LOI MO PAU
Hod phdn tich la mét mén hoc nghién ciru vé cdc phwong phdp dinh tinh va dinh lhrong
thanh phan cdc chdt va hén hop cdc chdt. Do d6, hod phan tich bao gom cdc phirong phdp phdt
hién, nhdn biét va cdc phwong phép xdc dinh ham heong ciia cdc chdt trong mau can phan tich.
Hod phan tich déng vai tro rat quan trong doi véi sw phdt trién ciia cdc nganh khoa hoc, cdc
linh vuee ciia cong nghé, san xudt va doi séng xa héi. Chang han, cdc linh viee san xudt nong
nghiép nhw hod néng, thé nhuéng can hod phdn tich dé nghién citu dat dai, phdn bén, chat
liwong cdc néng san; trong y hoc dé phdn tich thanh phan ciia mau, huyét thanh, mede tiéu, cdc
dich sinh hoc, kiém nghiém cac loai duoc phcfm. Trong cac nha may san xudt thuc phdm déu cé
phong thi nghiém phdn tich dé kiém tra va kiém nghiém chat heong nguyén liéu, ban thanh pham
va san pham dé diéu hanh qud trinh san xudt. Vi vdy, doi véi chuyén nganh “Kiém nghiém hrong
thuwe thire phdam” néi riéng, mon hod phan tich la mét mén hoc co sé chuyén nganh dong vai tro
rdt quan trong, khéong thé thiéu. Mén hoc trang bi cdc phwong phdp phan tich xdc dinh thanh
phan cia cac chat trong hon hop, la phwong tién can thiét dé thwc hién cdc kj nang nghé
nghiép: Kiém tra, kiém nghiém chdt heong nguyén liu san xudt va cdc san pham heong thie,
thiee pham.
Duea trén muc tiéu va thoi lwong ciia mon hoc, gido trinh “Hod phan tich” bao g&m cac noi
dung sau:
Phan I: Co sé ly thuyét cia cac phuwong phap phan tich hoa hgc
Chuong I: Dung dich va cach biéu thi néng d6 dung dich
Chuong II: Cac phan ing dung trong phéan tich hoa hoc
Phén II: Cac phwong phap phan tich ho hoc
Chuong III: Phuong phap phan tich khéi lwong
Chuong IV: Phuong phéap phan tich thé tich
Phén III: Giéi thiéu ciac phwong phap phén tich cong cu
Chuong V: Céc phuong phap phan tich dién hoa
Chuong VI: Cac phuong phap phan tich ph6 nghiém
Chuong VII: Phuong phép séc ky
Giéo trinh duoc bién soan lam tai liéu hoc tdp va giang day mon Hoa phan tich, nganh
Ché bién va bdao qudn thuc pham. Pong thoi, ¢é thé sir dung lam tai liéu tham khdo déi véi hoc
sinh cde nganh hoc khdc thudc khoi céng nghé thwe pham cé giang day mdn Hod phan tich.
Mac di tde gia di co gang nhung do thoi gian va trinh ¢ ¢6 han gido trinh khéng thé
tranh khoi sai sét. Mong nhdn dwoc sw déng gép ¥ kién dé gido trinh hodn thién hon.
TAC GIA
DO THI KIM LOAN



BAI MO PAU

I. Phwong phap phan tich cic chit
1. Phwong phdp phén tich dinh tinh

Phén tich dinh tinh nhim x4c dinh thanh phan mau phan tich gdm nhitng nguyén t6
hoa hoc, ion, nhém nguyén tir hoic cac phan tr ndo. Khi nghién ciru thanh phan mét hon
hop chua biét, phan tich dinh tinh dwoc tién hanh truée phan tich dinh luong. Boi vi,
phan tich dinh tinh s& dinh hudng viéc chon phuong phap phan tich dinh luong cac chét
trong mau

Phén tich dinh tinh dwa vao su chuyén chit phén tich thanh hop chit méi nao d6 cé
nhing tinh chat dic trung nhu ¢ mau, ¢ mui, co cau trac tinh thé, co trang thai vat Iy

dac trung,...
2. Phwong phap dinh lugng

Phan tich dinh lugng cho phép xac dinh thanh phan vé luong cac cau tir hgp phan cia
mAau phan tich. Phan tich dinh luong c6 vai tro quan trong trong su phat trién cta cac
khoa hoc k¥ htuat va san xuét, day 1a mot phuong phap nghién ctru cho nhiéu nganh khoa

hoc khac nhu: hoa hoc, y hoc, sinh hoc, cong nghé thuc phém, khao ¢6 hoc.....

Phan tich dinh lugng thuong dugc chia thanh phan tich v6 co va phan tich hitu co.

Hai loai phan tich nay déu dya trén kién thirc co ban vé hoa hoc v co va hitu co
I1. Phan loai cac phwong phap nghién ciru

Dé phan tich cac chat, ¢ rat nhiéu phuong phap khac nhau. Dua vio ban chéat chung

cua chung, chia cadc phuong phéap thanh ba nhom sau:
1. Nhom cdac phwong phdap hod hoc

Céc phuong phap nay ra doi sém nhat nén con goi la cac phuong phap cb dién. Trong
d6, co s¢ ciia phuong phap 13 cac phan Gmg hod hoc va st dung cac dung cu, thiét bj don

gian dé phan tich cac chat.

Nhom cac phuong phap nay chi sir dung dé dinh lugng cac chat ¢ ham lugng 10,

vira va khong qué nhé. Nhung cic phuong phap hoa hoc 13 co so dé phat trién cac
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phuong phap phan tich hién dai. Cho dén nay cac phuong phap niy van duoc dung nhiéu
trong cac phong thi nghi€ém phan tich

2. Nhom cac phwong phdp phan tich vt ly

Do 1a cac phuong phéap phan tich dua trén viéc do cac dai lugng vat Iy dac trung cua
cac chat phan tich nhu phd phat xa, do phong xa,... Cac phuong phap nay can st dung
cac thiét bi do dac tinh vi, phtc tap c6 kha ning ghi nhitng tin hiéu vat 1y d6

3. Nhom cdc phwong phap phan tich hoa ly

D6 1a nhém cac phuong phap két hop viéc thuc hién cac phan ing hoa hoc, sau d6 do
cac tin hi¢u vat ly cua hé phan tich nhu : sy thay d6i mau, d6 duc, do phat quang, d6 dan
dién,...Nhom cac phuwong phép nay ciing doi hoi cac dung cu thiét bi do dac phirc tap nén
ching con co tén la cac phuwong phdp phdn tich cong cu

Nhom céc phuong phap ndy cho phép phan tich nhanh, cé thé xac dinh dugc ham

luong nho cac chat phan tich mot cach chinh xac, phan tich chon loc
I1l.  Quy trinh phan tich miu

Khi tién hanh phan tich mot doi tuong nao do, can trai qua cac giai doan sau:

1- Chon mAu, 14y mau va xtr Iy mau phan tich

2- Chuyén mau hodc hop phan can xac dinh trong mau thanh dang c6 thé tién hanh
phan tich duoc (phan huy mau)

3- Chon phuong phap phan tich, chon cac diéu kién thich hop cho qua trinh phan tich
va stir dung quy trinh phén tich d6 dé phan tich

4- Xt 1y cac két qua thu duoc khi phan tich mau dé nhan duogc két qua sat thuc véi
ham lugng chat can phan tich. Tinh toan va danh gia két qua nhan duoc

Cé 4 giai doan trén déu quan trong, lién quan mat thiét dén nhau va déu c6 tinh quyét

dinh dén d¢ chinh xac cta viéc phan tich



PHAN THU NHAT
CO SO LY THUYET CUA CAC PHUONG PHAP PHAN TiCH HOA HQC

CHUONG I
DUNG DICH VA CACH BIEU THI NONG PQ DUNG DICH

I. Mot s6 khai ni¢m
1. Khdi ni¢gm vé dung dich

Dung dich 1a mot h¢ trong d6 mét hoac nhiéu chat phan tan déng déu trong mot chét
khac. Tuy nhién, khong phai moi hé phan tan déu 1a dung dich. Tuy theo kich thudc cia
hat phan tan ma chia thanh 3 loai sau:

- Kich thudc hat phan tan 16n hon 100nm thi goi 14 hé huyén nhil (Hat phan tan 1a pha
rin phan tan trong pha long goi 13 huyén phu, hat phan tan 13 pha long phan tan
trong pha léng goi 1a nhil tuong)

- Kich thudc hat phan tan trong khoang tir 100nm dén Inm thi goi 12 hé keo (dung
dich keo)

- Kich thudc hat phan tan nho hon 1nm thi goi 13 dung dich thuc (trong xudt, dé lau

khong lang cin). Py 1a loai dung dich xét dén trong toan bo chwong trinh nay.
2. Chdt dién li manh, chdt di¢n li yéu

e Chét dién li manh 1a nhiing chat khi tan vao nudc phan ly gan nhu hoan toan thanh
cac ion.
Céc axit manh, cac bazo tan, cac mudi tan 13 cht dién li manh
Thi dy: HCI, H,SO,, NaOH, Ca(OH),, NaCl, AI(NOs); 1a cac chét dién li manh, khi
hoa tan trong nudc cac chat d6 phan li hoan toan thanh céac ion theo phuong trinh sau:
HCI + H,0 = H;0" + CI~
H,SO,=2H" + S0,
NaOH = Na" + OH’
Ca(OH), = Ca** + 20H ~
NaCl=Na"+Cl~
AI(NO;); = AIP* + 3NO5°

e Chét dién ly yéu 1a nhirng chat khi tan vao nudc chi phan ly mot phan thanh ion.



Axit yéu, axit hiru co, bazo it tan, cdc mudi it tan... 1a cac chat dién li yéu
Thi du: H,S, H,CO3, CH;COOH, CuCl,, H,0 1a cac chat dién li yéu, phan ly thuin
nghich theo cac phuong trinh sau:
H)S <> HS +H', HS <> H"+§"
H,CO; <= H'+HCO;, HCO; <= H'+CO5"
CH;COOH <= CH3;COO +H"
CuCl, <= Cu®*+2ClI"
H,O <= H"+OH"

e Chit khong dién 1i 1a nhiing chét khi tan vao nuéc hoan toan khong phan li thanh
ion.

Thi du: duong saccaroza, rugu,... la cac chét khong dién li
3.  Dwong lwong gam ciia cdc chit trong phén teng hod hoc

Puong luong gam ctia mot chat 13 sé gam chat 6 vé mit hoa hoc twong duong voi

Imol Hidro hoac 1mol hidroxyl trong phan irng ma ta xét. Ky hi¢u: D (gam)

Trong d6: M 1a khi lugng mol cua chat d6, don vi: gam
n tuy theo timg phan tng cu thé:
- Déi voi phan Gng trung hoa, n 13 s6 ion H" hodc OH™ ma 1mol cua chit d6 tham
gia phan trng
- Déi véi phan tng oxy hoa khir, n 13 s6 ¢ ma 1 mol chat d6 cho hodc nhan trong
phén ng
- Pbi v6i phan ung trao doi bat ky, n 1a sé dién tich (+) hodc () ctia 1mol chat do

tham gia phan ung
Mot s6 thi du

+ Phan l:fng H2804 + 2NaOH = Na2804 + Hzo

Puong luong gam cua H,SO,, D = % =49

M

Puong lugng gam cua NaOH, D = . =40

+ Phan ﬁ’l’lg H3PO4+ NaOH = NaH2PO4 + Hzo



4.

Puong luong gam cua NaOH, D = % =40
\ M
Puong luong gam ctua HsPOy4, D = h =98

*— Phan lll'l'lg H3PO4+ 2NaOH = NazHPO4 + 2H20

Puong luong gam cua NaOH, D = M - 40

1
\ M
Puong luong gam ctua H3PO,4, D= > =49

+ Phan l:I'Ilg H;PO, + 3NaOH = NazPO, + 3H,0

Puong lugng gam cua NaOH, D= % =40

Puong lugng gam cua H3PO,, D= % =32.7

4+ Phan 1:'['1’1g 2KMnO, + 10FeSO, + 8H,S0, = K,SO,4 + 2MnSO, +
8H,0

Puong lugng gam cuia KMnQOy, D = % =31.6

Puong lugng gam cuia FeSOy, D = % =76

*— Phan L'rng 3A8283 + 28HN03 + 4H20 = 6H3ASO4 + 9H2804 + 28NO

Puong lugng gam cua As,S3, D = 2M8 =8.8

Puong lugng gam cia HNO;3 D = % =21
+ Phan lﬁ:ng A12(804)3 + 3Pb(N03)2 = 2A|(N03)3 + 3PbSO4l

DPuong luong gam ctia Aly(SO4)s, D= % =57

Puong lugng gam ciia PH(NOg),, D = % =165.5
4+ Phan lﬁ:ng A12(804)3 + 3BaC|2 = 2A|C|3 + 3BaSO4 l

DPuong luong gam ctia Aly(SOy)s, D= % =57

Puong lugng gam cua BaCl,, D= % =104

PH cua dung dich

SFe(S0y)s +



e Dung dich véi dung méi 13 nuée, pH cia dung dich duoc biéu thi bing biéu thirc

Sau:
pH=-1g[H’]

Trong do:

pH 1a pH cua dung dich

[H*] 14 ndng do cua ion H' trong dung dich tinh theo don vi mol/lit

lg: logarit thap phan, theo co s 10

Thi du 1: Dung dich H,SO, ¢6 ndng do ion H* 1a [H*]= 10 °. Hay tinh pH cua dung
dich do6?

Ap dung cong thirc pH=- Ig[H*] = -1g(10®) =3

Vay dung dich H,SO,4 d6 c6 pH= 3

e pH sir dung dé danh gia do axit hay bazo cua dung dich:

- Nudc nguyén chit c6 pH=7

- Dung dich axit c6 pH<7, pH cang nh¢ thi d§ axit cia dung dich cang 16n va

nguoc lai

- Dung dich bazo c6 pH>7, pH cang 16n thi 46 bazo cang 16n va nguoc lai

Thi du 2: Tinh pH cta dung dich HC1 ¢6 ndng d6 0.1M ?

HCI 14 chit dién li manh, trong dung méi nudc né s& phan ly hoan toan theo phuong
trinh sau:

HCI=H"+CI"~
Nhu vay [H'] = [HCI] = 0.1M >> 107'M
Nén pH cta dung dich HC1 0.1M 1la:
pH=- Ig[H"] = -1g(0.1) = 1

Il. Céch biéu thi nong @6 dung dich

Nong d6 1a dai lugng dung dé chi ham luong ctia mdt cu tir (phan tir, ion) trong
dung dich

1. Nong dp thé tich



Nong do thé tich ctia mot chat 1ong 1a ti sb thé tich cta chat 1ong d6 va thé tich cua
dung moi. Loai ndng do nay thuong sir dung trong mét sb trudng hop cé tinh gan dung,

dinh huéng, chang han khi ding dung dich nay dé hoa tan mau, diéu chinh méi truong

Thi du : Dung dich HCI 1:4 13 dung dich gém 1 thé tich HCI dic (c6 khdi luong
riéng d =1.185g/ml) va 4 thé tich nuéc

2. Nong dp phin tram khoi lwong

Nong do phan trim khdi lwong ciia mot chét trong dung dich 1a sb gam chét tan ¢o
trong 100gam dung dich
Néu hoa tan a gam chat tan vao b gam dung méi thi nong d6 % khéi luong cua dung

dich do la:

a
«100= "™ 100

%= T
%= @a+n) mdd

Trong do6:
C% la ndng d6 phan trim khéi luong cta dung dich (%)
a: Khéi luong chat tan (gam)
b: Khéi luong ctia dung méi (gam)

a+b: Khdi lugng cua dung dich (gam)
Thi dul: Dung dich HCI 25% 1a dung dich c6 chtra 25 gam chat tan HCI trong
100gam dung dich
Thi du 2: Pé c¢6 dung dich KNO; str dung rira két tia, nguoi ta hoa tan 10gam
KNO; vao 1500ml nudce. Tinh ndng do % cua dung dich d6?

Nong d6 % cuia dung dich KNO;s la:
Ap dung cong thuc:

XlOO = LXJ.O
(a+b) (10+1500)

Vay nong d6 % ctia dung dich KNOs 12 0.67%

C% = 0=0.67%

Thi du 3: Tinh khéi lvong Na,COj3 can sir dung dé pha ché 1,2kg dung dich Na,COs

5%7?



a
A , A A 1A <. (0
Ttr cong thirc nong do phan tram: C% ( a4+ b)

x100

Suy ra, khoi lugng chit tan Na,COj (ky hiéu 1a a) can sir dung dé pha ché 1200gam
dung dich Na,CO3 5% la:

1200xC%  1200x5
%7900 T 100

Thi du 4: Céan hoa tan bao nhiéu gam NaCl vao 100ml nudc dé thu duoc dung dich

= 60gam

NaCl 10%?

Goi a la s6 gam NaCl can hoa tan, ta co:

a
a+100

Suyra:a=11.1gam

10 = x 100

Viy can hoa tan 11.1 gam NaCl vao 100ml nuéc dé thu duoc dung dich NaCl 10%

3. Nong dp mol/lit

Néng dd mol cia mdt chat 1a sb mol chit dé tan trong mot lit dung dich. Bon vi
ndéng do thuong ky hiéu bang chit M hay mol/l dit sau chit s6 chi nong do
a n

Cu= M <V - \7 (mol/l)

Trong do:
Cwm: Nong do mol/lit ciia dung dich (M) hodc (mol/lit)
a: Khéi luong chat tan (gam)
M: Khdi lvgng mol ctia chat d6 (gam)
V: Thé tich dung dich (lit)
n: S6 mol cua chét tan
Thi du 1: Dung dich H,SO4 2M 1a dung dich ¢6 chtta 2mol H,SO, tirc 196 gam
H,SO, trong 1 lit dung dich.

Thi du 2: Hoa tan hoan toanl.2gam MgSO, vao nudc thanh 200ml dung dich thi thu
duoc dung dich MgSOy ¢6 n6ng d0 bao nhiéu?

S6 mol MgSO, ¢6 trong 1.2 gam MgSO, 14 :



2
=1x 7~ =0.01mol
n X 20 0.01mo
Nong d6 mol/lit cua dung dich MgSO, 1a:
n _ 0.01

Cu= \7 = W =0.05 (m0|/|)

Thi du 3: Tinh néng dd mol/lit ciia dung dich H,SO4 98%, d = 1.84g/ml?
Khéi lwong cua 1 lit dung dich H,SO, 98%, d = 1.84g/ml Ia:
1000 x 1.84 = 1840gam
Khéi lugng H,SO, nguyén chét co trong 1 lit dung dich H,SO, 98%, d = 1.84g/ml

la: 1840 x 98%=1803.2gam
S mol H,SO, ¢6 trong 1 lit dung dich 98%, d = 1.84g/ml 1a:
1803.2 _ 18.4mol
98
Viy ndng d6 mol/lit cua dung dich H,SO, 98%, d = 1.84g/ml Ia:
n 184
Cu= \7 = T = 18.4mol/lit

4.  Nong d¢ dwong lwong gam/lit

Nong d6 duong luong ctia mot chat 1a sé mol duong lugng cta chat d6 trong mot lit
dung dich hoidc s6 milimol dwong luwong cia chat d6 trong 1ml dung dich. Pon vi ndng
d6 duong luong ky hiéu bang chit N dit sau chit s6 chi ndng do

a

Cn =
NT Dxv

Trong do:
Cn: Nong do duong luong gam (N)
D: Puong lugng gam cila chat d6 (gam)

V: Thé tich ctia dung dich (lit)

Thi du 1 : Dung dich NaOH 0.IN 1a dung dich chira 0.1mol duong lugng NaOH

tuc 40gam NaOH trong 1 lit dung dich

Néu c6 a gam chit tan trong V lit dung dich va D 1a duong luong gam cua chat do

thi ndng do duong lwong duogc tinh theo cong thirc
10



a

CNE DV

Thi du 2: Hoa tan 5 mol HCI thanh 10 lit dung dich. Tinh ndng d6 dwong luong

gam/ lit ctia dung dich do?

Khéi luong ctia 5 mol HCI 1a:
a=5x MHCI
Nong d6 Cy ctia dung dich HCI 1a

a 5xM 9
“DxV - Dxv_ 10 o2\

Cn

Thi du 3: Tinh néng d6 duong lugng ciia dung dich H,SO, 98%, d = 1.84g/ml

trong phan tng voi kiém NaOH?

Phan ung cua H,SO, voi kiém NaOH:
H,SO, + 2NaOH = Na,SO, + 2H,0
Nhu vay, 1mol H,SO, phan ly ra 2 ion H* dé két hop vé6i 2ion OH ™ ctia NaOH.

Nén duong lugng gam cta dung dich H,SO, 1a D = % =49 gam
Khéi luong cua 1 lit dung dich H,SO, 98%, d = 1.84g/ml Ia:
1000 x 1.84 = 1840gam
Khéi lugng H,SO, nguyén chit co trong 1 lit dung dich H,SO, 98%, d = 1.84g/ml
la: 1840 x 98%=1803.2gam
Nong d6 duong luong gany/lit ciia dung dich H,SO, 98% Ia:
a 1803.2
DxV ~ 49x1

Cy = =36.8N

Vay dung dich H,SO,4 98%, d = 1.84g/ml twong duong voi né)ng do Cy = 36.8N
Thudng dung ndng d6 duong luong dé biéu dién ndng d6 cua cac dung dich chuan,
boi vi dung loai don vi ndng do nay rat dé tinh ndng d6 hay ham lugng clia cac chat can

xac dinh

5. D¢ chuin
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D6 chuén 1 s6 gam (hodc s6 miligam) chit tan trong 1ml dung dich. Ki hiéu do

chuén bang chit Tg, don vi mg/ml hoic g/l

a

Trong do:
Tr: D6 chuén cua cua dung dich (mg/ml) hodc (g/),....
a: Khéi luong cua chét tan trong dung dich (gam) hodc (mg)
V: Thé tich ctia dung dich (lit) hodc (ml)
Thi du 1: Dung dich Na,CO;5 ¢6 d6 chuan Tg= 0.1mg/ml nghia 1a trong 1ml dung

dich Na,CO, c60.1 mg Na,CO;
Thi du 2: Tinh d6 chuan g/l cuia dung dich NaOH 0.1M?

Tir cong thire tinh ndng d6 mol/lit ctia dung dich:

a
M xV

Suy ra, khéi lwong NaOH trong 1 lit dung dich NaOH 0.1M Ia:
a=CyxMxV=01x40x1=4gam
Do chuan cia dung dich NaOH 0.1M tinh theo don vi g/ 1 1a:

a(9)
Te= vy = = 49

CM:

Thi du 3: Tinh d6 chuin mg/ ml cta dung dich NaCl 2%, d = 1.2g/ml?
Khéi lwong cua 1 1it dung dich NaCl 2% 14 :

mdd =d x V=1.2 x 1000 = 1200 gam dung dich
Khdi lugng NaCl nguyén chat c6 trong 1 lit dung dich NaCl 25 la:

mddxC%  1200x2

a=mct = 100 = 100 = 24 gam

Do chuan cua dung dich NaCl tinh theo don vi mg/ml 12
. a(mg) _ 24x1000 _
V (ml) 1x1000

24 mg/ml

6. D¢ chudn theo chit dinh phin
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D6 chuan theo chit can dinh phan 13 s6 gam chét can dinh phan (ion, phén tir, hodc
nguyén tir) phan tng v4i ding 1ml dung dich chuan va duoc ky hi€u la Tgryx , trong d6 R
1a thudc thir, X 1a chat can dinh phan

a

Trix = Vv

Trong do:

Trix 14 d6 chuén ctia dung dich R theo chit dinh phan X (g/ml)
a: Khéi luong cua chét dinh phan X (gam)

V: Thé tich ctia dung dich chuan R (ml)

Thi dul: Do chuin cia dung dich KMnO, theo Fe 1a Txmnoare =0.0056g/ml, c6
nghia 1a 1ml dung dich KMnO, diing dé chuan d6 twong ting voi 5,6mg Fe
Céch biéu dién nong do dung dich loai nay rat thuan tién cho viéc tinh toan két qua

phan tich hang loat mau tai cc phong thi nghiém nghién ctru va san xuat

Thi du 2: Dé chuan d6 dung dich NaOH nguoi ta st dung dung dich HCI 0.05M.
Biét rang khi chuan d6 20 ml dung dich NaOH thi tiéu ton 20.6ml dung dich chuan HCI
0.05M. Hay tinh do chudn cua dung dich HCI theo NaOH?
Phuong trinh phan @ng chuan do:
NaOH + HCI = NaCl + H,0
S mol HCI ¢6 trong 14.6 ml dung dich 0.05M 1a:

ﬂ 20.6
Twr cong thic: Cy = Vo suy ran=Cy x V=0.05 x 1000

= 0.00103mol
Theo phuong trinh phan ing, cr 1mol NaOH thi phan trng vira du véi 1mol HCI. Vi
vay, s6 mol ciia NaOH trong 20ml dung dich 13 0.00103mol
Khéi luong ctia NaOH trong 20 ml dung dich NaOH la:
a=nx M=0.00103 x 40 = 0.0412gam
Do chuén cua dung dich HCI theo NaOH la:

a  0.0412
Trix =/ = 206 - 0.002 gam/ml = 2mg/ml
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Vay do chuén cua dung dich chuén HCI theo chit x4c dinh NaOH 1a 2mg/ml

Thi du 3: Tinh do chuén cia dung dich KMnO, 0.05M theo Fe?*, khi chuén do
theo phuong trinh phéan ng rat gon sau:
MnO, +5 Fe®* + 8H" = Mn*" + 5Fe*" + 4H,0
S6 mol KMnOj, ¢c6 trong 1 ml dung dich KMnO, 0.05M Ia:
n=Cy xV(l) =0.05 x 0.001= 0.00005 mol
Theo phuong trinh phan tmg ¢t 1mol KMnOy, thi phan tng hét véi 5 mol Fe® nén
s6 mol Fe?* tham gia phan tng la:
0.00005 x 5 = 0.00025 mol Fe®*
Khéi luong cua F ¢’ @3 tham gia phan ng la:
a=n x M=0.00025 x 56 = 0.014gam
Do chudn cua dung dich KMnO, 0.05M theo Fe?* I3

a 0014
TRx=y = — = 0.014gam Fe®*/ ml KMnO,

I11. Méi quan hé giira cac loai nong dd
1. Quan hé giita nong d¢ mol/lit va nong dp dwong lwong

Hoa tan a gam chat tan A c6 khdi lugng mol phan ti M, duong luong gam D vao

thé tich V lit dung dich. Khi d6 nong do cuia chat A trong dung dich la:

, A ~ . _ a

Tinh theo nong d6 mol/l: Cy= M <V

Tinh theo ndng do duong lgng: Cy = — - = <= G, xn
inh theo nong d9 dwong luong: Cn = - = === Cu

Vaytaco, Cy=Cy XN
Trong d6: Cy 12 ndng d duong lugng gam/lit cuia dung dich (N)
Cw 12 ndng d6 mol/l cua dung dich (M)
n: Tuy thudc vao tirng phan g cua dung dich
Thi du 1: Tinh néng do Cy cua dung dich HC1 néng do 0.05M?

Pbi véi HCL, n=1 nén ap dung cong thirc ta tinh duong ndng do Cy cua dung dich
do la:
CN = CM xn=0.05 x1=0.05N
14



Thi du 2: Trong phan tng 2NaOH + H,SO, = Na,S0O,4 + H,0

Dung dich NaOH va dung dich H,SO, déu c6 ndng d6 0.02M. Hiy tinh ndéng do
duong lugng gam/ lit ciia ca 2 dung dich d6?
1mol NaOH phén lira 1 ion OH = nén ny,on =1
Do do néng do Cy cua dung dich NaOH la:
Cn=Cyu XN =0.02 x1=0.02N
Tuong tu, lmol H,SO, phan ly ra 2 ion H' nén ta c6 ndéng d6 cua dung dich H,SO,

la: Cy=Cyn XN =0.02 x2=0.04N
Thi du 3: Cho 15.5ml dung dich Na,CO3 0.1M phan ung vura du voi 20 ml dung
dich H,SO, tao ra CO,? Tinh néng do Cp, Cy cua dung dich H,SO,4 trong phan tmg d6?
Phuong trinh phan tmg giita Na,CO3 va H,SO, dén CO la:
Na,CO; + H,SO,4 = Na,SO,4 + CO, + H,0
S6 mol Na,COj tham gia vao phan tmg la:

15.5

nN=CuyxV=0.1x 1000 = 0.00155mol

Theo phuong trinh s6 mol Na,CO; tham gia phan tng bang sé mol H,SO, nén sd
mol H,SO, trong dung dich 1a 0.00155mol
Nong do cua dung dich H,SO, Ia:

oo N 0.00155 x 1000
MTvy T 20

=0.0775M

Trong phan tng, ci 1mol H,SO, phan li ra 2 ion H* nén ta nong d6 duong luong
cua dung dich H,SO, la:

Cn=Cym XN=0.0775x2 = 0.155N

2. Quan hé giiva nong dé % khoi lwong va néng dé mol/lit

Thi du 1 : Dung dich HCIl dam déc co néng do 36.5%, khdi lugng riéng cua dung
dich d= 1.18g/ml. Tinh ndng d6 Cy cua dung dich d6?
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Khéi lwong cua 1 1it dung dich HC1dam dic 1a:
Mgg = dxVdd=1.18 (g/ml) x 1000(ml) = 1180(gam)

mct
Twr cong tha C%= ——7 .100
U cong thure °= mdd

Ta ¢ khdi lugng chat tan HCI trong 1 lit dung dich 1a:
C%xmdd 36.5x1180

=M= 100 100 @
Nong d6 mol/ lit ciia dung dich HCI la:
n a 36.5%x1180 |
CM=V ZV xM = 1x36.5x100 - 118 Mol

Nhu vay ,tu néng do % khéi lugng cua dung dich va biét khdi lugng riéng cua dung
dich d6 thi ta hoan toan c6 thé tinh duoc ndong d6 mol/lit cling nhu nong do mol duong

luong cua dung dich theo cong thirc tong quat sau:

Co o C% xd %10
M~ M

_ C%xd x10
Cn= D

Trong d6:  Cy 12 ndong d6 mol/ lit ciia dung dich (M)
Cy 12 nong d¢ duong luong gany/ lit cua dung dich (N)
C% la ndng do % khdi luong cua dung dich (%)
d: Khoi lugng riéng ctia dung dich (g/ml) hodc (kg/lit)
M: Khdi lugng mol cta chat tan (gam)
D: Puong lugng gam cuia chit tan (gam)

Chirng minh: Gia st ta c6 1 lit dung dich A, ndng d6 % khdi luong 1a C%, khéi lugng
riéng ctia dung dich 14 d. M, D lan luot 1a khéi lwong mol va duong luong gam cila chét
A

Cwm, Cn 1a ndng do mol/lit va ndng d6 duwong lugng gam/lit ctia dung dich A d6
Khi @6, khdi lugng chét tan A trong V=1 lit = 1000ml dung dich A 13 a va duoc
tinh theo céc cong thure sau:

 C%xmdd  C%xdxV  CY%xd
=100 T 100 =~ 100

%1000

Miatkhac:a=CyxVXM=CyxM=CyxD
16



C%xd

Tir d6 ta co: WXNOO:CMxM:CNxD
Suv ra. o - C%xd x10
uy ra: ME T
C%xdx10
Cn=— =
D

Thi du 2: Tinh ndng do mol/lit va ndong d6 duong luong gany/lit ctia dung dich
H,SO,4 14%, d=1.08 g/ml khi cho dung dich d6 phan tng vé1 Ca?
Phuong trinh phan ing oxy hoa- khur
H,SO, + Ca = CaSO, + H,
Tir phuong trinh phan ng oxyhoa- khir trén cho thdy, 1 phan tir chat oxy hoa
H,SO,4 nhan thém 2 e nén duong lugng gam cua H,SO, la:

M 98

D= P 7:499am

Ap dung cong thure tinh néng d6 Cy va Cy cua dung dich H,SO,4 khi biét néng do
phan tram khéi luong C% = 14%, khéi lugng riéng d = 1.08g/ml, ta co:
C%xdx10 14x1.08x10

Cv= o5 = L5aM
C%xdx10 14x1.08x10
Cn= D = 49 = 3.08N

3. Quan h¢ giita dp chuin va nong dp mol/lit, nong dé mol dwong lwong

Thi dul: Cho dung dich NaOH c6 d6 chuin Tg= 0.1g/ml. Hiy tinh néng d6 mol/lit

cua dung dich do?

S6 gam chat tan NaOH c6 trong 1 lit dung dich la:
a=0.1 x 1000 = 100gam
N6ng do Cy ctua dung dich NaOH la:

n a 100

V :Vxl\/l - 1x40

Nhu vay, tir 46 chuin Tg cta dung dich ta c6 thé quy ddi ra ndng do mol/l hoidc

ap dung cong thuc Cy = = 2.5 mol/lit

noéng d6 mol duong lugng dya vao phuong trinh cin bang chat tan tinh trong 1 lit dung
dich nhu sau:
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Néu Tg tinh theo don vi g/ml thi khéi lwong chét tan ky hiéu a tinh trong thé tich V=
1 lit = 1000ml dung dich la
a = Trx1000 (gam)
Mt khac, khéi luong chét tan ¢6 trong 1 lit dung dich con dugc tinh theo néng do
duong luong Cy va néng do mol/l Cy nhu sau:
a=CyxM=CyxD
Vaytaco: CyXxXM=CyxD=Tgrx1000

Sivre . o o 1000
uyra : w=TeX =
o g 000
N— IR D

Trong do:
Tk : DO chuin cua dung dich, tinh theo don vi g/ml
Cw 12 ndng @6 mol/ lit ctia dung dich (M)
Cn 12 nong d6 duong luong gany/ lit ciia dung dich (N)
M: Khdi lugng mol cia chat tan (gam)

D: Puong lugng gam cuia chit tan (gam)
Thi du 2: Tinh d6 chuan cta dung dich H,SO, 54%, d=1.33 g/ mI?

Ap dung cong thic chuyén d6i tir ndng d6 % thanh néng d6 mol/lit, ta tinh duoc
ndng do Cy cta dung dich H,SO, 54%, d=1.33g/ml Ia:

C%xdx10 54x1.33x10
Cu= M- 08 =7.33M

Tt cong thirc bi€u thi moi quan hé gitta nong do Cy va do chuan Ty

1000
Cm=Tr* ™
Suy ra, do chuan Tg cua dung dich H,SO, 7.33M I&;
M 98
Tr=CuyX m =7.33% m = 0.72g/ml

Vay dung dich H,SO,4 54%, d=1.33 g/ ml ¢6 d0 chuan Tk = 0.72g/ml
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Thi du 3: Tinh néng d6 mol/l va ndéng d6 dwong lugng gamy/lit cua dung dich

H3PO, c6 d6 chuan T = 18/l trong trudng hop phan tng v6i KOH theo cic phuong trinh

Sau:
H3PO, + KOH = KH,PO, + H,0 (1)

va H3P04 + 3KOH = K3PO4 +3 Hzo (2)
e Truong hop phan tng xay ra theo phuong trinh (1)
Theo phuong trinh (1), 1mol HsPO, tham gia phan Gng s& phan ly ra ion H* dé két

hop véi 1 ion OH™ cua KOH nén duong lugng gam cua H3PO, trong truong hop nay la:

M
D, = ER =98 gam
Do d6, ap dung cong thirc chuyén doi tir 46 chuan T=18g/lit = 0.018g/ml cua dung

dich HzPO, sang ndng d6 Cy, va Cy nhu sau:

__ 1000 1000
Cu=Tr M 0.018 98 0.18M

1000 1000

=0.018%

CN:TRX D 08 =0.18N
1

e Truong hop phan tng xay ra theo phuong trinh (2):
Theo phan tng (2), 1mol HsPO, phan ly ra 3 ion H* dé két hop véi 3ion OH  cta 3

mol KOH nén duong luong gam cua H3PO, trong tredng hop phan ing nay la:

v 98
D,= —= "5 =32.67 gam
2 3 3 g
Vi vay, néng do Cy cua dung dich H3PO, trong trudong hop phan tng (2) la:

000 —0018><@—055N
D, 3267

CN :TRX

IVV. Dinh luiat dwong luwgng

Trong mot phan tmg hoa hoc, cc chat phan (mg véi nhau theo sé duong lwong gam
nhu nhau va cic chét tao thanh sau phan tng ciing twong duong v6i nhau vé sd duong
lugng gam

Vi dy, trong phan rng nA + mB = pC + gD
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Mic du hé sb cud cac chat tham gia va tao thanh sau phan tng khac nhau nhung sb
duong lugng gam cua chiing bang nhau

Néu 1a phan g trong dung dich thi ta c6: Cya.Va = Cng Ve

Trong d6: Cna, Cng 12 ndng d6 duong luong cua chat A va B

Va, Vg la thé tich ctia dung dich A va B tham gia phan tng

Thi du 1: Chuan d6 20ml dung dich NaOH thi thiy tiéu tén 15.7 ml dung dich HCI
0.05N. Hay viét phuong trinh phan ¢mg va tinh ndong d6 cta dung dich NaOH?
Phuong trinh phan tng chuin d6 : NaOH + HCI = NaCl + H,0
Tur phuong trinh cta dinh luat duong lugng
Chn NaoH X VNaoH = Cniwct X Vel

Ta o, néng d6 cua dung dich NaOH can xac dinh 1a

Canc Vi 15.7x0.05

=0.04N
Vivaon 20

CNNaoH =

Thi du 2: Pé xac dinh nong d6 cia dung dich NaOH ngudi ta lay vao binh tam giac
25ml dung dich axit oxalic 0.05N, roi chuan d6 bang dung dich NaOH. Két qua thay tiéu
t6n 35.4ml dung dich NaOH. Hay tinh ndong d6 va do chuan cta dung dich NaOH?

