH PHAP
Cach goi tén phic chat

+ Go1 tén cac liganc

| truSc theo thu tu

*ligand gdc acic

| — ligand phan tur...

+ sau cung goi1 tén cac 1on trung tam kem
theo s6 la ma viét trong dau ngoic chi héa tri

cua nd(cation).

+ Néu ion phic 12 anion thi thém dudi “at” trudc

khi thém sO la ma
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DANH PHAP

+ Néu ligand 12 gdc cta acid thi thém dudi “O” vao
tén goc acid.

Vi du: SO,*: sunfato; NO;™ : nitrato.

+ Néu ligand 12 ion halogen thi thém “O” vao tén
halogen.

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

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

V4

So phoi tri dugc goi bing tén chit sé Hy Lap dit truéce tén phdi
tu

1 : mono 2: di 3: tri 4 : tetra S: penta
6: hexa 7: hepta 8: octa 9 : nona 10: deca
11: nodeca 12 : dodeca.

Vidu:

[Ag(NH,),] Cl diamino bac (I) clorua
K;[Co(NO,)] : Kali hexanitro cobanat (III)

[Co(SCN)(C,0,)(NH,),] : oxalato thioxianato triamino coban (I1I)
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I. Nguyén tic chung va phén loai

1. Nguyén tic chung
Dua trén phdn tng tao thanh cdc phic tan hay cdc mudi phic it phan ly
M + nL < ML,
2. Phan loai
a.Phuong phdp do bac (chudn dd cyanua)
Agt  + 2CN- = Ag(CN),

P& nhan biét di€m tuong duong : cho du 1 giot Ag* sé& lam dung
dich van duc do xut hién két tia tring Ag[Ag(CN),],

Agt  + Ag(CN), = Ag[Ag(CN),]

l
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b. Phuong phap thiy ngan

Duya trén phan tng tao phic gitta Hg?* vé6i ion halogenua (CI,
Br, I)) va SCN-

Hg>* +  2CI <  HgCl,

D€ nhan biét di€m tuong duong dung chi thi:
- Diphenyl Carbazit (pH=1,5 +2,6)
-Diphenyl Carbazon (pH = 2,0 + 3,5)

-Tai di€m tuong duong du mot giot Hg?* s& tao vdi chi thi mot phiic
mau xanh tim
c. Phuong phdap Comlpexon

Duya trén phan tng tao phuc giita cac ion kim loai v6i mot nhém thudc
thit hitu ¢ ¢6 tén chung 1a complexon.
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I1. Phuong phdp chuin d§ complexon

1. Giéi thiéu chung vé cdc complexon

Complexon 12 tén goi chung chi mot nhém céc thudc thit hitu cd 1a dan
xuit cua acid amino polycarboxylic

+ Complexon 1:

Acid Nitrylotriacetic (NTA) hay con goi 1a Chelaton I

CcO.
HIG N cooH
N CO.H
NTA

Nitrilotriacetic acid
Ui Lhemst ry




+ Complexon II: (chelaton II) FDTA

ethylenediaminetetraacetic acid H,Y

HOC—\ , ,—C0,
HN \/*NH
0,0~ N—CO.H

EDTA
Ethylenediaminetetraacetic acid
(also called ethylenedinitrilotetraacetic acid)



+ Complexon 111

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

Na(OC - HQC\ / CHQ 0N
/N— _Hy= CHy-N \
HOOC - HyC _Hy - COOH
Dr. S. M. Condren CBU
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+ Complexon IV

DCTA
trans-1,2-Diaminocyclohexanetetraacetic acid
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+ Complexon V

HN™ N\ UN-
HO,C— > \—Co;

DTPA
Diethylenetriaminepentaacetic acid
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+ Complexon VI

H

LG CcO
2 _\ /\O/\/O/\/ P

HOZC—/ Lc:o2
EGTA
bis-(Aminoethyl)glycolether-N,N,N’,N’-
tetraacetic acid
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Y

[ 08 + Mn**

OMn D0 @cC  ON
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2. Su' tao phiie cua Coplexon III véi cac ion kim loai

Trong dung dich nudc complexon III dién ly

Na,HY = 2Na* + HY>
HY> = 2H* + Y
Mex 4+ Y%+ o MeYo-4
Me* + H,Y> = MY®™  + 2H
Vidu Ag +Y"= AgY*
Hg” + Y*= HgY*
Fe? + Y*=FeY"

M™ + Y4- — MY(n—4)
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Vi du : Phuc calci complexonat (CaY?)

O— =0

O=—100
RN

Za _H-

NN

I-] Il

N

S — Ha CH"H., CHo, — C0O0

Phic sit (IIT) complexonat FeY~
O— =0

O=C—0
N

ZH~"H, CH.—CO0

Dr. S. M. Condren CBU
Chemistry




* Anh hudng clia pH d€n do bén cla cdc complexonat

Me* + HY* o MeY®-% +  2H*

pH cia dung dich : 4nh hudng dén cdc dang ton tai cia H,Y va su tao

phuc hydroxo kim loai.

