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Lam Ngoc Thu
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Tai liéu trong Thu vién dién tr PH Khoa hoc Ty nhién co thé dwoc sir dung cho muc
dich hoc tdp va nghién cieu cd nhan. Nghiém cam moi hinh thirc sao chép, in dn phuc

vu cac muc dich khac néu khong dwoc sy chap thudn cua nha xuat ban va tac gia.
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Chuong 13

Chuan a6 tao phirc

Ton ctia nhiéu kim loai phan g véi cap dién tir cho tir mat chét khéc tao thanh hop chét
phéi tri hodc ion phirc. Chét c6 kha ning cho doi dién tir dwoc goi 1a phdi tir (ligan), can phai
c6 it nhat mot doi dién tir khong phan chia dé tao lién két. Cac phan tir nude, amoniac va cac
ion halogenua 13 nhitng phdi ttr thuong gip.

Maic du con cd nhitng ngoai 1€, cac cation thuong tao thanh s6 lién két phéi tri cuc dai la
2, 4 hoac 6 va so cuc dai do dugc chap nhan la so phoi tri. Hop chat phoi tri duoc tao thanh co
thé mang dién tich duong, dién tich &m hoac trung tinh. Vi du nhu, dong (II) véi s6 phoi tri 4
c6 thé tao thanh phirc amoniac cation Cu(NH; )i+ , phuce glixin trung tinh Cu(H,NCH,COO),

hoc phirc anion véi ion clorua CuCl%.

Céc phuong phap chuin do duwa trén cac phan tng tao phirc di duoc st dung ca thé ky
qua. Nhung chi khi mot loai hop chét phdi tri dic biét duoc goi 1a cac phdi tir vong cang duoc
phat hién, phuong phap chuan do tao phirc méi thuc sy bude vao giai doan phat trién diéu ky.
Chelat 1a phtrc vong cang duogc tao thanh giira ion kim loai v&i phdi tir c6 hai (hodc nhiéu
hon) nhém cho dién tir. Trong phirc ctia dong véi glixin néu trén, dong lién két ca véi oxi ciia
nhém cacboxilic va ca voi nguyén tir nito cia nhém amino. Phéi tir tao phirc vong cang c6 2
nhém cho dién tir tham gia tao lién két phdi tri dugc goi 1a phdi tir hai rang. Nguoi ta da biét
cac phéi tir 3 rang, 4 ring, 5 ring va 6 rang.

Trong phén tich chuén d6, cac thudc thir tao phiic vong cang c6 uu thé hon cac thude thir
tao phirc khong vong cang bdi vi su tao phurc vong cang thuc t€ xay ra trong mot giai doan,
trong khi dé su tao phuc don gian thuong phai trai qua mdt hodc mot s6 16n hon cac hgp chat
trung gian.

Chiing ta xét can bang giira ion kim loai M ¢6 s6 phdi tri bang 4 va phdi tir 4 rang D, dién
tich cuia M va D quyét dinh di¢n tich cua san pham phan ing nhung do61 vdi cac ban luan tiép
theo, diéu do khong cd y nghia nén di¢n tich da dugc bo qua.

M+D = MD
Khi can bang cua qua trinh 6 duoc thiét 1ap:

[MD]

= MID]




K 1a hang s6 can bang.
Mot cach twong tu, cAn bang gitta M va hang sb bén twong tmg 1a két qua cta qué trinh 2
giai doan, bao ham sy tao thanh mét hop chat trung gian MB:

M +B = MB
MB+B = MB,

Hai can bang d6 duoc thé hién bang hai hang sd bén:

[MB] [MB; ]

S]]

Tich s6 K; va K cho ta phuong trinh hing sb can bang cua qua trinh tong hop:

5, KK, - [MBL | [MBy] _ [MB,]
[M][B] [MB][B] [m][B]?

Mot cach tuong ty, phan Gng giita M va phdi tor mot ring A c6 thé viét dudi dang can

bang téng cong:
M+4A = MA4

va hing sb can bang B4 tuong tng vai sy tao thanh MA, tir M va A, bang tich sé hing sb

can bang cua 4 giai doan riéng biét.
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Hinh 13.1

Puong chuin d6 complexon

1. Chuan do 60,0 ml dung dich kim loai M 0,020 M bang dung dich phdi tir D 4 rang véi
su tao thanh hop chat MD.

2. Chuén d6 bang dung dich phdi tir 2 ring B 0,040 M véi su tao thanh hop chat MB,.
3. Chuan d6 bang dung dich phdi tir 1 ring A 0,080 M véi su tao thanh hop chit MA,.
Hing sb bén chung cua tit ca cac hop chit da néu 1a 1,0.10%.