Theo d& bai ra ta thy, cir 25ml dung dich axit oxalic 0.05N thi phan tung hét véi
35.4ml dung dich NaOH. Do d6, s6 duong lugng clia axit oxalic tham gia phan tng bang
s6 duong luong cua NaOH, c6 nghia 1a:

25 x 0.05 = 35.4 X C\ naoH

Suy ra, ndng d6 duong luong cua dung dich NaOH can xé4c dinh la:

25x<0.05
CN NaoH = T 354 = 0.035N
Do chuan cua dung dich NaOH la:
1000

ap dung cong thirc Cy = T X D

D 40
= X—— = —_—=
SuyraTr =Cy 1000 0.035 x 1000 0.0014g/ml

Thi du 3: Hoa tan 0.1260gam H,C,0,.2H,0 trong nudc, axit hoa bang H,SO, rdi
chuan d6 voi dung dich KMnO, hét 18.75ml KMnO,. Tinh néng do mol caia KMnQO,?

Phuong trinh ctia phan (mg chuan do:

20



2KMnQ, + 5H,C,0, + 3H,S0, = 2MnSQ, + 10CO; + 8H,0 + K,SO,
Theo phuong trinh phan tmg, 1 phan tir chit khir axit oxalic H,C,04.2H,0 nhudng

di 2e cho Mn"" nén duong lugng gam cua axit oxalic H,C,0,4.2H,0 la:

M 126

H,C,0,.2H,0 — 7 = 9 = 63gam

Theo dinh luit dwong luong, sb duong luong gam cia KMnO, bing sé duong
luong gam cua H,C,04.2H,0, c6 nghia la:
0.126 18.75
= XCN(KMnO4)
63 1000

Vay, nong d6 duong lugng gam /lit ciia dung dich KMnOy Ia:

~ 0.126 1000
Chaamnay = 63x18.75

= 0.1067N

Ap dung cong thirc quy doi tir nong d6 dwong luong gam ra ndng dé mol/lit cua
dung dich KMnOy la:
0.1067

Cy= ————— =0.02134M
M 5

Thi du 4: Pé xac dinh nong do cua dung dich FeCl, nguoi ta sit dung dung dich
chuan KMnO, va tién hanh chuan d6 trong méi trudng axit HCI. Két qua phan tich nhu
sau: 20ml dung dich FeCl, ti€u ton 8.6ml dung dich KMnO,4 0.01M. Hay tinh néng do
ctia dung dich FeCl, d6 va tinh do chuan cua dung dich KMnO, theo Fe?

Phuong trinh phan tng chuan do:

KMnO4 + 5FeC|2 + 8HCI = MnC|2 + 5FeC|3 + KCI + 4H20

Theo phuong trinh phan tng, 1phan tir chat oxy hoa KMnO, nhan thém 5 e nén

ndng do mol dwong luong cua dung dich KMnOy 1a:

CNl = CMl XN =0.01 x5=0.05N
Theo dinh luat duong lugng, sb duong lugng gam cia KMnO, b?mg $b duong luong

gam cua FeCl, nén nong d6 mol duong luong ciia dung dich FeCl, can xac dinh 1a:
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Cy, xV,  8.6x0.05
vV, 20

Cno= =0.0215N

Theo phwong trinh phan tng, 1 phan tir chit khir FeCl, nhuong 1 e nén ndng do
mol/lit ctia dung dich FeCl, la:
C,, 00215

n = 1
Khéi luong Fe trong 20 ml dung dich la:
a=CyxVxM=0.0215 x 0.02 x 56 = 0.024gam

Do chuan cia dung dich KMnO, theo Fe la:

;.29 0024
RX“V(ml) ~ 8.6

Cwz2 = =0.0215M

=0.028g/ml

V. Pha ché dung dich chuin

Trong phén tich hoa hoc, dung dich chuan 1 cin cir dé tinh toan dinh lugng cac chat
can xac dinh. Vi vay, do chinh xdc cia dung dich chuin anh huong rat 16n dén do chinh
xac cua phuong phap phén tich.

Pé c6 dung dich chuan st dung trong phan tich can phai biét cach pha ché dung
dich chuan. C6 thé chuén bi dung dich chuin theo cc cach khac nhau, tuy thudc vao diéu

kién va yéu cau cua cong viéc
1. Dwavao lwgng cin chinh xdc

£ Chat gdc 1a nhitng chat dung dé diéu ché dung dich chuan va thod méan cac dicu
kién sau day:
- Chat gdc phai tinh khiét vé miat hoa hoc. Lugng tap chit nhé hon 0.1%, néu 16n
hon phai tién hanh tinh ché lai
- Thanh phan hoa hoc phai tng vi diing mot cong thirc hod hoc xac dinh
- Chét gbc va dung dich cta n6 phai bén
- Khéi lugng mol phén tir ciia chat gbe cang 10n cang t6t dé giam sai s6 khi diéu

ché dung dich chuan

£ Néu di co chét gdc thi tién hanh pha ché dung dich chuin dya vao chat gbc nhu

Sau:
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- Can mdt lugng xéac dinh chat do trén can phan tich c¢6 d¢ chinh xac 0.1 dén
0.2mg

- Hoa tan dinh luong lugng can trong binh dinh mic c6 dung tich thich hop rdi

pha lodng bang nuéc dén vach dinh murc

Thi du 1: Diéu ché 1 lit dung dich chuin Na,COs 0.1M tir chat géc Na,COj3 can
tién hanh nhu sau:
- Can chinh xac 0.1x 106= 10.6gam Na,COs bang can phan tich
- Hoa tan khéi luong chét tan trén véi mot luong nudce nhat dinh <1000ml. Sau
d6, chuyén vao binh dinh mac 1000ml
- Tiép tuc cho nude dén vach dinh muc

- DPong ndp binh dinh murc va lac déu

Thi du 2: Bé pha ché 500ml dung dich NaOH 0.1M can tién hanh nhu thé nao?

- Khéi lugng NaOH cén sir dung dé pha ché 500ml dung dich NaOH 0.1N 1a: 0.1
x 0.5x40 =2 gam

- Sau khi tinh toan luong chat gdc NaOH can st dung dé pha ché dung dich
chuén, ta tién hanh pha ché nhu sau:

+ Can chinh xac 2 gam NaOH bang c4n phén tich

+ Hoa tan lugng chét tan trén vao mot lugng nudce can thiét nho hon 500ml

+ Chuyén dung dich vao binh dinh mtrc 500ml va dinh muc dén vach dinh mtc

+ Dong nép binh va lic déu, ta thu duoc dung dich chuin yéu cau

Thi du 3: Tinh khéi lugng axit oxalic H,C,04.2H,0 can sir dung dé diéu ché 2 lit
dung dich chuén axit oxalic c6 nong do 0.2M?
Khéi lwong mol phén tir ctia axit oxalic H,C,04.2H,0 1a:
2x1+2x12+4x16+2x18= 126 gam/mol
Sb mol axit oxalic c¢6 trong 2 lit dung dich ndng d6 0.2m 1a:
2x0.2=0.4 mol
Khéi luong axit oxalic can str dung dé pha ché dung dich chuan 1a:

0.4 x 126 = 50.4gam

Pha lodang dung dich
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Trong trudng hop khong c6 hoa chit tinh khiét ma chi c6 dung dich c¢6 ndng do 1én
thi c¢6 thé tién hanh diéu ché dung dich chuan bang cach pha lodng dung dich c6 ndng do
16n d6 thanh cac dung dich c6 nong d6 thap hon nhu mong mudn

Dé tién hanh pha lodng can dung nudc ct va cac dung cu do thé tich chinh x4c nhu
: Buret, pipet, dng nho giot va cac binh dinh mirc

Néu C; va V; 1a ndng do va thé tich cua dung dich trude khi pha lodng. C, va Vs, la
ndéng do va thé tich cia dung dich sau khi pha lodng yéu cau thi ta c6 phuong trinh can
bang chét tan sau:

CixV;=CrxV,

Str dung phuong trinh trén, ta c6 thé tinh duoc mot thong sb con lai khi biét 3 thong
s6 kia dé tién hanh pha loang dung dich theo yéu cau. Tuy nhién, cac thong sd cung dai
lugng phai c6 cung thir nguyén. Chfmg han V3, V; cung 1a ml hodc lit,...Cy, C; 1a néng do

% hodc mol/l hodc duong lugng gam/lit,....

+ Truong hop 1: Ban dau c6 thé tich V; (lit) dung dich dam dac co néng do C,
(M). Sau khi pha loing dung dich d6 dén thé tich V, (lit). Tinh ndng d6 cia dung dich

sau khi pha loang?

Cén ctr vao phuong trinh can béng chat tan: C; x V; = C,x V,
Ta ¢, ndng d6 C, cua dung dich sau khi pha loing

_ CixVy

C
2 v,

(M)

Thi du 1: C6 500ml dung dich chuan Na,CO; 1M. Cho dung dich chuan nay vao
trong mot binh dinh mirc 2000ml va dinh muc dén vach bé“mg nude cit. Tinh né)ng do cua
dung dich Na,COj3 sau khi dinh murc?

Phuong trinh c4n bang chat tan: C; X V3 = C, X V,

Suy ra, néng dd cua dung dich Na,COj; sau khi dinh mirc

C, xV, 1x500

="y, = 2000 “O0%M

Thi du 2: Trong phong thi nghiém c6 200ml dung dich chuin H,SO,4 0.5N. Str
dung dung dich chuan dé dé pha ché dung dich c6 néng do thap hon dé dung, nguoi ta da
cho dung dich chuén d6 vao binh dinh muc 11it va dinh méc dén vach béng nudc cat. Sau

d6, dem dung dich d pha lodng di chudn d6 dé kiém tra ndng d6 trude khi sir dung lam
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dung dich chudn thiy két qua thu duoc 13 0.05M. Hay cho biét két qua xac dinh duoc

bang chuan do d6 co dang tin cay khong?

Tt phuong trinh can béng chit tan C; x V; = C,x V, , ta co néng do Cy cua dung
dich sau khi dinh phan la:

_CyxV, _ 05x02

C,= = =0.1N
v, 1
Néng do Cy cua dung dich sau khi dinh phan theo tinh toan la:
Cum = Cnv 01, 0.05M
M™ n T 2 77

Vay két qua chuan d6 xac dinh nong d6 ciia dung dich H,SO, sau khi pha loang

bang v6i két qua tinh toan theo 1y thuyét nén két qua d6 dang tin cay.

+ Truong hop 2: Dung dich ban dau c6 ndng do C; (M). Can pha ché V, lit dung

dich chuan c6 néng d6 C, (M) tir dung dich ban dau. Hay tinh thé tich dung dich
ban dau can st dung?
Ta c6 phuong trinh: C; X V; = C, X V,

Suy ra, thé tich ctia dung dich ban dau can dung la:

C, xV,
V= C,

Thi du 1: Bé chuan do xac dinh nong d6 cta dung dich NaOH trong phong thi
nghiém thudng sir dung dung dich chuan HCI 0.05M. Trong phong thi nghiém c6 sén
dung dich HCI IN. Tinh thé tich dung dich HCI IN can sir dung dé pha ché 1 lit dung
dich HC1 0.05M?

Tt phuong trinh can béng chit tan C; X V1 = C, X V,, ta ¢6 thé tich cua dung dich
HCI IN can dung dé pha ché 1a:

C2 ><V2 0.05x1

Vi=—=— = — . =0.05Ilit=50ml
=T, 1 [ m

Thi du 2: Phai liy bao nhiéu ml dung dich NaOH 0.125N dé pha ché 2 lit dung dich
NaOH 0.100N?
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Thé tich ctia dung dich NaOH 0.125N cén sir dung dé pha ché 1a V,

Ta co: 0.125xV;=0.1x2
Suy ra, thé tich ctia dung dich NaOH 0.125N can sir dung dé pha ché:
0.20
V= m = 0.8lit = 800ml

Thi du 3: Tinh thé tich dung dich H,SO, ddm dic 98%, d; = 1.84g/ml dé pha ché 2
lit dung dich chuan H,SO, 5%, d,= 1g/ml?

Cach 1:
Ap dung cong thirc chuyén doi tir nong d6 % thanh néng d6 mol/l:
C% xd x10
CM e —
M

Ta co:
- Nong do mol/lit ciia dung dich H,SO, dam dic 98%, d; = 1.84g/ml 1a:

Gy xd; x10  98x1.84x10

Ci= M 98 = 18.4M

- Nong d6 mol/lit cia dung dich H,SO, 5%, d,= 1g/ml Ia:
C,= C, xd, x10 _ 5x1x10
M 98
Tt phuong trinh can béng chét tan: C; X V; = C, X V, ta ¢6 cong thirc tinh thé tich
dung dich H,SO4 dam dac 98%, d; = 1.84g/ml can dung dé pha ché la:

=0.51M

0.51x 2 .
v,z S2xVe _ D9IX2 g hosalit = 55.4ml
C, 18.4

Cach 2:
Khéi luong cua 2lit dung dich chuan H,SO, 5% d,= 1g/ml 1a:
2000ml x 1g/ml = 2000 gam dung dich

Khdi lugng cua chit tan H,SO, trong 2 1it dung dich chuan H,SO, 5% , d,= 1g/mi
la: 2000 x 5% = 100 gam chét tan

Thé tich cua dung dich H,SO,4 dam dac 98%, d; = 1.84g/ml can dung dé pha ché la:

V= 100 =55.4ml
9890 x1.84
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& Truong hop 3: Ban dau c6 V; (lit) dung dich ddm dic c6 ndng d6 C; (M). Can

pha ché dung dich chuan c6 ndng d6 C, (M) tir dung dich trén. Hay tinh thé tich nudc can
st dung dé pha loang?

Ta c6 phuong trinh : C; X V; = C,Xx V,

Tir d6, suy ra thé tich ctia dung dich sau khi pha loang la:

V. = C, xV,
2 —Cz
Thé tich nudc can dung dé pha loang la:
V: V2- Vl

Thi du 1: C6 10ml dung dich HCI dam dac 11.8M. Can pha loang dé duoc dung
dich HC1 0.5M dung trong thuy phan tinh bot. Hay tinh thé tich ctia dung dich HC1 0.5M
thu dugc va thé tich nude can dung dé pha loing?

Tir phuong trinh can bang chét tan cua dung dich trude va sau khi pha lodng C; X V;
= C, X V,, ta tinh dugc thé tich cta dung dich sau khi pha loang 1a V, :

C]_ XV]_ _ 11.8x10

Vo=
2 C, 0.5

= 236 (ml)

Thé tich nudc can st dung dé pha lodng 12 :

236- 10 = 226 (ml)

Thi du 2: C6 100gam dung dich KsFe(CN)s 15%. Can st dung dung dich
KsFe(CN)s 1% dé chuan d6 xac dinh ham luwong dudng khir theo phuong phap
Graxianop. Hay tinh thé tich nudc thém vao dé pha loang dung dich ban dau?

Khéi lwong chit tan c6 trong 100gam dung dich KsFe(CN)g 15% la:

Me = C% X myg = 100 X 15% = 15 gam
Khéi luong ciia dung dich K3Fe(CN)g 1% sau khi pha lodng Ia:

15

mct

mygy= —— X 100 = -~ x 100 = 1500 gam
€= Cop 1 g

Khéi lwong nudce can dung dé pha lodng 1a
m = 1500- 100 = 1400 gam

Vay thé tich nudc can thém vao dung dich ban dau dé thu dugc dung dich

KsFe(CN)g 1% la 1400ml hay 1.4 lit nudc

3.  Trgn cdac dung dich
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Truong hop 1: Trén dung dich thir nhét c6 ndng d6 C; (M), thé tich V; (lit) v6i dung

dich thir hai c6 ndng do C, (M), thé tich V, (lit) thi thu dugc dung dich méi c6 ndng do
Ca, thé tich V3 = V; +V,. Theo dinh luit bao toan chét tan ta co phuong trinh sau:
CixVi+CyoxV,y=C3x (V1+Vy)
Néu biét 4 trong dai lwong ctia phuong trinh trén thi ta s& tinh duoc dai lugng con

lai can thiét cho tinh toan pha ché dung dich chudn yéu cau

Thi du: Tron 12 ml dung dich NaOH 0.2M véi1 150ml dung dich NaOH 0.05N. Hay

tinh nff)ng do mol/lit cia dung dich thu dugc?

Tt phuong trinh bao toan chét tan C;x V1 + C, XV, = C3 X (Vi+V))

ta co néng do cua dung dich NaOH sau khi tron la:

C,xV, +C, xV, 12x0.2+150x0.05
V4V, } 12+150

Cs= = 0.06mol/lit

Truong hop 2: Tron dung dich thir nhat c6 nong do C; (%), khdi luong Q; véi dung

dich thir hai c6 nong do C, (%), khdi luong Q, thi thu duoc dung dich méi c6 ndong do Cs
(%), khéi lugng Qs = Q; +Q,. Theo dinh ludt bao toan chat tan ta c6 phuong trinh sau:
Cix Q1+ CyxQ2=C3x(Q1+Qy)
Néu biét 4 trong dai lwong cia phuong trinh trén thi ta s& tinh dugc dai luong con
lai can thiét cho tinh toan pha ché dung dich chuin yéu cau. Céc dai lugng cung loai

trong cong thirc phai c6 cung thir nguyén

Thi dul: Tron 100 ml dung dich H,SO4 54%, d;= 1.33g/ml véi 500 ml dung dich
H,SO, 14%, d, = 1.08g/ml . Hay tinh khdi luong va néng do % cua dung dich thu dugc?

Khéi luong cua dung dich H,SO, 54% la:
Q; =V;xd; =100 x 1.33 = 133gam
Khéi luong cua dung dich H,SO, 14% la:
Q, =V, x d, = 500 x 1.08= 540 gam/lit
Khéi luong cua dung dich thu dugc sau khi phdi tron 13
Q3=0Q; +Q, =133 +540 =673 gam
Tt phuong trinh can b'fmg chit tan CxQi+CyxQy=C3x(Q:+Qy)

ta c6 nong do cuia dung dich sau khi tron 1a
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C,xQ, +C,xQ, 54x133+14x540
Q,+Q, 673

Cs= =21.9%

Thi du 2: Tai mdt ca san xuét sita dau nanh ctr 200lit dich sita dau nanh cd né)ng do
chét kho 5%, d;= 1.0117kg/l phai phdi ché thém 40 lit dich xiro dudng c6 nong do chat
kho 65%, d,= 1.3191kg/l. Hay tinh ham lwong chit kho cua dich sita ddu nanh sau khi
pha ché?

Khéi luong cua 200 lit dich sita ddu nanh la:

Q1 =V xd; =200 x 1.0117=202.34 kg

Khéi lugng cua 40 lit dich xiro duong la:

Q,=V,xd;=40x1.3191=52.764 kg

Ham luong chét kho cua dich sita ¢au nanh sau khi phdi ché 1a:

_ CixQ+C,xQ, 5x202.34+65x52.764

e Q+Q, 202.34+52.764
CAU HOI ON TAP CHUONG I

=17.41%

1. Trinh bay khai niém vé dung dich? Cho vi du vé mot dung dich thyc?

2. Thé nao 1a chat dién li manh, chat dién li yéu, chat khong dién 1i? Cho mdi loai 2
vi du va giai thich?

3. Néu khai niém duong luong gam ciia mot chét trong phan ng hoa hoc? Cong
thirc tinh duong lwong gam cua cic chat trong phan tng trung hoa, phan tng oxy
hoa khir va phan tng trao d6i? Cho vi du minh hoa?

4. Hiy can bang phuong trinh phan Gng va tinh duong lugng gam cua cac chit chinh
tham gia phan ing trong cac phan ung sau:

H,SO, + KOH - KHSO,4 + H,0
H,S0, + KOH - K,SO,4 + H,0
Pb(NOs3), + H,SO4 — PbSO,4 + HNO;
Zn(OH), + HCI — ZnCl, + H,0
NaHCO; + HCI — NaCl + CO, + H,0
Na,CO; + HCIl — NaCl + CO, + H,0
NaCl + AgNO; — AgCl + NaNO;
K,CO; + BaCl, — BaCO; + KCI

Zn + CuSO, — ZnSO, + Cu
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H3PO,4 + NH3 — (NH,),HPO,
FeS + HNO; — Fe(NO3); + Fe,(S0O,4)3 + NO + H,0
K,Cr,0,+FeSO4+H,S0, — K;SO4+Cry(SO4)3+Fe,(SO); + H0

5. Trinh bay khai niém vé pH cua dung dich? Hay 4p dung tinh pH cua nudc va cia
dung dich H,SO4 0.5M?

6. Né&u khai ni€m, cong thurc tinh néng dd % khoi luong cuia dung dich? Cho vi du
minh hoa?

7. Néu khai niém, cong thire tinh ndong d6 mol/lit ciia dung dich? Cho vi du minh
hoa?

8. Néu khai niém, y nghia va cong thirc tinh ndng d6 duong luong gam/1it? Cho vi du
va giai thich?

9. Néu khai niém va cong thirc tinh do chuin cua dung dich va d6 chuan theo chét
xac dinh? Cho vi du va giai thich?

10. Thiét 1ap mdi quan hé gitta nong d6 mol/lit va nong do duong luong? Tinh ndng
dé mol/lit cia dung dich H,SO,4 0.75N khi tham gia phan trng hoan toan vi mot
bazo manh?

11. Thiét 1ap mdi quan hé gitra ndong d6 % khdi lwong véi ndng dd mol/lit va ndong do
duong luong? Tinh ndng do mol/lit ciia dung dich HCIO, 70%, d=1.67 g/ ml?

12. Thiét 1ap mdi quan hé gita 6 chuan véi ndng dd mol/l va ndng do duong
luong?Tinh néng do mol/lit ciia dung dich KMnO, c6 do chuan 1a T = 1.62g/ml?

13. Trinh bay noi dung va biéu thirc ctia dinh luat duong luong? Cho vi du 4p dung?

14. Trinh bay khai niém va cac diéu kién cta chat goc? Néu trinh tu tién hanh pha ché
dung dich chuén khi da c6 chat gbc?

15. Thiét 1ap cong thirc tinh ndng d6 mol/lit cua dung dich sau khi pha lodng tir dung
dich dam dac?

16. Thiét 14p cong thic tinh ndng dd % khdi lugng cta dung dich thu duogc sau khi
phdi tron hai dung dich cung loai c6 nong d6 % khdi lugng khac nhau?

17. Thiét 1ap cong thic tinh ndng d6 mol/lit ciia dung dich thu dwoc sau khi phéi tron
hai dung dich cung loai ¢6 mol/lit khac nhau?

18. Trinh bay céch tién hanh pha ché 1 lit dung dich chuan molipdat amoni
(NH4)eM07,0,4.4H,0 2.5%?

19. Trinh bay céch tién hanh pha ché 500ml dung dich chuan natriaxetat
NaC,H303.3H,0 ndng d6 0.05M?



20. Tinh toan va néu trinh ty tién hanh pha ché 2 lit dung dich chuan HCI 1.2N tir
dung dich HCI dam dac 36.5%, d=1.185g/ml?

21. Tinh d6 chuin cua dung dich KMnO, theo Fe (Tkmnoare) néu hoa tan 3.1610 gam
KMnQ, thanh 1 lit dung dich, theo phan Grng rt gon sau:

MnO, +5 Fe®* + 8H" = Mn*" + 5Fe** + 4H,0

22. Trong phong thi nghiém thuong st dung dung dich HCI dé chuan dé xac dinh
ndng do cua dung dich NaOH sau khi pha ché. Két qua chuan do nhu sau: Chudn
dé 20ml dung dich NaOH tiéu ton 18.9ml dung dich HC1 0.001M. Hay xac dinh
ndng do mol/lit va néng dé duwong lugng ciia dung dich NaOH d6? Tinh thé tich
dung dich HCI dam dic 36.5%, d= 1.185g/ml dé pha ché 1 lit dung dich chuan
HCI dung cho chuan d6?

23. Tinh ndng d6 mol/lit ciia dung dich NHj 28%, d=0.898g/m1? Can iy bao nhiéu ml
NH; dam dic dé pha ché 1 lit dung dich NH; ¢6 nong do % khdi luong 1.7%?

24. Hoa tan 1,5 gam quing sit thanh dung dich va khir toan bd Fe** ¢6 trong dung
thanh Fe** . Chuén do dung dich d6 bang dung dich KMnO, ¢6 d6 chuan theo Fe
14 5.585g/ml thi tiéu tén hét 105 ml. Hay tinh ham luong Fe trong quing?

25. Tinh d6 chudn cua dung dich NaOH, biét rang dd Tnaormc = 0.03165gam/ml ?
Tinh nong 6 mol/lit cua dung dich NaOH?

26.Dé phan ing hét véi 25ml dung dich axit oxalic chura 6.3 gam H,C,0,4.2H,0 trong
1 lit dung dich, nguoi ta phai dung 20.18ml dung dich NaOH. Hay tinh nong d6
mol/lit cua dung dich NaOH d6?
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CHUONG II
CAC PHAN UNG DUNG TRONG PHAN TiCH HOA HQC
I.  Téc dd cia phan ing hoa hoc
1. Khdi niém téc dé phan ikng

Trong cac phan tng hoa hoc thuong xay ra nhanh hay cham khac nhau, ta no1 cac
phan Gmg d6 co toc d6 khac nhau
Tdc dd cua phan trng hoa hoc duogc biéu dién béng su bién thién n@)ng do cta chat
tham gia hodc tao thanh trong phan ing trong mot don vi thoi gian.
AC Cl_CZ

V== =
At + t —t, (2.1)

Phuong trinh (2.1) 1a phwong trinh biéu dién tdc d6 cta phan Gmg
Trong do:
v: Tc d6 ciia phan g hoa hoc
AC: Su bién thién néng do cta chat tham gia phan Gng hoic chit tao thanh sau
phén trng
At: Thoi gian xay ra su bién thién ndng d6 cia chat tham gia hodc tao thanh trong
phéan g
Cy: Néng d6 cua chat tham gia hodc tao thanh tai thoi diém khao sat t;
C,: Néng do cua chit tham gia hodc tao thanh tai thoi diém khao sat t,

Déu + hodc - dé toc d6 ctuia phan tng hoa hoc ludn 1ay gia tri duwong
2. Dinh ludt tic dung khoi lwong

O mét nhiét d6 xéac dinh, tdc do cua phan Ung ty 1¢ thuan vaéi tich céc né)ng do cua
céc chat tham gia phan ung véi luy thira thich hop
Vi phan g tong quat: nA + mB = pC + gD
v=k x C"ax C"g (2.2)
(2.2) 1a phuong trinh cta dinh luat tic dung khéi luong
Trong do:
v: Tbc d6 cia phan tng
k: Hang s tbc d6 phan tng. Pai lwong K chi phu thudc vao cac chat tham gia
phan tng va nhiét d6 ma khong phu thudc vao nong do ciia cac chat tham gia phan tng
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Ca: Nong do cua chat A
Cg : Nong do cua chat B
m: Hé s cua chat A trong phuong trinh phan tng

n: Hé s6 cua chét B trong phuong trinh phan tng
3.  Cdc yéu té anh hwéng dén toc dp phin irng hod hoc

C6 nhiéu yéu t6 anh hudéng dén toc d6 cua phan tng hoa hoc: nhiét 6, nong do, ap

suét, chit xuc tac,...

- Anh huodng cua nhiét do: Phan 16n trong cac phan tng hoa hoc khi nhiét d6 ting thi
tbc do phan tng tang lén.

- Anh hudng cta néng do: Noi chung khi ting ndng d6 cua chat tham gia phan tng
thi toc do cta phan ng ting 1én

- Anh huodng cua chét xuc tac: Chat xuc tac 1a nhitng chat ¢ thé lam thay doi téc do
ctia phan (mg. C6 2 loai chat xtc tac: Chat xtc tic dwong 1am ting téc do cia phan ng,

chat xuc tac am lam gidm toc do cuia phan ung
1. Can bang hoa hoc va hoat d¢
1. Khai niém vé cin bang hod hoc

Can bang ho4 hoc 13 trang thai co ban hoa hoc (hay trang thai co hod hoc) cia cac
chét trong phan ng thuan nghich khi téc d6 cta phan tng thuan bang téc do cta phan
ung nghich

Céc phan ung hoa hoc s& két thuc khi can bang giita cac chat tham gia phan Gmng va
cac chét tao thanh sau phan tng duoc thiét 1ap. Khi mot phan tng dat trang thai can bang

thi nong do cic chat tham gia phan tng & thoi diém dé duoc goi 1a ndng do can bang.
2. Phwong trinh hing sé cin bang va hoat dp

Xét phan tng thudn nghich sau:

NA+mB+..< pC+qgD+ ...
Trong d6: A, B, C, D,... 13 nhitng phan tir khéng mang dién tich
Ap dung dinh luat tic dung khéi lugng d6i voi can bang trén, ta co:

ve= ke [A]" [B]™....= Vy = ko.[C]" . [D]°.....
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k, _ [C]°.[D]" _

Suyra: =+ c
k, [AI".[B]"

(2.3)

(2.3) 1a phuong trinh héng s6 cin bang ndng do
Trong do:
Kc: goi 12 hang s6 cin bang ndng do. Pai lugng nay khong phu thudc vao ndng do
ban du cua cac chat ma chi phu thudc vao nhié¢t do, moi truong cia dung dich va lyc ion
[A], [B], [C], [D] 12 ndng d6 cta cac chat A, B, C, D ¢ trang thai can bang
Dbi v6i cac can bang xay ra trong dung dich, cac phan tir tham gia va tao thanh sau
phan trng thuong phan ly ra thanh cac ion mang dién tich. Khi do, gitra cac ion tich dién
xay ra su tuong tac tinh dién lam thay doi néng do cua chung mot chut. Dé hiéu chinh su
sai I¢ch d6 nguoi ta da dua ra khai niém hoat do
Hoat d6 ctia mot chat i, ky hi¢u aj:
a=f.C;
Trong d6, Cj 1a ndng d6 cta chét i
f; 1a hé sb hoat do cua chat i. Dai luong fi phu thude vao luc ion a ctua
dung dich.
Luc ion a cua dung dich biéu thi twong tac tinh dién giita cic ion trong dung dich:
a-_(z1 Ci+2Z2. Cor %ZZ C,
Trong do: Z; 1a dién tich cua cac ion i trong dung dich
Ci 1a ndng do cua cac ion i trong dung dich
Trudong hop A, B, C, D 1a cac phan tir mang dién tich thi trong phuong trinh hing s
can bang néng do (2.3) phai thay cic nong do ¢ trang thai can bang boi dai lugng hoat do

nhu sau:
Ke A 2.3%)

3.  Can bang trong nuwéc

Trong hoa hoc phan tich, da s6 cac phan tng déu xay ra trong dung mdi nudc.
Nudc 12 mét chat dién ly yéu, n6 phan ly theo phwong trinh sau:
Hzo + Hzo = H30+ +OH"

Dé don gian thuong viét:
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H,0 < H"+ OH
Phuong trinh hang s can bing ctia phan tng phan ly trén 1a:
_[H'1.IOH"]
© M0
Nuéc phan ly rat it, trong 1 lit nuéc & 25° chi ¢6 107 mol phén ly nén sé mol phéan

tor nude [H,O] trong 1 lit nude 1a:

1000 _
[H,O] = ST 55.56mol/lit= const

Tur phuong trinh (2.4) ta co:
Kc.[H,0] =[H].[OH] =Ky, 0 (2.4)
Kx ,0 dugc goi 1a tich s6 ion cua nudc. Pai lugng nay chi phu thudc vao nhiét dg,

khong phu thudc vao nong do ciia ion H va OH ™
025°C,Ky,0=10" [HT=[OH]=10"

I11. Phan &ng axit-bazo
1. Mot sé khai niém
a. Khai niém vé axit-bazo

C6 nhiéu dinh nghia vé axit, bazo. Trudc ddy, thuong dung dinh nghia axit, bazo cia
Arrhenius. Theo dinh nghia nay, axit 1a chat khi hoa tan trong nudc phan li thanh ion H*
va anion mang dién tich 4m; cong bazo 13 chat khi tan vao nuéc phan li thanh ion OH va
cation mang dién tich duong

Dinh nghia ciia Arrhenius khong tong quat vi chi 4p dung ddi vi mot so loai chat va
khi dung moi 1a nudce. Vi vay, hién nay thuong st dugn dinh nghia ctia J.N.Bronsted, do
nha bac hoc nguoi Pan Mach dua ra nam 1923 nhu sau: Axit 1a chat c6 kha nang cho
proton va bazo 13 chat ¢6 kha nang nhan proton.

e M0i axit sau khi cho mot proton tré thanh mot bazo lién hop vai axit d6. Mot cap
axit-bazo lién hop thuong duge biéu dién bang hé thic sau:

AXit < Bazo +H"

Thi du : Mot s6 cip axit- bazo lién hop

Axit Bazo lién hop Cap axit-bazo lién hop

HF < F +H” HF/F
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CH;COOH & CH,COO +H* CH3;COOH/CH,CO0
NH," < NH; + H NH,"/NH;

H,S o HS +H" H,S/HS

HS s 7 +H* HS/S*

Proton khong ton tai & trang thai ty do. Vi vay, mot chét chi thé hién rd tinh chat axit
hay bazo trong dung méi c6 kha nang nhan hay cho proton. Nudc 1a mot dung moi vira
c¢6 kha ning cho vira c6 kha ning nhan proton nén cac chét c¢6 kha niang thé hién tinh axit
hay bazo trong nudc:

Axit + H,0 < Bazo + H;0"
Bazo + H,O < Axit+ OH"

Thi du : Mot s6 chét thé hién tinh axit, bazo trong nudc

NH; + H,0 < NH," + OH

HF + H,0 < F +H0"
CH3;COOH + H,0 < CH5COO™ + H;0*
NH, + H,0 < NHz+H;0"
CH;COO + H,0 <  CH;COOH + OH
CN + H,0 &  HCN+OH
HPO,* + H,0 < H,PO, +OH
HPO,* + H,0 < PO, +H0

e Don axit: 1a nhitng axit khi hoa tan vao dung méi chi cho dung méi mét proton

Thi du: HCl, CH;COOH, NH,",....