™t + N = B2
OoH-||H* HY[|{OH™
We(OH g H,¥

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

Nhung pH cang cao thi dang Y*# ton tai cang 16n => ting kha
ndng tao phuc complexonat.

Hai y€u t6 4nh hudng trdi ngude => mdi complexonat chi bén trong

@0t khodng pH nhat dinh, |
1 Dr. S. M. Condren CB
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+ Céc ion kim loai hoa tri 3,4 bi thiy phin rdt manh cho cdc phtc
hydroxo ngay ca trong mdi trudng acid.

=>complexonat cia ching chi bén trong mdi trudng rat acid.
Vidu: FeY-,ScY~...bén trong khodng pH =1 + 2.

+ C4c ion kim loai nhém B ¢6 ho4 tri 2 va AI* bi thuy phan y€u hon
céc ion hod tri 3, 4 nén phiic ctia chiing bén & pH cao hon mot it : pH =
2 +5.

+ Céc complexonat kim loai nhém IIA lai bén trong moi trudng kiém
hon. C4c phifc nay bén trong khodng pH = 8 + 10.
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Vi du : D€ chuan dd Pb* bing phuong phdp complexon, can
ti€n hanh chuin do trong mdi trudng ki€m c6 pH =9 + 10.

Trong moi trudng nay Pb?* s€ tao tua hydroxyt, do do6
can cho vao dung dich chit tao phic phu v6i Pb* nhu mudi
tartrat (KHC,H,O,) hay Trietanolamin (N(CH,CH,OH),) . ..

I() o/ \ Ve [
* dé ngan ngira anh hueng cua cac ion can tro

+ Chon pH thich hdp sao cho EDTA chi tao phic bén véi
ion kim loai can chuin do.

Vi du : D¢ chudn dj riéng ion Ca®* khi c6 mdt Mg**, cdn
lam gi ?

Ti€n hanh & moi trudng ki€ém manh (pH = 12).
Mg?+ sé& két tiia dudi dang Mg(OH),

Ca2* tOn ta1 d ang %]3 1‘3?9_. Che Ystq



+ Duing chat che thich hgp d€ tao phic véi cdc ion cdn trd

Vidu : Dung CN- dé€ che cac ion Cu?*, Co?*, Ni>* khi chuan
do Ca?*, Mg2* trong hon hop ¢ chita céc ion trén.

Dung F~ dé€ che A3+, Ca?*, Fe3* khi chuan do Zn?,
Cd*, ...

+ Téch cdc ion cdn tr§ bing cdch két tha phan doan . . .
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3. Chat chi thi dung trong phuong phip chuin d$ complexon

Chi thi mau kim loai 12 cdc thudc thit hitu cd c6 kha ning
tao v&i cac cation kim loai cac phitc ¢c6 mau va ban than chi
thi cling c6 mau.

chi thi mau kim loai cling 1a nhitng da acid hay da baz
hitu ¢d yéu thudc loai thudc nhudm nén tuy theo pH cua moi
trudng ma c6 thé ton tai dudi nhi€u dang khdc nhau cé6 mau
khac nhau.

[ mau sic cla chi thi thay doi tuy theo pH clia dung dich.
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Vidu:
Chuan dd truc ti€p ion kim loai Me™ dung chi thi mau kim
loai HInd. ion kim loai s€ tao phic mau véi chi thi :
Me~* + HInd « Melnd®™? + H*
Khi nhé tir tir dung dich chuan Trilon B vao:

Me™ + H,Y* < MeY®™* + 2H*

Khi hét Me™, Trilon B sé pu v&i Melnd®D,
Melnd™? + H,)Y* « MeY®™® + HInd + H* (1)

N g S A? A on” o A? A
Lam thé nao de nhan biét duoc diem cuodi?

‘)

O diém tueng du’o’ng' dung dich chuyén tir mau ctia dang
VieInd sang mau cua dang chi thi tu do HInd.

e
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Pé nhan ra diém tuong duong mot cach ro rang
-Phan tng (1) phai xay ra hoan toan :

phtc cua chi thi va kim loai phdi kém bén hon nhi€u
so vO1 phuc complexonat kim loai.
—Chi thi phai c6 dd nhay cao

Phiic chi thi véi kim loai ciling phdi tuong do1 bén
Thudng chon chi thi théa man yéu cau :

104 < I<MeInd
104KMeInd< I<MeY
—Chon pH sao cho
Phitc MeY bén

Mau clia phitc Melnd phai khdc han mau cia chi thi tu do
HInd.
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MOT SO CHAT CHI THI THONG DUNG
+ Eriocrom —T—black (viét tit1a ET — 00 hay NET)( H,Ind)
Cong thitc phan tu : C, H,;N,O.S.