M&i dudng chuan d6 duoc dan ra trén hinh 13.1 tuong Gmg voi mot phan tmg c6 hing sd
can bang chung bang 10%°. Puong sb 1 duoc xay dung cho qua trinh mgt giai doan, tao thanh
hop chat MD, dudng s6 2 phan anh qua trlnh 2 giai doan tao thanh MB, v6i cac hang s
can bang tuong ung K, =10" va K, =10%. Puong s 3 dai dién cho qué trinh tao thanh
MA,; cac hang sd can bang cua 4 giai doan tuong ung la 10%, 10°, 10%, 10% Cac duong
cong minh hoa wu thé rat rd rang cua cac ph01 tir phdn rng vo1 ion kim loai theo ty 1€ 1 :
1, boi vi dbi voi nhitng hé nhu vay, su bién ddi pM & vung diém twong duong 1 cyc dai.
Nhu vay 14, dbi voi phép phan tich chuan do, nhirg phdi tir da rang 1a thich hop nhét boi
vi, thong thuong phan (mg tuong tac ciia ching véi cac ion kim loai duoc dic trung biang
hé sb hop thirc don gian nhat.

Khong phu thudc vao loai phan tmg duoc st dung dé chuan do, sai sé chuan do giam khi
d6 hoan toan ctia phan mg ting 1én. V&i quan diém do, khong con nghi ngd gi nira, nhiing
phdi tir da ring c6 wu thé 15 rét so v6i nhitng phdi tir don ring boi vi chiing tao véi ion kim
loai nhitng phirc bén hon.

13.1 Chuan @9 bang cac thudc thir vo co

Chuan do tao phirc 1a mét trong nhimg phuong phap chuan d¢ 1au doi nhat. Phép chuan
dd ion iodua bang dung dich thiy ngéan (II) theo phéan tng:

Hg' +4I =  Hgl?
lan dau tién dugc cong bd vao nam 1834, phuong phap xac dinh ion xianua dya trén
phan ng tao thanh ion phirc Ag(CN) ciing da dugc cong bo vao nam 1851. Trong bang
13.1 dudi day dan ra nhitng chat chuan dién hinh khong tao phurc vong cang.

Bang 13.1 Nhiing vi du dién hinh vé phép chuin d$ bing cac chit tao phirc vo co

Chét chuin Chét can dinh luong Ghi cha

Tao phirc trung hoa dién cua Hg(I), st

Hg(NOs), Br, ClI', SCN", CN, tioré dung nhidu chi thi




San pham ciia phan Gmg 13 Ag(CN);,

AgNO; CN chi thi 1a T, chuan do dén xuat hién duc
dung dich do Agl
San pham cia phan tng 1a Cu(CN)?~,
KCN Cu’’, Hg®', Ni* Hg(CN)2, Ni(CN)Z™, sir dung nhiéu
chi thi

13.2 Chuan d bing cac axit aminopolicacboxilic

13.2.1 Thubc thir

Phuong phap chudn d¢ dua trén phan ung tao phtrc cia cac ion kim loai véi nhém céc
axit aminopolicacboxilic dugc goi la phuong phap chuan d§ complexon. Cac complexon la
nhitng dan xuat cua céc axit aminopolicacboxilic:

e Nitrilotriaxetic axit hay complexon I:

_, CH,—COOH
N: CH,— COOH viét tét 1a HyY
CH,— COOH

e Etilendiamin tetraaxetic axit (EDTA) hay complexon II:

HOOC—H,C CH,—COO

AN /
N— CH2_ CHQ_ N

/

N viét tat 1a HyY
HOOC — H,C CH,— COO

Vi axit ndy it tan trong nudc nén trong thuc té ngudi ta thuong dung ¢ dang mudi dinatri
(NayH,Y hay comlexon III, trilon B).

e trans-1,2-diaminoxiclohexan tetraaxetic axit, comlplexon IV:

_cH, _ CH;—COOH
H,C CH—N
™ CH,—COOH
iy _,CH;—COOH
CH—N
N N

CH, CH,— COOH



Cac complexon tao phirc bén v&i nhiéu ion kim loai. Cac phan tng tao phirc ndy
thoa man tit ca cac didu kién cta phan tich thé tich; do do, ngdy nay phuong phap chuin d6
complexon trd thanh mot trong nhirg phwong phap phan tich thé tich phd bién nhat.