HCI <Cl+H
CH,COOH < CH;COO" + H
NH4+ R NH3 + H+

e Don bazo: l1a nhitng bazo khi hoa tan vao dung mdi chi nhan cia dung méi mot

proton

Thi du: KOH, NHa, CN',....
KOH <K' +OH
NH; + H,O0 < NH," +OH
CN +H,0 < HCN+OH
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e Da axit: 1a nhiing axit khi hoa tan vao dung moéi cé kha nang cho dung méi tir 2
proton tr¢ 1€n
Thi du : H3PO4, H,SO,4, H,S,...
H:PO, < H,PO, +H'
H,PO, & HPO,” +H'
HPO, < PO, +H"

e Da bazo la nhitng bazo khi hoa tan vao dung moi c6 kha ndng nhéan cuia dung moi

tur 2 proton trd 1én

Thi du: PO,%, S%, CO5*
COs% +H,0 < HCOZ + OH

HCOg- + Hzo = H2C03 + OH"

b. Phdn ung axit-bazo

Phan {ng axit-bazo thyc chat 13 phan mg trao doi proton gitta mot axit 1a chat cho
proton va mot bazo 1a chat nhan proton
Thi du: HCI + NaOH < NaCl + H,0
HClI=H"+CI
NaOH = OH + Na"
H"+OH < H,0
2NH; + H,SO4 < (NH,4),SO4
H,SO, = 2H" + SO,*
2NH; + 2H" < 2NH,"

c. Cuong d¢ axit va bazo. Héng s6 axit K, hﬁng s6 bazo K,

e Mot axit dugc hoa tan trong nudc s€ nhuong proton cho nudc theo phuong trinh
Sau:
A+ H,0 <B+H;0" (a)
Trong do: A 1a dang axit
B la dang bazo lién hop voi A
H;O" chi proton bi hidrat hoa va dugc goi 1a hidroni hoac oxoni

Phuong trinh hiang sd can bang ndng do viét cho phan tmg (a) nhu sau:
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_ [BIx[H;0"]
[A]x[H,0]
Nong do cua H,O rat 1én so v6i ndng do cin biang cua cac ion va phan tir khac trong
dung dich nén c6 thé coi [H,0] khong thay d6i va c6 thé viét :

[BIx[H.0"] _

2.5
A . @9

K x[H,O]=

Axit cang manh thi khi hoa tan vao nuéc nhudng cang nhiéu proton cho H,0, nong dd
can bang cua [H30'], [B] cang 16n con [A] cang nhé nén K, cang 16n

K, : goi 1a hing sd axit. Pai lugng nay dic trung cho cudng d6 cua axit, K, cang 16n
thi axit cang manh. Pé tién cho viéc tinh toan, thudng dung pK, = -IgK, thay cho K,

Dbi voi nhing axit manh, phan ly hoan toan trong nudc nén [A]~0 tic K, = +oo

Thi dul: Cho axit axetic CH;COOH c6 K, = 1,74.10® va axit xianhidric HCN ¢6 K, =

6,2. 10"°. Hay tinh pK, ctia hai axit 6 va so sanh cuong do cua hai axit

Ddi voi axit axetic CH;COOH, Ky = 1,74.10° nén pK,; cua axit axetic do la:
pK, = -1g(1,74.107) = 4,67
Axit xianhidric HCN ¢6 Ky = 6,2. 107% nén pK, la:
pKa = -19(6,2.10%%) = 9.21
K. > Ky nén axit axetic CH;COOH manh hon axit xianhidric HCN
e M0t bazo khi hoa tan trong nudc s€ nhan proton cua nudc theo phuong trinh sau:
B +H,O0 < A+OH (b)
Phuong trinh hang s6 can bang nong do viét cho can bang (b) nhu sau:
_ [AIX[OH"]
- [BIx[H,0]
Lap luan tuong tu, néng do cua H,O rat 16n so véi né)ng do can béng cla cac ion va
phan tir khac trong dung dich nén c6 thé coi [H,0] khong thay d6i va c6 thé viét :
A]lx[OH"
[”E -k,

Bazo cang manh tirc 1a ¢6 kha ndng nhan nhiu proton cta nudc. Khi do, can bang (b)

Kx[H,0] = (2.6)

chuyén dich vé phia phai nén [A], [OH] cang 16n va [B] cang nho. Do d6, néu bazo cang
manh thi Ky, cang 16n

Kp: goi 1a hﬁng sb bazo, dic trung cho cuong do cua bazo.Ky cang 16n thi bazo cang
manh va nguoc lai.
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Dé thuan tién cho tinh toan, thuong st dung pKy, = -lg ky,

Da1 voi1 bazo manh, phan ly hoan toan trong nude coi Ky = +oo

Thi du2 : NH; ¢6 pK, = 4.75, CH;COO" ¢6 pKy = 9.25. Hiy cho biét bazo nao manh
hon?
pPKp = - IgKy nén Ky cang 16n thi pK, cang nhé va nguoc lai. Vi vay, bazo cang
manh tirc c6 K, 16n thi pKy cang nho va bazo cang yéu tirc Ky, cang nho thi pKy, cang 16n.
Nhu vay, NH; ¢ pKp; = 4.75 < pKp, = 9.25 cia CH3COO™ nén NH; c¢6 tinh bazo
manh hon CH;COO"

e Trong dung dich nudc, cac da axit va da bazo phan ly 1an luot theo ting nic, nic
sau yéu hon néc trudc va mdi nc c6 mot hang sd axit, hang s6 bazo tuong ung
Thi du 3 : H3PO,4 1a mot da axit, phan li theo 3 nic va c6 3 hﬁng sb axit 1a Ky, Ky, Ks

tuong rng voi tung nac nhu sau:

HsPO, + H,0 < H,PO, + Hy0* pK, = 2.12
H,PO, + H,0 < HPO,* + H30" pK, =7.21
HPO,* + H,0 < PO,* + H,0" pK; = 12.36

Thi du 4. PO43' la mét da bazo, phan ly 1an luot theo 3 nac sau:

PO,* + H,0 < HPO,” + OH’ pK,= 1.64
HPO,* + H,0 < H,PO, + OH’ pK,= 6.79
H,PO, + H,0 < H3PO, + OH pK; = 11.88

d. Quan h¢ gitra hang so0 axit va hang so bazo clia mot cdp axit-bazo lién hop

Gia su c6 A 1a mot axit, B 1a bazo lién hop véi A. Khi d6 cdp axit-bazo lién hop A/B
duogc biéu dién trong cin bang sau:

A+H,0 & B+H"

[B]x[H"]
Koz —
[A]
[A]<[OH ]
K, =
’ [B]
Xét tich :
_[BIx[H'] [AIx[OH7]__ .. q—
Ka.Kp = A Bl [H']1.[OH]=Ku,0 (2.7)
Hodc pKa+ pKy = pKy, 0 (2.7)
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025°C, Ky, 0=10" hay pKy;, 0 = 14 nén K, .K, = 10™
va pK, + pK, = 14
Nhu vay, khi biét K, ciia mot cdp axit/bazo li€n hop ta co thé tinh duoc K, va

nguoc lai

Thi dul: Cho axit HCN ¢6 K, = 10°*. Tinh K, ctia dang bazo lién hop véi axit
xianhidric HCN?

HCN < CN +H"
HCN/CN  1a cap axit/bazo lién hop nén hing s6 Kpen ) la:

K,.K,=10"
10 107
SuyraKp= = —= 10~ 108

a

Thi du 2: Cho NHj3 ¢6 pKy = 4.75. Tinh hang s6 axit ctia NH,™?
NH; + H,O < NH, + OH
NH," va NH; 1a mot cip axit/bazo lién hop nén ta co:
PKann,) + PR,y =14
Suy ra, pKann,) = 14- pKonn,) = 14- 4.75=9.25

Vy hang s6 axit cia NH," 12 Ko,y = 10°%%°
€. Phuong trinh bdo toan proton

Phuong trinh bao toan proton ctia mot dung dich axit-bazo 1a phuong trinh biéu dién
su trao doi proton cua cac axit, bazo c6 trong dung dich d6 qua cac néng do can bang cua
céc cau tir trong dung dich nhu sau: sé mol proton cic axit cho luén bang sé mol proton

cac bazo nhan
Thi du 1: Phuong trinh bao toan Proton ctia nudc nguyén chit

Trong nudc nguyén chat chi c6 mot can bang sau:
H,0 + H,0 < H;0" + OH
S6 mol proton nuéc nhan 1a [H30] bang sé mol proton nudc cho [OH ] nén
phuong trinh bao toan proton la:

[Hs0"] = [OH']
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Thi du 2: Xét dung dich HC1 ndng d6 C (mol/lit)

Trong dung dich gdm HCI va H,O nén ton tai ddng thoi 2 can bing sau:
HCl+ H,0 & H;0"+Cl~
H,0 + H,0 < H;0"+ OH -

Sb mol proton nude nhan bang sé mol proton HC1 va nudc cho nén:

[H:0']=[ClI ]+ [OH]=C+[OH]
Thi du 3: Xét dung dich NH;

Trong dung dich gdm H,O va NH; nén ton tai dong thoi ca 2 can bang sau:
NH; + H,0 < NH, +OH "~
H,0 + H,0 <& H;0"+ OH ~

Phuong trinh cén bang proton trong dung dich la:
[OH "] = [NH,;] + [H0"]

2. pH cua dung dich hé don axit - bazo trong nuoc

Pé tinh pH cua cac dung dich hé axit, bazo trong nudc can biét cac qua trinh trao
d6i proton xay ra trong dung dich rdi dua vao phuong trinh bao toan proton , phuong
trinh biéu dién cac hang so axit, hiang sd bazo va phuong trinh bao toan khéi lugng cua

cac cAu tir trong dung dich dé thiét 1ap phuong trinh cho ndng do can bang cta ion H;O"
a. pH cua dung dich don axit manh

Mot sb don axit manh thuong gip 1a HC1, HBr, HI, HCN, HCIO,,....
Gia st co don axit manh HA, néng do Ca . Khi do, trong dung dich tdn tai 2 can br?mg
sau:
HA + H,O - A"+ H;0"
H,0 + H,0 <& HyO" + OH ~

Dé don gian ho4, ta thay H;O" bang H', nén biéu dién 2 cin bang trén nhu sau:
HA - A+ H’
H,O << OH +H"

Phuong trinh bao toan proton cia dung dich:

[H1=[A]+[OH ] =Ca+[OH] 1)
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KH20

Mit khac: [OH ] = TR )
Thay (2) vao (1) ta c6 phuong trinh sau:
Ku, o
[H]=Ca+ A (2.8)
Hoic [HT?—Ca. [H]-Ky,0=0 (2.8")

Phuong trinh (2.8”) 13 phuong tinh tong quat dé tinh ndng d6 cin bang cta ion H' cua
dung dich don axit manh bat ky.

e Trong truong hop Ca twong ddi 16n hon so v6i 107 M thi ¢ thé bé qua [OH ]
canh Cp trong phuong trinh (1), tic 1a [H'] = Ca

e Trudng hop Ca twong dbi nhé hon so véi 10° M thi c6 thé bo qua Ca canh [OH ]

ctia nuée va coi [H'] = Ku,o = 107, thc pH="7 ¢ 25°C

Thi du 1: Tinh pH cua dung dich HCI 0.1M?

Trong dung dich ton tai cac can bang sau:
HCl ->H" +Cl~
H,O o H +OH "~
Ca =[CI"]=10" rt 16n hon so véi [OH "] nén co thé bé qua [H'] do nudc phén ly ra
nén [H]=Ca =10
Vay pH cua dung dich HCI 0.1M la:
pH =-lg([H']) =1

Thi du 2: Tinh pH cta dung dich HNO3 & 25°C trong céc truong hop c6 néng do sau:
10°,107M, 10°M, 10™° 2

Trong dung dich ton tai cic cin bang sau:
HNO; -»H" + NO; ~
H,O < H " +O0H"
Trudng hop Ca = 10 tuong d6i 16n so voi 107 nén o thé bé qua [OH'] do nuée phan
ly ra bén canh [NOy . Do @6, [H] = Co =10, pH =5
Trudng hop Ca = 10 7, phai thay vao phuong trinh (2.8°).Khi d6, ta duoc phuong
trinh bac 2 ddi v6i bién [H']:
[H?-107. [H]-10"=0
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Giai phuong trinh thu dugc [H'] = 1,26. 10nén pH = 6.79
Trudng hop Ca = 10 ®, twong tu thay vao phuong trinh (2.8), ta co:
[H?-10° [H]-10" =0
Giai phuong trinh duge [H] = 10 %% nén pH = 6.91
Truong hop Ca = 10 rit nho hon so v6i 107 nén ¢6 thé bo qua Ca bén canh [OH

"] do nu6ce phan ly ra tac [H] = [OH ] =10" nénpH =7

Thi du 3: Cho 500ml NaOH 0.1M phan tng v61 1000ml HCI 0.1M? Tinh pH cua

dung dich sau phan img?

S6 mol NaOH c¢6 trong 500ml dung dich: 0.1x0.5 = 0.05mol
S6 mol HCI ¢6 trong 1 lit dung dich 14 : 0.1 x 1 = 0.1mol
Phuong trinh phan Gng:
NaOH + HCI = NaCl + H,0
Bandau  0.05mol  0.lmol
Phanung  0.05mol 0.05mol
Sau phan tng  Omol 0.05mol
Nong d6 ctia HCI khi phan tmg két thuc la:
M= 1500
Nhu vay, moi truong dung dich sau phan Gng 12 méi trudng axit manh, duoc quyét
dinh boi dung dich HC1 0.033M.
Dbi v6i moi trudng dung dich chira axit manh HCI ndng do Ca= 0.033M >>10" nén

x 1000 = 0.033M

ap dung cong thuc tinh pH cho dung dich nay la:
pH=-Ig[H"]=-1gCa =15

b. pH cua dung dich don bazo manh

Gia st ¢6 dung dich don bazo manh B (vi du: KOH, NaOH) c6 néng do Cg. Khi do,
trong dung dich gdm cac can bang sau:
B+H,0 > BH" +0OH"
H,O < H" +0OH"
Phuong trinh bao toan proton trong dung dich la:
[BH] +[H]=[OH ]=Cg +[H]
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K H, O
Mat khac, [OH ] = m nén thay vao phuong trinh trén ta co:

KH2 o
CB + [H+] = [H +] (29)
Hodc [H']? + Ce. [H] - Kiy,0=0 (2.9)

Phuong trinh (2.9”) 13 phuong trinh tong quat dé tinh ndng do can bang cua ion [H']
trong bat ky dung dich don bazo nao.

e Trudng hop Cg 16n hon dang ké so véi 10"M thi c6 thé bo qua [H'] do nude phan
ly bén canh Cg nén Cg = [OH "]. Khi d¢:
K H, O K H, O
H1=z <7~ =
1= [oH"17 [Ce]

e Truong hop Cg nhé hon dang ké so v6i 10°®M thi c6 thé bo qua Cg canh [H'] nén
taco [H= /K, o

Thi du 1: Tinh pH cua dung dich KOH 0.01N?

Trong dung dich ton tai cac can bang sau:
KOH —» K'+0OH"
H,O < H +0H"
Cg = 0.01M = 102 16n hon déng ké so véi 107 nén ¢6 thé bé qua [H'] bén canh [BH']
nén [BH']=[OH ]=Cg. Suy ra:
 Kuo Kyo 10
M= on71~ ¢, ~ 107
Vay pH =12

=10"

Thi du 2: Tinh pH cta dung dich NaOH trong mét s trudng hop ndng dé Cg nhur sau:
107,10

Trong dung dich t6n tai 2 can bang sau:
NaOH — Na"+ OH "~
Hzo R H+ + OH "~
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Trudng hop Cg = 107, thay vao phuong trinh (2.9°) ta duoc phuong trinh bac 2 ddi
v6i bién [H']:
[H]?+107. [H'] - Ku,0=0
Thay Ky, o= 10" va giai phuong trinh thu dugc [H'] = 6,28 . 10°° nén pH = 7.21

Trudong hop Cg = 108, Ky ,0~ 10" thay vao phwong trinh (2.9°), ta duoc:

[H]? + 108 [H]-10" =0
Giai phuong trinh ta thu dugc [H'] = 9,5. 10°® nén pH = 7.02

Thi du 3: Cho 150ml NaOH 0.5M vao 100ml dung dich HC1 0.1M. Hay tinh pH

cua dung dich nay?

Khi tron 2 dung dich d6 vao nhau thi s€ xay ra phan trng:
NaOH + HCI = NaCl + H,0
S6 mol ctia NaOH trong 150ml dung dich truéc phan tng 1a:
0.150 x0.5 = 0.075mol
S6 mol ciia HCI trong 100ml dung dich trudc phan tng la:
0.100 x0.1=0.01mol
Theo phuong trinh, sé mol NaOH tham gia phan ng bang s6 mol HCI tham gia
phan tng nén khi két thiic phan tmg con du NaOH. S6 mol NaOH du sau phan tng la:
0.075 - 0.01= 0.065mol
Viy méi trudng dung dich sau phan tng duoc quyét dinh boi bazo manh NaOH.
Nong d6 cta dung dich NaOH sau phan tng 1a:

0.065
= ><1000: -1
Cwm 250 26.10"M

Dung dich bazo manh NaOH sau phan tng ¢6 Cg = 2,6 . 10 "M r4t 16n hon so véi
10 " nén pH cua dung dich 1a:
[OH ]=Cg=26.10"M
Suyra: pH =14 + IgCg = 14 — 0.59=13.41

c. pH cua dung dich don axit yéu

Gia st c¢6 dung dich don axit yéu trong dung méi nudc HA ndng d6 Ca. Khi d6, trong
dung dich tdn tai cac can bang sau day:
HA o H' +A"
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H,O < H" +O0H"

Phuong trinh bao toan proton dbi véi dung dich nay 1a:

[H]=[A"]+[OH] 1)
Phuong trinh bao toan khdi lugng:
Ca=[HA]+[AT] )
Phuong trinh hang s cAn bang axit cia HA :
[H'1[A"]
= 3
SR ©

Tu (1) suyra: [A']=[H]-[OH ]
Tur (2) suyra: [HA]=Ca—[A]=Ca—[H']+[OH]
Thay [A "] va [HA] vao phuong trinh (3), ta thu dugc phuong trinh sau:
_ [H'T-[H1[OH ]
" C,-[H']+[OH]

(2.10)

Phuong trinh (2.10) 1a phuong trinh téng quat dé tinh néng do can béng cua ion [H+]
K H, O
[H”

trinh (2.10) dé tinh [H"] thi s& thu duoc phuong trinh bac 3 d6i voi an [H'], phuong trinh

trong dung dich mot don axit yéu bat ky. Song, khi thay [OH "] = vao phuong

bac 3 nay khong c6 cach giai tong quat, Vi vay, trong thuc té thudng don gian hoa thanh
phuong trinh bac 2 bang cach bo qua nhitng nong d6 nhé bén canh nhimg ndng do 16n.

Mot sb truong hop don gian hoa nhu sau:

e Néu [OH "] rat nho so v&i [H'] thi c6 thé bé qua [OH "] bén canh [H'] c6 nghia 1a
b6 qua can bang cta nude trong dung dich. Khi d6 (2.10) trd thanh:

[H+]2
Ka= = r7o1 2.11
C,~[H'] -
Hodc: [H']?+K,. [H]-K,.Ca=0 Q.11

Giai phwong trinh bac hai (2.11°)ddi v6i an [H'] thu duoc két qua. Sau do, phai

kiém tra lai xem [H'] c6 thét sy rat 16n hon so v6i [OH ']

e Néu [H"] rat nho so v6i Ca, c6 nghia 1a HA phan ly khong déang ké va [OH "] rat
nho so voi [H'] thi ¢6 thé bé qua [H'] canh Ca, [OH "] canh [H']. Khi d6, phuong trinh
(2.10) tro thanh:

46



K=o 2.12)
Hoic [H]= VK, C, (2.12%)
Suy ra oH = %pKa i %IgCA (2.13)

Thi du 1: Tinh pH cta dung dich CH;COOH 0.1M? Biét pK, = 4.75

Trong dung dich t6n tai 2 can bang sau:
CH;COOH << CH;COO +H"*
HO < OH +H’
Ca=0IM=10"M
Gia st [H] rat nho so v6i Ca va bd qua su phan ly cia nude. Khi d6, pH cua
dung dich dugc tinh theo cong thirc (2.13):

1 1 475 1 -1
H=ZpK,- =1gCa= —= - =1g(107) = 2.87
p 2|Oa ng 2 29( )

Suy ra[H']=102% [OH]=10""
RO rang, Ca rat 16n hon so voi [H'] va [H'] rat 16n hon so voi [OH 7] nén c6 thé ap

dung cong thirc (2.13) dé tinh pH cta dung dich va pH = 2.87
Thi du 2: Tinh pH cta dung dich mudi amoni NH," 0.1M? Biét NH; ¢6 pK;, = 4.75

NH," 13 axit lién hop véi NH; vi:
NH4+ + Hzo = NH3 + H30+

K H,0 107

Nén héng sb axit caa NH," 1a Ky= K = 10_4,75 =10 925

b(NH3)
Trong dung dich NH," ton tai cac can bang sau:

NH," < NH; +H"

H,O & OH ™ +H"
Ca=0IM=10"M, K,=10 "%
Gia sir Cp rat 10n so v&i [H'] va [OH ] rat nho so véi [H]. Khi d6, ¢6 thé ap dung
cong thirc (2.13) dé tinh pH cua dung dich don axit yéu:
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_925 1

1 1 -1
H=-pK,- =1gCx= == - =1g(10™) =5.13

Suyra, [H]=10 >®va[OH ]1=10%.
RS rang riang Cp >> [H'] >> [OH "] nén viéc 4p dung cong thire (2.13) dé tinh pH

cua dung dich nay la hop ly

Thi du 3: Tinh pH cua dung dich axit Salixilic 10 ~*M? Biét axit nay c6 pK, = 3

Trong dung dich ton tai cac can bang sau:
CsH,OHCOOH < C¢H,OHCOO ™ + H*
H,0 o OH  +H*
Ca=10 %M, pK,=3
Gia str Ca rat 16n so voi [H'] va [OH ~] rt nho so v6i [H']. Khi d6, c¢6 thé ap dung cong

thire (2.13) dé tinh pH cua dung dich don axit yéu:
1 1 3 1 -3
H=>-pK;- =1gCa= = - =1g(107) =3
PH = > pKa- —19Ca= 2 - 2 19(107)

Suy ra[H] =102 ma Ca =10 %nén gia sit Ca rét 16n so voi [H'] khong dung. Vi
vy khong thé bo qua [H'] bén canh Ca tuc axit salixilic phan ly kha manh nén khong
thé ap dung cong thirc (2.13) dé tinh pH cta dung dich

Gia st [H'] rat 16n so v6i [OH "], c6 nghia 12 bo qua su can bang cta nudc trong dung
dich. Khi d6 c6 thé 4p dung phurong trinh (2.11”) dé tinh pH cua dung dich:

[H7?+K,.[H]-K,.Ca=0
Thay K, =102 Ca = 10 ® va giai phwong trinh ta dugc két qua sau:
[H]=6,2.10"*
Suy ra, [OH "] =10 " . Nhu vay 6 rang [H'] >> [OH "] nén c6 thé bé qua
[OH "] bén canh [H'] va 4p dung cong thirc (2.11°) dé tinh pH cta dung dich.

Vay pH cua dung dich d6 1a pH = -1g(6,2. 10 *) = 3.21
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d. pH cua dung dich don bazo yéu

Gia str hoa tan mot bazo yéu B c¢6 nong do Cg vao nude. Khi do, trong dung dich ton
tai cac can bang sau:
B+H,0 < BH +OH"
H,O < H +OH"
Phuong trinh c4n bang proton trong dung dich:
[BH]+[H]=[OH"] 1)
Phuong trinh bao toan khdi luong:
Cg= [B]+[BH] ()
Phuong trinh hang sé bazo cta bazo B:
_ [BH “1.[OH ]
B
Tur phuong trinh (1) suy ra: [BH'] = [OH ] - [H']
Tu phuong trinh (2) suy ra: [B]=Cg - [BH] = Cg —[OH ] + [H]
Thay [BH'] va [B] vao phuong trinh (3), ta c6:

K, = [OH 1qOH 1-[H"])
Cg —[OH"]+[H"]

Kb

(2.14)

Ku,o
V6i [OH ] = m thay vao phuong trinh (2.14) ta duoc phuong trinh bac 3 ddi

v6i bién [H']. D6 1a phuong trinh tong quat dé xac dinh pH ctia mot dung dich don bazo
yéu bat ky nhung phuong trinh bac 3 dang day du khong cé cach giai don gian nén trong
thuc té khi tinh toan pH cta dung dich thudng don gian hoa bing cach bo qua cac dai

lugng nho bén canh céc dai luong 16n hon. Cu thé g?)m mdt sd truong hop sau:

e Truong hop bazo yéu nén c6 thé bo qua [H'] bén canh [OH "], tirc 1a bo qua [OH]
do nudc phan ly. Khi do, phuong trinh (2.14) don gian hoé thanh:
[OHT°
Ky = m (2.14°)
Hodc: [OH ]*+K,[OH ]-K,.Cg =0 (2.15)
(2.15) 1a phuong trinh béc hai d6i v6i [OH " ]. Giai phuong trinh d6 sé& cho ta gia
tri [OH "] va tinh duoc pH cua dung dich
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e Truong hop Cg du 16n va K, khong qua nho thi c6 thé bo qua [OH "] bén canh Cg
c6 nghia 13 bazo B phan ly rat yéu. Khi d6. phwong trinh (2.14”) tro thanh:

OH71?
(. [OH]
CB
Suy ra; [OH 1= /K, .Cq (2.16)
Vay pH = 14 - %pr " %lch (2.17)

Thi du 1: Tinh pH cta dung dich NH; 0.1M? Biét NH; ¢6 pK;, = 4.6
Trong dung dich ton tai cac can bang sau:
NH; + H,0 < NH,;"+ OH "~
H,0 <HY +0H-
Gia sir bé qua [H'] bén canh [OH "] va bd qua [OH "] bén canh Cg. Khi d6, ap
dung cong thtc (2.17) dé tinh pH cta dung dich:

oH = 14 - %pr+ %lch =14-23- 05=112

Suyra[H]=10""% [OH ]=102®

Nhu vay, 16 rang Cg = 10 ' >>[OH "] >>[H*] nén c6 thé bo qua [H'] bén canh
[OH "] va bé qua [OH "] bén canh Cg. Vi vdy, ap dung cong thirc (2.17) dé tinh pH cta
dung dich 1a hop ly

Thi du 2: Tinh pH cta dung dich CN™ 0.01M, biét HCN ¢6 pK, = 9.21 va CN " Ia
bazo lién hop cia HCN?
Vi CN " 1a bazo lién hop ctia HCN nén bang s bazo ctia CN ™ Ia:
K H,O

Koeny = Ka(HCN)

Suy ra pKpen ™y = 14 — pKyen) =14 - 9.21 = 4.79
Trong dung dich CN~ ton tai cac can bang sau:
CN™ +H,0 <HCN+ OH"
H,0O oH" +0H”
Cg = 0.01M, pK, =4.79
Gia st bo qua [H'] bén canh [OH "] va bo qua [OH "] bén canh Cg. Khi d9, ap
dung cong thuc (2.17) dé tinh pH cta dung dich:
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oH = 14 - %pr+ %lch =14-24- 1=10.6

Suyra[H]=10"° [OH ]=103*

Nhu vay, 16 rang Cg = 10 2 >>[OH "] >>[H"] nén c6 thé bo qua [H'] bén canh
[OH "] va bd qua [OH "] bén canh Cg. Vi viy, 4p dung cong thirc (2.17) dé tinh pH cia
dung dich 1a hop 1y

Thi du 3: Tinh pH cta dung dich CH;COONa 0.1M ? Biét rang pK(CH;COOH) =
4.75

Trong dung dich ton tai cic cin bang sau:

CH;COONa = CHs;COO +Na'
CH;COO ™ +H,0 <> CH3COOH + OH ™
H,0 & H® +OH"

[CH,COONa] = [CHsCO0 ] =Cg=10""

CH3;COOH/CH3COO ™ 1a mét cap axit/bazo li€én hop nén héng s6 bazo cua
CH;COO la:

K H,O —14
2 10 -9.25
Kp = K :W =10 ,pr:9.25

a

Gia st bo qua [H'] bén canh [OH "] va bo qua [OH "] bén canh Cg. Khi d9, ap
dung cong thirc (2.17) dé tinh pH cta dung dich:

oH = 14 - %pr+ %lch =14-46- 05=89
Suyra[H7=10"%° [OH ]=10">*
Nhu vay, rd rang Cg = 10 * >>[OH "] >>[H"] nén c6 thé bé qua [H'] bén canh

[OH "] va bo qua [OH ] bén canh Cg. Vi vay, ap dung cong thirc (2.17) dé tinh pH va pH
=8.9

3.  pH ciia dung dich hén hop axit va bazo lién hop

Gia str c6 hdn hop dung dich axit HA nong d6 Ca (mol/lit), hang sd axit K, va bazo
lién hop NaA c6 ndng d6 Cg(mol/lit). Khi dé trong dung dich ton tai cac cAn bang sau:
NaA — Na'+ A~
HA oH +A"
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H,O <H +0H"
Phuong trinh bao toan proton cho hdn hop dung dich trén:

[Na']+[H]=[OH ]+ [A"]=Cg +[H] (1)
Phuong trinh hang s axit HA:
_[H'1[AT]
= hial @

Phuong trinh dinh lut bao toan khdi lugng
[HA]+[A"]=Ca+Cg ©)
T phuong trinh (1) suy ra: [A] =Cg + [H'] - [OH ]
Tt phuong trinh (3) suy ra: [HA] = Ca— [H] + [OH ]
Thay [A"] va [HA] vao phuong trinh (2) ta dugc phuong trinh sau:
_[H](Ce +[H"]-[OH])
i Ca—[H"]+[OH"]

Ca—[H]+[OH]
Cg +[H"1-[OH"]

Suy ra: [H]= K, x (2.18)

Do6i voi hé dung dich dém pH, thuong c6 [H'] va [OH "] khong dang ké so véi Ca,
Cg nén phuong trinh (2.18) ¢6 thé don gian hoa thanh:
[H]= K, Xg—: (2.18")
Do do, pH cua dung dich dugc tinh theo cong thure:
pH = pK, + 1gCg — 1gCx (2.19)

Thi du 1: Tinh pH cta dung dich hdn hgp CH;COOH 0.1M va CH;COONa 0.1M?
Biét pK, = 4.75

Trong dung dich ton tai cic can bing sau:

CH3;COONa — Na* + CH;COO ™~

CH;COOH << H'+ CH;CO0"~

H,O <H +0H"
Pay 1a hé dung dich axit yéu va bazo lién hop CH;COOH/CH;COO
Ca=0.1M,Cg=0.1M, pK,=4.75
Gia sir [H'] va [OH "] rat nhé so voi Ca, Cg. Khi d6, 4p dung cong thirc (2.19) dé
tinh pH cua hon hop dung dich dém:
pH = pK, +1gCg —IgCA =4.75-1+ 1 =475
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Suyra[H7=10"*"va[OH ]=10 *%#
R0 rang [OH "]<<[H']<<C,, Cg nén c6 thé ap dung cong thirc (2.19) dé tinh pH cia
dung dich d6 va pH=4.75

Thi du 2: Tinh pH cua dung dich hdn hop NH50.1M va NH,CI 0.3M? Biét pK,, =
4.75

Trong dung dich hdn hop ton tai cic can bang sau:
NH,CI — NH," +CI~
CH;+H,0 < NH, +OH"
H,O <H +0H"
Pay 1a hé hon hop dung dich dém cia cip axit yéu va bazo lién hop NH,/NH; véi
Ca=0.3M, Cg = 0.1M, pK, = 14- pK, = 9.25
Gia sir [H'] va [OH "] rat nhé so voi Ca, Cg. Khi d6, 4p dung cong thire (2.19) dé
tinh pH cua hon hop dung dich dém:
pH = pK, + 1gCg — IgCa = 9.25 -1 - Ig(0.3) = 9.73
Suyra[H7=10"*"va[OH ]=10"**
R0 rang [H]<<[OH ]<<Ca, Cg nén c6 thé ap dung cong thirc (2.19) dé tinh pH cta
dung dich d6 va pH=9.73

Thi du 3: Tinh pH cua hdn hop dung dich sau khi thém 10 % mol HCI vao 1 lit dung
dich CH;COOH 0.1M + CH3COONa 0.1M? pK, = 4.75

Trong dung dich xay ra cac can bang sau:
CH3;COONa — CH;COO "+ Na"
HCI - H" +CI”
CH3;COO +H" — CH3;COOH *)
CH;COOH << H"+ CH3;CO0~
H,O <H +0H"

Nhu vay khi thém 10 2 mol HCI vao 1lit dung dich dém CH3COOH 0.1M +
CH3COONa 0.1M s¢€ lam tang n@)ng ddé ciia CH3COOH va giam n6ng do cua CH;COO -
do phan tng (*).

Khi @6, s6 mol CH;COOH trong 1 lit sung dich d6 la:

0.1 +10 *=0.11mol
S6 mol ctia CH;COO ™ trong 1 lit dung dich d6 la:

0.1 —10 2=0.09mol
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Vay, sau khi thém HCI vao thi ta dugc hé dung dich dém CH;COOH 0.11M +
CH3;COO "™ 0.09M voi:

Ca=0.11M, Cg =0.09M va pK, = 4.75

Tuong ti nhu thi du 1, gia st [H] va [OH "] rat nho so véi Cpa, Cg. Khi d6, ap dung
cong thirc (2.19) dé tinh pH ctia hdn hop hé dung dich dém nay:

pH = pK, + I1gCg - IgCa = 4.75 + 1g(0.09) - 1g(0.11) = 4.66

Suyra[H']=10 **®va[OH ]=10%*

R0 rang [H*]<<[OH ]<<Ca, Cg nén c6 thé ap dung cong thirc (2.19) dé tinh pH cua
dung dich d6 va pH=4.66

4.  pH ciia dung dich da axit va mudi ciia chiing
a. pH cua dung dich da axit

Céc da axit khi hoa tan vao trong nudc s€ phan ly lan lugt theo tirng nac, moi nac cho
1 proton va c6 hang so axit tuong ung. Hang so axit ciia cac nac sau thuong nhd hon nac
trudc.

Chang han axit photphoric HzPO, trong nuéc phan ly lan luot theo ting nac sau:

HsPO, < H* + H,PO, K, = tH1HPO T 56443
[H,PO,]
H*].[H PO,*
H,PO, < H'+ HPO,* K, = I — ] =6,2.10°°
[H,PO, ]
+ 3-
HPO < H' +PO,® ko= PO T -y 002
[H PO, ]

Thay rang K; >>K,>>Kj; nén khi tinh pH cia dung dich da axit thuong don gian
hoa coi da axit d6 chi phan ly chu yéu & nac thir nhat c6 nghia 13 ap dung cong thirc tinh
pH cia truong hop don axit yéu dé tinh pH cho da axit d6 véi ndong d6 Ca va hang s axit
Ki

Thi du: Tinh pH cta dung dich H;PO, 0.05M? Biét K, = 7,6.10 *
K,=6,2.10° va Ky =4,4.10"
Vi K3<<K,<<K; nén thyc té c6 thé coi nic phan ly thir 2 va tht 3 khong dang ké

so voi nic phan ly thir nhat. Khi d6, trong dung dich ton tai cac can bang sau:
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HaPO, < H' + H,PO, K,= [H 1IH-PO, 17649
[H,PO,]

H,O <H +O0H" Ku,0

Gia st [OH "]<<[H"], nghia 13 c6 thé bo qua can bang clia nudc bén canh cin bang
cua axit. Khi do6 ta co:

Ca=[H'] +[H3PO,] va [HPO, ] = [H']

Suy ra [H3PO4] = Ca- [H']

Thay [H3PO4] = Ca- [H] va [H,PO, ] = [H'] vao phuong trinh hiang sé K; ta co:

o AT
Ca—[H"]

Hodc [H']? + K[H]1-K;Ca=0

Thay K; = 7,6.10 2 va Ca = 0.05 vao phuong trinh bac hai dbi véi 4n [H'] va giai
phuong trinh d6 ta thu duoc két qua [H]=5.10"%°

Suy ra [OH] = 10?2

RO rang [H]>>[OH] nén c6 thé bé qua [H'] do nudc phan ly ra va pH cua dung
dich la:

pH=-lg[H"]1 =18

b. pH cia dung dich mudi cia da axit

e Truong hop cic mudi trung hoa cia cac da axit: NagPO,, K,COs3, NayS,...Khi hoa
tan trong nudc, cac mudi nay thé hién tinh chat cia mot da bazo va nhéan proton clia nude
theo tirng nic, cac nic sau yéu hon nic trude rat nhidu. Vi vay, khi tinh toan pH cta cac
dung dich nay thuong bé qua kha ning nhan proton & cic nic sau nén tinh pH ctia dung

dich nay dugc don gian hoa nhu tinh pH ctia dung dich don bazo yéu.

