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 1 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 nong 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 @ng axit-bazo, phan ung tao két taa kho tan, phan

ung tao phtrc va phan ing oxi hoa-khu
Phin loai ciac 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 do: 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:
Mg, =Tg,x XV =0.5620 x 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 gan/lit ciia dung dich NaCl la:

-3
_ Mnact _ 2.09x107 _ 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 gilta dung dich chat dinh phan véi dung
dich chuin dé xac dinh néng do cua axit hodc 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

Bang 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:

.. 0.1x01
[H IS ooa
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 ctia 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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_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 tmg 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 cubdi buéc nhay pH thi sai s 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:

pPH=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

97



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 moi 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)

100