EDTA la thudc thir dwoc sir dung nhiéu nhét. D6 1a mot axit yéu c6 4 nac phan li: pK; =
2,0; pKy=2,67; pK3=6,16; pK4= 10,26. Nhu vay la, hai proton dau tach ra kha dé dang, hai
proton sau tach ra kho khian hon nhiéu. Ngoai 4 ion hidro ctia cic nhom cacboxilic axit, phan
tit EDTA con c6 hai nguyén tir nito, mdi nguyén tir déu c6 doi dién tir khong phén chia (tu
do), do d6 c6 tiém ning tao 6 lién két v6i ion kim loai (phdi tir 6 ring).

EDTA duogc ki hiéu 1a HyY va c6 thé ton tai & 5 dang sau: HyY, H3Y ", H,Y>, HY va
Y*.

H4Y va NaH,Y.2H,0 ¢6 thé djéu ché dugc ¢ dang tinh khiét dung lam dung dich gdc.
Muon vay phai say ¢ 130 — 150°C dé 1am mat nudec.

Thanh phan ctia dung dich EDTA nhu 1a mot ham sé cta pH. Trong dung dich nudc
EDTA ton tai & 5 dang. Luong twong ddi ciia mdi dang trong dung dich nay phu thudc vao
pH. Nhiing ti s6 d6 duoc dién ta béng dd thi qua su phu thudc cua gia tri o dbi voi cac dang
khac nhau nhu 14 ham sé cua pH.

[H,Y] [H3Y_J

G =TT

a day C la tong s0 nong do can bang cua tat ca cac dang. Nhu vdy a la ti s6 mol cia moi
dang.

R& rang 1a vung axit vira phai (pH = 3 — 6) dang H,Y? 1a dang chiém uu thé, opH=16-
10 dang HY?™ chiém wu thé va chi & pH > 10 thi dang Y*" méi bat dau chiém wu thé.

Nhimng ti s6 d6 anh hudng 16n dén can bang trong dung dich chira EDTA va céc cation
khac.



Hinh 13.2

Thanh phin ciia dung dich EDTA bién déi theo pH

13.2.2 Phure cua EDTA vdéi cac cation kim loai

Tinh chit quy gia nhét cia chit chuan EDTA 1a kha ning phan tmg cta nd voi cac ion

kim loai theo ti 1€ 1 : 1 khong phu thudc vao dién tich cation. Trong cac dung dich axit vira
phai, c6 thé viét cac phan ung do6 dudi dang:

Me? + H,Y? = MeY* +2H"

Me* + HyY* = MeY +2H"

Me*" + H,Y2 = MeY +2H"

Tir d6 thi phan bd trén, rd rang rang nhimng phan tng xay ra trong dung dich trung tinh va
kiém vtra phai viét dudi dang sau:

Me"™ + HY* = MeY +2H"

EDTA c¢6 tinh chit cuc ky quy gid 1a tao phirc bén va tan trong nudc voi nhiéu ion kim
loai. Tat c4 cac cation phan ing vdi EDTA, trir cac kim loai kiém déu tao thanh cac phuc du
beén, d6 1a co sé cho cac phuong phap chuan d§. Bo bén cao cua cac phuc tao thanh 1a do sy
c6 mat trong phan tr EDTA mdt s6 nhém cho: nhitng nhém nay cé thé tao cau tric doi xing



it strc cang. Mot trong cac dang cua phirc dugc dién ta trén hinh 13.3. Can cha ¥ 13,
sdu nhom cho cua phan tir EDTA tham gia tao lién két véi ion kim loai hoa tri 2.

o 7

Hinh 13.3

CAu trac phtrc ciia kim loai véi EDTA

Can phai dac biét nhan manh rang, tat ca cac hang s6 can bang déu mo ta tuong tac cua
jon kim loai véi Y*:

Men+ + Y4— \i MeY(l’l—4)+

[Mer—‘*)+ }

Kpey :W (13.1)

Bang 13.2 Hing s6 bén ciia phirc kim loai véi EDTA (¢ 20°C va lyc ion bing 0,1)