ET - 00 thudng dung dudi dang mudi Natri ¢ cong thitc phan ti
C,,H,,N,O,NaS; M =461,39

[|3|‘| QH Chi thi NET
= M= —50,Ma  dugc ding ¢
NO,
Trong dung dich nudc:
H,Ind = H"+ H,Ind"
H,Ind" . HInd* _Ind’~
Exd 7 Hanh bigc 11 [Da cam pH
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Vidu :

NET dudc dung 1am chi thi khi chuian do Mg?+, Zn**, Pb* . .
. trong mo1 truéng ¢c6 pH =9 +10.

Pi€m tuong duong : dung dich chuyén tir mau dd nho sang
mau xanh biéc.
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+ Murexid
Cong thic phan tu : C,H,N,O..H,O; M = 302,21.

Murexid 1a acid 4 nac (H,Ind") %}3
H—MN—C=0 _C—pMN—H
[:l:[l:? [|:3—H=|: [:|3= 0-Hy0
H—I‘|-J — g C— r~|4 —H
[l:me4 !
H,Ind" | H,Ind*" | H,Ind*"
Tim do é Tim lll Tim xanh pI—f

— X4c dinh Ca** § pH = 12. Piém tuong duong ng véi khi dung
dich chuyén tir mau dé (mau ctia Calnd?") sang mau tim xanh (mau
cua chi thi tu do H,Ind*").

— X4c dinh Ni%*, Co?*, Cu?* § pH = 8 + 9. Piém tuong duong tGng
v6i khi dung dich chuyén tir mau vang (mau clia Melnd?") sang ma
tim do (mau cua chi thi tw do H,Ind").

2o
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4. Pudng cong chuan do complexon

chuian d6 V,ml dung dich ion kim loai M™ C, mol/l biing dung dich
EDTA (Trilon B) C mol/l.

Goi K, 12 hiing s6 bén clia phic MY.

V ml 13 thé tich Trilon B cho vao trong tiing thdi di€m clia qud trinh
chuéin do.

F: mic do dung dich ion kim loai M™ di dugc chuan dd
Phan tng chuan do

cCV
M 4 H,Y> = MY®® +  2H* F =
C,V,
M + Y = MY
Pudng cong chuin do 1a dudng biéu dién pM = f(F)
+ Khi chua ti€n hanh chuan d6 (V=0, F=0): pM = —1gC,

pH dugc quyét dinh bdi dd M ban dau.
Dr. S. M. Condren CB
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+ Trudc di€ém twong duong ( V,C, > CV, F<1)
pM dugc quyét dinh bdi dung dich M du
V,.C,- V.C
V,+V
pM = -lg

[M ]=
VO.CO - V.C
V,t V

+ Tai di€m tuong duong (V,C, = VC, F=1) y CV,
pM dudgc quyét dinh bGi dung dich phic MY Vo+V

_ [MY] _ [MY] [M]=\/[MY]=\/ CVy
OIMAY] MY Ky VKot V)

+ Sau di€m tuong duong (V,C,<VC, F>1) 71- V.C-V,.C,

pM dudc quyét dinh bdi lugng Trilon B du Vot V

IMY] _ CV,V,+V) C,V,

Koy ¥ Koy (CV - Co) Vot V) Koy (CV - Cr)
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° ~’ A A
S. Sai s6 chuan do

[M]: J St
KMY(VO t V)

+ Né&u K&t thic chuan do tai pM > pM., : K&t thiic chuin do sau

diém tuong duong. Thira dung dich chudn Trilon B giy sai s thira :
1 SS%.,
SS%., = 100
Ky M]
+ Né&u chuin d6 tai’ pM < pM.,, : K&t thiic chuan d6 trudc di€m tuong
dudng. Phép chuan dd mac sai s6 thi€u SS%Mm

C,+C

SS% . . = -[M] 100

0
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Vidu: Chuan d 100m! dung dich Mg** 0,1M biing dung dich Trilon B
0,IM. Biét K, , = 1087

a) V& dudng cong chuin do

b) Tinh sai s6 cla phép chuan dd néu két thic chuan do & pM =6

Phan ¢ng chuin do:
Mg + Y = MgY

Tai di€m tuong duong V. chuan do hét

0.1x100
V=V, = ’g = 100m!

b
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EDTA

50
90
99

100

101
110
150
200

0.5
0,9
0.99

1,01
1,1
1,5

CONG THUC TINH pH
pM = -1gC,
V,.C,- V.C
M= - g0
p Y
M) = J oo
KMY(VO * V)
FY)Ep——

Ky (CV = CoVy)