Thi du: Tinh pH cta dung dich NagPO, 0.1M? Biét hang s6 axit K5 ctia HsPO, 12
4,210
Trong dung dich ton tai cic cin bang sau:
NazPO, — 3Na' +PO,*
PO,* +H,0 < HPO/ +0H™ Ky
H,O <H +0H"
[PO,*]=Cg=0.1M

55



K
_ [HPOjf].[OHf] _ __HO 107 — 10 L6

K - =
L [POZ] K, 7 4210"

Gia st [H'] rat nho so voi [OH], ¢6 nghia 14 bo qua cin bang cua nudce. Khi do:

Cg = [PO,*] + [OH ] va [HPO,*] = [OH ']
Hay [PO,*]=Cg—[OH ] va [HPO,*] =[OH ]
Thay vao phuong trinh hing sb bazo Ky, ta co:

P (<la

Cz —[OH]
Hoic [OH 7%+ Kp;. [OH ]-Kp. Cg=0
Thay Ky = 10 2% va Cg = 10" vao phwong trinh trén va giai phwong trinh bac hai d6i
v6i bién [OH] két qua thu duoc 1a:
[OH ]=4,61.10"
Suy ra[H] =10

R6 rang [H]<<[OH "] nén pH cua dung dich dugc tinh don gian bé qua can bang cia

nudc va pH = 11.62
e Truong hop dung dich mubi axit: NaH,PO,, Na,HPO,, NaHCO,

Gia su c6 dung dich mudi axit NaHA c6 néng dd Ca, NaHA 1a mudi cta axit H,A ¢
hang s axit theo tirng nac K; va K
Khi d6 trong dung dich ton tai cac cin bang sau:

NaHA —» Na"+HA"~

HA™ o H'+ A% K,
HA™ +H < HLA K,
H,0 < H" +OH"~ Ki,0

Nhu vay, trong dung dich mubi axit cia cac da axit vira thé hién ca tinh axit vira thé
hién tinh bazo bdi nd vira nhan proton cua nudc vira cho nudc proton

Tir cac phuong trinh bao toan proton, phuong trinh bao toan khdi lwong va cic hing
s6 K4, K, nguoi ta da chimg minh duoc rang pH cua dung dich nay khong phy thudc vao

nong dg ban dau cua dung dich muoi ma chi phu thudc vao cac hang s6 Ky, K,

1
pH = > (PK; +pKy) (2.20)

56



Thi du: Tinh pH cua dung dich NaH,PO, va dung dich Na,HPO, ? Biét axit HsPO, c6
cac hang sb axit K; = 7,6.10° K, =6,2 . 10°® Ky =4,2.10"
Xét truong hop dung dich NaH,PO, trong dung dich ton tai cac cin bang sau:
NaH,PO, — Na’ + H,PO,~

H,PO,” < H' +HPO,” K,
H,PO,  + H" < H;3PO, K,
H,O0 & H + OH"™ Ku,0
Ap dung cong thirc tinh pH cho dung dich mudi axit cua da axit (2.20) pH =

%(pKl +pKy) = %(2.12 +7.21) = 4.67

Xét truong hop dung dich Na,HPO, , trong dung dich ton tai cac can bang sau:
Na,HPO, — 2Na* + HPO,*

HPO,? < H"+PO,* K,
HPO,% + H' < H,PO, K,
H,0 < H' +OH" Ki,0

Khi 6, pH cta dung dich mudi axit cua da axit nay duogc tinh theo cong thirc (2.20)
pH = 1 (pK, +pK3) = 1(7.21+12.36) = 9.79
2 2

IV. Phin irng két tiia
1. Tichsotan T

Xét dung dich bdo hoa mét chat it tan tong quat A,Bn . Trong dung dich bdo hoa
nay ton tai cin bang sau:

AB, <nA+mB
Khi d6, tich sb tan cua A,B,, ki hiéu T A,B, cO cong thirc nhu sau:

TapB, =aj.ag (2.21)
Trong d6, as va ag 1a hoat do ciia A va B
Tuy nhién, A,B, 1a chét it tan nén trong dung dich bao hoa A,B, thi néng do A va
B rit nhé néu khong c6 mat cac ion la khac. Vi vay, hé sb hoat do cua dung dich nay coi
xap xi bang 1. Do d6, biéu thirc tich s tan cta chat it tan A,By, 1&:
Tag, =[AIBI"  @21)

Biéu thuc (2.21) va (2.21°) 1a cong thuc biéu dién quy luat tich sb tan ctia mot chat
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Thi du: Chét it tan AgCl c6 can bang sau:

AgCl < Ag* +ClI~
Tich s6 tan ctua AgCl la:
Tagal = [A9+]-[C| ]

2. Diéu kién tao thanh két tiia va hoa tan két tiia

Theo quy luat tich s6 tan cho thay:
o Khi Tag, > [A]" [B]" thi téc do phan ng hoa tan két tia 16n hon toc do phan
g két tha ttrc 1a dung dich chua bao hoa nén con tiép tuc hoa tan duge A,By,
e Khi Tag, <[A]" [B]" thi téc do phan tmg hoa tan két tiia nho hon téc do phan
g tao thanh két tia tirc 1a dung dich qua bdo hoa nén xuét hién két tia A,By,
e KhiTag, =[A]" [B]" téc d6 phin Gmg hoa tan két tia bang téc do phan tmg tao

thanh két tia tirc 13 dung dich bdo hoa, khong thé hoa tan duoc thém A,B,, va bat dau
xuét hién két tia A,By,

3. D¢ tan S ciia két tiia

D6 hoa tan S ciia mot chét 1a ndong do cua chat d6 trong dung dich bio hoa.

Do hoa tan S la dai luong dac trung cho dung dich bao hoa va thuong dugc tinh
theo don vi mol/lit

Thi du : D6 hoa tan cia BaSO, 1a 10 ~° mol/lit ¢ nghia 1a trong 1 lit dung dich
BaSO, bo hoa thi c6 10 ~° mol BaSO, hoa tan

4. Quan h¢ giiva dp tan S va tich sé hoa tan T

Xét phan tng hoa tan ciia chat it tan téng quat A,By, trong nudc:
AB, <©nA+mB
Ky hiéu S 1a d¢ hoa tan cua A,By, trong nudc (mol/lit).
Tas, latich sb tan ciia A,Bp,
Xét trong 1 lit dung dich bdo hoa, S 14 nong do cta A,B,, thi nong do cua A va B
phan ly ra 1an luot 1 nS va mS

AB, < nA+ mB
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S nS mS
Khidé: Tap = [A]".[B]™ = (nS)". (mS)" = n".mm.smm (2.22)

TAn Bm

Hoac S=m+m n".m"

(2.22%)
Biéu thuc (2.22) va (2.22°) biéu thi mbi quan hé giira d6 hoa tan S va tich sé tan T
Thi du 1: Tinh d6 hoa tan ctia Cag(PO4), trong nudc ¢ 20°C biét rang ¢ nhiét do d6
T cay(PO,), = 10 %*°

Phan g hoa tan cta chat it tan Cag(PO,), trong nudc la:
Cag(PO,), < 3Ca** + 2P0O,*~
Goi S 1a d6 hoa tan ctia Cas(PO,), trong nude ¢ 20°C, don vi mol/lit. Khi d6 trong
1 lit dung dich bdo hoa Cag(PO,), ¢6 S mol Cas(PO,), va 3S mol Ca?*, 2S mol PO,*
Cag(PO,), < 3Ca** + 2P0O,*~

S 3S 2S
Ta co: T ca, (PO,), = (39)°.(25)°=108.S° =10 %°
10—32.5
_5 —1n-69 _ 7
Suy ra S= 108 ~ 10 =13.10" M

Thi du 2: Tinh tich sb tan ctia Mg(OH), & 20°C? Biét rang trong 100ml dung dich

bao hoa ¢ nhiét d§ nay co6 chtra 0.84mg Mg(OH),

Do hoa tan S ctia Mg(OH), ¢ 20°C |a:
= 0,84.10
1000.58
Phéan tng hoa tan Mg(OH), trong nuéc ¢ 20°C:
Mg(OH), < Mg* + 20H "
S S 2S

=14.10 *M

Ap dung cong thtrc (2.21) tinh tich s6 tan T Mg(oH), VO1 n=1, m=2:

T mg(oH), =n"m™s"™M=4.(1,4.10%°=1,1.10 *

5. Swlam bin két tiia do céng két va két tiia sau
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Trong trudng hop st dung phan tng két tia dé tach mot ion nao dé ra khoi hdn hop
cac ion khac thi thuong khong thé tach két tia & dang tinh khiét ma n6 thudng o 1an cac
tap chat. Hién tuong d6 goi 12 sy 1am ban két tia

Khi tap chét két tia dong thoi cung v6i két tia chinh thi goi 13 sy 1am ban két taa do
cong két. Con khi tap chit chi két tiia sau khi két tiia chinh da két tia thi goi 13 hién tuong
1am béan két tua do két tia sau

Pé thu dugc két tha c6 do tinh khiét cao thi thudng phai nghién ctru diéu kién tién

hanh két taa thich hop va déi khi phai tién hanh két tia lai nhiéu lan
6. Két tiia phéin doan va két tiia keo
a. Két tia phin doan

Néu trong dung dich c6 chira mot s6 ion c6 kha ning tao két tiia véi cing mot ion
khac nhung cac két taa hinh thanh c6 do hoa tan khac nhau nhiéu nén céac két tia 1an luot
duoc hinh thanh & cac thoi diém khac nhau. Hién tuong tao thanh lan luot cac két tua do
goi 1a két tia phan doan

Thi du: Cac ion C1~ va |~ ¢6 kha ning tao két tia véi ion Ag" nhung Tag =10~ 1
Tager = 10 ™ nén khi cho ion Ag* vao hdn hop dung dich chira C1 va |~ thi Agl sé& két

tha trude, AgCl két tua sau
b. Két tiia keo

Trong mét sb trudng hop tich sd néng do cla cac ion tao thanh két tua trong dung
dich da vuot qua gia tri tich s6 tan nhung két tia van khong tach ra dugc ma chi hinh
thanh céc hat rat nho lo ling trong dung moi. Hién twong dé goi 1a két tua keo

Khi loc dung dich keo thuong kho khan vi cac hat keo thuong nho nén phai dung
loai gidy loc min va rat kho chay. Khi rira két tia keo thuong phai nghién ctru chon dung

moi thich hop dé tranh hién twong tai keo trong dung moi dé
V. Phan &ng oxy hoa khwr
1.  Khdi niém
e Khai niém chit oxi hoa va chat khir: Chat oxi hoa 1a chat c6 kha ning nhan

electron. Chat khir 13 chat c6 kha ning nhudng electron
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Chét oxi hoa sau khi nhan electron s& trd thanh chat khir goi 1a chét khi lién hop véi
n6. Mdi cip oxi hoa-khir lién hop dugc biéu dién bing phuong trinh sau:

Ox+ne < Kh

Trong do:
Ox 12 ki hiéu chat oxi hoa
Kh 1a ky hiéu chét khir
n 1a sb electron ma Ox nhan dé tré thanh Kh
Thi du:
Chat oxi hoa Chat khir Cap oxi hoa -khtr
Fe¥ +1e Fe?* Fe¥/Fe?
Zn** + 2e Zn Zn?*/Zn
Cl, + 2e 2CI° Cl,/ Cl~

e Phan tng oxi hoé- khir: 1a phan mg hoa hoc trong d6 xay ra su trao doi electron

gitra chat oxi hoa va chét khir

aOx; + bKh, < cKh; + dOx,
Thi du: Khi nhiing thanh kém kim loai Zn vao dung dich déng sunfat CuSO, sé
xdy ra phan g oxi hoa-khur sau:
Zn + CuSO, < 2ZnSO, + Cu
Kh; Ox, 0)'¢] Kh,
Zn—2e o Zn*

Cu¥+2 < Cu
2. Thé oxy hod khir

Dbi voi chat chat oxi hoa, kha ning nhan electron cang dé thi tinh oxi hoa cang
manh va kha ning nhan electron cang kho thi tinh oxi hod cang yéu. Pdi voi chét khir,
kha ndng nhuong electron cang manh thi tinh khir cang manh, kha nang nhuong electron
cang kho thi tinh khir yéu

Trong mdt cap oxi hod- khir lién hop, néu chat oxi hoa cé tinh oxi hod cang manh

thi chat khir lién hop c6 tinh khir cang yéu va nguoc lai
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Trong hai cip oxi hoa- khir lién hop, néu tinh khir ctia cip thtr nhat 16n hon tinh khir
ctia cdp thir hai thi tinh oxi hoa cua cip thtr nhit yéu hon tinh oxi hoa cua cip thir hai va
nguoc lai.

Nhu vay, dé danh gia tinh oxi hoa va tinh khir cia mot cip oxi hoa khir ngudi ta dua
ra khai niém thé oxi hoa-khtr. Thé oxi hoa khir dic trung cho cudng do chét oxi hoa va
chét khir cua cip oxi hoa-khir lién hop.

Ox +ne < Kh

Thé oxi hod khir cua cdp oxi hod- khir Ox/Kh duoc xac dinh theo phwong trinh

Nerst:

aax

aKh

0
E=E ox/kh+ S In (2.23)

Trong do: E 1a thé oxi hoa khir cia cip Ox/Kh
E . 14 thé oxi hoa khir tiéu chuan cia cip Ox/Kh
R 13 hing s6, R=8.315J
T 12 nhiét d6 tuyét doi (°K)
F 1a s6 Faraday, F=96500 C
n 1a sb electron ma 1 mol chit oxi hoa nhan
aox 12 hoat do ctia chat oxi hoa
axn 12 hoat d6 ctia chat khu
O nhiét @6 25°C, phuong trinh Nerst (2.22) dugc viét nhu sau:

0 0.059 a,
E=E + | X 2.23°
Ox/ Kh o g a,. ( )

Trong thuc té, khong thé xac dinh truc tiép gia tri tuyét dbi thé oxi hoa khir cua mot
cap oxi hoa khir lién hop ma chi xac dinh duogc gia tri trong ddi ciia nd so véi thé cua
mot cip oxi hoa khir khac. Thong thudng, thé oxi hoa khir ciia cac cip oxi hod- khtr dugc
so sanh véi thé oxi hoa khir ctia cap 2H'/H,. Vi viy, thé oxi hoa khir ¢ thé co gia tri

duong (+) hodc am (-)

Thi du 1: Tinh thé oxi ho4 khir ctia cp oxi hoa khir lién hop Fe**/Fe** & 25°C, biét
[Fe*] = [Fe**] = 0.1M va E° =0.77V?

Fe3+ / F€‘2+

Fe* + 1le & Fe**
Thé oxi hoa khir ctia cap Fe**/Fe?* ¢ 25°C la:

ap dung cong thic (2.227)
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0 0.059  aox 0.039 1

E=Eox/kn+ g5 =077+ —lg T =077V
Kh .

\ A . r 0 Lt A A 0 5 ) - . r 5 1A p A
Duya vao thé oxi hod khur tiéu chuan E” ctia cac cap oxi hoa-khur lién hop c6 thé so
sanh cuong dd chat oxi hoa va chat khir cuia cac cdp dé voi nhau: Thé oxi hod-khir cta
cadp oxi hoa-khtr lién hgp nao cang cao thi chat oxi hod cua cap d6 cang manh va chat khu

cang yeu.

0
Thi du 2: Cho E ¢ 2+ /oy = 0.337V

0
E ped /R =0.77V

Hay so sanh tinh chat oxi hoa- khir ctia 2 cép oxi hoa- khir trén?

0 0 )
Vi E ¥ o2 = 0.77V > E ¢ 2+ ycy = 0.337V nén tinh chat oxi hoa cta Fe**

manh hon Cu®* va tinh chét kh cua Cu manh hon cuia Fe?*

3.  Cdc yéu t6 anh hwéng dén thé oxi hod khir. Thé oxy hod khir tiéu chudn diéu

ki¢n

Trong thuc té, chat oxi hod va chat khir ciia mot cip oxi hoa-khtr lién hop thuong
tham gia vao cac phan Gmg phu nhu phan tmg axit-bazo, phan Gmg tao phirc, phan tng két
tda,...Vi vay, thé oxi hoa khur cia cac cap oxi hoa- khir d6 phu thuoc vao nhiéu yéu tb

nhu d6 axit, phan Gmg két tia, phan tng tao phuec,...

Pé danh gia ding cudng d6 chat oxi hod va chat khir trong cac diéu kién cu thé
ngudi ta tinh thé oxi hoa khir diéu kién. Thé oxi hod khtr d6 dugc tinh dya trén thé oxi

hoa khir tiéu chuan trong cac diéu kién cu thé phan mg
4.  Chiéu ciia phdn irng oxi hod-khir

Gi4 st c6 phan g oxi hod-khur sau:
Ox; + Kh, < Kh; + Ox; *)
Ox4/ Khy 1a ca@p oxi hoa-khir thir 1
Ox,/ Kh; 1a cap oxi hoa-khir thir 2
E, 1a thé oxi hoa khir ctia cip Ox,/ Khy
E, 1a thé oxi hoa khir ciia cip Ox,/ Kh,
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Truong hop E; > E, thi phan tng (¥) xay ra theo chiéu tir trai sang phai
Truong hop E; < E, thi phan tng (¥) xay ra theo chiéu tir phai sang trai
Truong hop E; = E, thi phan tng (*) dat trang thai can bang

Thi dul: Cho phan Gng
Fe + Cu”* < Fe” + Cu
0 .0
E o2t /pe =-0.44V VA E 2+ ), = 0.337V
Hay cho biét chidu ctia phan tmg trén trong diéu kién [Cu®*] = 0.01M, [Fe**] = 1M?
Xét qué trinh: Fe—2e < Fe*
Thé oxi hod khur cua cap Fe?*/Fe la:

0 0059
Ere?/re =Ere?/ret — 7 lo([Fe”]) =-0.44+

2

9
lgl =- 0.44V

Xét qua trinh : Cu** + 2e < Cu

Thé oxi hoa khir ctia cap Cu®*/Cu la:

0 0.059 .
Ecu**/cu =Ecu?t/cu t n lg([Cu”])
0.059
=0.337 + > lg(10%) = 0.278V

E cuzt/cy = 0.278V> E g2+ g = -0.44V nén phan g xay ra theo chiéu:

Cu*" +Fe —Cu + Fe**
Viy phan Gmg trén xay ra theo chiéu tir trai sang phai

Thi du 2: Cho biét chiéu cua phan tng giita 2 cip oxi hoa-khir lién hop Fe®*/ Fe**
va Sn**/Sn* trong trudong hop [Fe**] = 0.01M, [Fe®] = 0.1M, [Sn**] = 0.1M, [Sn**] =

X EO EO
0.001M? Biét =pg3+ o2+ =0.771V, g4+ ,g02+ = 0.15V

Xét cap oxi hod-khtr thir nhat:
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Fe** +1le o Fe?
Thé oxi hoa khir didu kién cta cip oxi hoa-khwr lién hop Fe**/ Fe* Ia:

0 0.059 , [Fe*]
EFe3*/Fe2*+ 1 Ig([Fe%])

Fe3+ / Fe2+ =

0.01
=0.771 +0.050.Ig(~5 1) =0.712V

Xét cap oxi hoa- khur thir 2:
Sn*" +2e <Sn?

Thé oxi hod khir ctia cip oxi hoa- khir lién hop Sn**/ Sn#* 1a:

0 0.059 . [Sn*]
ESn4+/Sn2+ = ESH‘H/SHZ+ + T Ig( [Sn 2+] )

0.059 01
2 195001

=0.15 + ) = 0.209V

Vi E,:e3»+ | Fe2+ > E Sn**t / Sn2+ nén phan Ung gitra 2 cap oxi hoa- khtr lién hop

d6 xay ra theo chiéu sau:
Fe* +Sn* -  Fe* +Sn™
5. Hdng sé can bang ciia phan iing oxi hod khik

Gia str co phan tng oxi hoa-khir sau:
aOx; + bKh, < aKh; + bOx,
Trong do: Ox; va Khy 1a cap oxi hoa-khtr lién hop thr 1
Ox, va Kh; 1a cap oxi hoa-khir lién hop thir 2
Hing s can bang cua phan tng oxi hoa- khir trén 1a:
[Kh,]*.[OX,]"
= IKn,I".[OxT*

Khi phan tmg dat trang thai can bang thi ta ¢6 phuong trinh sau:
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0 0 0.059
Eox, /kn, - Eox, rkn, = — IgK (2.24)

n(EL—EJ)

Hoick=10 009 (2.24)

Thi du: Tinh hang s can bang cia phan tng:

Ce* + Fe*" o Ce® + Fe**

0 0
Cho E Ce4+ /Ce3+ =155V, E Fed" /Fe2t = 0.77V

Ap dung cong thiic (2.24°) ta tinh dugc hang sé K cta phan Gng trén:
n(EL—ED) 1.(1.55-0.77)

K =10 0.059 - 10 0.059 ~10 134

VI. Phan trng tao phirc
1.  Khdi ni¢m

e Phirc chat: La loai hop chat sinh ra do ion don (thuong 1a cac ion kim loai) goi 1a

ion trung tdm két hop véi cac phan tir hodc ion khac goi 13 phdi tir

Thi du: ion phtrc [Ag(NHj3),]" tao thanh boi cation kim loai Ag” 1a ion trung tam va
hai phan tir NH; goi 1a cac phdi tir. Trong dung dich c6 can bang sau:
Ag(NH3)2+ <:>Ag+ + 2NH3
e S phdi tri: trong phtrc chit, s6 phdi tir lién két véi ion trung tAm goi 1a s6 phdi
tri. SO phéi tri thuong 13 s chin 2,4 va 6. Ching han nhu: Ag(NHs)," , Ag(NHs),,

Ag(NH;)s", Cu(NH3),%*, FeFg,...

e Phitc don nhan, phirc da nhan: Nhitng phirc chit chi c6 mét ion trung tdm goi 1a
phirc don nhan. Nhitng phirc ¢6 nhiéu ion trung tim cung loai hodc khac loai goi 14 phirc

da nhan.

Thi du: Ag(NH3)s*, Cu(NHs),**, FeFs® Ia cac phirc don nhan.

Cuz(OH),**, Fe,(OH),**, (CN)sCoNH,Co(NH3)s™" goi 1a cc phirc da nhan
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e Phirc di phdi: La phirc ¢6 nhiéu phdi tir khac nhau. C6 2 loai phtrc di phdi : phirc
don nhan di phdi va phtrc da nhan di phdi
Thi du: Pt(NH;),Cl,, Co(NH3)3(NO; ), 1 cac phirc don nhan di phbi.

(CN)sCoNH,Co(NH3)s>*, (NH3)sCr(OH)Cr(NHs)s>* 1a cac phirc da nhan di phi

e Phitc don cang, phtc da cang: Phirc don cang 13 phtc chat ma phdi tir chira mot
nguyén tir lién két v6i ion trung tim. Phic da cang 1a phirc cht ma phd tir tao vé6i ion

trung tdm mot hay nhiéu vong kin
2.  Phan logi

Dua vao thanh phan cta phirc c6 thé chi phirc chit thanh 3 loai sau:

- Phuc tao bdi ion trung tAm 1a cation kim loai va phdi tir 1a cac phan tir cac chat
v co. Ching han nhu: Al(H,0)s>*, Cu(NH3).>", Co(NH3)s™",...

- Phtrc tao boi 1on trung tam 1a cation kim loai va phéi tr 1a anion vo co. Thi du:
FeFs¥, AgCl3%, Ca(S0,),% ...

- Phtc tao boi ion trung tAm 13 cation kim loai va phdi ttr 13 anion hodc phan tir

chét hiru co. Thi du: Fe(C,04)5” ...
3. Danh phéap

Goi tén mot phirc chit theo quy tic chung nhu sau: Goi tén phdi tir + tén ion trung
tam:
- Néu phdi tir 1a gbc cua axit chta oxi thi thém dudi “O” vao tén gdc axit

Thi du: Phéi t 1a SO,% : sunfato, NO5™ 14 nitrato

- Néu phdi tir 13 ion halogenua thi thém dudi “O” vao tén halogen

Thi du: Phdi tir 1a F 1a floro, CI” 1a cloro, Br ™~ 1a bromo,...

- Néu phdi tir 1a cac ion khac duoc doc theo tén riéng nhung ciing c¢6 dudi “O”

Thi du: phdi tir 1a H™ 12 hydroxo, O% oxo....
-S4 phdi tri duge doc tén theo chit sé Hy Lap dit trudc tén phdi ti:

1: mono (it dung) 5: penta 9: nona
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2: bi 6: hexa 10: deca
3: Tri 7: hepta 11: nodeca

4: tetra 8: octa 12: dodeca

- Néu ion phirc 13 cation thi thém vao sau ion trung tdm chit s6 La M3 viét trong
dau ngodc chi hoa tri ctia né

- Néu ion phtrc 13 anion thi thém dudi “at” vao tén ion trung tm trude khi thém
chit s6 La M3 chi hoa tri

- Néu phtc 1a phan tir trung hoa thi goi né nhu goi cation phirc

Thi du: [Ag(NH3),]|CI: diamino bac (I) clorua
K3 [Co(NO,)e]: kali hexanitro cobanat (111)

[Co(SCN)(C,04)(NHs5)3]: oxalato thioxianato triamino coban (111)

4. Hang sé bén va hang sé khéng bén cia phike chat
Trong dung dich, phurc chit c6 can bang thuan nghich sau:
ML, <= nM+mL (1)
Trong can bang (1), chiéu tir trai sang phai 1a chiéu phan ly phirc chat. Pic trung cho
qua trinh ndy, ngudi ta dua ra hang s6 khong bén cua phirc chat K:

_[M]".IL]"

K= M L] (2.24)

Trong can bang (1), chiéu tir phai sang trai 1a chiéu tao thanh phtic chat. Pic trung
cho qua trinh ndy, nguoi ta dua ra hing s6 bén cta phtic chat &:

M, L]

—nm._ 2.25
[M]".[L]" (229

§ =
Trong d6: ML, 12 ki hiéu tong quat clia phtrc chat
K: 13 hing s6 khong bén cua phirc chit
&: 1a hing s6 bén cua phirc chat
[M]: La ndng do ciia ion trung tim
[L]: Nong do cta ion phdi tir

[MnL]: néng dd cua phtic chét
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Tir biéu thire (2.24) va (2.25) cho thiy hing sb bén & 1a nghich dao cua hang sé khong
bén K va nguoc lai:

1
K

6= (2.26)

Phtrc chét ndo c6 hiang s6 khong bén cang nho thi hing sb bén cang 16n nghia 13 phirc

d6 cang bén, phan ly it va nguoc lai.
Thi dul: Trong can bing

[Cd(NH3)s*'] < Cd** + 4NH;
Cho hing s6 khong bén K = 2,5 .10, Hiy tinh hing s bén?

Hing s6 khong bén cua phire chat 1a K:

« = [Ca TINH ] _

3L =25.107
[Cd(NH,);']

Hang so bén cta phuce chat 1a o:

[Cd(NH,)2'] _

L4108
[CIZTINH,]* K

0=

Truong hop phitc chat c6 nhiéu phéi tir thi qua trinh hinh thanh va phan ly phirc chat
xay ra theo ting nic. Mdi nic dugc dic trung boi hang sé bén va hang sé khong bén
riéng ciia phirc trung gian. Dé tién cho viéc tinh toan, thuong dung hang s6 bén téng cong
clia cac can bang trong cac nac.

B =11p4=0;.0,. 03. 04.... (2.27)
Trong do: 5 13 hing sb bén tong cong cua phirc nhiéu phdi tir

0; 1a hang s0 bén cua phuc trung gian ¢ nac thu i

Thi du 2: Phuc chit [Zn(NHs),]*" hinh thanh theo 4 nic. Hiy viét cac cin bang
Xay ra trong ting nac va tinh hang s bén tong cong biét hang s bén trong timg nic lan

lwot 1a: 10 **%, 10 %, 10 >*, 10 *%°2
Zn* + NH; < [Zn(NH)]*

_ [Zn(NH)1*

_ - = 10218
[Zn*].INH,]

Py
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N o g B~ D

10.

[Zn(NH3)]** + NH; < [Zn(NHg) )™

_ [Zn(NH,), 1
P = T N, 0
[Zn(NH3),]*" + NH3 < [Zn(NH3)s]**
_ [Zn(NH3)3]2+ _1n 231
P = Zn(NH), 7 INHL] - 2
[Zn(NH3)3]2+ + NH; < [Zn(|\“‘|3)4]2+
ﬁg _ [Zn(NH3)4]2Jr _ 10 1.96

[Zn(NH,),]*".[NH,]
Can bang tdng quat cua phtrc [Zn(NH3),]*" 1a:
Zn*" + 4NH; < [Zn(NH3)]*

Véi hang s6 bén tong cong 3

B = BB, Bs-fy= 107

CAU HOI ON TAP CHUONG II
Trinh bay khai niém va biéu thirc cta tbc d6 phan timg? Cho biét cac yéu té anh
huong dén téc d6 phan ting?
Phét biéu ndi dung va biéu thirc ctia dinh luat tic dung khéi luong?
Can bang hod hoc 1a gi? Viét phuong trinh hing s can bang nong do?
Hoat d6 ion 14 gi? Hoat d6 anh hudng gi dén nong do?
Thiét 1ap cong thuc tinh tich s6 ion ciia nudc?
Trinh bay thuyét axit-bazo ctia J.N Bronsted?
Thé nao 1a cip axit-bazo lién hop? Thiét 1ap mbi quan hé giira hang sb axit va
hang s6 bazo ctia mot cip axit-bazo lién hop?
Thiét 1ap biéu thirc hing s axit va hang sb bazo? Cho biét y nghia cua cac dai
lugng d6?
Thiét 1ap cong thirc tinh pH ciia dung dich don axit manh va dung dich don bazo
manh?
Thiét 1ap cong thic tinh pH ctia dung dich don axit yéu va dung dich don bazo

yéu?



11.
12.

13.
14.

15.
16.
17.
18.
19.

20.

21.

22.

23.

24,
25.

Thiét 14p cong thuc tinh pH ctia dung dich hé axit-bazo lién hop?
Trinh bay quy luat tich sb tan? Cho biét diéu kién tao thanh két tia va hoa tan
két tta?
D6 hoa tan S 13 gi? Thiét 14p mdi quan hé giita 6 hao tan S va tich s tan T?
Thé nao 1a két tia phan doan va két tia keo? Cho biét anh huéng ciia chung
trong phéan tich?
Khéi niém phan g oxi hoa-khir ? Thé nao 1a cip oxi hoa-khir lién hop?
Thé oxi hoa khir 13 gi? Thé nao 13 thé oxi hoa khir tiéu chuan diéu kién?
Thiét 14p cong thic tinh hing s6 cin bang cua phan tng oxi hoa-khir?
Trinh bay khai niém vé phtrc chat? Cho biét mét sé loai phuc chat thudng gap?
Thiét 1ap biéu thirc hang s6 bén va hiang sd khong bén ciia phirc chat? Cho biét y
nghia cua cac dai lugng d6?
Tinh pH cua dung dich NH,CI 10 *M, biét Kyp, = 1,8.10°?
Cho dung dich NaOH 0.1M phan tng v6i 100ml dung dich H,SO,4 0.1M. Tinh
pH cua dung dich trong cac truong hop thé tich dung dich NaOH la: 50 ml,
150ml?
Dinh phan 100ml dung dich axit hiru co R-COOH ndng d6 0.1M bang dung dich
NaOH 0.1M. Biét hing s axit K, = 1,3.10 . Hay tinh pH cua dung dich tai cac
thoi diém sau:

- Khi chua cho NaOH vao chuéan d6

- Khi thém 50ml dung dich NaOH

- Khi thém 100ml dung dich NaOH

- Khi thém 101ml dung dich NaOH
Tinh tich s6 tan ciia BaSO, & 20°C, biét rang trong 100ml dung dich bao hoa tai
nhiét d§ do chtra 0.245mg BaSO,?
Tinh d6 tan ctia CaSOy, biét tich s6 tan cta né & 25°C 1a Tgaso, = 9,1.107° 2

Cho biét chiéu ctia phan tng giita 2 cip oxi hoa-khir lién hop 1,/21 ~va Cl,/2Cl ~?

P 0
Biét [1']=0.001M, [CI']=0.01M, E} ,, =0536vva E .o =136V
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PHAN THU HAI
CAC PHUONG PHAP PHAN TiCH HOA HQC

CHUONG III
PHUONG PHAP PHAN TiCH KHOI LUQNG

I. Nguyén tic chung ciia phwong phap phan tich khéi lwong

Phuong phap phan tich khdi lwong 14 phuong phap phén tich dinh luong cdu tir M
c6 trong dbi twong phan tich X bang cach tach hoan toan M ra khoi cac cau tir khac trong
mau dudi dang mot hop chat hod hoc MpA, c6 thanh phﬁn xac dinh. Dya vao luong can
cta doi tuong phan tich X va lugng can cia M A, dé tinh khoi lugng hodc ham lugng %

cua cau tir M ¢6 trong mau phan tich

Cau tir M ¢6 thé tach ra dudi dang hop chat it tan nho thudc thir thich hop roéi dem
loc, rira sach két tua, séy va nung dén khdi luong khong ddi rdi tién hanh can chinh xéac
khéi luong trén can phan tich. Truong hop, ciu tir xac dinh M dé bay hoi hodc c6 thé
chuyén thanh hop chat d& bay hoi thi phai tién hanh dun néng hoic nung miu phan tich
0 nhiét d0 cao va dya vao luong khoi lwong hut di dé tinh ham luong cua cdu tr M can

xac dinh

Thi du 1: Pé xac dinh ham luong Fe trong quing sat ngudi ta phai chuyén toan bo
Fe trong quing thanh Fe**. Sau do, lam két tua Fe** duéi dang Fe(OH)s. Loc, nung két
tha r0i can Fe,03 thu dugc dé tinh két qua ham luong %Fe trong quing?

Thi du 2: Pé x4c dinh nudc két tinh trong mubi BaCl,.2H,0, thuong sdy mubdi &
nhiét d6 cao dé dudi hét nudce va dua vao lugng can cua mudi trude va sau khi séy dé tinh

ham luong % cila nudc két tinh
Il.  Yéu cau ddi v6i dang két tiia va dang cin
1. Dang két tiia
- Trong phan tich khéi lugng, dang két tua 1a dang hop chét tao thanh khi cho thubc
thir tao phan g két tia véi cau tir xac dinh.

Thi du3: Dé xac dinh Ba trong mudi BaCl,.2H,0 , thuong lam két tua ion Ba?* dudi
dang mudi barisunfat BaSOy it tan. Sau d6, loc két tia, rira sach, séy kho, nung roi cAn.
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Trong thi du nay, dang két tia 1a BaSO,

Céc hop chét dung 1am dang két tia phai thoa man cc yéu cau sau:

> Két tiia phai thuc té khong tan, luong nguyén t can phan tich con lai trong dung

dich sau khi két tiia phai rat nho, khong vuot qua do nhdy cua can phan tich.

> Két tia phai c6 do tinh khiét cao. Néu c6 tap chét 1an vao thi d6 phai 1a loai tap

chat c6 thé loai 6 dugc dé dang khi loc, rtra, say va nung

> Két tia hinh thanh trong diéu kién d& xur 1y loc, rira

>

Dang két tia phai chuyén thanh dang can d& dang va hoan toan khi sy va nung

Thuén loi nhét 1a chon duoc két tua & trang thai tinh thé hat to vi ching it hép thu

tap chat, dé loc, dé rira

2. Dang cin

Dang can 13 hop chit ma ta do truc tiép khdi lugng ctia n6 dé tinh két qua phan tich.

Trong nhiéu trudng hop, dang két tia va dang can 1a mot. Tuy nhién, ciing c6 truong hop

dang

két tia c6 thanh phan khong xac dinh nén can phai xtr Iy dang két tua dé chuyén

thanh dang can c6 thanh phan x4c dinh va can duoc.

Trong truong hop phan tich & thi du 3, dang can cung vdi dang két tua 1a BaSO,.

Nhung trong thi du 1 trén, thi dang két tua 1a Fe(OH)3 , con dang can 1a Fe,O3

>

Yéu cau cua dang can st dung trong phan tich nhu sau:

Dang can c6 thanh phan c¢6 dinh dung vé6i cong thire hod hoc xac dinh. Vi khi tinh
toan két qua phan tich ta phai dwa vao khéi lugng va cong thirc hod hoc cia dang

can

> Dang can phai kha bén vé mit hoa hoc, khong bi thay d6i trong qua trinh thao tac

phan tich nhu: khong tu phan huy, trong khong khi khong hit 4m, khéng tac dung

vo1 oxi va khi CO, ,...

> Ham luong cia cau tir cin phan tich trong dang cin cang nho cang tét. Dicu nay

nham gidm sai s6 mac phai khi thao tac phan tich nhu can, do, rtra,...

Dieu kién ket tia hoan toan mot chat
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Khi tién hanh két tia mdt ion ndo do, can phai tim diéu kién t61 uu dé chuyén ion

do6 vao két tua hoan toan. Diéu ki¢n dé két tua hoan toan mét chat phu thudc vao nhi€u

yéu to:

V.