Cation Kmy lgKmy Cation Kmy lgKmy
Ag’ 2,1.10 7,32 Cu?” 6,3.10" 18,80
Mg** 4,9.10° 8,69 Zn*" 3,2.10" 16,50
Ca®" 5,0.10" 10,70 cd* 2,9.10' 16,46
Sr** 4,3.10° 8,63 Hg* 6,3.10% 21,80
Ba®* 5,8.10 7,76 Pb** 1,1.10" 18,04
Mn** 6,2.10" 13,79 Al 1,3.10'° 16,13
Fe 2,1.10" 14,33 Fe* 1,3.10% 25,1




Co* 2,0.10'° 16,31 v 7,9.10% 25,9

Ni** 42.10" 18,62 Th* 1,6.10% 23,2

13.2.3 X4y dung dwong chuin do

Xay dung duong chuan do cho phan mg giita ion kim loai va EDTA vé co ban khong
khac viéc xdy dung dudng chuan do trong phuong phap chuan d¢ axit bazo, nhung trong
truong hop nay phuc tap hon vi truong hop chuan do axit bazo thuong chi can nghién clru
mot can bang, con trong truong hop chuan do complexon can nghién cru mot s can bang 1on
hon.

13.2.3.1 Anh hwéng ciia pH

Su nghién ctru cin bang trong dung dich chira ion kim loai va EDTA chi rd rang, mirc do
tao phuc phu thugc vao pH cua dung dich. Pé chuan do nhiing cation tao phire kém bén (vi
du: Mg*", Ca®") nguol ta phai chuén trong moi truong kiém. Nguoc lai, dé chuan do nhu:ng
cation tao phirc bén hon (vi du: Zn**, Ni*") ¢6 thé thyc hién thanh cong ngay ca trong moi
truong axit vira phai.

Pic biét cha ¥ t6i sy tao phirc phu thudc vao pH, nén phép chuan do bang dung dich
EDTA thuong dgqc thuc hi¢n trong cac dung‘dich dém voi cac gié tri pH thich hop, c@ dinh.
Gitlr pH khong d6i, cho phép don gian kha nhiu céch tinh toan dé xay dung dudng chuan.

Dé xiy dung duong chuin d6 ion kim loai bang EDTA trong dung dich dém cé thé st
dung gia tri o,y mot cach rat tién loi:

@ (13.2)

oy =
trong d6 C 12 nong d6 chung cia EDTA khong tao phirc.
Nhu vay:

C=[Y"]+[HY ]+ [HY* ]+ [HY ]+ [HsY]

va o la phén thudc thir khong tao phuec, tdn tai & dang Y4*, o4 chi phu thudc vao pH va
nhiing hang s phan li cia EDTA K, K, K3, K.

o = LSLSLCLY (13.3)

[H+T 1K, [Hﬂ3 + KK, [H+T +K K K [Hﬂ 1K K KqK,
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Bang 13.3 Cac gia tri a4 cia EDTA & cac gia tri pH

pH o4 pH o4

2,0 3,7.10 7,0 4810

3,0 2,510 8,0 54.10°

4,0 3,6.107° 9,0 5,2.107

5,0 3,5.1077 10,0 3,5.10"

6,0 2,2.107 11,0 8,5.10°"!

12,0 9,8.10°"

Thay [Y*] bang a4C (phuong trinh (13.2)) vao phuong trinh hing sé bén cua phirc (13.1)
ta duoc:

[MeY@*‘“*}

W (13.4)

Kymey = 0Kpey =

trong do K'vey 12 hﬁng 5O bén diéu kién hay biéu kién mo ta can bang chi O gid tri pH da
dung dé tinh gi tri oy. Hang sd bén diéu kién cho phép tinh toan dé dang ndéng do can bang
cua ion kim loai va phurc ¢ bat ky diém nao ctia duong chuin do. D@ dang nhén thiy rang,
phuong trinh hang sé bén diéu kién khac v6i phuong trinh hing s6 bén da duoc st dung trudce
day chi & mot diéu duy nhit 1a ndng do can bang tuyét ddi (toan phan) cua anion phéan 1i [Y*]
duoc thay thé bang gia tri C - ndng d6 chung cuia EDTA. Nhung diéu d6 cuc ky quan trong
boi vi C d& dang xéac dinh tir phan tmg hop thirc hon 1a [Y*].