Dr. S. M. Condren

pM GHI CHU

2

2,48
3,28
43  SS%=-1%

5,5 Diém tuong dudng

6,7 SS%=+1%
1,1
8,4
8,7
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Duong chuan do ion Mg (ll) bang Trilon B

10 -
*
8* ¢ ¢
L 2
6 - .
4, L 4
L 2
2 . ¢
0 | |
0 1 2
F
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Duong chuan do ion Mg (ll) bang Trilon B

10 -

g -
g Busc nhdy pMg=4,%: PMepr=.5
o 4

2

0 ‘ ‘ ‘

0 1 2 3
F
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Sai s6 chuan d khi két thiic chuin do tai pMg = 6

[M]TD = \/ COVO - 10_5’5
Kyy Vot V)
pM = 35,5

+ Né&u K&t thiic chuén do tai pM=6 > pM,_s s : K&t thic chuin do
sau diém tuong duong. Thira dung dich chuin Trilon B giy sai s6
thura :

1
SS%., = .100
Kyy[M]
1 1
SS%., = 100= —————.100= 0,2%
K,y[M] 107 x10
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Region 3
Excess EDTA

g N

Region 1
Excess M™

8
Region 2
6 ™
Equivalence
4 point
2

L1 1 1 1 1 1 11
O 10 20 30 40 50 o660 70

Volume of EDTA added (mL)
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Excess
Excess metal

EDTA
10
Ca2+
o K:i=1.8x10'°
Ca=* equival int S
& quivalence poin
= Ki{=1.9x 108
. Sr2+* equivalence point
2
o) HEEEEEEEEEEEEEEEEEEE RN N EEEE NN |

O 5 10 15 20 25 30 35
Volume of EDTA added (mL)
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Pudng cong chuin dd cé sy hién
di€én cua NH,

0.10 M NHj

0.02 M NHj,

N T T I I
10 20 30 40 60 ©60 70

Volume of EDTA added (mL)
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[1I. C4c phuong phédp ti€n hanh
chuan dd complexon

®

huin do truc ti€p - Direct titration

®

huin do ngudgc - Back titration

®

huin do thay thé€ - Displacement

Dr. S. M. Condren
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1. Chuén do tryc tiép
Su dung khi:
+ Phén t¢ng chuian do x4y ra nhanh.
+ Chat chi thi doi mau rd rang.
Vi du:
Chuan dd Mg2* bing Trilon B  pH =9 — 10 vdéi chi thi NET
Chuan dd Ca* bing Trilon B & pH > 12 véi chi thi Murexit

Chuin do Fe3*bing Trilon B § pH = 2 — 3 véi chi thi acid
sunfosalisilic

Dr. S. M. Condren CB
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2. Chuan d6 Nguoc

St dung khi:
+ Khong c6 chat chi thi thich hdp.
+ Phan tng gitra ion kim loai véi Trilon B xay ra qua cham.
+0 pH chuin do, ion kim loai bi két tda du6i dang hydroxit.
Vidu: X4c dinh M,

M, + H,Y> (du) =M,Y + 2H*

HY>+ M, = MY +  2H

N A’ N A? A oA’ o A A%
Lam thé nao dé nhdn biéet duoc diem cudi?

2iem cudi : chuyén mau tir mau chi thi tw do HInd sang mau
&a phiic MInd. Dr. S. M. Condren L}%]?ns’cw
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Vi du: X4c dinh Pb?* & pH = 9 — 10 biing chuin do ngudgc
Pb>* + Trilon B (du)

pH : NH,Cl + NH, ; chi thi NET

Trilon B du + Zn?**

Pi€m cudi:

HInd?* — ZnlInd-

xanh biét dd nho

Dr. S. M. Condren CB
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3. Chuin do thay thé&
M, + MY =MY + M,
M, + HY*=MY  + 2H
Diéu kién : 10 <K,,,, << K,y
DPiém cudi : chuyén mau tir M,Ind sang mau Hind
Vi du: Xéc dinh Pb* & pH =9 — 10 bing chuin dd gidn ti€p
Pb* + ZnY? = PbY* + Zn*
Zn* + HY* = ZnY> + 2H*

Chi thi Net

9i€m cudi : chuyén tihpaunidahaignind) sang xanh bif

AN Chemistry




IV. UNG DUNG
-X4c dinh truc tiép cdc cation kim loai.

/ . / . . . R A A .
-Xac dinh cac anion kim loai bang chuan d6 gian
t1€p.

VD : X4c dinh SO >
-Xac dinh do ctiing cua nudc

-Xac dinh Ca va Mg trong cac mo dong vat — thuc
vat

Dr. S. M. Condren CB
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NH
O ///,,,_ / I ”
O —Fe—O0 NG
. N \O \ Hydroxamate
N/ \N group
CH,
NH,

Ferrioxamine B
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