Tich s tan cua két tia cang bé thi két tia cang it tan. Mudn két ta hoan toan mot
chat can tinh toan luong thudc thir thich hop. Trudng hop két tia khong tan trong
thudc thir du thi nén dung du thude thir so véi luong tinh toan 1y thuyét gip 2-31an
dé 1am giam d6 tan cta két tia. Néu két tia tan trong thudc thir du thi phai tinh
toan lwong thudc thir vira di dé tranh hién twong 1am tan két tia nhung van phai
dam bao ion can xac dinh di vao két tia hoan toan

Do tan cua két ta con phu thudc vao hiéu ung mudi trong dung dich, c6 nghia la
phu thudc vao céc chét dién ly trong dung dich béi chiing 1am thay d6i hoat do cua
cac ion

Do axit cling c6 anh hudng dén do tan cua két tua, dic biét khi thude thir 13 axit
yéu hoidc mudi ciia cac axit yéu. Khi d6, can phai tinh toan pH t6i wu cho qua trinh
tao két tua

Néu dung dich c6 mit cua cac chat ¢ kha ning tao phirc, can phai tim cach loai

b6 anh huéng ciia cac chét tao phuc d6 dé giir cho két tua khong bi tan
Piéu kién két tiia tinh Khiét va c¢é kich thwéc 16n

Qua trinh tao két tia xay ra rat phic tap. Bang thuc nghiém rut ra mot sé diéu

kién chung dé thu dugc két tia co do tinh khiét cao va co kich thudc 16n nhu sau:
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Doi voi két tiia tinh thé: DE thu duge két tiia ¢ kich thude tinh thé 16n can tién
hanh két taa that cham tir dung dich néng, phai tién hanh két tia tir dung dich
lodng va phai thém thudc thir tir tir ting giot két hop v6i khdy tron déu dé tranh
hién tugng qué bao hoa cuc bd. Sau khi két tha xong phai dé yén dung dich mot
thoi gian dé tang kich thudc ciia cac tinh thé bé

Dbi v6i két tha vo dinh hinh: Can tranh hién tuong tao thanh dung dich keo. Tién
hanh két tua tir dung dich ddc, néng va qua trinh két tiia phai nhanh. Pong thoi,
thém mot sb chat dién ly hoac chat dong tu keo thich hop. Sau khi két taa xong
phai pha loang dung dich bang nuéc nong dé tranh hién twong hip phu tap chit 1én

bé mit két tua va phai tién hanh loc, rira ngay.

K¥ thuat phan tich



Qua trinh phan tich theo phwong phap phan tich khdi lugng bao gdbm céc giai
doan chu yéu sau: can mau, chuyén mau vao dung dich, két tia cdu tir cAn phan tich, loc

rua két tua, sdy va nung két tia, can va tinh két qua
1. Cin mau

- Lay luong mau phan tich phai thich hop. Khong nén 1iy luong mau qua bé vi s&
mic phai sai sb 16n khi can. Tuy nhién, viéc ldy lugng mau qua 16n khong thuin
tién cho qua trinh phan tich: luong két tia qua 16n, mat nhiéu thoi gian loc ria, ton
thudc thir, khong phu hop vé6i cac dung cu phan tich thong thudng trong phong thi
nghiém,..... Thong thudng khi phén tich cac cdu tir c6 ham luong 16n thi iy mau
tir 0.2gam dén 1gam con néu phan tich cac ciu tir c6 ham luong vét thi tuy theo
mau co thé lay 10-100gam

- Khi tién hanh can miu phai can chinh x4c bang cin phan tich c6 do nhay cao

+0.1-0.2mg
2. Két tiia cdu tiv phén tich

- Lam két tha cdu tr cAn phan tich trong mau bang dung dich thudc thir thich hop:
két ta tao thanh c6 do tan bé nhat, thudc thir phai c¢6 tinh két tia chon loc khong
lam két tua dong thoi cac cdu tr khac trong mau phan tich. Chon thudc thir va
lwong du cta nod sao cho sau khi lam két taa, luong can can xé4c dinh trong dung

dich khong vuot qué gidi han do chinh xac ctia phép can

- Tién hanh két ta trong cac diéu kién t6i vu dé két tiia hoan toan ciu tir cin xéac
dinh va két tia co kich thudc 16n. Néu két tia tinh thé thi nén tién hanh 1am két tia
tir dung dich lodng bang cac thudc thir lodng. Néu két tiia 1a v dinh hinh thi nén

két tha tir dung dich dic bang thudc thir c6 ndng d6 cao va 1am két tia nhanh
3. Loc va riva két tiia

- Pé loc két tna thuong sir dung loai gidy loc khong tan dic biét (gidy loc khi chay
hét luong tro con lai khong dang ké), kich thudce 18 gidy loc tir 2-6 #M . Tuy thudce
vao loai két tia ma chon loai gidy loc min “bing xanh”, gidy loc thd “bing d6”,

“bang vang” hodc “bang trang” va loai phéu loc phu hop.
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- Trude khi loc phai tim w6t gidy loc va cudng phéu dit sat thanh cdc himg dung
dich. Khi loc d6 dung dich tir tir vao phéu theo diia thuy tinh, gan phan dung dich
nudc trong trudc sau d6 chuyén két tna 1én gidy loc

- Sau khi loc xong, can rira sach két tia dé loai bo céc tap chét nhung tranh lam tan
két tiia. Vi vay, can phai chon dung dich nudc rira pht hop. Néu thude thir 13 chat
dé bay hoi hoic d& phan huy khi siy va nung két tua thi c6 thé thém thudc thir vao
nude rira dé lam giam sy hoa tan két tia. Dé tranh hién twong peptit hoa ciia két
tia keo thi sir dung nuée rira 13 dung dich chit dién giai. Néu két tua it tan, khong
bi phan huy, khong bi peptit hoa thi chi cin rira bang nudc cit

- Khi rira can chia dung dich nudc rira dé rira 1am nhiéu 1an va can dé nudc rira 1an

trudc chay hét méi tiép tuc rira 1an sau
4. Sdy va nung

- SAy va nung két tia nham chuyén dang két tia thanh dang can, D6i voi dang két
ta chi can sdy dé chuyén thanh dang can thi phai sy nhiéu 1an dén khi két taa co
khéi luong khong thay doi trong tii sdy o nhiét do 95-105°C.

- Truong hop két tia can phai nung dé chuyén thanh dang can thi sy kho két tia
trong ta sdy khoang 20-30ph. Sau d6 1ay két tua ra cho vao chén nung va dit vao
16 nung. Nung trong vong 1 gio thi ldy chén nung ra dit vao binh hat am lam
ngudi dé can. Sau do, lai dem nung khoang 20 phut thi lai lip lai qua trinh nay dén

khi khdi lugng két tiia khong thay d6i méi ding lai
5.  Can va tinh két qud

- Can san pham kho: Sau khi két tia da kho hoan toan thi dem can khéi luong két
tha bang can phan tich c¢6 d6 chinh xac cao ¢& 0.1- 0.2mg

- Tinh két qua phan tich: Can ct vao khdi luong két taa thu dugc, cong thirc hoa
hoc ctia dang can va khéi lugng miu dé tinh két qua ham luong cau tir can phan

tich trong mau
VI. Pham vi &rng dung ciia phwong phap

Phuong phéap phén tich khéi luong 1a mot phuwong phap phan tich ¢6 dién. Phuong
phap nay chu yéu dé xac dinh khdi luong nguyén tir ciia cac nguyén td va xac dinh thanh
phan hoa hoc cua cac chat. Khi xac dinh cac cdu tir ¢ lugng 16n va trung binh thi phuong

phap nay cho két qua chinh xac cao va dang tin cdy (chinh xac d&én ~0.1%). Vi viy,
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phuong phap nay con duoc st dung 1am phuong phap tiéu chuin dé danh gia do chinh
xac cua cac phuong phap khac.

Nhuoc diém 16n cua phuong phap phan tich khdi lwong 13 qué trinh phan tich ton
nhiéu thoi gian, phai trai qua nhiéu giai doan va thao tac phén tich phirc tap. Vi vay,
phuong phép nay khong dugc sir dung rong rai ma chi dung trong cac truong hop phan
tich doi hoi do chinh xac cao nhu kiém tra ham lwong cac nguyén t6 trong mau chuin,

kiém tra néng do dung dich chuan,....
VII. Cach tinh toan két qua trong phan tich khoi lwgng
1. H¢ 56 chuyén

Thong thudng trong phan tich khéi luong, dang can khong phai 14 dang can xac
dinh ham luong. Vi vay, tu khoi luong dang can can tinh khoi luong cua dang can Xac
dinh ham luong. Do d6, trong phén tich nguoi ta thuong dua ra khai niém hé sé chuyén.

Hé s6 chuyén 1a ti sd giita khdi luong cta cau tir can xac dinh trong dang can va
khdi lugng cua dang can d6. Ki hi¢u: K

Thi du: Truong hop cAu tr can xac dinh 1a MgO, dang can la Mg,P,0; thi h¢ )
chuyén K la:

K = 2Mg0 80
~ Mg,P,0, 222

=0.36

2. Tinh két qud phan tich

Sau khi dd xac dinh duoc hé sb chuyén, khdi luong dang can, khéi luong ctua mau
phan tich,... thi c6 thé tinh két qua phan tich. Thong thuong, két qua tinh theo phan tram
khéi lwong cdu tir can xac dinh trong mau phan tich.

Gia st khoi lwong mau 1a p (gam), khéi lwong dang can 1a q (gam), hé s chuyén
tir dang can sang dang phan tich 1a K. Khi d6, ham luong cua cau tir can xac dinh trong

mau phan tich 1a x(%):

X = Kxﬂx100 (3.1)

P
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Néu trudong hop mau 1a dung dich V(ml), khéi luong p (gam) va ly ra v (ml) dung
dich tir miu dé phan tich thi ham luong cu tir can xac dinh trong mau phan tich tinh theo

% khéi luong 14 x (%):

X=K><ﬂ><\i><100 (3.2)

P V
3. Mptsé thidu

Thi du 1: Dé dinh luong sit trong quing sit ngudi ta can 0.5150gam quing sit
hoa tan trong axit va oxi ho4 sét thanh sét III (Fe**). Sau d¢, lam két tua sit dudi dang
hidroxit sit Fe(OH)s, loc, nung va can dugc 0.2505 gam Fe,0s. Tinh %Fe trong quang?

Qua trinh phén tich duoc tom tat theo so d6 sau:

Quiing sit —»2Fe®" —2Fe(OH); — Fe,05
Trong d6:  Fe(OH); 12 dang két tua
Fe,Os la dang can
Hé s6 chuyén tir dang can thanh dang phan tich K 1a:
2Fe 2.56 _

L N
Fe,0, ~ 160 °

%Fe trong quing sat dem phan tich la:
Ap dung cong thie (3.1) v6i khéi lwong mau p = 0.5150g va khéi lugng dang can
g = 0.2505¢g

x = Kx35100 = 0.72x 2299 _ 100 = 35.020
0.5150

P

Thi du 2: Bé xac dinh ham lugng photpho trong mdt mau quang photphat nguoi ta
hoa tan 0.4180gam quing va lam két tiia photpho dudi dang MgNH,PO,.6H,0. Sau d6
nung dé chuyén thanh Mg,P,0;. Khoi luong Mg,P,0; can duogc bﬁng 0.2208gam. Tinh
ham lugng P,0O5 trong quang?

Qua trinh phan tich tom tit theo so do sau:

Quang —» MgNH4PO,4.6H,0 — Mg,P,0;

Trong d6:  Dang két taa 1a MgNH4PO,4.6H,0

Dang can la Mg,P,0,

Khéi lwong mau p = 0.4180g

Khéi lwong can q = 0.2208g
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Hé s6 chuyén K tir dang can thanh dang phan tich 1a

K——29s 142 g,
Mg,P,0, 222

Ham lugng P,05 c6 trong quang la:
Ap dung cong thic (3.1):

x— K x93 %100 =0.64x2229 100 —33.80%
0.4180

p

Thi du 3: Chuan hoa dung dich H,SO, theo phuong phap khdi lugng bang cach
lam két tua ion SO,* dudi dang BaSO.,.

Biét rang 50ml dung dich axit cho ta 405.6mgBaSO,. Tinh ndng 6 mol/lit ciia
H,S0,4?
Goi d (g/ml) 12 khéi luong riéng cua ctia dung dich H,SO,4 can chuan hoa. Khi do,
trong V=50ml dung dich H,SO, dem phan tich c6 khi luong 14
p =50xd(gam)
Ly ra v = 50 ml dung dich H,SO, d6 dé dem di phan tich thi thu dugc 405.6mg
BaSO, nén khdi luong dang can trong phan tich nay 1a:
q = 0.4056 gam.
Hé sd Chuyén doi tur dang can BaSO, sang dang phan tich H,SO, la:
K — H,S0, 98

= = =0.42
BaSO, 233
Theo cong thire (3.2) thi ndng do x (%) cua H,SO, trong dung dich dugc tinh 1a:
x=Kx9x¥ 100=0.42x 2406, 50 159 _034
p Vv 50d 50 d

Ap dung cong thirc chuyén d6i tir don vi nong d6 % khéi lwong x(%) ra ndng do
mol/lit ta tinh duoc ndng d6 mol/l Cy, cta dung dich H,SO, dem chuan ho4 1a:

xxd =10 0.34x10 3.4
M M o8

Vay dung dich H,SO, c6 néng do 0.035M

C, = — 0.035M
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CAU HOI ON TAP CHUONG III

. Trinh bay nguyén tic chung ctia phuong phap phan tich khéi lwgng? Cho biét dic

diém va ung dung cua phuong phap nay?

. Thé nao 1a dang két tha va dang can? Cho thi du va chi rd0 dang két ta, dang can?
. Trinh bay yéu cau cua dang két tua trong phwong phap phan tich khéi luong?

. Cho biét nhirg yéu cau dbi voi dang can dung trong phan tich? Dé dinh luong

canxi thi dang can nao sau ddy cho két qua t6t nhat: CaC,0,, CaO, CaSO,, CaF,?

. Trinh bay diéu kién dé két tia hoan toan mot chét trong phan tich khdi lwvong?

. Trong phan tich khdi lugng 1am thé nao dé thu dugc két tia tinh khiét va c6 kich

thuoc 1on?

. Trinh bay quy trinh phan tich mau theo phuong phap phan tich khdi lugng?

. Thé nao 13 hé sé chuyén tir dang can thanh dang phén tich? Tinh hé s6 chuyén d6

trong truong hop dang can 1a Mg,P,0; va dang can xac dinh ham lugng 1a Mg,
MgO, MgCO3?

. Pé xac dinh Mg trong quing magié ngudi ta dem két tia Mg trong 0.5gam quing

duéi dang MgNH,PO, biang dung dich Na,HPO, trong dung dich dém
NH;,OH+NH,CI. Sau d6, dem nung dé chuyén dang két tha vé dang can Mg,P,0;
thi thdy thu dugc 0.3515gam Mg,P,0,. Hay tinh phan traim khdi luong cia Mg

trong mau phan tich?

10.Ché hoa 0.75g mau thudc trir sau DDT (C4HgCls) véi HNO; boce khoi va lam két

tha clo thoat ra dudi dang AgCl dugc 0.239gam AgCl. Tinh % khéi luong DDT c6

trong thudc trir siu?



CHUONG IV
PHUONG PHAP PHAN TIiCH THE TICH

I.  Nguyén tic ciia phwong phap phan tich thé tich

_ Chéng han, can dinh luong cau tir X trong mau, nguoi ta tim cach chuyén mau thanh
dang dung dich bang mot dung méi thich hop. Sau d6, 1y chinh xac Vx ml dung dich thu
dugc va thém tir tr ting it dung dich thude thir R da biét ndng d6 vao dung dich dé cho
dén khi R phan tmg vira di v6i X. Khi d6 trong dung dich khong con du X va R. Can cir
vao ndng d6 va thé tich dung dich thudc thir 3 dung dé tinh ndng d6 cua X trong dung
dich theo dinh luat duong luong:
Ve -Cy.
Ny vV,
Trong d6: Vg 1a thé tich cua dung dich thudc thir tiéu ton (ml)
Vy 1a thé tich ctia dung dich mau X dem chuan do (ml)
Cn, la noéng do duong luong cia dung dich thude thir R
Cn, la ndng do duong luong cua X trong dung dich mau
Nhu vdy, phan tich thé tich thé tich 1a phuwong phap phén tich dinh luong cac chit
dua trén su do chinh xac thé tich cta dung dich thudc thir dd biét nong do (duoc goi 1a
dung dich chudn) can dung dé phan tng vira di v6i cu tir cin phan tich trong mau (goi
13 chat dinh phan). Sy thém dung dich chuan vao dug dich chat dinh phan d6 goi la su
chuan d6. Sau khi chan do, dua vao thé tich va néng do cua dung dich chuan d3 dung dé
tinh ra ham lugng cua cAu tir can phan tich dua vao dinh luat duong lugng
Thoi diém lugng thudc thir thém vao dé phan ung vira du voi chat dinh phan goi 1a
diém tuwong duong. Dé xac dinh diém twong dwong cua qua tinh chuin do nguoi ta
thudong dung nhiing chat giy ra su bién d6i c6 thé quan sat dugc & sat diém twong duong
nhu : sy thay d6i mau sic cua dung dich, su két tua,...Nhiing chit nhu vay duoc goi la
nhitng chat chi thi. Thoi diém ma tai d6 két thiic chuan do goi 1a diém cudi. Thong
thuong, diém cudi chuan do thuong khéng trang voi diém twong dwong vi khé co thé
chon duoc chat chi thi gy ra sy thay d6i dung tai diém tuong duong. Vi vay, phuong

phap chuan d¢ thé tich thuong mac sai s6

Il.  Yéu ciu doi véi phan ng dung trong phan tich thé tich
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Phan tng hoa hoc duoc sir dung trong phén tich thé tich con duoc goi 14 phan tng

chuan d6. Phan tng hoa hoc dugc st dung 1am phan tng chuin do phai thoa man cac

diéu kién sau:

Chét dinh phan phai tac dung hoan toan véi thude thir theo mot phuong trinh phan
g xé4c dinh, nghia 1 theo mét hé s ti lugng xac dinh

Phéan Gng phai xay ra nhanh. Ddi voi cac phan tmg chdm thi can phai lam ting tdc
d6 clia phan tng bang cach dun néng hodc dung chat xuc tac

Phén tng phai chon loc nghia 1a thudc thir chi phan Gmg véi chét can phan tich ma
khong phan g voi bat ky chat nao khac ¢ trong mau

Phéan tng phai c6 chét chi thi thich hop dé c6 thé xac dinh diém cudi chuin d6 voi
sai sO chép nhan duoc

Chinh vi nhitng yéu cau trén ma phan tmg dung trong phan tich thé tich bao gom
mot s6 loai phan tng sau: Phan tng axit-bazo, phan ung tao két taa kho tan, phan

ung tao phtrc va phan ing oxi hoa-khu
Phin loai cic phwong phap phan tich thé tich

Pé phan loai cac phuong phap phan tich thé tich, ngudi ta dya trén hai cin ct chinh

la: ban chat cta phan Umg chuan do va cach xac dinh diém tuong duong cuia qua trinh

chuan do
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Phdn logi theo bén chit ciia phan irng chuin d¢

Phuong phép axit-bazo (hoac phuong phap trung hoa): Phuong phap trung hoa
dua trén phan tng giita cac axit va cac bazo. Thuong st dung dé dinh luong cac
axit, bazo va mudi

Phuong phap két tia: Phuong phép nay cha yéu st dung dé dinh lugng céc ion c6
kha ning tao thanh cac hop chét khé tan, Tuy sb lugng cac phan tng tao thanh két
tia kho tan rat 1on nhung da sd cac phan tmg d6 xay ra rat cham va khé tim chét
chi thi thich hop nén viéc sir dung phuong phap nay trong phan tich bi han ché
Phuong phap phtic chat: Phuong phap nay dua trén phan tng tao thanh cac phirc
chét gitta thudc thir va cac chat can phan tich. Thuong st dung dé dinh luong hau

hét cac ion kim loai va mQt sO anion



- Phuong phép oxi hoa-khir: Phuong phép nay dua trén phan Gmg oxi hoa-khu dé
dinh luong truc tiép cac nguyén td chuyén tiép, mot sd chat hitu co va mot s ion

vO cO

2. Phén logi theo cdich xdc dinh diém twong dwong ciia qud trinh chudn d¢
- Céc phuong phap hoa hoc: Viéc xac dinh diém twong duong cia qua trinh chuan
d6 dua vao su bién d6i cua nhitng hién tugong quan sat dugc nhu: sy thay ddi mau
sdc cua dung dich, sy xudt hién két tia lam duc dung dich,...
- Céc phuong phap hoa 1y: Xéac dinh diém twong duong ctia qua trinh chuan d6 dua
vao su bién ddi dot ngdt cac tin hi€u vat 1y nao do6 cta dung dich phan tich nhu:

cuong d0 mau, do dan dién, dién thé cua dién cuc,...

IV. Cac phuwong phap chuin dd

Trong phan tich thé tich, tuy theo trinh ty tién hanh chuan d6 ngudi ta chia thanh

cac phuong phap chuan do sau:
1. Chudn d¢ truc tiép

Chuan d¢ truc tiép dugc tién hanh bang cach thém tir tir dung dich thude thir R vao
dung dich chat dinh phan X. Khi dé, thudc thir R s& phan tng truc tiép voi X theo
phuong trinh sau:

X+R > Q+Y
Dua vao néng d9, thé tich caa dung dich chuin R va cin ¢l vao phuong trinh phan

mg dé dinh luong cdu tir X trong mau
2. Chudn dp gidn tiép

Nguyén tic ctia phuong phap chuin do gian tiép nhu sau: Chuyén X vao mot hop
chét thich hop chua it nhat mot nguyén td 6 thé xac dinh truc tiép duoc bﬁng mét thude
thir thich hop

Thuong khi X khong thé tién hanh chuan d¢ truc tiép bang mot thudc thir thich

hop nao nguoi ta ¢d thé tien hanh chuan dd gian ti€p: chuan dg thé, chuan do nguoc

a. Chudn d ngwoc
Thém mot thé tich chinh x4c va du dung dich thudc thir R vao dung dich chat dinh
phan X. Sau d6, chuan d6 luong thude thir R con du lai (sau khi X phan tng hét) bang
mot dung dich thude thir R thich hop.
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X+R->Q+Y (1)
RiwtR - Q +Y’ (2)

Dua vao dung dich thudc thir B’ va phwong trinh (2) dé tinh luong Ry,. Tir d6 biét
duoc thé tich R tiéu tén dé phan tmg v6i X trong phuong trinh (1). Va dinh luong duoc
ham luong X trong mau

Phuong phéap chuin d6 ngugc thuong st dung trong trudng hop dinh luong ma
phan tng chuan d6 (1) xay ra cham hoidc khong tim dwgc chét chi thi thich hop dé xac

dinh diém tuong dwong cuia phan tmg (1)

b. Chudn dé thay thé

Nguyén tic cua phuong phap chuin d6 nay la: Cho chat can xac dinh X tac dung
v6i mot hop chét thich hgp MY dé giai phong ra Y theo phuong trinh (1):
X+MY > MX+Y 1)
Y giai phong ra duoc chuan do bang dung dich thude thir R thich hop theo phwong
trinh (2):
Y+R—> Q+P 2
Dua vao nong do, thé tich cua R va phwong trinh phan tmg chuan d6 dé xac dinh
X. Phuong phap nay con goi 1a chuan do day
Phuong phap nay thudng sir dung khi khong c6 phan tng hodc khong ¢ chat chi
thi thich hop cho chuan d¢ tryc tiép X

3. Chudn d¢ phin doan

Trong mot sd trudng hop c6 thé chuan do 1an lugt cac chat X, Y, Z,... trong clng

mot dung dich béng mot hodc hai dung dich chuin
V.  Cich tinh toan két qua

Tinh két qua trong phan tich thé tich phu thudc vao cach biéu thi nong d6 va cach
phan tich. Nguyén tic chung 13 dwa vao dinh nghia ndng d9, phuong trinh phan tng

chuan d6 hoic dinh luat vé duong luong.
1. Trwong hop chudn dé truc tiép

e Tinh theo ndng d6 mol/lit
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Dua vao thé tich, ndng d6 ctia dung dich chuan va phuong trinh phan Gmg dé dinh
lwong ciu tir can phan tich

Thi du 1: Pé chuan hoa dung dich NaOH ngudi ta hoa tan 1.26 gam axir oxalic H.
,C,04.2H,0 vao nudc va thém nude dén 500ml. Chuin do 25ml dung dich thu dugc hét
12.58ml NaOH. Tinh ndng d6 mol/lit ciia dung dich NaOH chuan hoa?

Nong d6 mol/lit cua dung dich chuan axit oxalic 1

m  1.26
MxV 126x0.5

S6 mol axit oxalic H,C,0, trong 25ml dung dich H,C,O, 0.02M la:

n ~0.02
2% 1000
Phuong trinh cta phan tmg chuan do:

2NaOH + H,C,0, —» Na,C,0,4 + 2H,0

Cu =

=0.02M

x 25 =5.10"*mol

Theo phuong trinh chuan d¢: sé mol H,C,0, tham gia phan tng bang 1/2 sb mol
NaOH nén s6 mol NaOH d3 tham gia phan tmg chuin d6 la:
Nyaon = 2 X 5.10* =10
Nong d6 dung dich NaOH chuén ho4 1a:

_10°
M 1258

x1000 = 0.079M

e Tinh theo ndng d6 duong luong
Tinh theo néng do duong luong thi can phai dua vao dinh luat vé duong luong,
ndng do va thé tich cua dung dich chuan
Thi du 2: Khi chuan do 0.2275gam Na,COj tinh khiét dén CO, phai dung vira hét
22.35ml dung dich HCI. Tinh nong d6 dwong luong gany/lit ciia dung dich HC1?
Phan tng chuan do:
Na,CO; + 2HCI —»2NaCl + H,0 + CO,
Sb duong lwong gam Na,CO, c6 trong 0.2275gam 1a:
Meco, = m_ 2xm _ 2x0.2275
D M 106

Theo dinh luat duong luong ta co:

NNa,co, =V, (lit) x CN(HCI)

=4,3.10°°

Vay ndng d6 duong luong gam /lit cua dung dich HCI la:
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n -3
Crpoy = = L 5 =01%N
Vi (Iit) 22.35x10

e Tinh theo d6 chuin chit dinh phan
Thi du 3: Tinh ham luong % khdi luong sit trong quing biét rang sau khi hoa tan
0.517gam quing va khtr hoan toan Fe(III) thanh Fe(II) bang dung dich chuan KMnO, ¢6
d6 chuan theo Fe 13 5.620 mg/ml thi ding hét 57.20 ml dung dich chuan d6?
Po chuan cia dung dich KMnO, theo chit xic dinh Fe(ll) Ia

Twmno, 1re(in) =5.620mg / ml

Vi vay, s6 mg Fe (II) twong tng v4i 57.20ml dung dich KMnO, 1a:
M., =Tg,x XV =0.5620 % 57.20 = 32.1464mg = 0.0321gam
Ham lugng %Fe trong quang la:

%Fe = 0.0321 <100 =6.218%
0.517

2. Trwong hop chudn dp gidn tiép

Thi du 1: Thém 25ml dung dich AgNO3; 0.1248M vao 20ml dung dich NaCl.
Chuan do AgNO3 du hét 11.54ml NH,SCN 0.0875M. Tinh nong d mol/lit cia NaCl?
e Tinh theo nong d6 mol/lit
Phuong trinh phan ung:
AgNO; + NaCl = AgCI{ + NaNO; (1)
AgNO; + NH,SCN = AgSCN{ + NH4NO; (2)
Téng s6 mol AgNO; dung dé thi nghiém 1a:
M agno, =25x107° x0.1248 =3.12x10° mol
Theo phuong trinh (2), sé mol AgNO3 du tham gia phan ing véi NH,SCN 1a:
M agno, = Tam,sen =11.54x107° x 0.0875 =1.01x10°mol
Theo phuong trinh (1), sé mol AgNO; tham gia phan tmg véi NaCl chinh bang s6
mol NaCl trong mau nén s6 mol NaCl la:

Tnact = Tagnoyay = 3-12x107° —1.01x107° = 2.11x10*mol

Nong d6 mol/lit ciia dung dich NaOH 1a:

-3
Cy  =Mnaci _ 2:11x10 7 _ 5 4055\
“o T Ve | 20%10
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e Tinh theo ndng d6 dwong luong gamy/lit

Nong d6 duong lwong gam/lit ctia dung dich NH,SCN 0.0875M 1a C,
C,=nxC,; =1x0.0875=0.0875N
Nong d6 duong luong gany/lit ciia dung dich AgNO3 0.1248M la C,
C, =n,=C,,, =1x0.1248 = 0.1248N
Theo dinh luat bao toan dwong lugng thi s6 duong luong gam cia NaCl bang sd
duong luwong gam ciia AgNO; tham gia phan ung véi n6 nén sé duong luong gam cua
NaCl la:
TInact = M7 agno, 1) = 77 agno, — 77NH,sCN
=25%x10"° x0.1240 —11.54x10"° x 0.0875=2.09 x10 *dlg
Nong d6 duong luong gam/lit ctia dung dich NaCl la:

-3
_Mnact _ 2.09x10°7 _ 105N

CI\INaCI
VNaCI 20

Thi du 2: Pé dinh lugng Cr trong thép, nguoi ta phan huy 1.075gam mau thép
thanh dung dich rdi oxi hoa hoan toan Cr** thanh CrO,*. Sau d6 thém vao 25ml dung
dich chuan FeSO, 0.041M va luong dung dich axit sunfuric lodng du dé 1am méi truong.
Luong Fe(Il) du duoc chuin d6 bang 3.70ml dung dich KMnO, 0.04M. Hay tinh ham

luong % khdi luong cta Cr trong thép?

Dé tién loi ta tinh theo néng do dwong lugng. Khi d6, khong can phai viét cac
phuong trinh phan tng
CN(KMnO4) =N % CM(KMnO4) =5x0.04=0.2N

=n, xC,, orr, =1x0.041=0.041N

N (Fe?") M (Fe?*
Luong Fe(Il) du dugc chuan do bang 3.70ml dung dich chudan KMnO, 0.04M nén
s6 duong lwong Fe (IT) du bang sé duong luong cia KMnO, tham gia phan tmg chuan
d6. Vi vy sb duong luong Fe(Il) du 1a:
3.70x107° x0.2=0.74x10"° duwong luong Fe(Il) du
S6 duwong lugng cua CrO,” bang sé duong luong cia Fe(Il) tham gia phan tng

re s A A , 2- 1x.
véi né nén so duong lugng cuia CrO,4~ la:

25x10° x 0.041—0.74 x10~° = 0.285 x 10~® duong lugng
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S6 duong luong cua Cr’* bang sé duong lugng cua CrO,* nén sb gam Cr c6 trong
1.075gam mau thép la:

m=0.285x10"° x 5—32 =0.00494gam

Ham luong % Cr trong thép la

%Cr = % %100 = 0.4595%

VI. Phwong phap chuin dd axit-bazo
1. Nguyén tic ciia phwong phdp

Phuong phap chudn d6 axit-bazo 1a mot phwong phap phén tich thé tich, dya trén
phan tng trung hoa cia mot axit vi mot bazo giita dung dich chat dinh phan véi dung
dich chuin dé xac dinh néng do cua axit hoac bazo do.

Céc dung dich chuan dung trong phuong phap nay thudng 1a cac dung dich axit
manh hodc dung dich bazo manh. Trong qua trinh chuan do néng do cac ion H® va OH"
thay d6i nén pH trong qua trinh chuan do thay doi. Vi vay, dé nhan biét diém tuong
duong thuong dung cac chit ma mau sic cua ching thay doi theo pH, goi 1a cac chat chi

thi pH
2. Chit chi thi axit-bazo
a. Ban chdt cua chit chi thi axit-bazo

Chat chi thi axit-bazo 1 nhitng axit hodc bazo hitu co yéu, trong d6 dang axit va
bazo lién hop cua ching c6 mau khéc nhau. Vi vdy, mau cia chung phu thuc vao pH
cua dung dich.

Ki hiéu chat chi thi axit 1a HInd va bazo 1a IndOH. Trong nuéc, cac chat chi thi 6
phén ly nhu sau:

Hind << H" +Ind" Ka
INdOH <> Ind" + OH"~ Kg

M3di chat chi thi mau axit-bazo thuong c6 mot khoang pH d6i mau. Khoang pH
ddi mau cta mdi chi thi duoc x4c dinh bé'mg thuc nghiém.

Trong khoang pH ddi mau cua chi thi thi ¢6 mét gia tri pH ma tai do chi thi dbi

mau rd nhat goi 1 gia tri pT
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b. Mot s6 chat chi thi mau axit-bazo

Mot s chit chi thi axit-bazo thuong dung trong phwong phap trung hoa duoc gi6i
thiéu trong bang 4.1.

Tén thong dung | Khoang ddi mau pT mau ciia dang axit-
bazo

Thimol xanh 1.21-2.38 2 bo - Vang
Metyl vang 29-4.0 bo - Vang
Metyl da cam 3.1-44 4 bo — Da cam
Metyl do 42-6.3 5 bo - Vang
Quy 50-8.0 7
Phenol do6 6.8-8.4 7.81 Vang - bo
Phenolphtalein 8.3-10 9 Khéng mau- Hong
Thimolphtalein 9.3-105 Khéng mau- Xanh

Bing 4.1. Mt s6 chat chi thi axit-bazo quan trong
Dé c6 chit chi thi d6i mau rd rang khi pH thay d6i trong khoang hep (0.2 -0.5 don
vi pH), ngudi ta dung hdn hop cac chat chi thi. Bang 4.2 gidi thiéu mot sd chat chi thi

mau hdn hop dugc dung trong chudn dé axit-bazo

. Ty I¢ Mau cua dang axit-
Thanh phan hon hop pT
VIV bazo

Metyl da cam 0.1% trong nudc va i o
‘ ‘ 11 4.1 Tim - Xanh la cay
Indigocacmin 0.25% trong nudc

Bromcrezon xanh 0.1% trong nudc
1/1 4.3 Vang- Xanh lyc
va metyl da cam 0.2% trong nudc

Bromcrezon xanh 0.1% trong rugu o
3/1 51 Do nhat- Xanh la cay
va metyl dé 0.2% trong rugu

Bromtimol xanh, mudi natri 0.1%
trong nudc va Phenol d6, mudi natri | 1/1 7.5 Vang- Tim

0.1% trong nudc

Thimol xanh 0.1% trong ruou 50° va . )
_ 1/3 9.0 Vang- Tim
phenolphtalein 0.1% trong rugu

Bang 4.2. Mt s6 hon hop chi thi dung trong phwong phap axit-bazo
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C. Céch chon chdt chi thi mau axit-bazo

Trong qué trinh chuan d6, pH cua dung dich thay d6i, bang tinh toan va thuc
nghiém cho thiy rang pH cua dung dich tai diém twong duong cia phan tng chuin do c6
su thay d6i dot ngdt. Néu biéu dién sy thay d6i pH cua dung dich theo lwong dung dich
chuan axit hoic bazo thém vao thi ta dugc do thi dudng cong chuan d6 (hodc dudng dinh
phan).

Nhu vay, cac duong cong chuan do cho phép theo ddi bién d6i pH cua dung dich &
cac thoi diém khac nhau. Xéac dinh diém cudi ctia qua trinh chuan d6, dua vao khoang pH

thay d6i dot ngot (goi 1a bude nhay pH ciia qua trinh chuan d6) dé chon ding chét chi thi.
3. Dwong dinh phan trong phwong phdp chuin dj axit - bazo
a. Dinh phan axit manh bcing bazo manh va nguoc lai

Thi du 1: Gia sir chuan d6 100ml dung dich HCI 0.1M bang dung dich chuin NaOH
0.1M.