Vi dy: V& duong chuan d6 50,0 ml dung dich Ca*" 0,0100 M bang dung dich EDTA
0,0100 M trong dung dich dém c6 pH = 10.

e Tinh hing s6 bén diéu kién & pH=10: K'c,y = 0Ky = 0,35.5.10'°=1,75.10".

o Tlnh pCa trude dlem tuong duang Cho dén trudc dlem tuong duang, ndéng do chung
ctia Ca”" bang tong s6 ndng d6 ion Ca>" chwa bi chuan va nong d6 Ca® do phuc phan li ra.
Thong thuong, hoan toan hop 11 khi ching ta chap nhan rang noéng dg ion Ca”" do phuc phén
li ra nhé thua ndng d6 ion Ca’" chua bi chudn nén c6 thé bo qua ndng dé nay (Ta ctr chap
nhan gia thiét nay boi vi [Ca’ ] do phtre phén li ra ¢ diém tuong duong con nhé thua [Ca®']
do phirc phén li ra & trude diém tU:O’ng dwong vi ndng do [Ca’ ] chua bi chuan do con 16n,
ngan can sy phan li ciia phirc CaY?>". Khi ta tinh toan [Ca®'] ¢ diém twong duong dudi déy ta
s& thiy rd hon diéu ta gia thiét trén ddy 1 hoan toan ding dan).

Vi dy: Sau khi thém 25,0 ml chit chuén thi:
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[Ca%] _ 50,0x0,01025— 35,0>< 0,0100

+C~3,33.10 mol/1

va pCa=2,48.

e Tinh pCa ¢ diém tuong duong: O thoi diém nay [CaY” ] =0,00500 M va su phan li cua
phirc d6 14 ngudn duy nhat cung cip Ca®*. R3 rang la [Ca®"] bang ndng do chung ciia EDTA
chua tao phtc:

[C32+] = Cepra
[CaY?]=0,00500 — [Ca*'] ~ 0,00500 mol/l
K'cay 6 pH=101a1,75.10"

(xem muc trén)

Viy:
02,5)0500 _ 0,0050(2) _ 1’75.1010
[Ca JCEDTA [Ca2+]
[Ca’'1=5,35.10" M;
do do:

pCa=6,27.
Két qua nay khang dinh gia thiét cua chiing ta & muc trén 1a dang.

e Tinh pCa sau diém tuong duong: Tinh ndng do chung cua CaY? va EDTA sau diém
tuong duong rat dé dang. Vi dy, sau khi thém 60,0 ml chat chuan.

Cory. - 50,0x0,0100 _, 05
aY 110
CgpTA =—10’OIS(’)0100 -9,1.10% M

Mot cach gan dung c6 thé viét:
[CaY?]=4,55.10" M —[Ca*']~ 4,55.10"°
Cepra=9,1.10* M + [Ca*']~9,1.107*

4,55.107°

=1,75.10'° = K'¢,y
| Ca® |x9,1.107* :
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[Ca®'1=2,86.10""M

do do:
pCa=9,54.
Tir nhitng tinh toan nhu trén ta c6 thé vé duong chuép do ion Ca”" trong nhiing dung dich
dém co6 pH khac nhau. Tur hinh 13.4, r6 rang 1a, sy bién doi pCa chi 10 rét ¢ diém tuong
duong khi pH > 8 (Nhung tai sao ta khong chuan & pH=12 c¢6 budc nhay pCa 16n nhat? Cau

hoi nay s€ dugc trd 101 & muc sau noi vé diém cuoi khi chuan do).

D061 voi nhitng cation tao phtrc bén hon, c6 thé xac dinh diém cudi rat 1o, ngay ca trong
dung dich axit.

pH=1%
pH=10

W

10 20 @0 40 50 &0
The tich EDTA, ml

Hinh 13.4

Anh huong cia pH 1én dudng chuén do dung dich Ca** 0,0100 M bang dung dich EDTA 0,0100
M
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- 26
al (’—' KFEY' =1,8.10
POmE
16 L 16
f‘ Ky - =33.10
12 a7
Kpy- =63.10
14
g L Kpg-=4110
21
Kpy- =63.10
4 —
0 1 1 1 1 1 1 >
10 20 80 40 850 B0 gl
Hinh 13.5

Nhimng duong chuin d¢ 50 ml dung dich céc cation 0,0100 M & pH=6

13.2.3.2 Anh hwéng ciia cic thudc thir tao phirc la dén phép chuin d9 bing EDTA

Thuong qué trinh chuén do béng EDTA tr¢ thanh phuc tap do hién tuong két tha mot
phan ion can xac dinh dudi dang oxit bazo hay hidroxit & pH can thiét cho qua trinh chudn do.
bé gilr ion kim loai trong dung dich, dac biét 1a & giai doan dau cua phép chuén do, can thiét
phai thém chét tao phtrc phu vao dung dich chét can dinh phan. Vi dy, khi chuan d6 Zn(II)
thuong phai dung mét lugng 16n amoniac va amoni clorua. Cédp axit bazo lién hgp nay tao
thanh dung dich dém c6 gia tri pH can thiét. Ngoai ra, amoniac con ngin can su két tia
hidroxit k&m nhd su tao thanh cac phirc amoniacat. Nhu vay 13, phan ting chuan d6 k&m bang
dung dich EDTA duoc dién ta nhu sau:

Zn(NH;)2" + HY = ZnY” +3NH; + NH}
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12 L
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Hinh 13.6

Gia tri pH nhé nhét, du cin thiét & chuin d6 cic dung dich cation bing dung dich EDTA

Trong nhitng hé tuong ty nhu vdy, d§ hoan toan cia phan Gng va do d6 chét luong xac
dinh diém cudi khong chi phu thudc vao pH ma con phu thudc vao nong dd amoniac trong
dung dich.

Anh huéng cua cua thude thir tao phirc phu dén qua trinh chuan do c6 thé tinh toan duoc
giong nhu tinh todn anh huong pH dén nong do cac dang khac nhau cia EDTA.

Ta ki hiéu:
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B=[1\éi:e ] (13.5)

vo1 Cyge 12 ndng do chung cua tat ca cac dang chira ion kim loai can chuan dg, trur loai

phtc cia EDTA vo6i kim loai can chuan do. Béi véi dung dich chtra Zn(I) va amoniac ta c6
thé mo ta nhu sau:

Cwme= [Zn°"] + [Zn(NH3)*] + [ Zn(NH;3)2" ] + [ Zn(NH3)2" ] + [ Zn(NH3)3* ] (13.6)

D¢ dang tim duogc gia tri bang so cua B tir nong dd cua amoniac va hang so bén cua phuc
tao thanh. Vi du:

o [zn(NH3 )ﬂ
" [0 ][NH,
va tu do:
[Zn(NH;)*'] = Ki[Zn® ][NH;]
Mot cach tuong tu:
[Zn(NH;),*'] = KiKo[Zn* [[NH;]?
Thay thé nhimng gié tri tim duoc vao phuong trinh (13.6) ta c6:
Cm= [Zn*"](1 + K, [NH;] + KK, [NH;3]* + K KoK;3 [NH;5] + K KoK3K, [NH3]Y)
Giai phuong trinh ndy cing v6i phuong trinh (13.5) va cho [Me™] = [Zn®"] ta tim duoc:

1
B= 2 3 4
1+K1 [NH3]+K1K2 [NH3] +K1K2K3 [NH3] +K1K2K3K4 [NH3]

(13.7)

Cudi cung giai dong thoi cac phuong trinh (13.4) va (13.5) ta tim duoc hing sd can bang
diéu kién ctia phan tng EDTA véi Zn*" trong dung dich dém chtra amoniac va amoni clorua:

[ZnYZ* }

(13.8)
Cue-CeDTA

K"7ny = 04BKzny =

& day K"zuy 14 hang sd bén diéu kién méi chi duoc sir dung khi gia tri pH 1a duy nhit va
nong do amoniac cling la duy nhat. Vi du dugc xem xét dudi day s€ chi rd cach dung hang s6
di€u kién d6 de xay dung duong chuan do.

Vi dy: Tinh pZn trong cac dung dich khi tron 1an 4Q,0;‘ 50,0; 60,0 ml dung dich EDTA
0,0010 M véi 50,0 ml dung dich Zn*"0,0010 M. Gia thiét rang dung dich Zn*" va dung dich
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EDTA d&u chira 0,100 M NH; va 0,176 M NH,Cl tao nén gi tri pH khong doi bang
9,0. Nhirng hang sb bén cua cac phirc amiacat Zn(IT) 1a nhu sau: K; = 1,9.10% K, =2,2.10% K3
=2,5.10% K4=1,1.10% Kzny = 3,2.10°.