Phan tg chuan do:
HCI + NaOH = NaCl + H,0 *)
Ta tinh pH cua dung dich trong qua trinh chuan d¢ & cac thoi diém thé tich NaOH
thém vao la: Oml, 50ml, 90ml, 99ml, 99.9ml, 100ml, 100.1ml, 101ml, 110ml
- Khi chua thém NaOH, pH ctia dung dich do dung dich axit HCI quyét dinh nén pH
ctia dung dich duogc tinh gan dung theo cong thic sau:
pH=-Ig[HCI] =1.0
- Khi thém 50ml dung dich NaOH, phan tmg chuén d6 (*) xay ra va con du lai 50ml
HCI. Vi vay, dung dich HCI con lai ¢6 ndng d6 la:

[HCI] = 50x0.1
100+50

pH cua dung dich do dung dich HCI du va duoc tinh theo cong thirc gin dung cua

=3.33x10%M

dung dich axit manh sau:
pH = -Ig[HCI] = 1.48
- Khi thém 90ml dung dich NaOH thi da trung hoa dugc 90ml HCI theo phuong
trinh (*), con lai 10ml dung dich HCI du. Khi d6, ndng d6 ion H" trong dung dich

la:
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~10x0.1

= ————=526x10"°
100 + 90

[H"]

Suy ra, pH cua dung dich la:

pH = 2.28
Khi thém vao 99ml dung dich NaOH thi trung hoa hét 99ml HCl, con lai 1 ml. Khi
d6, ndng d6 ion H' trong dung dich 1a:

H =201 5,90
100 + 99

Khi do, pH cua dung dich la:

pH=3.3
Khi thém 99.9ml dung dich NaOH thi trung hoa hét 99.9ml HCI, con lai 0.1 ml.
Khi d6, ndng do ion H trong dung dich la:

.. 01x0.1
[H]=——o%
100+99.9

Khi do, pH cta dung dich la:
pH=4.3
Khi thém 100ml dung dich NaOH thi d3 trung hoa hét 100ml dung dich HCI. San

=5.003x107°

pham cua phan ung (*) 1a NaCl va nudc nén pH cta dung dich 1a pH =7
Khi thém 100.1ml dung dich NaOH thi sau khi phan tmg két thuc con du 0.1ml
NaOH. Vi vay, nong d6 ctia ion OH ™ trong dung dich la:

[OH]= 0.1x0.1 _ 1043
100+100.1

Suy ra, pH cta dung dich la:

pH=14-pOH=14-43=97
Khi thém 101ml dung dich NaOH thi phan tng con du 1ml NaOH. Khi d6, nong
do ion OH ™ trong dung dich la:

[OH] 1x0.1 _ 1033

~100+101
pH cta dung dich dugc tinh theo cong thure sau:
pH =14 -pOH =14 -3.3=10.7
Khi thém 110ml dung dich NaOH thi sau khi phan tng két thic con du 10ml
NaOH. Néng d6 ion OH ™ trong dung dich la:

(OH-] - 10x0.1 _, . 2a
100 +110
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Suy ra pH cta dung dich la:
pH=14-2.32=11.68
Tom tat cac gia tri pH tinh toan trong bang sau:

Biang 4.3. Gia tri pH trong qua trinh chuian do HCI bang NaOH

Thé tich NaOH thém vao (ml) pH cia dung dich
0 1
50 1.48
90 2.28
99 3.30
99.9 4.30
100 7.0
100.1 9.7
101 10.7
110 11.68
V& db thi biéu dién dudng dinh phan ctia qua trinh chuan do (Hinh 4.1)
Puong dinh phan
14 -
.i 12 —
= 10 A
=1
= 8
=
<« O
-3
=
=T —
0 T I .
0 50 100 150
Thé tich dung dich NaOH(ml)
Hinh

4.1. P6 thi dwong dinh phin ciia qua trinh chuin d9 HCI bang NaOH

Tir bang gia tri tinh toan va d6 thi duong dinh phén 1y thuyét cho thiy:
- Budc nhay pH trén dudng dinh phan twong ung véi thoi diém chuan do thiéu

0.1ml NaOH cho dén thoi diém chuan d6 du 0.1ml NaOH. Nhu vay, néu két thic
chuan d6 ¢ dau hay cubi budc nhay pH thi sai s6 ciia qua trinh chuan d6 1a 0.1%
con qué trinh chuin do két thac trong khoang budc nhay pH thi sai s6 chuan d6 <
0.1%.
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- Gia tri pH dau budc nhay 1a pHg=4.3 tng vdi trudng hop chuan thiéu 0.1%, gia tri
pH cudi budc nhay 1a pH, = 9.7 tng véi truong hop chudn d6 du 0.1% va pH tai
diém twong duong 1a pH; = 7. Nhu vy, dé nhan biét ding diém két thac cua qua
trinh chuin d6 nén chon céc chét chi thi axit-bazo co gid tri pT thudc budc nhay

pH dé két qua chuan do dat do chinh xac cao nhu quy tim, phenolphtalein,....

Thi du 2: Gia st chuin d6 100ml dung dich KOH 0.01M bang dung dich chuin HCI
0.01M

Phan tmg chuan do:

KOH + HCl = KCIl + H,0O (**)

Ta tinh pH cta dung dich trong qué trinh chuin d6 & cac thoi diém thé tich HCI
thém vao la: Oml, 50ml, 90ml, 99ml, 99.9ml, 100ml, 100.1ml, 101ml, 110ml
- Khi chua thém HCI, pH cta dung dich do bazo manh KOH quyét dinh nén pH cua
dung dich duoc tinh gan ding theo cong thirc sau:
pH= 14 + Ig[KOH] =14 -2=12
- Khi thém 50mldung dich HCI, phan tng chuan d6 (**) xay ra va con du lai 50ml
KOH. Vi vay, dung dich KOH con lai co6 néng do la:

[KOH] = 50x0.01
100+ 50

pH cua dung dich d6 dugc tinh theo cong thirc gin dang cua dung dich bazo manh

=3.33x10°M

c¢6 ndng d6 rat 16n hon 10”7 M nhu sau:

pH =14 + Ig[KOH] = 14 — 2.48 = 11.52
- Khi thém 90ml dung dich HCI thi da trung hoa dugc 90ml KOH theo phuong trinh
(**), con lai 10ml dung dich KOH du. Khi do, né)ng dd ion OH ~ trong dung dich
la:
~10x0.01

="~ =526x10"
100+ 90

[OH"]

Suy ra, pH cua dung dich bazo c6 ndng do Cg>>10" Ia:
pH =14 +IgCg = 14 - 3.28 = 10.72
- Khi thém vao 99ml dung dich HCI thi trung hoa hét 99ml KOH, con lai 1 ml
KOH. Khi d6, nong d6 ion OH ~ trong dung dich 1a:
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94

_1x0.01

=== —5x10°°
100 + 99

[OH"]

Khi do, pH cua dung dich la:
pH=14 —Ig[OH ]=14-43=9.7
- Khi thém vao 99.9ml dung dich HCI thi trung hoa hét 99.9ml KOH, con lai 0.1 ml
KOH. Khi d6, ndng d6 ion OH ~ trong dung dich 1a:

[oH 1= 0200 _5 190

100 +99.9
Khi dé, pH cta dung dich la:

pH=14 - Ig[OH ] =14-5.3=8.7

- Khi thém 100ml dung dich HCI thi da trung hoa hét 100ml dung dich KOH. San
pham cta phan tmg (**) 1a KCI va nude nén pH cta dung dich 1a pH =7

- Khi thém 100.1ml dung dich HCI thi sau khi phan @mg két thiic con du 0.1ml HCL.
Vi vay, nong d6 ctia ion H' trong dung dich la:

[H 1= 01x001 _ 0 .s
100 +100.1

Suy ra, pH cta dung dich duoc tinh theo cong thitc dung dich axit manh c6 ndng
d6 [H']>>10"7
pH=-Ig[H"]=5.3
- Khi thém 101ml dung dich HCI thi phan Gmg con du 1ml HCL. Khi d6, ndng do
ion H" trong dung dich la:

1x<0.01

[H +] — :1074..3
100 +101

pH cua dung dich dugc tinh theo cong thirc dung dich axit manh c6 néng d6 [ H']
>>107" :
pH=4.3
- Khi thém 110ml dung dich HCI thi sau khi phan tg két thic con du 10ml HCI.
Nong d6 ion H' trong dung dich la:

120500 10
Suy ra pH cua dung dich dugc tinh theo cong thirc dung dich axit manh c6 ndng
d6 [H] >>10 "1a;
pH = 3.32

Tom tét cac gia tri pH tinh toan trong bang sau:



Thé tich HC1 thém vao (ml) pH ciia dung dich

0 12

50 11.52

90 10.72
99 9.7
99.9 8.7
100 7.0
100.1 5.3
101 4.3

110 3.32

Bang 4.4. Bang gia tri pH ciia qua trinh chuin d¢ KOH biang HCI

V& db thi biéu dién duong dinh phan cia qua trinh chuin d6 bazo manh béi axit manh

(Hinh 4.2)

Tir bang gié tri tinh toan va do thi dudng dinh phan 1y thuyét khi chuan d6 dung

dich KOH bang HCI cho thay:

- Budc nhay pH trén dudng dinh phan tng véi thoi diém chuan d6 thiéu 0.1ml HCI

cho dén thoi diém chuan do du 0.1ml HCL. Nhu vay, néu két thuc chuan d6 & dau

hay cubi buéc nhay pH thi sai s6 ctia qua trinh chudn d6 14 0.1% qua trinh chuan

d6 két thiic trong khoang budc nhay pH thi sai s6 chuan d6 < 0.1%.

Puong dinh phan bazo manh bai axit manh

14
g 12
£ \\\
= 10 3
9]
en *
£ 3
% ¢
;5. 6 L 4
£ .
5 4
E e
)
o
0 T
0 100

Thé tich dung dich chuan HCI (ml)

150

Hinh 4.2. P thi dwong dinh phan qua trinh chuin d9 bazo manh KOH bing axit

manh HCI
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- Gia tri pH dau budc nhay 1a pHg=8.7 g vdi trudng hop chuan thiéu 0.1%, gia tri
pH cudi budc nhay 1a pH, = 5.3 tng v6i truong hop chudn d6 du 0.1% va pH tai
diém twong duong 1a pH; = 7. Nhu vy, dé nhan biét ding diém két thac cua qua
trinh chuin d6 nén chon céc chét chi thi axit-bazo co gid tri pT thudc budc nhay

pH dé két qua chuan d6 dat d6 chinh xac cao nhu quy tim, phenol do,....
b. Dinh phan don axit yéu bang bazo manh hodc don bazo yéu bing axit manh

Thi du 1: Xay dung duong dinh phan 1y thuyét khi chuan d6 100ml dung dich
CH3COOH 0.1M c6 pK,= 4.75 bang dung dich chuan NaOH 0.1M
Phuong trinh phan tng chuan do:
CH3;COOH + NaOH = CH;COONa + H,0
- Khi chua thém NaOH, trong dung dich chi ¢6 axit yéu CH;COOH 0.1M. Do do,

pH cua dung dich dugc tinh nhu sau:
oH :%x(pKa _1gC,) :%x(4.75+1) _ 288

- Khi thém 50ml dung dich NaOH 0.1M thi phan tng chuan do tao ra mudi bazo
CH3;COONa va con du axit CH;COOH. Dung dich sau phan ung 1a hon hop axit
yéu va bazo lién hop nén pH cta dung dich duoc tinh theo cong thirc sau:

pH = pK, + |9C—B

CA
Trong do, Ca la néng do cua axit CH3COOH sau phan trng:
o _ 50x0.1

N = = 0.033M
100 +50
Cgla néng dd cua bazo lién hop CH3COONa tao thanh:
. 50x0.1 _ 0.033M
100 +50

Vay pH cua dung dich trong truong hop nay la:
pH=pK,+0=4.75
- Khi thém 90ml dung dich NaOH 0.1M thi sau khi phan @mg chuan d6 két thiic con
du axit CH;COOH va tao ra mudi bazo CH;COONa.
pH cua dung dich duoc tinh theo méi truong dung dich axit yéu va bazo lién hop nhu
Sau.

C
B — 475 + Ig 90x0.1
C, 10x0.1

=5.7

pH = pK, + g
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Khi thém 99ml NaOH 0.1M thi sau phan tmg con du 1ml axit CH;COOH 0.1M va
tao thanh 99ml mudi bazo CH;COONa. Hdn hop sau phan tng chuin d6 1a hé
dung dich axit- bazo 1ién hgp nén pH cta dung dich la:

=6.75

PH = pK, +Ig = =475 +Ig % 01

A 1x0.1

Khi thém 99.9ml NaOH 0.1M thi sau phan trng con du 0.1ml axit CH;COOH
0.1M va tao thanh 99.9ml mubi bazo CH;COONa. Hon hgp sau phan ung chuan
d6 13 hé dung dich dém axit yéu va bazo lién hop nén pH cua dung dich la:

Co 4754192992017 75

H=pK,+]I
PH =P gCA 0.1x0.1

Khi thém 100ml NaOH 0.1M thi phan tng chuin do xay ra hoan toan, san pham
tao thanh 1a mudi bazo CH;COONa. D6 14 dung dich bazo yéu nén pH cia dung
dich la:

PH=7+ %x(lgcg +pK,)

Cgla néng do ctia mudi bazo CH;COONa:

~ 100x0.1

L= —0.05M
100 + 100

Do d6, pH = 7 + %x (4.75-1.3)=8.72

Khi thém 100.1ml NaOH 0.1M thi sau khi phan tng chuin do két thic con du
0.1lml NaOH 0.IM va tao thanh mudi bazo CHsCOONa. Méi trudng ctia dung
dich sau phan tng do bazo manh NaOH quyét dinh nén pH cua dung dich duoc
tinh nhu sau:

14+ 19— 0L g7
9700.1+100

Khi thém 101ml NaOH 0.1M thi sau khi phan Gng chuan d¢ két thuc con du 1ml
NaOH 0.1M va tao thanh mubi bazo CH;COONa. Mdi trudng ciia dung dich sau

pH =14 +1gCg =

phan tng do bazo manh NaOH quyét dinh nén pH cua dung dich duogc tinh nhu
sau:

1x0.1
H=14+19gCg =14 + lg——~_=10.7
P -8 91011100

Khi thém 110ml NaOH 0.1M thi sau khi phan tmg chuén do két thic con du 10ml
NaOH 0.1M va tao thanh mudi bazo CH;COONa. Mbi truong cua dung dich sau
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phan tng do bazo manh NaOH quyét dinh nén pH cua dung dich dugc tinh nhu
Sau:

10x 0.1 117
110 +100

- Khi thém 150ml NaOH 0.1M thi sau khi phan tng chuan do két thiic con du 50ml
NaOH 0.1M va tao thanh mubi bazo CHsCOONa. Méi trudng cia dung dich sau

pH=14+I1gCg =14 + g

phan tng do bazo manh NaOH quyét dinh nén pH cua dung dich duoc tinh nhu

Sau:

pH =14 +1gCg = 14 + 1g20>0-1 —193

150 +100

Thé tich NaOH thém vao (ml) pH cia dung dich

0 2.88
50 4.75
90 5.7
99 6.75
99.9 7.75
100 8.72
100.1 9.7
101 10.7
110 11.7
150 12.3

Badng 4.5. Gid tri pH ciia qud trinh chudn d6 CH;COOH bang NaOH

V& @6 thi biéu dién dudng dinh phan Iy thuyét ciia qua trinh chuan do axit yéu boi
bazo manh (Hinh 4.3)

Tir bang gié tri tinh toan va do thi duong dinh phéan 1y thuyét cho thay:

- Piém tuwong dwong khi chuan d¢ axit yéu bang bazo manh khong trung véi diém
trung hoa( c6 pH = 7 ) ma nam & mién kiém pH= 8.72

- Cung khoang sai s6 0.1%, budc nhay khi chuin d6 axit yéu bang bazo manh 1a (

7.75-9.7 ) nho hon rat nhiéu so voi trudng hop chuan do axit manh
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Hinh 4.3. Duong dinh phan dung dich
CH3COOH bang NaOH
14
<~ 10 L 4
< L 4
s 8 $
o 4
N 6 J
=]
]
°8 0/
= 2
(=1
O I I |
0 50 100 150 200
Thé tich NaOH thém vao (ml)

Thi du 2: Xay dung dudng dinh phan 1y thuyét khi chuan d6 100ml dung dich NH;
0.1M, ¢6 pK;, = 4.75 bang dung dich HC1 0.1M

Phan tng chuan do:
NH; + HCIl = NH,CI
Khi chua thém HCI thi trong dung dich chi c6 100ml NH3 0.1M. Vi vay, pH cua

dung dich duoc tinh theo cong thirc ctia dung dich don bazo yéu sau:
PH=7+ 2 x(1gC, + pK,)
Cg 1a ndng do cua NHs , Cg = 0.1M
pK, =14 —pK, =14 —4.75=9.25
Do d6, pH =17+ %x (9.25-1)=11.13
Khi chuan d9, dung dich HCI 0.1M duoc thém vao tir tir va & thoi diém trude
diém tuong dwong thi dung dich 1a hé d&ém gém NH,CI sinh ra va NH; du nén pH

cua dung dich dugc tinh theo cong thirc sau:

Ca
Ce

pH =pK, - Ig ;trong do: pK, = 9.25

Ca: Nong do mol/lit cia NH," tai thoi diém chuén do
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Cg: Nong d6 mol/lit cuia NHj tai thoi diém chuén do
Tai diém twong duwong, 100ml dung dich chuin HCI 0.1M phan tng vira da voi
100ml NH; 0.1M tao thanh dung dich axit yéu NH,C1 nén pH ctia dung dich duogc

tinh theo cong thirc sau:
1
pH = 5% (PK, —1gC,)

Trong d6, néng do cua NH,CI 1a Ca
- 0.1x100 _ 0.05M
100 +100
Do vay, pH = %x (9.25+1.3)=5.3

Khi chuan d6 quéa diém twong duong, trong dung dich ¢6 HCI du nén moéi trudng
dung dich do axit manh HCI quyét dinh. Khi d6, pH cua dung dich duoc tinh theo
cong thirc sau:

pH= - Ig[H']

Tinh toan theo cac cong thuc trén tai cac thoi diém chuin do hét : Oml, 50ml,

90ml, 99ml, 99.9ml, 100ml, 100.1ml, 101ml, 110ml dung dich HCI1 0.1M ta thu dugc

két qua ghi trong bang 4.4

Thé tich HCI thém viao pH ciia dung dich
(mi)
5 11.13
=0 9.25
90 8.3
%9 7.25
99.9 6.25
100 5.3
100.1 3.3
101 2.3

Bing 4.6. Gia tri pH ciia qua trinh chuan d9 NH; bang HCI

V& d0 thi biéu dién qua trinh chuan d6 dung dich bazo yéu NH; 0.1M bang axit manh

HCI 0.1M (Hinh 4.4)
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Hinh 4.4. Duong dinh phan Iy thuyét ciia qua trinh chuan
do NH3 bang HCI
12
<
o 10 T~
<
t(§ \\\
= 8
S \
(&)
= 6 ®
ED L 2
3
x 4
3 ¢
s
a2 9 *
o
0 T T
0 50 100 150
Thé tich HC] dua vao chuin do (ml)

Tir bang gia tri pH va d6 thi c6 mot s6 nhan xét sau:

- Piém twong duondac pH= 5.3 thudc ving axit, khong trung voi diém trung hoa

- Budc nhay pH trong khoang (6.25 - 3.3) twong tng véi sai s6 nhé hon 0.1%
VII.  Phwong phap chuin d9 oxy hoa-khir
1. Bin chit ciia phwong phdp

Phuong phép chuan d6 oxy hod- khir ciing 14 mét phuong phap phan tich thé tich.
Phuong phép nay dua trén phan tng giita chat oxy hod va chét khir ctia hé oxy hoa- khtr
khong lién hgp. Dung dich chuan chira chét oxy hod hoac chat khir, nguoc lai dung dich
can phén tich chira chat khtr hodc chat oxy hoa.

Diém tuong dwong ciia phan tng chuan do dugc nhan biét bang cac chat chi thi

2. Chit chi thi diing trong phwong phdp oxy hod- khir
a. Khdi niém chat chi thi oxy hod-khuw
Pé xac dinh diém cudi ciia qua trinh chuan d6 trong phuong phap dinh phan oxy
hoa- khir ngudi ta thudng sir dung chat chi thi goi 1a chit chi thi oxy hoa- khir.
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Chat chi thi oxy hoa- khir 13 cac chat hitu co c6 tinh chat oxy hoa hodc tinh chét
khtr, c6 mau dang oxy hoa khac voi mau cia dang khir. Su thay doi mau cua chét chi thi
phu thudc vao thé oxy hoa cta dung dich.

MGi chét chi thi mau oxy hod - khtr ciing c6 mot khoang dién thé d6i mau nhét
dinh. Chi thi d6i mau rd nhét khi dién thé cua dung dich bang dién thé chuan cua chét chi
thi oxy hoa- khir do.

Ngoai ra, mot sb truong hop con st dung chit ¢ kha ning cho phép nhan ra diém
cudi cua su chuan do nhung sy thay d6i mau cia né khong phu thudc vao thé oxy hoa-
khtr cua dung dich. Thi duy, dung dung dich KMnO, dé chuan do dung dich c6 chtra cac
chat khir Fe**, C,0,7,...

b. Mot s6 chdt chi thi oxy hoa-khu

L e o E (V) Mau

Chat chi thi oxy hoa-khur Khi[H]=1 | Dang oxy hoa | Dang khir
Do trung tinh +0.24 bo Khéng mau
Xanh Metylen +0.53 Xanh da troi | Kh6ng mau
Diphenylamin +0.76 Tim - Xanh Khdng mau
Axit diphenylaminsunfonic +0.85 Tim - Do Khéng mau
Eric glusin A +1.00 Do Xanh 14 ma
Feronin ’ +1.44 Xanh da troi bo
Axit O, O -diphenylamin +1.26 Tim - Xanh | Khong mau
dicacboxylic
c.  Cdch chon chdt chi thi oxy hod- khi

Dé chon chat chi thi phai tinh dién thé cua dung dich khi chuan d6 thiéu va thira
0.1%. Ttc 14, tinh dién thé cia dung dich & dau budc nhay, dién thé cudi bude nhay va
dién thé tai diém tuong duong

Dé chi thi thay d6i mau rd rét va sai s6 chi thi khéng dang ké thi phai chon chit
chi thi c6 dién thé chuan nam trong khoang budc nhay thé va mau cia dang oxy hod cang

tuong phan v6i mau cua dang khir cang tot. Khi d6 sai s6 nhd hon 0.1%
3. Mt s6 phwong phdp oxy hod khir hay diing
a. Phuong phdap Pemanganat

- Pemanganat KMnO, 1a chat c6 tinh chit oxy hod manh. Pemanganat dugc Margarit
ding dau tién vao nim 1846 dé chudn d6 Fe** va nhanh chong tré thanh thube thir oxy
hoa c¢6 img dung rong rai trong hod phan tich
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- Phuong phdp Pemanganat dua trén phan trng oxy hoa cua ion MnO4 . Kha nang oxy
hoa cta ion do phu thudc vao pH cua méi trudong phan trng: Trong modi truong
axit manh MnO, bi khir thanh Mn®":

MnO, +5e +8H" < Mn* +4H,0

Thi du: MnO, + 5Fe?* + 8H" < Mn?* + 5Fe®*+ 4H,0

Trong méi trudng axit manh, dung dich KMnO, c6 mau tim bi khir thanh Mn** khéng
mau nén sau diém twong duong cua phan tng chuan do chi can du 1 giot dung dich
KMnO, ciing du 1am cho dung dich chuyén tir khong mau sang mau hong. Chinh vi thé
KMnO, duoc sir dung ludn 1a chat chi thi cho qué trinh chuan d6 c¢6 nghia 13 phuong
phap pemanganat khong can phai lya chon chat chi thi
- Dung phuong phap pemanganat cé thé xac dinh duoc nhiéu chat vo co va hiru ¢é khéac
nhau béng cac cach chuan do khac nhau nhu: cac kim loai (Fe, B1, Ag, Cd, Zn,...), cac phi
kim (Sb, As, P,...), cac ion hoa tri thip c6 kha ning chuyén 1én hoa trj cao (Fe?*, Cr*",
Mn?*, Sn?*,...), c&c ion phi kim (CI', Br, $%,...),....

- Phuong phap nay khong phai dung chét chi thi, dé tién va dé kiém

b. Phwong phap Dicromat

- Phuong phap dicromat dya trén phan rng oxy hod cua ion dicromat (Cr2072‘) trong
moi truong axit:
Cr,0;” + 6e + 14H" < 2Cr** + TH,0
E° =1.36V

Cr,O2~ /2Cr3*
- Dung dich kalidicromat K,Cr,0; ¢6 mau da cam, rat bén. C6 thé axit hoa moi truong
bﬁng axit H,SO,4 hodc axit HCI loang.

- San phim cua phan tng khir Cr,0;% 1a Cr** ¢6 mau xanh nén & diém cudi cua qua
trinh chuan d6 khong thé nhan ra mau da cam. Do d6, dé xac dinh diém két thuc chuan do
phai ding chat chi thi oxy hod khir nhu diphenylamin, diphenylbenzidin, natri
diphenylsunfonat

- Ung dung quan trong nhit ctua phuong phéap nay 1a chuin do xac dinh Fe?*. Ngoai ta,

con c6 thé xac dinh Mn**, SO5”, glixerin, axit ascorbic, ...
C. Phuwong phap lod-thiosunfat

- Phuong phéap nay dua trén phan irng oxy hoa cua I, va phan g khtr cua I’
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l,+2e < 2I

E° =0.54V

1,121~
Trong phuong phap nay, ngudi ta thuong sir dung phan tng cia thiosunfat (S,05% )
v61 10t nén con goi 1a phuong phap lod-thiosunfat. Phan ing gitra 16t va thiosunfat xay ra
theo phuong trinh sau:

25,057 + 1, — 21" + S,0¢F
E° = 0.1V

S,087 125,05~
- Pé nhan biét diém cudi cua qua trinh chuan d6 nguoi ta thudng dung chi thi ho tinh
bot. Ho tinh bot khong phai 1a chat chi thi oxy hoa - khir ma né co tinh chat hap thu I, c6
mau xanh dam

- Phuong phéap dugc st dung dé xac dinh cac chat oxy hoa ( Cu, H,0,, O, hoa tan

trong nudc, cac axit,...), dinh lugng cac chat khur (As)
d. Phwrong phap bromat-bromua

- Phuong phap nay dua trén phan tng oxy hoa khir, dung chét oxy ho4 1 ion BrOs
BrO; + 6e + 6H" = Br- + 3H,0

ES =1.44V

BrO;~ /Br~

Phan tng nay c6 sy tham gia cia H' nén phai tién hanh chuan d6 trong moi truong
axit. Pé tang tdc do cua phan Gng co thé tién hanh dun néng
- Pé nhan ra diém twong duong cta phan ung chuan do phai sir dung cac chat hitu co
dé 1am chi thi nhu: metyl da cam, metyl do,...Day khong phai 13 cac chat chi thi mau oxy
hod - khir. Sau diém twong dwong cua phan tng chuin d6, BrOs du s& phan tmg v6i Br
c6 san trong dung dich sinh ra Br, c6 tinh chat oxy hoa manh s& oxy hoa chat mau hiru co
lam dung dich mat mau:

BrO; + 5Br”~ + 6H" = 3Br, + H,0

- Phuong phéap nay thuong st dung dé chudn do truc tiép mot sé chit khir nhu As*,
Sb*,....

VIIL. Phuwong phap chuin d9 két tiia

1. Nguyén tic chung ciia phwong phdp
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Phuong phap chuin do két tia dua trén viée st dung cac phan tng tao thanh céc
hop chat it tan. Mic dau c6 vo sb cac phan Gmg tao thanh cac hop chét it tan nhung sb
phan g dung dugc trong phwong phap chuan d két tiia rat han ché. Vi vay, trong thuc
té chi c6 mot sd phan tng két tia dung duoc trong phén tich chuin do, quan trong nhét 1a
phan tng két tia giira ion Ag” véi cac halogenua (X : Cl7, Br™, 17, SCN ") va con goi la
phép do bac:

Ag" + X o AgXl

2. Diéu kién ciia phan irng két tiia

Céc phan tmg két tia duoc st dung trong phuong phap chuan do két tua phai thoa
min céac diéu kién sau:
- Két tha tao thanh trong phan tng chudn d6 phai thuc té khong tan, c6 nghia 1 phan
ung phai xdy ra hoan toan va theo mdt ty luong xéc dinh
- Tbc d6 tao thanh két tua phai du 16n, c6 nghia 13 khong tao thanh dung dich qua bio
hoa
- Phan Ging phai chon loc, nghia 14 anh huong ciia cac qua trinh hap phu, cong két, két
tia theo phai khong dang ké
- Phai c6 chét chi thi thich hop dé xac dinh duoc diém twong duong

3.  Cdch xdc dinh diém két thiic chudn dj trong phwong phdp bac

Phuong phap bac 1a mot phuong phap chuan do két tia quan trong nhat va duoc st
dung rong rai nhat. Trong phuwong phap ndy, ngudi ta dung dung dich AgNO; lam dung
dich chuan d¢ chuan do x4c dinh cac anion C17, Br™, 17, SCN ™. C6 nhiéu cach dé x4c
dinh diém cudi ctia qua trinh chuan do theo phwong phép bac nhu: Phuong phap Mohr,
phuong phap Fajans, phuong phap Wolhard

a. Phuong phap Mohr

- Nguyén tic ctia phuong phap nay 1a thém vao dung dich phan tich mt ion goi 13 ion
chi thi. Ton nay c6 kha ning tao két tiia c6 mau véi ion Ag”, xuat hién & cudi qua trinh
chuan do

- Khi chuén do ion C1~va ion Br, Mohr d3 dé nghi dung ion chi thi la CrO42' . lon
nay tao voi ion Ag" mot két tia mau do gach. Song diéu quan trong 13 phai chon ndgn do
ion CrO,* thich hop dé két tia xuét hién & diém twong duong cia qua trinh chudn do:
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2Ag" +CrO,2 <  Ag,CrO,
(mau do gach)
- Phuong phap Mohr duogc st dung dé chuan d6 xac dinh ion Cl1~ va Br tién hanh
trong mdi trudng trung tinh hoic bazo yéu, khong str dung chuan do I~ va SCN ™ vi ¢6

hién twong hip phu giy sai s6 16n
b.  Phuong phdp Fajans

- Nguyén tic cua phuong phap nay dya trén tinh chit ctia mot loai chat khi bi két taa
héap phu s& bién bién dang va mau ciia n6 ciing bién d6i. Chat d6 duoc goi 1a chat chi thi

hép phu, chéng han fluoretxein, diclofluoretxein, tetrabrom fluoretxein,...

- Trong qué trinh chuan do Cl1~ bang Ag’, trudc diém tuong duong, cac hat két tia
AgCl s€ hép phu cédc anion Cl ~ con lai trong dung dich tao thanh cac hat tich dién am.
Sau diém twong duong, du mot giot Ag”, cac hat két tua do lai hép phu cation Ag” du va
tao thanh cac hat mang dién tich duong. Néu dung chat chi thi hip phu fluoretxein thi nd

s& bi hap phu boi cac hat mang dién duong tao thanh két tia c6 mau hong

- Truong hop chuan do trong méi trudng trung tinh hodc kiém yéu thi dung chi thi
hap phu fluoretxein. Trong moi trudng axit thi dung diclofluoretxein, tetrabrom

fluoretxein

- Dé tang kha ning hap phu cta két tua thi khi chuan do phai tao diéu kién giit két tua
O trang thai keo bﬁng cach thém cac chit tao keo nhu dectrin, ho tinh bot vao dung dich

trudc khi tién hanh chuan do
C.  Phuong phdp Wolhard

- Nguyén tic chung cua phuong phap la thém du chinh xac mét lwong dung dich
chuin AgNO; vao dung dich halogenua can chuan do dé Ag™ két tua hét voi cac anion
halogenua, rdi chuén d6 lugng Ag” du bang dung dich SCN ", duing ion Fe** 1am chét chi
thi.

AgNO; + X~ < AgXJ +NO;~

Ag'+SCN <  AgSCNJ

Khi Ag* da chuin d6 hét, mot giot SCN ~ du s& phan tng véi ion Fe®* tao thanh

phirc ¢6 mau do6 nén 1am cho dung dich c6 mau hong.

SCN™ + Fe** - FeSCN?
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(Phttc mau do)
- Phuong phap nay phai tién hanh chun d6 trong méi trudng axit dé tranh ion Fe** bi
thuy phan. Thuong str dung dé chudn d6 anion I, Br °, néu sir dung dé chuan do C1~ thi

phai tién hanh loc bo két tia AgCl trude khi tién hanh chuan do luong Ag* du
IX. Phwong phap chuin dd phirc chit
1.  Nguyén tic ciia phwong phdp

Phuong phap chuan d6 phirc chat dya trén cac phan tng tao thanh cic phire chit tan
hodc cac mudi it phan ly. Cac phan tmg dugc dung trong phuong phap chuan do tao phirc
chét phai thoa min cic yéu cau chung cia phan ung dung trong phan tich thé tich. Vi
vay, trong vo sd cac phan Gng tao phirc chi c6 mot sd phan tng dung duoc trong phan
tich chuan do

Hién nay, phuong phap chuin do tao phirc phd bién nhat 1a phuong phap complexon

dé chuan do cac ion kim loai va phuong phap str dung thudc thir xianua dé chuan do bac
2. Phwong phdp chuin dé complexon

- Phuong phap complexon dua trén phan trng tao phirc cua cac ion kim loai voi nhém
thudc thir hitu co ¢6 tén chung 14 complexon

- Complexon 1a tén chung dé chi cac dan xuét cua axit amino axetic HOOC-CH,-
NH-CH,-COOH duoc sir dung lam thude thir. Cac din quan trong nhat thudng dugc st
dung trong phan {mg tao phirc véi cac ion kim loai 13 mudi dinatri cuat amino triaxetic
(goi 1a complexon I) hay axit etylen diaminotetra axetic (goi 13 complexon II), mubi
dinatri cua axit etylen diaminotetra axetic (goi la complexon III). Trong d6, complexon
III twong d6i dé diéu ché va kha ning tao phirc ciing tot nén trong phan tich thuong ding

complexon III d¢ tao phirc véi cac ion kim loai

- Pé xac dinh diém cudi cia qua trinh chuan do theo phwong phap complexon,
thuong ding mot sd chat chi thi 1a cac chat mau hiru co ¢6 kha ning tao phiic mau véi
jon kim loai nén con goi 13 cac chat chi thi kim loai. Mot sb chét chi thi kim loai thuong
dung nhu : Eriocrom -T - den (ETOO), murexit, xilen da cam, tirom, axit sunfosalixilic,...
- Phuong phéap chuan d6 complexon c6 kha ning xac dinh duoc hiu hét cac ion kim
loai va cac anion theo cac cach chuin dd khac nhau nhu chuan d6 truc tiép, chuan do
nguoc, chuan do thay thé,...
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3.  Phwong phdp bac chuin d¢ xianua

Trong phuong phép tao phtrc nay ngudi ta chuin do dung dich xianua bang dung
dich chuén bac nitrat.

Khi thém dung dich AgNOj3 vao dung dich CN ~ thi xay ra phan ing tao phirc sau:

Ag" +2CN”~ < Ag(CN),
Sau khi Ag* da tao phuc hét voi CN 7, 1 giot Ag” du s& xay ra phan tng két tua:
Ag(CN) ; + Ag" < Ag[Ag(CN)]{

Nhu vay, theo 1y thuyét thi viéc chuan do s& két thuc khi xuat hién két tia tring cua
Ag[Ag(CN),] . Nhung trén thyuc té, két tia nay xuét hién trude diém tuong duong mot it.
Vi vy dé giam sai s6 cta qua trinh chuan d6 ngudi ta tién hanh thi nghiém trong moi
truong NH; (=0.2M) va thém dung dich KI (0.1M) dé két tia tring Agl xuat hién tai
dung diém twong duong:

Ag[Ag(CN),]4 +2NH; < Ag(NH3)," + Ag(CN)>,
Ag(NH;)," +1" < Agll +2NH;
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10.

CAU HOI ON TAP CHUONG IV

Trinh bay nguyén tic chung cua phuong phap phan tich thé tich? Cho biét cac yéu
cau cua phan Gng dung trong phuong phap phan tich thé tich?
Cho biét cac cach phan loai va cac phuong phap phan tich thé tich thong dung?
Hay cho biét thé nao 1a chuan do truc tiép, chuin do gian tiép va chuan do phan
doan?
Dé chuan hoa dung dich NaOH ngudi ta thudng dung chét chuin axit benzoic. Can
1.22gam axit hoa tan trong ruou etylic va pha lodng véi nuéc thanh 1 lit. Chuan do
25ml dung dich thu duoc hét 18.5ml NaOH. Tinh néng do mol/lit cia NaOH? Cho
biét phurong trinh phan tng chuan do nhu sau:

CeHsCOOH + NaOH — CzHsCOONa + H,0
Hoa tan 2.2 gam Na,CO; vao nudc rdi pha lodng thanh 500ml dung dich. Chuan d6
dung dich thu duoc hét 24.09ml HCIl. Tinh nong d6 mol/lit cia HCI? Cho biét
phuong trinh phan Gng chuan do:

Na,CO; + HCl — 2NaCl + H,0 + CO,
Pé xac dinh ham luong sit trong mot mau hop kim chira sit ngudi ta hoa tan 1gam
trong axit, khir Fe** thanh Fe?". Chuin d6 Fe** hét 50.12ml K,Cr,0; c¢6 do chudn T
= 0.00047 (g/ml) K,Cr,O; . Tinh ham lugng % cua Fe trong mau hgp kim d6? Cho
biét phurong trinh ctia phan Gmg chuan do:

Cr,0;” + 6Fe*" +14H" < 2Cr*" + 6Fe® + 7H,0
Pé dinh lugng dong, ngudi ta hoa tan 1.08 gam quing dong. Thém KI du. Sau do,
chuan d¢ Tod giai phong ra hét 15.65ml Na,S,05 0.095M. Tinh ham luong % dong
trong quang?
Trinh bay nguyén tic ciia phuong phap chuan do axit-bazo ? Trong phuong phap
chuin do axit-bazo, nguoi ta lam thé nao dé biét dugc diém két thic phan ung chuin
do?
Cho biét cach chon chat chi thi dung trong phuong phap chuan d6 axit-bazo ? Néu
tén mot sb chat chi thi axit-bazo thuong dung?
Hay xdy dung dudng dinh phan 1y thuyét khi chuan d¢6 100ml dung dich HC1 0.01M
bang dung dich chudn KOH 0.01M? Chon chi thj thich hop dé nhin biét diém két

thauc chuan do?
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X4y dung duong dinh phan Iy thuyét khi chuan d6 100ml dung dich NaOH 0.01M
bang dung dich HCI 0.01M? Cho biét budc nhay pH cua dudng dinh phan va chon
chét chi thj cho qua trinh chuan do?