1. Tinh hing s6 bén diéu kién: dé tinh duoc P ta lay [NH;] = Cnn, Va thay vao phuong

trinh (13.7) gia tri Cyy, va cac gia tri hang s6 bén timg nac K, Ks, K3, K4 ctia phitc amiacat

kém:
B= L . - =8,0.107°
1+19+420+1,04.10" +1,14.10
Thay vao phuong trinh (13.8) gia tri Kzny = 3,2.10'%; a4 = 5,2.107 va gia tri B =
8,0.10°° ta co:

K"zsy =5,2.10°.8,0.10°.3,2.10"° = 1,33.10"
2. Tinh pZn sau khi thém vao 40,0 ml EDTA. Nong d6 Zn*" chwa phan tng voi EDTA &
thoi diém nay vai sy gan dung kha tot la:

~50,0x0,00100-40,0x0,00100

=1,11.107* mol/1
90,0

CMe

Chung ta gia thiét rﬁng c¢6 thé bo qua sy phan li cta cac dang phirc cua Zn*" va thay th,é
vao phuong trinh (13.5), nong d6 chung cua ion kim loai Cy 1a tong néng do can bang cua tat
ca cac phirc cia Zn®" khong chira EDTA va tinh ndng d6 can bang cua ion kém:

[Zn®"] = CumeP(1,11.10*)(8x107%) = 8,9.10"° mol/L;
do do: pZn =9,05.

_ 3. Tinh pZn sau khi thém 50,0 ml EDTA: O diém tuong duong [ZnY> ] =5,00.10"". Tong
nong d) can bang cua cac dang phuc kém khong chira EDTA bang tong ndng do can bang cua
cac dang khong tao phtrc véi EDTA:

Cwme = Cepra.
va:
[ZnY*]=5,00.10"* = Cpex 5,00.10 " mol/l
Pua két qua nay vao (13.8) ta dugc:

5.10.107%
2 b
CMe

K"zay=1,33.10""=

Cme= 1,94.10" mol/l
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Tur (13.5) ta co:

[Zn®] = CumeP = (1,94.107)(8.10%) = 1,55.10"* mol/I;
do do: pZn=11,81
4. Tinh pZn sau khi thém 60,0 ml EDTA: trong truong hgp nay dung dich c6 du EDTA:

60,0x0,0010-50,0x0,0010
110
~50,0x0,0010

[an-} = 4,55.1074 M

=91.10° M

Cgpra =

Thay céc két qua thu duogc vao (13.8) ta c6:

4,55.1074

TRTE — Cume=3,76.10"" mol/l
9,51.10™°.Cpe

1,33.10'0 =

[Zn*] = CumeP = (3,76.107°)(8.10%) = 3,01.10™"° mol/I;
do do: pZn = 14,52,

Tur cac tinh toan nhu trén nguoi ta xay dung dugc cac duong chuin d¢ 1y thuyét Zn*"
bang EDTA (pH =9) ¢ cac nong do (can bang) amoniac khac nhau.

Trén hinh 13.7 din ra hai duong chun do 1y thuyét Zn*" bang dung dich EDTA ¢ pH =
9. Nong d6 can bang ctia amoniac trong truong hop thir nhat 12 0,100 M va trong truong hop
thr hai 1a 0,0100 M. Hinh v& chi 3, amoniac 1am giam budc nhay trén duong chuin do. Vi
vay, néng do chét tao phuc phu khong dugc vuot qua néng do t6i thiéu, du dé ngan ngua tao
hidroxit. (Chung ta nhan thay rang, gia tri p khong anh hudng dén pZn sau diém tuong duong
nhung gia tri o4 va do d6 pH dong vai tro quan trong trong su tao thanh vung nay ctua duong
chuén do).
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14

12

10

Chz = 0,0100

L

10 20 40 &0 &0 7O 8O

Hinh 13.7

Anh huong cia ndng do amoniac dén phép chuin d6 dung dich Zn** 0,0010 M bang dung dich EDTA
0,0010 M. Ca hai phép chuan déu dugc thuc hién ¢ dung dich dém c6 pH = 9.