Xay dung dudng dinh phén 1y thuyét trong trudong hop chuin d6 100ml dung dich
axit R-COOH 0.01M bing dung dich chuan NaOH 0.01M? Cho biét K, = 1.3x10*
Trinh bay nguyén tic ctia phuong phap chuan do oxy hod - khir? Cho biét ban chat
cua chét chi thi oxy hoa- khir dé xac dinh diém két thic qué trinh chuan do?

Cho biét cach chon chat chi thi oxy hoa- khir dé nhan biét diém két thuc qua trinh
chuan d6 oxy hod - khir ? Ké tén mot s6 chat chi thi oxy héa — khir thong dung?
Trinh bay ban chat va ung dung ciia phuong phap Pemanganat?

Néu nguyén tic, dic diém va ung dung ciia phuong phap Dicromat?

Cho biét ban chit cua phuong phap lod-thiosunfat? Cach nhan biét diém két thuc
chuan d6 va tng dung ctiia phuwong phap d6?

Hay trinh bay phuong phap chuan d6 oxy hoa- khir bromat-bromua?

Trinh bay nguyén tic cua phuong phap chuin do két tua? Néu cac diéu kién cua
phan ng dung trong phuong phap chuan do két tua?

Trinh bay cach xac dinh diém két thuc chuan d6 trong phuong phap bac theo
phuong phap Mohr?

Trinh bay nguyén tic va dic diém cta phuong phap Fajans va phuong phap
Wolhard dé xac dinh diém két thuc chuan do trong phwong phép bac?

Trinh bay nguyén tic chung cta phuwong phap chuan do phic chat? Yéu cau cua
phan tng diing trong phuong phap chuan d6 phirc chat?

Trinh bay nguyén tic, dic diém va tng dung ctia phuong phap chuan do complexon
?

Hay trinh bay phuong phap bac dé chuan do xianua?



PHAN THU BA
GIOI THIEU CAC PHUONG PHAP PHAN TiCH CONG CU

CHUONG V
CAC PHUONG PHAP PHAN TiCH PIEN HOA

I.  Phwong phap dién phian
1. Nguyén tic ciia phwong phdp

Phuong phap dién phan dya trén su do chinh xac khdi luong cta cac chat xac dinh
dugc tach ra ¢ trang thai tinh khiét hoa hoc hodc dudi dang két tha & trén cac dién cuc
dugc nhing vao dung dich phan tich khi c6 dong dién mot chiéu di qua. Can khdi luong
ctia chit duoc tao thanh sau khi dién phan s€ tinh dugc ham lugng chét trong dung dich
phan tich. Vi vay, day con goi 1a phuong phép phan tich di¢n trong lugng

Luong chit thoat ra khi dién phan tuan theo dinh luat Faraday: Khoi luong cua céc
chét thoat ra trén dién cuc ty 1€ v&i lugng dién chay qua dung dich va ty 1€ véi duong

lugng cua chat do.

1 A
m=—.lt.—
F n
Trong do: m- Khéi luong cta chat dugc tach ra trén dién cuc (g)

|- Cuong do dong dién mot chiéu (A)
t- Thoi gian dién phan (gidy)
F- S6 Faraday, F=96500 culong (C)

A , LA L g \ £ A
— - Puong lugng gam cua chat can xac dinh, A 1a khoi lugng mot
n
nguyén tir cua chat can xéac dinh, n 1a hoa tri hay s6 electron ma ion trao d6i dé thanh
nguyén tu

2. Cdc qud trinh hod hoc xdy ra khi dién phdn

Khi cho dong di¢n mot chiéu chay qua mdt dung dich chat dién ly, cac ion mang
dién tich duong (goi la cac cation) dich chuyén vé phia dién cyc &m con céc ion mang
dién tich am (goi la cac anion) s€ dich chuyén vé phia dién cuc duong. Trén dién cyc am

(con goi la catot) xdy ra qua trinh khur cac cation, trén dién cuc duong (con goi la anot)
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xay ra qua trinh oxy hoa cac anion. Do dé, thuc chit qué trinh hoa hoc xay ra chu yéu khi
dién phan 1a qua trinh oxy hoa khir xdy ra trén cac dién cuc
Thi du: Qua trinh dién phan dung dich nudc cia CuSO, trong phan tich dién trong
luong dién ra nhu sau:
CuSO, = Cu*" + SO~
H,O0 < H" + OH
Trong dung dich, cation Cu?* dugc chuyén vé catét, tai d6 xay ra qua trinh khur:
Cu** +2e < Cu
Con ¢ anot, c6 O, thoat ra:
2H,0 - 4e < O, + 4H"
Trong dung dich con ion H* va SO,* nén tao thanh H,SO,

3. Cac phwong phap dién phan

C6 hai phuong phap dién phan phd bién: Phuong phap dién phan c6 dong tir ngoai

vao va phuong phap dién phan khong c6 dong tir ngoai vao.
a. Phuong phap dién phdn co dong tw ngoai vao

- Phuong phap dién phan c6 dong tir ngoai vao thudng dung dé xac dinh thanh phan
cua dung dich c6 chira mdt luong 16n cac chét can xac dinh. Nhung dé tién hanh xac dinh
bang phuong phap ndy can phai c6 nhimg thiét bi dic biét nhu: ngudn dién mot chiéu,
dung cu dé do va diéu chinh sy dién phan,... Thuong dung acquy chi hoic acquy kiém lam
nguén mét chiéu, cuong do dong di¢n dugc do béng ampe ké, nin dong dé chinh luu

dong dién xoay chiéu thanh dong mot chiéu.

- Su dién phan mot chit dién li cho trude bat diu xay ra tai mot dién ap xac dinh goi
1a thé phan huy. Dé su dién phan xay ra nhanh, can tién hanh dién phan & dién ap cao hon
thé phan huy. Khi d6, mét phan dién ning bi bién thanh nhiét

- Néu dung dich phan tich c6 chira mot sé ciu tir c6 thé phan huy khac nhau thi c6
thé tach ching ra khéi hdn hop theo mot thir ty xac dinh bang cach diéu chinh mot cach
nghiém ngit dién ap dit vao dung dich dién phan. Khi d6, kim loai nao c6 thé phan huy

nho s€ duoc tach ra trudc
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- Pé tang nhanh qua trinh dién phan c6 thé dun néng dung dich hodc khay tron dung
dich bang cac may khudy khac nhau. Dé ting nhanh toc d6 dién phin nguoi ta thuong

lam cac dién cuc co bé mat 16n dang ludi hinh tru dit 16ng vao nhau bang vat liéu platin

- Phuong phép phan tich dién trong luong nay don gian, ti€n loi va kha chinh xéc.
Viéc xac dinh dugc tién hanh rat nhanh va khong can phai dua vao cac chit la. B@ing cach
chon va diéu chinh thé dién cuc co thé dung phuong phap dién phin nay dé tach nhiéu

nguyén tb

- Nhuoc diém chi yéu ctia phuong phap nay 1a khong phai trong tit ca cac trudng
hop déu co thé két tiia dinh luong duoc chat can xac dinh. Nhiéu nguyén t6 khong thé xac
dinh dugc bang phuong phap dién phan. Pong thoi néu trong dung dich chit dién phan
¢6 hai hodc mot sé nguyén to c6 tinh chat dién hoa gan giéng nhau thi xay ra sy két tia

d6ng thoi trén dién cuc gdy kho khin cho qua trinh phan tich

b.  Phuwong phap noi dién phan

- Phuong phép ndi dién phan la phuong phéap dién phan khong c6 dong tir ngoai vao
ma dong mot chiéu duoc sinh ra khi nhing mét cap ganvanic vao dung dich phan tich.
Mot ban dién cuc lam bﬁng platin, con ban kia lam béng kim loai nao d6 c6 do am dién
hon kim loai can xac dinh

- Khi nbi hai ban cuc bang mot day din thi trong mach bat dau xuat hién dong dién.
Céc 1on kim lagi c6 trong dung dich s€ phong dién trén catdt (dién cuc platin) tao thanh
két tiia kim loai. Qua trinh bat dau bang sy két tia cta kim loai c6 d6 duong dién 16n hon

trong sb cac kim loai ¢ trong dung dich

- Phuong phap ndi dién phan duoc st dung chu yéu dé xac dinh cac kim loai mau,
dic biét 1a dé xac dinh cac luong nho tap chat.

- Phuong phap ndi dién phan c6 mot sé wu diém hon so v6i phuong phép dién phan
c6 dong tir ngoai vao: may moc don gian; qua trinh dién phan rat don gian; co thé tach
dugc ca cac cation ma phuong phap dién phin co dong tir ngoai vao khong tach ndi; co
thé tach ra nhitng lugng kim loai rat nho; kim loai két tia trén catét mot 16p min, déu va

chéc
Il. Phwong phap chuin d¢ dién thé

1. Nguyén tic cia phwong phdp
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- Phuong phéap chuin d6 dién thé 1a phuong phap phén tich dwa trén viéc do thé
dién cyc dugc nhing vao dung dich. Gia tri thé do duoc phu thudc vao né)ng do cua cac
ion twong mg trong dung dich va thay doi trong qua trinh dinh phan, tai gan diém tuong

duong xay ra su bién do1 dot ngdt cua thé dién cuc.

- Pé do thé trong qua trinh dinh phan nguoi ta dung hai dién cuc: dién cuc chi thi va
dién cyc so sanh ghép thanh mdt pin ganvanic. Pién cuc chi thi 1a dién cuc ma dién thé
cua no tryc tiép hodc gian tiép phu thudc vao ndng do chat nghién ctru, dién cuc so sanh

1a dién cyc thir hai 14y 1am so sanh dé do thé dién cyc chi thi.

- Khi mudn do thé cua dién cuc, ta ndi dién cuc chi thi va dién cuc so sanh thanh
mot pin ganvanic. Mic vao mach dung cu do thé (dién thé ké, von ké dién tu,...) va
cuong do dong dién dugc giit di nho tir 10° dén 10MA

- Phuong phép chuan dién thé co thé ap dung dé phan tich cac dung dich duc, cac
dung dich ¢6 mau thdm, cic dung dich c6 nong do lodng 1a cac truong hop ma khi dinh

phan khong thé diing céc chat chi thi binh thudng dé xac dinh diém tuong duwong
2. Xdc dinh diém twong dwong

- Trong phuong phap chuan do dién thé, diém twong duong ctia qua trinh dinh phan
duge xac dinh nho do dién thé ciia dung dich trong qué trinh dinh phan. Tai diém tuong
duong, khi nong do cta ion can xac dinh trong dung dich giam manh va tham tri tr&
thanh khong dang ké thi su thay doi dot ngot cua thé dién cuc c6 thé ghi duoc bing dién
thé ké nhay

- Pé xac dinh diém tuong duong, don gian nhat 1a xdy dung duong dinh phan
thuong theo do thi dudng tich phan E-V hoidc theo d6 thi dudng vi phan % -V . Trong
d6, E 1a dién thé do duoc trong qua trinh dinh phan, V 1a thé tich cua dung dich chuan
thém vao trong qua trinh dinh phan

3.  Céc phdn ieng dinh phin diing trong chuén d¢ dién thé

Phuong phap chuin d6 do dién thé dugc 4p dung rong rdi dé xac dinh céac axit, bazo
yéu, cac hdn hop axit hodc bazo, cac hdn hop chét oxy hod hodc chat khir trong cac moi

truong khac nhau theo cac phuong phap:

- Dinh phan theo phuong phap axit-bazo: Phuong phap st dung phan rng axit-bazo

dién cuc chi thi thuong dung 1a dién cuc thuy tinh, di¢n cuc so sanh la dién cuc calomen
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hay bac clorua. V&i phuong phap ndy, ngudi ta c6 thé xac dinh céac axit trong hdn hop,

hdn hop cac céu tir trong dung moi khong phai nude

- Dinh phan theo phuong phap complexon: Phuong phap sir dung phan tng tao
complexonat v&i1 dung dich complexon III. Pién cuc chi thi 1a dién cuc bﬁng kim loai
tuong tng hodc ciing c¢6 thé dung dién cuc chon loc ion trong phuong phap chuan do
dién thé.

- Dinh phan theo phuong phéap két tua: Trong phuong phap chuan d6 do dién thé
dung phan tng két tua nguoi ta co thé dung céc dién cuc kim loai hodc cac dién cuc ion
chon loc Iam dién cuc chi thi. Cac dién cuc nay phai nhay ddi véi ion can xac dinh hay
thudc két tia. Dung phuong phap ndy, ngudi ta c¢6 thé xac dinh duoc cac ion Ag”, Hg**,

Zn**, Pb*, CI', Br,..
I1l.  Phwong phap cuc pho
1. Nguyén tic ciia phwong phdp

- Phuong phdp nay dya trén viéc ing dung sy phan cuc néng dd, sinh ra trong qua
trinh dién phén trén dién cuc c6 bé mit nho. Dya vao duong cong biéu dién su phu thudc
ctia su bién d6i cudng do6 dong trong qua trinh dién phan vao thé dit vao, co thé xac dinh
dinh tinh hodc dinh luong chat can xac dinh véi d6 chinh xac kha cao. Puong biéu dién
cudng d6 dong tai thoi diém xay ra sy khir ion can phén tich bi gdy dot ngot ¢ phia trén,
tao nén duong goi la song cuc phé. Duya vao vi tri ciia song do, co thé xac dinh duoc
thanh phan dinh tinh cta chat dién ly, dua vao chiéu cao cta song c6 thé xac dinh dugc

ham lugng cua ion bi khir

- Phuong phap cuc phd c6 kha ning xac dinh hdn hop cac kim loai chira trong céc

mau voi ham lugng thap véi do chinh xac cao
2. Thé phin huy, dong khuyéch tin

- Néu dat mot hiéu dién thé vao hai cyc cua nhiing vao dung dich chat dién li va
tang dan hiéu dién thé d6, thi ban dau dong dién chay qua dung dich hau nhu khong thay
d6i. Khi hiéu dién thé ting dén mot gia tri di dé phan huy chat dién 1i thi cuong d6 dong
dién s€ tang 1én mot cach dot ngot. Gia tri dién thé d6 duoc goi la thé phan huy

- Néu dung mét trong hai cyc c¢6 bé mit nhé (thuong diung catdt giot thuy ngan) con
cuc kia ¢6 bé mat 1on khi cho dong mot chiéu chay qua dung dich, ¢ cuc c6 bé mit nhéd
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x4y ra sy bién thién néng dd do chat dién li bi phan huy. Vi bé mat dién cuc rat nhé nén

mat do dong trén dién cuc 16n

- Cung véi viée ting dién thé gitra hai cuc, cudng do dong chay qua dung dich va
mat do dong trén dié€n cuc nho tang 1én. Khi d6 ion bi khir ¢ sat voi bé mit cuc nho tang
1én 1am giam ndng d6 cua ion bi khir & d6 xudng. Tiép tuc ting dién thé & hai cuc 1én thi
su tang mat do dong trén dién cuc nho s& dan téi mot thoi diém nao d6 tat ca cac ion
duoc chuyén dén catot déu bi phong dién. Sy bod sung cac ion tir dung dich cho 16p sat
dién cuc xdy ra cham hon qué trinh phong dién trén bé mit dién cuc. Khi do, su tang tiép
hiéu dién thé giira hai cuc s& khong giy ra dugc sy ting dang ké cuong d6 dong dién

chay qua dung dich

- Khi cuong do dong dién tré nén khong doi nghia 1a khi tat ca cac ion cua chét
phan tich dugc dwa dén 16p sat cuc bang su khuyéch tan déu bi phong dién hét duoc goi
1a dong gi6i han hay dong khuyéch tan. Dong khuyéch tan ty 1¢ thuan véi nong do ion

can xéac dinh trong dung dich
3. Phwong trinh Incévich

- Su phu thudc cua cuong d6 dong khuyéch tan vao ndng do ion trong dung dich
duoc biéu dién bang phuong trinh Incovich:
1 21
| =605.n.D2.m3t6.C
Trong do:
I- Cuong d6 dong dién (u A)
n- S6 electron ma ion nhan khi né bi khr
D- Hé s6 khuyéch tan cua ion (cm?sec™)
m- Khéi luong thuy ngan chay ra khoi mao quan trong 1 gidy (mg)
t- Chu ky roi giot thuy ngan (sec)
C- Nong d6 ion can xac dinh (mol/lit)
- Néu tién hanh phan tich cuc phé mot loai ion nao do thi n va D la nhiing dai luong

khong do6i. Trong truong hop ta lam viéc vdi cuing mot mao quan va mot toc do chay cua

2 1
thuy ngén thi tich m3t® ciing 1a mot dai lvong khong d6i. Khi do:
|=K.C

4.  Pham vi rng dung ciia phwong phdp
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- Dung phuong phap phan tich cuc phd c6 thé xac dinh dugc cac chit vo co ciing
nhu hitu co néu ching co thé bi khur hay bi oxy hoé trén bé mit cac cuc khi co dong dién
mot chiéu di qua. Do d6, phwong phap cuc phd duge tng dung rong rii trong cac phong

thi nghiém hod phan tich cia cac co sé nghién ctru khoa hoc va cac nha may

- Pén nay, co nhiéu phuong phép phan tich cuc phé hién dai xac dinh dugc nhiing
lwong rat nho t6i 10° — 10 nhu cue phd séng may, cuc phd xung vi phan, cuc phd von

ampe hoa tan, cuc phé xuc tac,...
5. Quy trinh phén tich ciia phwong phdp phén tich cwe phé

Pé phan tich mot chat nao d6 bang phuong phap cuc pho, can tién hanh cac budc

Sau:

- Chuyén chat can phan tich vao dung dich: Lua chon phuong phap hod mau va
dung mai thich hop dé chuyén chat can xac dinh thanh dang hoa tan trong dung
moi

- Tao ra mdi truong can thiét va tach cac chat gy can trd sy xac dinh cuc phd. Céc
chét c6 thé khir gan véi thé khir ctia nguyén té can xac dinh hodc c¢6 thé thap hon
oxy hoa tan trong dung dich déu ngin can viéc phan tich. Pé tach cac chat ngin
can s dung cac phan Ung tao két taa, tao phtrc, hoac tach béng sdc ky,...Dé tach

oxy hoa an nguoi ta xuc khi H, hoac N, qua dung dich sé& dudi dugc O,
- Chon chit Iam nén cho cyuc phd bang thyc nghiém

- Cho dung dich chuéan bj phan tich vao binh dién phan, Poéng mach dong dién mot
chiéu va tang thé gitra hai cuc 1én mot cach tu tur. Ghi su bién thién cua dong phu

thudc vao dién thé roi dua vao cac dit liéu thu dugc dé vé duodng cuc phé
IV. Phwong phip chuin Ampe
1.  Nguyén tic ciia phwong phap

- Ban chét ciia phuong phap chuan Ampe gidng nhu phuong phap cuc phd. Dung
dich nghién ctru vao binh dinh phan c6 dién cuc giot thuy ngan va andt thuy ngan cé bé
mit 16n. Giita hai cuc dugc thiét 1ap mot dién ap khong ddi can thiét cho su khir trén

catot mot ion kim loai. Tién hanh chuan d¢ va ghi so chi cua dién ke.
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- Trong khi dinh phan, ndng d6 ion tu do, san phdm tao thanh qua phan tng dinh
phan ting dan ¢ trudc diém twong duong, sau diém tuwong dwong ndng do ion tu do noéi

chung it thay doi

- Trén co sé nhitg két qua ciia viéc chuan do, v& dudng chuin do ampe véi truc
hoanh biéu dién thé tich dung dich chuan (ml), truc tung ghi sb chi cta dién ké tuong

mg. Dua vao db thi dudong chuin d6 xac dinh diém twong duwong ciia qua trinh dinh phan.
2. Cdc phdn trng ding trong phwong phdp chuin Ampe

Trong phuong phap chuan ampe, nguoi ta hay ding cac phan ung tao két tia, phan
ung oxy hoa khir va phan ing tao phuc lam phan tng dinh phan. Céc phan ung dung
trong phuwong phap chuan ampe ciing phai dap Gng cic yéu cau: phan Gng phai xay ra
hoan toan, van téc phan ung phai du 16n,... nhu ddi véi cac phuong phap phan tich thé

tich khac.

- Phén Ung tao két tiia: Trong phuong phap nay, phan tng tao két tua thudng dugc
dung trong trudng hop tao két tia voi cac thude thr hitu co nhu: 8-oxyquinolin,
cupheron, dimetylglyoxin,..theo dong khir ctia cac cation kim loai hodc theo dong khur
clia cac chat hitu co. Trong trudng hop, dung dich c6 hai ion c6 kha ning tao hop chat
khé tan véi chat dinh phan ma néu tich s hoa tan cua ching du khac nhau, tinh chét dién
hoa ctia chung cho phép thu dugc cac duong dinh phan c6 hai diém udn thi ta co thé
chuan do ampe ma khong can tach chung ra khoi nhau nhu phuong phap két tia thong

thuong

- Phan Uung oxy hoa- khur : Phan Ung oxy hoa- khir dugc dung trong phuong phap
chuan do ampe khi nguoi ta co thé dung cac chét oxy hoa nhu : K,Cr,07, Ce(SOy),,
KBrOs, l,,...1am chat chuin dé xac dinh cac chat khir. Hodc nguoi ta cling dung céc chat
khtr nhu FeSO,, Na,S,0; dé 1am dung dich chuin xac dinh cac chat oxy hoa. Néu trong
dung dich c6 hai chét khir hodc hai chat oxy hod c6 thé oxy hoa khir du khac nhau, ta c6
thé xac dinh ching trong hdn hop theo phuwong phap chuan ampe ma khong can tach
chung ra khoi nhau

- Phéan tng tao phirc: Ngudi ta dung phan tng tao complexonat kim loai bang
tyldiamintetraaxetic (EDTA) dé chuén ampe cac ion kim loai khac nhau nhu: Bi**, Fe®",
Pb*, Zn?*, Cu?*, Co?*, Cd**,...1a nhiing ion c6 kha ning khir dién hoa trong diéu kién

phan tich. Khi thay d6i pH trong dung dich, nhd phan mg tao complexonat chuin do
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ampe c6 thé xac dinh timg ion trong dung dich ma khong can phan tach ching ra khoi
nhau

3. Pham vi trng dung ciia phwong phdp chuin Ampe

- Dung phuong phap chuin d6 Ampe c6 thé xac dinh duoc nhiéu cation, anion va ca
cac chat hiru co. Phuong phap nay con xac dinh duoc ca cac chat khong bi khir va khong
bi oxy hoa trén dién cuc chi thi. Trong truong hop do, nguoi ta dung chat dé chuan d6 1a

nhiing chét bi oxy hoa hodc chat bi khir

- Phuong phap nay dugc ing dung rong rai trong thuc tién phan tich. N6 dugc dung
dé xac dinh nhiing chét ¢6 néng do 10°-10* mol/lit va chudn do duoc ca cac dung dich

¢6 mau hoac bi duc

CAU HOI ON TAP CHUONG V

1. Trinh bay nguyén tic ctia phuong phap dién phan?

2. Cho biét cac qua trinh hod hoc xay ra khi dién phan? Phan tich vi du dién phan
dung dich nudc CuSO,?

3. So sanh phuong phap dién phan c6 dong tir ngoai vao va phuong phap ndi dién
phan?

4. Trinh bay nguyén tic ctia phuwong phap chuan do dién thé? Néu cach xac dinh
diém tuong duong trong chaun d6 dién thé?

5. Trinh bay cac phan tng va cac trudng hop tng dung phuong phap chuan do dién
thé?

6. Cho biét phuong trinh Inconvich va nguyén tic chung ctia phuong phap phan tich
cuc pho?

7. Trinh bay cac budc co ban dé phan tich mau theo phuwong phap phan tich cuc phd
va pham vi ng dung cua phuong phap?

8. Trinh bay nguyén tic va pham vi img dung ctia phuong phap chuan ampe? Cho

biét mot s6 phan tng dinh phan thuong sir dung trong phuong phap chuan ampe?
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CHUONG VI
CAC PHUONG PHAP PHAN TiCH PHO NGHIEM

I.  Phwong phap phén tich tric quang
1. Nguyén tic ciia phwong phdp

- Nguyén tic chung ctia phuwong phap phan tich chic quang 1a mudn xac dinh mot
s6 cAu tir X nao do, ta chuyén né thanh hop chét c¢6 kha ning hap thu anh sang rdi do sy

hép thu 4nh sang ctia hop chat. Tt d6 suy ra ham lugng cta chit can xac dinh X.

- Pé dinh lugng céc ciu tir vo co thuong dung cac phan ung sau:

+ Phan tng truc tiép:

X + R = RX
Chat can xé4c dinh Thubc thir Hop chat hap thy 4nh sang
Vi du: Fe** + 3SCN’ = Fe(SCN);
+ Phan mg gian tiép:
MR + X = MX + R

Hop chét hap thy anh sang
+ Phan tng tao két tua:
X + R = RX{
Tach va hoa tan két tia RX rdi dinh luong bang pdang phap tric quang
- Pinh luong céc chét hitu co, nguoi ta thudng dua trén cac phan tng tong hop chit
mau
- Ngoai ra, trong phuong phap phén tich tric quang ngudi ta con ding cac phan tng

oxy hoa khtr, phan rng xuc tac,....

2. Dinh ludt Lambert — Beer

- Khi chiéu mét chum sang qua dung dich chat hap thu 4nh sang thi chat d6 chi hip
thu mot sd tia nhat dinh tuy thude vao cAu tric va tinh chat cua chung. Gitra mau sdc cua
chat va dai anh sang hip thu cta nd c6 mdi quan hé phu nhau. T6 hop hai mau bu nhau

d6 tao nén mau gan trang. Bang 6.1 cho biét budc song cua mdt s6 dai mau va mau phu

v6inod
Budc song A(nm) Mau Mau phu
400 - 450 Tim Xanh la cay-Vang(Xanh 14 ma)
450- 480 Xanh Vang
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480-490 Xanh luc Da cam
490-500 Cham bo
500-560 Xanh & cay Do tia
560- 575 Xanh 14 ma Tim
575- 590 Vang Xanh
590- 625 Da cam Xanh luc
625- 750 bo Cham

Bang 6.1. Budc song va dii mau twong wng

- Khi chiéu mot chum anh sang don sic c6 cuong do |y qua mot dung dich c6 bé day
14 b (cm), ndng d6 1a C (mol/lit) thi sau khi ra khoi dung dich né bi hap thu mat mot phan

nén cuong d¢ cua chum anh snag di ra 1a I; (Ii<ly) theo dinh luat Lambert- Beer sau:

Trong do: A- goi la mat do quang

&-hé sd hép thu, dac trung cho ban chét cua chat hép thu va budc
song cua anh sang téi
- Pbi véi cung mot chat hip thy, ¢ khong thay d6i va do cing mot loai cuvet co b =

const thi biéu thirc cta dinh luat Lamber- Beer trd thanh:

o _ KC , trong d6 K= &b = const

Khi d6, mat do truyén quang A phu thudc tuyén tinh vao ndng d6 dung dich C

3.  Cdac phwong phap xdc dinh
Nhu vdy, trong truong hop ciing mot chat xac dinh va ciing mot loai cuvet thi mat
d6 quang A phu thudc vao C theo quan hé tuyén tinh bang hé thic: A= K.C nén c6 thé

xéac dinh dugc nong do C ciia dung dich chét can xac dinh theo cac phuong phép sau:

a.  Phwong phdp do thi chuan

- Chuén bi mét loat cac dung dich miu cta chat can dinh luong c6 ndng do biét trude
Cyi, Gy, Cy,.... mol/lit
- Do mat do quang A tuong Gmg cua cac dung dich miu d6, chang han lan luot 1a Ay,

A,, As,....
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- V& d6 thi chuan A- C twong tng véi truc tung biéu dién ndng d6 cac dung dich mau,
tryc hoanh 1 cac gia trj mat do quang do dugc twong Gng. PO thi duong chuin 13 mot
duong thang

- Po mat d6 quang cia dung dich xac dinh néng do, gia tri do duoc chéng han [a Ay

- Tir gia tri Ax trén truc tung, ké dudng thang song song véi truc hoanh, cit do thi
duong chudn tai mot diém xac dinh. Tt diém d6 ha duong thing vudng goc voi truc

hoanh, cét truc hoanh tai giao diém Cy. Cy 12 gia tri néng do cua dung dich can xac dinh

Himh 6.1. D6 thi chuin

b.  Phuwong phdp thém

- Pbivoi dung dich co néng dd chét can xac dinh kha 16n hodc khi trong dung dich c6
cac yéu td anh huong dén mat do quang, ta c6 thé sir dung phuong phap thém dé xac dinh
noéng do cua dung dich do

- Voi dung dich can xéac dinh c6 nong do6 Cx chua biét, ta do mat do quang cua dung
dich do, chéng han két qua thu duogc la Ax

- Thém luong nho chit can xac dinh c6 n6ng do C, di biét vao dung dich can xac

dinh rdi tién hanh do mat do quang cua dung dich ndng d6 Cx + C, , gia tri do dugc 1a A’

v

Cx+C, C
Hinh 6.2. D6 thi theo phwong phap thém
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- Khi d6, ndng d6 Cy dugc xac dinh theo d6 thi phuwong phap thém (Hinh 6.2) hoic

theo hé thirc sau:

c. Phuwong phap vi sai

- Dé xé4c dinh mot chat bang phuong phap trac quang thi diéu kién dau tién 1a sy thap
thu anh sang phai tuan theo dinh luat Lamber- Beer, nghia 1a ta chi xac dinh duogc cac
chét c6 néng d6 nam trong khoang ma c6 quan hé tuyén tinh véi mat d6 quang. Dé mo
rong khoang ndng do co thé xac dinh dugc bang phuong phap trac quang ngudi ta thudng
dung phuong phép vi sai

- Noi dung cua phuong phap do quang vi sai nhu sau:

+ Chuén bi dung dich chét can xac dinh c6 néng do C, 16n. Do mat d§ quang cua dung
dich nay thu duoc A

+ Chuan bi dung dich c6 nong do C, (C,>C,), do mat do quang ciia dung dich 1a A,

+ Dung dung dich 1 1am dung dich so sanh dé do mat d6 quang cta dung dich 2 thi gia trj
mat do quang thu duogc la A= Ar- Ag

+ Tuong tu néu dung dich phéan tich co néng do Cx > Cy, do quang cua dung dich nay voi
dung dich 1 1a dung dich so sanh thi ta thu duoc A,q = Ax— Ay

Theo dinh luat Lambert- Beer ta co:
Atd = A2 — Al = 6bC2 —6bC1 = 6b(C2 _Cl)
Axtd = AX — Al = 6bCX —(‘3bC1 = 6b(Cx _Cl)

Tir do it Atd _ Cz _Cl
u do rut ra: -
Axtd Cx _Cl
CX :M+Cl
Ag

Il. Phwong phap pho huynh quang
1.  Nguyén tic cia phwong phdp

- Phuong phap phd huynh quang 1a phuong phap kich hoat cac phéan tir chat can phan
tich dé tao ra phan tir co phd phat xa, cung cip cac théng tin cho phép phan tich dinh tinh
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va dinh luong. Tac nhan kich thich trong phwong phap phd huynh quang thudng dung 13

cac buc xa dién tur

- Pé thuc hién phan tich mét chat nao d6 ngudi ta thuong dung méay do huynh quang
hoic quang phd ké huynh quang. Chét can phan tich dwogc kich thich bang birc xa dién tir
tir thich hop tir ngoai vao, cac chit nay s& hap thy birc xa va chuyén sang trang thai kich
thich c6 murc ning luong cao hon. Tai muc ning luong do, né khong bén viing va ¢ thé
giai phong niang luong du bang cach phat ra birc xa ¢ tan sd phét ra twong (mg véi hiéu

nang lugng gitra cac muc.

- Néu chiéu vao miu chat can phan tich mot birc xa don sic ¢6 ning lugng tuong tng
v6i hiéu nang luong can thiét cho qua trinh hip thu thi cuong do buc xa t6i I, s& bi hip
thu va cuong do buc xa truyén qua I sx nho hon cudong do birc xa téi Io. Trong diéu kién
nhat dinh, cuong d6 buc xa huynh quang sé ty 18 voi cudng do birc xa hap thu va ty 18 véi
noéng do ciia chat can phan tich nén c6 thé xac dinh duoc nong do cua chat can phan tich

dua vao cuong do birc xa huynh quang
2.  Phdn tich huynh quang dinh tinh

Phuong phap huynh quang dugc ting dung dé phén tich dinh tinh mot sé chét vo co
va hitu co dya trén cac nguyén tic sau:

- Nhiéu hop chét hitu co khi bi kich thich boi cac buc xa thich hop s& phat huynh
quang v6i anh sang ¢6 mau dic trung. Ching han, ddu vazolin phat huynh quang c6 mau
tim sang, parafin phat huynh quang c6 mau xanh sang, dau thong phat huynh quang mau
xanh 14 cay xam,...

- Mot s6 mudi vo co nhu cac mudi ciia nguyén té dat hiém, chang han nhu Samari,
Europi, Terbi,....co tinh chét phat quang manh khi chiéu burc xa dién tir thich hop

- Ngoai hién tugng tu phat quang nhu cac hop chit hitu co va cac mudi dat hiém,
trong phan tich dinh tinh bang phuong phap huynh quang, ngudi ta con tao ra cac hop
chat phat quang giita ion v6 co va thude thir hitu co thich hop dua trén kha ning sau:

+ Chuyén nguyén to can xac dinh thanh hop chat huynh quang bang thudc thir. Véi diéu
kién thudc thtr du khéng phat huynh quang hodc phat huynh quang rat yéu

+ Chuyén nguyén t6 can xac dinh thanh hop chat huynh quang. Trong d6, kha ning phat
huynh quang ctia phirc tao thanh khac han kha nang phat huynh quang cua thudc thir

3. Phan tich huynh quang dinh lwong
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Phén tich huynh quang dinh luong dua vao sy phu thudc tuyén tinh giita cuong do
phat xa huynh quang véi nong d6 cua chat can phan tich. Dé dinh luong cac chit bang
phuong phap huynh quang nguoi ta ciing sit dung cic phuong phap duong chuén,

phuong phap thém, ... twong tu véi phuong phap tric quang
4.  Ung dung ciia phwong phdp

Phuong phap huynh quang dugc ap dung trong ca phan tich dinh tinh va dinh luong:

- Trong phan tich dinh tinh: Phuong phdp huynh quang cho phép phat hién nhiing
chit & nong do thip va trong nhiéu trudng hop c6 kha ning phan loai dic ching. Chang
han, trong cong nghé gidy, dé danh gia chat lugng xelluloza; trong cong nghiép thuy tinh,
dung dé phan loai va dinh mac thuy tinh; phan loai kim cuong, d4 quy trong cong nghiép
ché bién da quy;...

- Trong phan tich dinh luong, phan tich huynh quang 1a mdt phuong phap c6 do
nhay cao, thich hgp cho viéc xac dinh cac tap chét vi luong & néng do 10° - 10°%%

- Phuong phdp huynh quang cling dugc img dung c6 hi€u qua trong viéc phan tich
cac hop chét hitru co nhu benzen, naphtalen va céc chét c6 hoat tinh sinh hoc nhu vitamin,
khang sinh, hormon, cac sc to,...