13.2.3.3 Piém cudi trong chuin do complexon

Chi thi kim logi: Trong chuin d6 bang EDTA hoic 1a bang nhimg thudc thir tao phirc
khac, ngudi ta thuong dung mot s chat chi thi kim loai dé xac dinh diém cudi. Nhimg chi thi
nay 13 nhimg chit mau hitu co tao phtic vong cang (chelat) vi cac cation kim loai & nhiing
ving pH xéc dinh, tiy thudc vao tinh chit cta cation kim loai va chi thi. Nhiing phirc nay c6
mau kha dam, c6 thé phat hién ion kim loai ¢ trong khoang néng do 10° - 10" M. Phan I6n
chi thi kim loai c6 kha ning lién két proton va tao thanh nhiing hop chit mau gan nhu giéng
mau phuc kim loai. Vi vy, chung dong thoi ciing 1a chi thi axit bazo nén ching chi dong vai
tro chi thi kim loai mot cach thuan lgi & ving pH ma ¢ d6 khong c6 phan ing canh tranh cta
proton. Ericrom T 1a chi thi c6 tinh chat nhu dd néu trén va duogc st dung rong rai nhat trong
chuan d6 complexon. Trong dung dich axit va kiém vira phai, cdn bang sau day chiém wu thé:
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N K,=5.10" N +
Il Il + H
N N
obh obh
O,N O,N
SO; SO3
Do Xanh bién
HyIn™ — H,In~ + H'
Do Xanh bién
phg 4
10,0
In~—
HIn®" xanh hifn da cam
HpIn™ dd
5,0
|:| 1 [} [} [} [} [} [} E pH
a 4 5] S 10 14 14
Hinh 13.8

Su d6i mau ciia ET- OO va ciia MgIn™ phu thudc vao pH va pMg

O gia tri pH rét’ cao HIn? phén 1i tiép tao thanh In*" c¢6 mau da cam. Sau day 1a burc tranh
toan canh vé mau sac cua Ericrom T den va phtrc ciia né véi Mg phu thudc vao pH. Hinh 13.8
giai thich vi sao khong chudn Mg>", Ca®" ¢ pH = 12 (vi & pH nay chi thi c6 mau da cam).

Chi thi dé chuén do complexon can tao phure voi ion kim loai co héng s6 bén 10 1an nho
thua hang s bén cua phirc kim loai véi EDTA. Néu nho thua qua 10 1an, phép chuan do sé
két thiic sém (sai s6 am) hodc nguoc lai, hai hiang s6 bén khac nhau qua nho, nhu truong hop
ctia Ca®", diém cubi s& dugc xac dinh qua mudn (sai s duong). DPiém yéu cua Ericrom T den
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1a dung dich cta n6 kém bén. Pé khic phuc, nguoi ta dung ¢ dang ran (hdn hop 1 :
100 v6i NaCl) hoac dung canmagit c6 tinh chat twong tu va ¢6 cong thirc nhu ¢ bén.

HzC QDH

N
Il
N
= OH
e
203

13.2.3.4 Nhirng phwong phap chuin dd complexon

Trong chu:fm do complexon, ngudi ta su dung nhiéu bién phap khac nhau. Sau day la
nhiing cach pho bién nhat:

Chudn dé truc tié'p: Theo Welcher, nguoi ta cé thé chuan do truc tiép 25 jon kim loai. Chuan
do tryc tiép chi co thé thyc hién véi nhiing ion kim loai phan tmg nhanh véi EDTA va c6 chi thi
thich hop dé xac dinh diém cudi. Trong trudng hop nguoc lai, ngudi ta co thé sir dung phuong
phap chuan d6 nguoc hay chuan do thay thé.

Chudn dé nguoc: Chuén do nguoc dugce sur dung dé chuan nhiing cation tao phtrc rat bén
véi EDTA nhung phan tng chdm hodc khong tim dugc chi thi thich hgp. Trong trudong hop
nay, luong du EDTA duoc xac dinh bang phép chuan d6 nguoc bang dung dich magie chuan
v6i chi thi Ericrom T den hodc canmagit. Phtc ctia ion kim loai can xac dinh véi EDTA phai
bén hon phirc cua Mg®" véi EDTA, néu khong ion kim loai s& bj ddy ra tir phuc.

Chudn d¢ thay thé: Trong chuan do thay thé, ngudi ta dwa vao dung dich phan tich mét
luong du phuc cia EDTA véi Mg2+ hoidc Zn>". Néu cation kim loai can xac dinh tao véi
EDTA phtic bén hon phirc trong tng ctia Zn®" hodc Mg”" thi phan tng s& din ra nhu sau:

MgY> +Me?* =  MeY +Mg*
Sau d6 ngudi ta chuin Mg®* bi ddy ra khoi phirc bang dung dich chuédn EDTA.

Chudn d¢ axit bazo: Trong phuong phap chuin do axit bazo, ngudi ta thém vao dung
dich trung tinh cua ion kim loai mdt lugng du EDTA. Phan ing xdy ra nhu sau:

Me?' + H, Y =  MeY> +2H"

Chuér} d6 luong ion hidro dugc giai phong ra bang dung dich kiém dé suy ra luong ion
kim loai can xac dinh.
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