- Phuong phap huynh quang kha don gian, ré tién co thé ap dung tét ddi vdi cac

nganh san xuat, dbi tuong sinh hoc va méi trudng,...
I11. Phwong phap quang pho phat xa

1. Dic diém ciia phwong phdp

- Phuong phap phd phat xa nguyén tir dua vao viéc do budc song, cudng do va cac
dac trung cua cac buc xa dién tr do cac nguyén tir hodc ion ¢ trang thai hoi phat ra. Viéc
phat ra cac btrc xa dién tir trong mién 4nh sang quang hoc ciia cac nguyén tir 1a do su thay
d6i trang thai nang luong cia nguyén tir. Trong diéu kién binh thudng cac nguyén tir &
trang thai nang luong co ban, khi cap ning lwong cho nguyén tir thi ching s& chuyén sang
trang thai c6 mic nang lugng cao hon goi 1a trang thai kich thich va ngay lap tirc chung
chuyén vé trang thai c6 mirc nang lugng thap bén viing hon, dong thoi phat ra birc xa
dién tir dudi dang cac vach quang phd

- Vi vdy, dé phan tich biang phuong phap quang phd phat xa mot mau chat nao do thi

can phai lam cac budc sau:
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+ Trude hét phai ding mot ngudn ning luong dé bién mau thanh hoi rdi chuyén nguyén

t6 can xac dinh thanh nguyén tir. Giai doan nay con goi 1a giai doan nguyén tir hoa

+ Tiép tuc dung ning luong dé kich thich nguyén tir chuyén 1én trang théi kich thich. O

trang thai kich thich, nguyén tu chi ton tai trong khoang thoi gian rat ngin ¢& 107°giay,

r0i ngay lap tirc nd chuyén vé trang thai co ban c¢6 muc ning lugng thip hon va giai

phoéng ra nhirng birc xa

+ Dung hé thong phan i quang hoc dé tach chum birc xa d6 thanh céc tia don sic. Ung

véi mdi tia don séc tao ra mot vach phé goi la phé phat xa

+ Duya vao vi tri ctia vach phd c6 c6 thé phan tich xac dinh dugc cac nguyén td co trong

mau. Néu do cuong do vach phé thi ta co6 thé xéac dinh dinh luong dugc cac nguyén t6 do
- Nhu vay, niang lugng kich thich quyét dinh sy xuat hién vach quang pho; cuong do

vach quang pho 13 do ndng d6 nguyén tir ctia nguyén t6 khao sat

2. Phwong phdp quang phé dinh tinh

- Co so cua phuong phap quang phd dinh tinh 1a mdi nguyén t6 hod hoc c6 mot hé
théng nang lugng nguyén tir riéng nén mdi nguyén to hoa hoc c6 hé thong vach quang
phd dic trung vé d6 dai song va cudng do vach quang phd. Tuy nhién, s6 vach quang phd
clia mdt nguyén t6 thuong rat 16n nén trong phan tich dinh tinh ngudi ta chi can khao sat
su c6 mit hay ving mit ciia cac vach quang phd cudi cting hay vach quang pho phan tich.
Vach quang pho cubi cung xuat hién khi giam dan ndng d6 ctia cdu tir can xéac dinh trong
mAu phan tich dén gia tri kha bé. Khi d0, s6 vach phd s& dan bién mat va chi con lai vai
vach. Cac vach cudi cling cta timg nguyén t6 da duoc nghién ctru kha ki ludng vé d6 dai
song, cac dac trung cuong do cia chung va dugc ghi trong céc bang, cac atlas vach quang

phd

- Phan tich dinh tinh bang quang phd phat xa c6 thé tién hanh theo phuong phap nhin
tryc tiép phd bang mat. Phuong phap nay it dung, thuong chi sit dung dbi v6i nhing
nguyén td ¢ it vach phd va cac vach phd nam trong vung kha kién. Khi dé, cac vach phd

hién 1én trén man chin va c6 thé quan sét tryc tiép bang mat hodc bang kinh lup

- Phuong phap dung Atlas hay dung nhat. Dé tiét kiém thoi gian va mau chudn, gnudi
ta d3 in sin cac vach phd dic trung ciia cac nguyén t6 1én nhitng tdm bia cling clng véi
cac vach phé cta st 1am vach chuén. Nhirng tam bia do goi la cac Atlas. Khi can dinh
tinh mot miu nao d6, ngudi ta chup phd cta mau cung véi vach phd cua sit 1én cing mot
kinh anh, sau khi ché hoa kinh anh va dé kho, dung mdy chiéu dé chiéu phd chup dugc
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l1én atlas r6i so sdnh cac vach pho ciia mau phan tich vdi cac vach phd cua atlas ctia cac

nguyén td dé tim cac nguyén té c6 trong mau

- Ngoai ra, phuong phap ding nguyén té so sanh ciing c6 thé dugc st dung. Chang
han, mudn phat hién Cu trong mau phan tich, ta trén nguyén té Cu véi bot than rdi chyp
pho clia nd cling véi phod ctia mau phan tich trén cing mot kinh anh trong cing mét diéu
kién. Sau khi ché hoa kinh anh, ta so sanh hai phd v6i nhau trén médy chiéu xem mau
phan tich c6 cac vach dic trung trung v6i nhitng vach co trong mau c6 Cu sé& biét duoc

trong mau phan tich c6 Cu hay khong
3. Phwong phdp quang phé dinh lwong

- Phuong trinh Lomakin biéu dién sy phu thudc gitra cuong d§ vach phé Iva néng do
C cua chét nghién ctru nhu sau:
| =a.C"
Trong do:
a, b - cac hing sé phu thudc vao diéu kién kich thich, trang thai vat 1y cua
mAu nghién ctru, diéu kién ghi phd
C- nong do ciia chat nghién ctru trong miu

I- Cuong d6 vach phé

- Viéc phan tich dua vao cuong do tuyét ddi 1 cua vach phé dé xac dinh néng do
thuong khong du chinh xac. P& han ché cac anh hudng giy nén sai sd, nguoi ta khong do
cuong do cua mot vach phé riéng biét xac dinh ty 1€ cuong do cua hai vach phé cua
nguyén td khac nhau, mot 1a vach cia nguyén to nghién ctru, mot 1a vach cia mot nguyén
td khéc co trong mau goi d6 1a cip vach phan tich.

- Cuong do cua vach nghién cuu la I, cuong do vach so sanh 1a I Ung dung
phuong trinh Lomakin cho cuong d6 I, va I ctia vach phé nghién ctru va vach phé SO

sanh ta co:

A AD ERPP-N )
Inc_a'Cnc Iss =a 'Css
| .
nc __ a b __ b
Vatiso: I acr 'CnC _ a'CnC
ss - SS

Nhu vay, cuong do cac vach nghién ciru va vach so sanh phu thudc nong do C.

trong mau nghién ctru. Vach so sanh thuodng duoc chon thoa man cac diéu kién sau:
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Ane — Ass =10nM

Ss —

0.103%310

SS

Viéc ude luong cac vach pho trong phan tich dinh lwong c6 thé tién hanh bang mat,

bang cach chup anh hoic bang phuong phap quang dién

4.

Ung dung ciia phwong phdp quang pho phdt xa

Phuong phap phén tich quang pho phat xa dugc img dung rong rai va phat huy tac

dung manh mé& trong phan tich ngudn nudc, phan tich nuéc cong nghiép, phan tich ddi

tuong thugc moi truong, trong sinh hoc, y hoc,...

Ngoai ra, phan tich quang phd ciing c6 nhiéu ing dung trong cic hoat dong khoa

hoc k¥ thuat, dic biét 1a trong san xudt luyén kim dé kiém tra nguyén liéu, ban thanh

pham va thanh pham
CAU HOI ON TAP CHUONG VI

1. Néu dinh luat Lambert-Beer ing dung trong phuong phap tric quang?

2. Trinh bay nguyén tic ctua phuong phap phan tich tric quang? Cho biét cac phuong
phap phan tich xac dinh nong do bang phuong phap tric quang?

3. Trinh bay phuong phap d thi chuin dé xac dinh ndng do ciu tir can phan tich trong
mAu theo phwong phép tric quang?

4.  Trinh bay nguyén tic ctia phuong phap phd huynh quang? Cho biét (mg dung cia
phuong phap phd huynh quang?

5. Trinh bay phuong phap phan tich huynh quang dinh tinh va phan tich huynh quang
dinh lugng?

6. Néu cac dic diém ctia phuong phap quang phd phat xa nguyén tir?

7. Trinh bay phuong phap phan tich quang phé dinh tinh?

8.  Cho biét co s ciia phuwong phap quang phd dinh lwong va pham vi tng dung cta
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CHUONG VII
PHUONG PHAP SAC KY

l. Nguyén tic ciia phwong phap sic ky

Séc ky 1a phuwong phap tach, phan ly, phan tich cac chit dua vao su phan bd khac
nhau cta céc chit giita hai pha dong (pha di chuyén theo chiéu dai cot) va pha tinh (pha
dung yén). Khi tiép xuc voi pha tinh, cac cu tir trong hdn hop s& phan bd giita pha dong

va pha tinh twong tng v6i tinh chét ciia chung (tinh chat hip phu, tinh chét hoa tan,...).

Trong cac hé thdng sic ky, cac phan tir ctia pha dong chuyén dong doc theo hé sic
ky. Céc chat khac nhau s& c6 4i luc khac nhau giira pha dong va pha tinh. Trong qué trinh
pha dong chuyén dong doc theo hé sic ky hét 16p pha tinh nay dén 16p pha tinh khéc, s&
lap di lap lai qua trinh hap phy- phan hap phu ciia cic chat trong pha tinh. Hé qua 1a cac
chét c6 ai luc 16n véi pha tinh s& chuyén dong chdm hon qua hé thng sic ky so voi cac
ché twong tac yéu hon véi pha nay. Do 1a nguyén tic chi yéu cua qua trinh tach sac ky.

Trong diéu kién nhiét do khong ddi, dinh luat mo ta su phu thudc cua luong chét bi
hap phu 1én pha tinh voi néng d6 ctia dung dich theo dinh luat hdp phu don phéan tir
Langmuir sau:

bC
1+bC

n=n,. (7.1)

Trong do:
n- luong chat hap phu 1én pha tinh lic dat cin bang
N..- lugng cuc dai cua chit c6 thé bi hap phu 1én mot chat hap phu nao do
b- 1a hing s6
C- 1a nong do cua chét bi hap phu

Trong mién ndng d6 di bé thi hién twong hap phu co thé trd nén tuyén tinh. Vi khi C
dua bé bC<< 1 thi 1+bC =1. Khi d6, phuong trinh Langmuir tr¢ thanh:
n=n,bC=KC (7.2)
(7.2) 1a phuong trinh hap phu tuyén tinh hay con goi 1a phuong trinh Henry. Mién
ndng do cua chat hap phu tuan theo dinh luat hap phuy tuyén tinh con duoc goi 1a mién
Henry

Il. Phén loai cac phwong phap sic ky
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Trong phuong phap sic ky pha dong 1 cac luu thé & trang thai khi hay léng, con
pha tinh c6 thé & trang thai long hodc rin. Dya vao trang thai tdp hop cua pha dong,
ngudi ta chia sic ky thanh hai nhém: sic ky khi va sic ky 16ng. Dya vao co ché trao ddi
clia cic chét gitradhi pha dong va pha tinh ngudi ta lai chia sdc ky thanh cac nhom nho
Sau:

Bing 7.1. Cdc dang siic ky co bin

i Pha Pha Cich bo tri Co ché trao doi
Dang sac ky .
dong tinh pha tinh chat
Khi
Hép phu Khi Rin Cot Hap phu
Khi- Long Khi Long Cot Phan b
Long
Long- Ran Long Rin Cot Hap phu
Long- Long Long Long Cot Phéan bd
Long- Nhya trao doi Long Rian Cot Trao doi ion
L&p mong Long Rin L&p mong Hap phu
Long | Long | Lép mong Phan b6
Giay Long Long Giay sac ky Phén bo
, Theo kich thudc
Ray(sac ky gel) Long Long Cot
phan tr

I11. Cach tién hanh phén tich sic ky

Tuy thudc ché d6 dua mau vao hé thdng sic ky va cac thao tac tién hanh sic ky,

ngudi ta chia cach tién hanh sic ky thanh ba loai phuong phép sau:
1. Phwong phdp tién luu

- Cho hon hop, thi du hai chit A, B lién tuc chdy qua cot c6 nap sin chét hép phu.
Nguoi ta xac dinh ndng do cac ciu tir trong dung dich chay ra khoi cot va xay dung dd thi
theo hé toa do: nong do cau tir- thé tich dung dich chay qua cot. P6 thi nay dugc goi 1a
sdc ky dd hay duong cong thoat

- Do cac cu tir bi hdp phu 1én c6t nén luc dau tir ¢t chi chay ra dung méi. Sau do,

dung dich thoat s€ co cAu tur bi h?ip phu yéu hon trén cdt, thi du cdu tir A. Sau d6, dén
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phan dung dich chira hdn hop A+B. Pudng cong thoat theo phwong phép tién luu biéu
dién trén hinh 7.1

P

Y

Hinh 7.1. Puong cong thoat clia phwong phap tién luu

- Phuong phép tién luu chi thu duoc phan dung dich thoat c6 cau tir A tinh khiét lac
dau. Sau d6 1a hdn hop cau tir A+B. Phuong phap nay khong cho phép tach hoan toan cac
cAu tir ra khoi nhau nén thyc té it duoc dung vao muc dich phan tach céc chat trong hdn

hop
2. Phwong phap rira gidi

- Pau tién cho vao v ml dung dich chtra hdn hop cac ciu tir (thi du hdn hop hai ciu
tr A va B, trong d6 A ¢6 ai lyc v&i cot nho hon B) chay qua cot. Cac ciu tir A, B chira
trong v ml trudc hét s& bi giir lai & phan trén cta cot. Sau do, cho dung dich rira (thuong
1a cac dung méi hoa tan cac cau tir) chay qua cot. Luc d6 cac ciu tir bi giit lai & phan trén
ctia cot s& bi dung moi “rira” va dua dan xubng phia dudi. Cau tr A c6 ai luc vé6i cot nho
hon B nén chuyén dong xudng phia dudi nhanh hon B. Néu cot du dai va ché do chay
ctia dung dich rira thich hop thi sau mot thoi gian cho chay dung dich rira, cac cau tir s&
tach ra thanh ting vung. Cac vung nay s¢€ tudn tu thoat ra khoi cot, mdi vung lai dugc

cach nhau bang mot phan dung méi. Hinh 7.2 1a duong cong thoat ctia qua trinh rira giai

C

\Y

Honh 7.2. Pwdng cong thoot cia phwong phop rira giai
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- Phuong phép rira giai hay dung v6i nhitng dung dich chira mot cau tir ¢6 4i luc véi

cOt nhung phai nhé hon ai luc cta céac cAu ttr can tach véi cot
3. Phwong phdp riva diy

- Ban diu, dua mau 1én cot. Sau do, cho mot dung dich rtra chira chét c6 ai luc véi
pha tinh 16n hon cac ciu tir can tach. Cac cdu tir can tach s& bi dich chuyén dan xubng
phia dudi khi ta tién hanh qué trinh rra cot va tudn tu thoat ra khoi cot. Céu tir thoat ra
khoi cot dau tién 13 cdu tir ¢6 tuong tac v6i pha tinh yéu nhét, sau d6 dan dan dén cac cau
tr ¢6 4i lue voi cot manh dan. Puong cong thoat ctia qua trinh rira day biéu dién trén hinh
7.3.

- Khac véi phuong phap rira giai, trong phuong phap rira day ndng do cac cau tur
khong giam qua qua trinh sac ky. Nhung phuong phéap ria day rat khé phan biét cac phan

riéng ctia cac ciu tir trong dung dich thoat

C

v

Honh 7.3. DPwong cong thoot cila phwong phop riva

IV. Mot so loai sic ky
1.  Sdc ky long dang cjt

- Trong phuong phap sic ky 1ong dang cot ¢ dién, cot sic ky thuong 1a cac dng thuy
tinh dudng kinh d = 0.5-5 cm va ¢6 do dai 1 = 20-100 cm. Trén cot nap ddy chat hap phu
va pha dong. Pha dong chuyén dong duéi tac dung cua trong luc. Mau phan tich duoc
dua vao o phan trén cta cot. Trong phuong phap rira giai hodc rira dy, qua trinh cho
dung dich rira chay qua cot s& xay ra hién tuong phan ly, tich cic cau tir. Thu dung dich
thoat chay ra khoi cot trong timg khoang thoi gian xac dinh, tién hanh phan tich nong do
cac cau tir bang phuong phéap thich hop va xay dung d thi trén hé toa do giita ndng do

cAu tir nghién ctru C va thé tich cua dung dich thoat V
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- Ngay nay, c6 nhiéu su cai tién vé thiét bi, cach nap mau, chat hap phu.... ngudi ta da
nhan duoc két qua phan tich c6 do nhay, do chon loc cao hon va dugc goi la phuong
phap sic ky long c6 hiéu qua cao. Trong phuong phap ndy, cot sic ky thuong duoc ché
tao bang thép khong gi c6 duong kinh trong 2-6 mm va dai 10-25cm, mit trong cua cot
dugc danh bong. Cot duoc nap cac chat hép phu véi cac hat co kich thudc 3.5-10 gm,
thudng c¢6 dang hinh cau. Dé nap chat hip phu vao cot ngudi ta hai bom chat hap phu
du6i dang huyén phu trong dung méi chon trude & ap suat 80MPa. Nhiing loai cot ndy c6

kha ning tach cao gap hang trim lan loai cot m& binh thuong

- Pha tinh dung trong sic ky long thuong phai khong hoa 14n véi pha dong, phai bén
co hoc va hoé hoc trong diéu kién phan tich, phai c6 do chon loc du cao. Pha tinh c6 thé &
dang ran hodc & thé 16ng, néu pha tinh ¢ dang 16ng ta c¢6 dang sic ky long-1ong, néu pha
tinh 13 thé rin ta c6 sic ky 1ong- rin. Pha tinh dang ran thuong dung cac chat hip phu la
silicagel, nhom oxit hay mot s6 hop chat hap phu bién tinh,....Néu pha tinh 1a cot trao doi

1on ta ¢ loai sdc ky ddc thu la sac ky trao doi ion
2. Sdc ky trao doi ion

- Sic ky trao doi ion 12 loai sic ky 16ng- ran. Pha tinh 1a mét loai hop chat c6 kha
nang trao doi ion (cation hodc anion). Qua trinh sac ky xay ra dya vao phan tng giira cac
thanh phan trong pha dong va chat trao d6i ion nap sin trong cot sac ky.

- Cot sdc ky trao d6i ion thudng 1a cot thuy tinh hinh tru c6 duong kinh trong va
chiéu dai thich hop. Thong thudng, ty 1é gitta chiéu dai va duong kinh dng phai 16n hon
10. Pay 6ng thuong c6 khoa dé thoat dung dich, dudi day dng thuong 16t 16p bong thuy
tinh hay bi thuy tinh dé ngan khong cho cac hat nhya lot vao 1am tic khoa. Trong cot
nhdi cc chét trao d6i ion ¢ dang xac dinh (Hinh 7.4) . Cac chat trao d6i ion hién nay
thuong sur dung 1a cac loai nhya trao ddi ion hay con goi 1a céac ionit. Céac chét trao d6i
ion téng hop nay co nhiéu vu diém nhu dung luong trao ddi 16m, du 1ap lai, co tinh bén co
hoc va hoa hoc. Céc ionit ndy co grfm cac nhom chtrc khac nhau, tuy thugc vao dién tich
cuia nhom chure ngudi ta c6 céc ionit khac nhau: cationit 1a nhitng ionit c6 chira cdc nhom
chtrc mang dién tich 4m, c¢6 kha ning trao doi cation; con anionit 1a nhiing ionit ¢é cac
nhom chirc mang dién tich dwong, c6 kha nang trao d6i anion. Tuy nhién, hién nay ngudi
ta con tong hop dugc cac ionit ¢6 nhidu nhdém chie, ké ca cac ionit ludng tinh c6 kha

nang vura trao doi cation vura trao doi anion
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4 . 7
1-Khoa
3 3 2- Bong thuy tinh hoac bi thuy tinh
3-Chét hap phu
4- Cot thuy tinh
) 5 5- Phéu d6 méu va pha dong

74 vz
1 % 1 %

Hinh 7.4. Cot sic ky trao d6i ion

- Phuong phéap sac ky trao doi ion dugc trng dung chu yéu dé tach céac ion. Sau do,
viéc x4ac dinh ham luong cia cdc cau tir trong mau cé thé duoc thuc hién bing céc

phuong phap thich hop

Thi dy: Dé tién hanh tach cac kim loai kiém trong hdn hop chira Na*, K*, ta cho Na'
va K* hip phu trén cot cationit. Sau do, tién hanh qua trinh rira giai bang dung dich rira
HCI 0.1M. Liic dau trong dung dich thoét s& khong c6 cac ion kim loai kiém. Sau d6, bat
dau xuét hién trong dung dich thoat ion Na*. Sau khi ndng d6 Na* trong dung dich thoat
gan bang khong mdi bat dau c6 ion K* trong dung dich thoat. Qua trinh rira dugc tién
hanh khi dung dich rira hét ion K. Qua trinh rira dugc biéu dién & dudng cong thoat trén
hinh 7.4. Ttr dudng cong thoat cho thiy voi dung dich rira 13 dung dich HCI ¢6 thé tach

Na® va K" ra khoi nhau trén cot sac ky trao d6i ion

K+
. C Na*
Honh 7.4. Dwdng cong thoot cua
Na*, K* khi rtra bang dung sdich HCI V(HCI)
0.1IM
3. Sic ky long- long trén cit

- Vé ban chat, sic ky long- long 1a phuong phap sic ky phan bd. Pha dong 13 nuéc,
pha tinh 1a dung moi khong hoa 1an vé&i nude. Cot sic ky duge nap diy mot chat mang
ran, trén bé mit c6 phi mot mang mong chat 1ong dung 1am pha tinh. Chét long pht trén
chit mang 13 pha tinh 16ng, con dung dich chira cdu tir nghién ctru chay qua cot 1a pha

dong long
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- Sy tach céc chat trong sac ky long- 16ng dua vao sy khac nhau ctia cac hé s6 phan
bo cua céc chat gitra cdc dung mdéi khong hoa lan. H¢ s6 phan bd cua céc chat dugc xac

dinh boi:

C
K = d
st C,
Trong do: Cq— ndng dd cua chat nghién ctru trong pha dong

C;—ndng do ciia chat nghién ctru trong pha tinh

- No6i chung trong sic ky long- 16ng, ngudi ta chon hé dung mdi khong hoa 1an nhung
khong it truong hop ngudi ta cling chon cac dung méi tan trong nhau chut it. Pé ngin
ngira quéa trinh hoa tan vao nhau ciia cic chat long trong qué trinh sic ky, pha dong
thuong duoc lam bio hoa trudc bang pha tinh. Pé dam bao cho thanh phan cac pha
khong thay d6i, nguoi ta ciing dung cac phuong phap hoa hoc dé gin chit vao cac chat

mang, thuong 13 cic tuong tac cia dung moi vai nhdom OH™ ¢ trén bé mit chat mang

- Hiéu qua cua cot phy thudc vao do nhot, hé sd khuyéch tan va cac tinh chét vat Iy
khac cta chat 1ong. Giam d6 nhdt ctia pha dong sé rat ngan thoi gian phan tich nhung néu
ting d6 nhét ciia pha dong lai 1am ting hiéu qua cua cot. Trong thuc té, thuong hay ding

cac chét 1ong c6 d6 nhét bé

- Chéat mang pha tinh can c6 bé mat di phat trién, tro hoa hoc, giit chit dugc pha tinh
1ong trén bé mit chit mang. Chat mang phai khong hoa tan trong cac dung moi sir dung
trong hé sic ky. Thuong ding cac chat mang c6 ban chat khac nhau: chat mang wa nudc
nhu silicagel, xelluloza; chat mang wa dung mdi hitu co nhu floroplast, teflon va cac
polime khéc. Ngay nay, ngudi ta cling ding phd bién sic ky long- 1ong cao ap nhd d6

1am ting hiéu qua tach va rat ngan thoi gian phén tich

- Phuong phap sic ky 1ong- 1ong trén cot ciing dugc ung dung dé phan tich dinh tinh
cling nhu phan tich dinh luong. Phan tich dinh tinh dua vao viéc xac dinh cac dac trung
luu cta qua trinh sic ky, két hop vo1 viée kiém dinh cac dac trung luu voi mau chuan.
Phan tich dinh luong thuong dua vao két qua do dién tich hodc do cao cua pic sic ky va
tién hanh theo phuong phap dudng chuin. Phuong phép sic ky 16ng- 1ong thuong dugc
tmg dung trong phan tich cac hop chét hitu co

4.  Sic ky lop méng
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- Vé ban chét, sic ky 16p mong chinh 1a sic ky 16ng- rin ma pha tinh rin dugc trai
thanh 16p mong trén ban kinh, nhya hay kim loai. Giot dung dich mau nghién ciru dugc
nho trén dudng xuat phét cach ria ban 2-3 cm, con ria ban duoc nhiing voa mot dung moi
thich hop. Dung méi nay déng vai trd nhu pha dong trong sic ky hap phu léng- rin. Dudi
tac dung cua lyc mao quan, dung moi s& chuyén dong doc theo 16p hip phu va chuyén
van cac ciu tir ciia hdn hop voi cac van tdc khac nhau dua dén viéc tach cac céu tu. Su
khuyéch tan cac cdu tir trong 16p hdp phu vira theo chiéu doc vira theo chiéu ngang. Vi

vay, qua trinh tach sdc ky duogc thuc hién theo hai chiéu

- Trong sac ky 16p mong, 16p mong thudng 1 cac ban thuy tinh, 14 nhom hodc mang
poliete trong sudt. Chat hip phu dé trai 1én 16p moéng thudng 13 bot silicagel, alumin, bot
xenluloza,.... Dung méi lam pha dong c6 thé dung cdc dung mdi don nhu: parafin,
xyclohexan, benzen, clorofom,... hodc hé cac dung moi gdm hai hay ba thanh phan dugc
chon vdi ty 1€ thich hop nhu: xyclohexan: axetat etyl = 95: 5 ; benzen: axetat etyl = 95: 5

: clorofom: axeton =9:1 ;.....

- Tuy theo huéng chuyén dong ciia pha dong, sic ky 16p mong gdm cac phuong phap
khac nhau: Phuong phép sic ky 16p mong di 1én thi dung méi thim tir dudi 1én dudi tac
dung cta luc mao quan; trong sic ky ban moéng di xudng, pha dong chuyén dong tir trén
xuéng do tac dung cia luc mao quan va tac dung cia trong luc; phuong phap sac ky 16p
mong nam ngang duoc thuc hién theo kiéu vong tron dé dung mai bay hoi tu do. Trong
phuong phap sic ky vong tron, gnuoi ta nhé mot giot dung dich nghién ctru ¢ tim cua
mot ban moéng ndm ngang, dung méi dugce tiép tuc dudi tic dung cua luc mao quan sé
chuyén dong hudng tlr tAm ra ngoai; cac ciu tir phan tich s& phan b trong 16p mong dudi

dang cac vong tron dong tam

- Sau khi két thuc qua trinh sic ky, phai tién hanh viéc 1am hién hinh vét sic ky bang
phuong phap hoa hoc hoic hoa ly. Bang phuong phap hoa hoc, ngudi ta thuong phun 1én
ban moéng mot dung dich thude thir c6 thé tic dung v6i cac cdu tir cia hdn hop thanh hop
chat mau nhin rd bang mat thuong. Trong phuong phap vat 1y, ngudi ta ¢ thé loi dung
hién twong phat quang véi cac tia tir ngoai: ding mot chét chi thi phat quang tic dung
duge véi cac ciu tir trong hdn hop hodc ¢ thé nhan biét cac vét sic ky bang phuong

phép phong xa,....
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- Phuong phép sic ky 16p mong dugc tng dung dé tach va phan tich dinh tinh ciing
nhu dinh luong cac hop chit hitu co nhu: céc axit, rugu, glucol, alcaloit, amin, aminoaxit,
protein, peptit, cac chat khang sinh,...va anion vo co, cation v co. Vi vy, phuong phap
sdc ky 16p mong duoc sir dung rong rii trong cong nghé thuc pham, duge hoc, y hoc va

cac linh vyc khoa hoc, cong ngh¢ va doi song khac

5. Sdc ky gidy

- V@& ban chat, day 1a loai sic ky phan bd 10ng- 10ng. Pha dong 1a chat 16ng, thudong 1a
hdn hop cua hai hay nhiéu dung méi khac nhau theo mét ty 1& xac dinh. Pha tinh 10ng
dugc tam vao chat mang 1a loai gidy dic biét dugc goi 1a gidy sic ky. Vi vy, phuong

phap mang tén sic ky gidy.

- Gidy sic ky dung trong sic ky gidy phai tinh khiét, dinh luong dong déu, cau tric
soi va chiéu dai soi xenluloza phai dong nhét. Cac hé dung moi trong sic ky phai dap tng
mot sd yéu cau: dung méi pha dong va dung moi pha tinh phai khong tron 1an, thanh
phan cia dung moi phai khong thay ddi trong qua trinh sic ky, dung méi phai dé dang
duoi ra khoi gidy sic ky, dung moi phai khong hiém, khong doc hai va nguy hiém cho
con ngudi. Cac cau tir trong mau nghién ctru phai ¢o tinh tan khac nhau trong cac dung
moi

- Tuong tu nhu sic ky 16p mong, trong sic ky gidy, giot mau phan tich ciing dugc
nho vao dung vach xuat phat. Tuy thudc vao cach cho dung mdi chay ma chia sic ky gidy
thanh cac loai: sic ky chay mot chiéu 1én hoic xudng (Hinh 7.5a,b), sic ky chay hai chiéu

vira 1én vira xudng (Hinh 7.6), sic ky chay vong tron (Hinh 7.7)

Que dG ’—O—‘
Moéc

thuy tinh \ \

thuy tinh |

Giay cach

ly gidy
Vét sic
ky — |

| Giay Dung
— | moi
Hinh 7.5a. Sac ky xudng Hinh 7.5b. Sac ky 1én
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Vong dung moj

Voi dan

% (ﬂ ) dung moi
7777777777 Méu

Hinh 7.6. Sic ky vira 1én- vira xuéng

Hinh 7.7. Sic ky vong tron
Sau khi tién hanh chay sac ky, nguoi ta thuc hién viéc hién hinh vét sac ky bang

phuong phap hoa hoc hodc vat Iy nhu md ta trong sac ky 16p mong.

- Phuong phép sic ky gidy dugc st dung khd rong rii trong phan tich dinh tinh va
dinh lugong cac chét hitu co va vo co. Diac biét 1a dé tach va phan tich cac hon hop chtra

cac cAu tir ¢6 tinh chat hoa hoc giéng nhau
6. Sic ky gel

- bay laloai sdc ky dac biét dua vao su khac nhau cua kich thudc phan tir cia cac hop
chat. Pha tinh trong sic ky gel 13 dung méi & trong céc 16 ctia gel, con pha dong chinh 1a
dung méi d6 chay qua. Nhu vay, pha tinh va pha dong déu cung 1a mot dung méi hodc
hon hop cac dung moi. Gel thuong dung dugc ché tao tir dextran, poliacrilanit va mdt sb

hop chat thién nhién hay tong hop khac

- Trong phuong phap sic ky gel, nguoi ta co thé tach cac phan tir co kich thude 16n
khoi cac phan tir c6 kich thude bé. Cac phan tir ¢6 kich thude bé c6 thé xuyén qua 16 gel,
sau d6 chung dugc rira ra khoi gel. Kich thude 16 gel ciing c6 thé thay doi bang cach thay

d6i dung moi dé thay d6i do truong cua gel.

- Trong thuc té, sic ky gel thuong duge sir dung dé xac dinh sy phan bd ciia cac phan
tir polime theo kich thudc phan tir. Nén ngudi ta thuong ap dung sic ky gel trong phan

tich sainh hoc dé tach va lam sach céac polipeptit, protein va cac hop chat ¢6 phan tir 16n
7. Sic ky khi
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- Trong sic ky khi, pha dong 1a pha khi hoic hoi. Tuy thudc vao trang thai cia pha
tinh 13 rdn hay 16ng ma c6 céc loai sic ky khac nhau: sic ky khi- 16ng (GLC) va sic ky
khi- ran (GSC). Cot sic ky khi dugc ché tao bang thuy tinh, ong thép, dng ddng, chat déo
dac biét, duong kinh trong cua cot co thé tir 3- 6 mm, chiéu dai cot tir vai chuc centimet
dén vai chuc mét. Cot co thé co dang théng, dang hinh X04n hay hinh chit U. Bén trong
ot nhdi cac chit hap phu rin (trong sic ky khi- rdn) hodc chit mang c6 phtt mang mong
pha tinh long (trong sic ky khi - 10ng). Pha dong 13 mot dong khi dé chuyén chat nghién
ctru ¢ thé khi qua cot sdc ky. Chit khi tai nghién ctru dé tao nén pha dong nay con duoc

goi la khi mang va thuong dung cac khi nhu Heli, hidro, nito.

- V& nguyén tic, sic ky khi- ran 14 loai sic ky khi hap phu. Pha dong 1a chat khi hoic
hoi, pha tinh 1a chat hap phu ran. Chat hdp phu rin c6 thé st dung I3 than hoat tinh,
silicagel hodc zeolit. Viéc tach cac cAu tur trong hon hop dua vao tinh chét héip phu chon
loc clia cac cau tr d6 trén chat hap phy ran. Chang han mau phan tich 12 mot hon hop
gdm hai cdu tir A, B; trong d0, gia st A bj hip phu manh trén pha tinh so voi ciu tir B.
Mau phan tich dugc dua 1én cot sic ky dudi dang hdn hop khi. Khi thoi pha dong chay
qua cot sic ky, cAu tir A bi hap phu trén cot nén ndng d6 cau tir A trong pha dong nho
hon ndng do ciu tir A trong pha tinh; nguoc lai ndong do cau tir B trong pha dong lai 16n
hon néng d6 cau tr B trong pha tinh. Vi vay, trén cot sdc ky khi, cu tir A va B sé tich ra

O cac vi tri khac nhau.

- Trong phuong phap sic ky khi- 1ong, pha tinh 13 chat long. Trén cot sic ky nap day
chat mang rin, trén bé mat chat mang c6 mot mang chat 1ong. chit mang hip phu pha
tinh. Chat mang ran thuong 1a cic chat tro, c6 bé mat phat trién nhung it c6 16 xp dé
tranh hién tugng hép phu 1én bé mit chat mang nhu diatomit, teflon. Viéc tach hon hop ra
thanh cac ciu tir riéng biét dya trén sy phan bd cua céc cau tir trong mot hdn hop hoa hoc
giita pha dong va pha tinh. Khi cho hdn hop khi qua c6t sic ky khi, cac cAu tir trong mau
s& twong tac voi mang chat long. Tai d6, xay ra hién twong hoa tan chét khi vao pha tinh
long. Gia sir, mau phan tich gdm hai ciu tor A, B ; trong d6, A hoa tan nhiéu trong pha
tinh, B hoa tan it trong pha tinh. Khi th6i pha dong qua cot sic ky, A s& di chuyén cham
trong pha dong; nguoc lai, B chuyén dong nhanh trong pha dong. Nho tac dong nhu luc
ham cta pha tinh va lyc din ctia pha dong ma hai cau tir A, B tach ra khoi nhau trén cot

sac ky.
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Cuong B
do tén

Thoi
Honh 7.6. Sac ky d6 khi toch m&u chlra hai ciu t& A,

- Trong qué trinh sic ky, may sic ky s& ghi lai sic ky dd. Tur sic ky do ta s& nhan
duoc céac tin hiéu Gng véi ting cau tr goi 13 cac pic sic ky. Hinh 7.6 13 sic ky d6 thu
duoc khi tich miu c6 hai cau tir A, B trén cot sic ky khi. Dya vao dac diém va cac thong
s6 dic trung cua ting pic sic ky dé dinh tinh va dinh luong cac cdu tir ¢6 trong miu phan

tich.

- Phuong phép sic ky khi duoc ap dung dé tach va phan tich cac hdn hop khi kha phd
bién va c6 hiéu qua. Thudng dung dé phan tich cac san pham dau mo, khong khi, cac hdn
hop chét thom trong san pham, cac khi thai,.... nén phuong phap nay duoc ding phd bién
trong cac nganh hoa sinh, y, cong nghiép thuc pham, dau mo,..... Phuong phap sic ky khi
cling c6 thé 4p dung dé phan tich cac hén hop chét 1ong hodc hdn hop chét rian bay hoi ¢
nhiét d6 thap sau khi cho ching bay hoi ¢ nhiét do can thiét réi dua cic san pham bay hoi

chay qua cot sic ky khi

CAU HOI ON TAP CHUONG VII

26. Trinh bay nguyén tic ctia phuong phap sic ky? Phén loai cic phuong phap phan
tich sac ky?

27.Trinh bay cach tién hanh phan tich sac ky theo cac phuong phap tién luu, rira giai
va ria day?

28. Hay trinh phwong phap sac ky 1ong dang cot dung trong phan tich sic ky?

29. So sanh sic ky trao ddi ion va sic ky long- 16ng trén cot?

5. Trinh bay nguyén tic, dic diém va ing dung cta phuong phap sic ky 16p mong?

6. Trinh bay nguyén tic, cach tién hanh va Gmg dung cua sic ky gidy?

7. Trinh bay nguyén tic tach, dic diém va tng dung cua sic ky gel?
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