PHAN THU HAI
CAC PHUONG PHAP PHAN TiCH HOA HOC

Nhu da néu & trén hoa hoc phén tich gdm phén tich dinh tinh va phén tich dinh
luong. Phan tich dinh luong gébm cac phuong phap phan tich hod hoc va céac
phuong phap phén tich hoa 1. Cac phuong phap phén tich hoa hoc gém c6 phin
tich khéi lugng va phan tich thé tich. Cac phuong phap hoa 1y gém phén tich do
mau, phén tich sic ky, phan tich dién hoa.

CHUONG 1
PHAN TiCH KHOI LUQNG

1.1. NGUYEN TAC CHUNG CUA PHUONG PHAP PHAN TIiCH KHOI
LUONG

Phan tich khoi lugng 1a phuong phap dinh luong héa hoc trong dé nguoi ta do
chinh xac b:%mg cach can khéi lrong cua chat can xac dinh hodc nhimg hop phfin
cua no di duoc tach ra o trang thai tinh khiét hoa hoc hodc la dudi dang hop chit
c6 thanh phin biét trude.

Thi du, dé dinh luong vang trong hop kim, ngudi ta lay mot mau dai dién cho
hop kim d6 dem hoa tan mau nay trong mét luong thich hop nude cuong toan
3HCI + 1HNO; dac dé chuyén hoan toan mau thanh dung dich. Dem ché hoa dung
dich d6 bang nhitng thuoc thir thich hop, roi khir chon loc va dinh luong vang (111)
thanh vang kim loai (Au). Pem loc, rira két tia Au do r6i siy va nung dén khéi
hrong khong doi. Cuoi cing can luong Au do trén can phan tich dé xac dinh khoi
hrong cua no. Tir khoi luong nay, xac dinh ham luong vang trong mau hop kim.

Dé xac dinh Mg, nguoi ta tien hanh nhu sau: hoa tan mau phan tich trong dung
moi thich hgp dé chuyén toan bé luong Mg vao dung dich durdi dang i6n Mg?’_
Ché hoa dung dich bang cac thude thir thich hop dé két tha hoan toan va chon loc
ion Mg"" dudi dang hop chat kho tan MgNH4PO,. Loc, rira két tua va sy né o
nhiét dé thich hop dé chuyén hoan toan thanh hop chat Mg,P,0,. Cudi clng cin dé
xac dinh khoi luong cia nd. Dua vao cong thire cua két tia va khoi lrong vira can
duoc sé tinh duge ham lugng cia Mg trong mau phan tich. Trong thi du nay hop
chat MgNH4PO, duoc ket taa dé tach dinh lrong Mg duoc goi la dang két tia, con
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Mg,P,0; hop chét duge tao thanh sau khi nung dang két tia va dem can dé xéc
dinh ham lwong ciia Mg duogc goi 13 dang can. Phuong phéap phén tich khéi lwong
Mg nhu trén dugc goi la phuong phap két tia. Phuong phap két tua 1a phuong
phap dugc sir dung phd bién nhit trong phan tich khéi Iugng.

Dé xac dinh CO; trong quing cacbdnat ngudi ta phan huy hrong mau CaCO;
bang axit trong mdt dung cu riéng:

CaCO, + 2H* = Ca* + CO, + H,0

Toan b luong khi CO, giai phéng ra dugc hip thu hét vao hén hon Cao +
NaOH dung trong mot binh riéng. Lwong CO, dé duoc xéc dinh theo dé ting khdi
luong cua binh dung hdn hop hép thu, phuong phap xac dinh ham lwgng CO; nhu
trén goi la phuong phap cit.

Pé xdc dinh SO;s™ nguoi ta két tia no dudi dang BaSO, (dang két tua), loc rira,
sdy, nung, cin két tua (dang cin), ta tinh ra duge ham luong SO, trong dung dich
nao do.

1.2. YEU CAU CUA DANG KET TUA VA DANG CAN

Dé phuong phap phan tich khoi luong dat duoc do chinh xac cao, dang két tia
phai thoa man nhimg yéu cau sau:

- Két tua can phai thuc té khéng tan. Mudn viy khi tién hanh két tua ngudi ta
phai chon nhimg diéu kién thich hop nhu pa t6i wu, nong do thuoe thir, nhiét do
thich hop dé két tua hinh thanh thuc té khong tan, hodc nhu nguoi ta néi chat phin
tich duoc két tua mot cach dinh luong, thi du két tia toi 99.99%.

- Két tua thu duge can phai tinh khiét, khong hap phu cong két va ndi hap céc
tap chat. Chi ¢6 nhur vy thi dang cdn méi c6 thanh phan xac dinh tmg ding voi
cong thirc hoa hoc cua no.

- Két tua can thu dugc dudi dang dé loc rira dé co thé tach ra khoi dung dich
mét cach nhanh chong va thudn loi nhat.

Yéu céu quan trong nhat cua phan tich khéi luong la chét rin thu duoc cudi
ciing phai co cong thirc xac dinh dé tir khoi lugng cua no tinh ra dugce chinh xac
ham lugng nguyén td hodc ton can dinh phan. Déi vai nhiing két tua loai BaSO4 ¢
cong thirc xac dinh, bén vimg o nhiét do cao, nén sau khi nra sach va sﬁ}f kho thi tir
khéi lwrong cua no s& co thé tinh dwoc luong lén Ba™ hodac SO,” co trong dung
dich phan tich. Nhur vay, trong trirdng hop nay dang két toa va dang can la mdt hop
chat. Nhung khéng it két tua, chang han Fe(OH); va Al(OH); thuong khéng co
cong thirc xac dinh nén khong thé chon la dang can ma phai nung ching & nhiét do
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cao tdi khi co khoi hrong khong doi dé chuyén ching thanh Fe,O; hodac ALO, la
nhimg dang can phai thoa man nhimg yéu cau sau:

- Phai ¢6 cong thirc xdc dinh, ¢6 thanh phin khéng déi tir khi sdy hodc nung
xong dén khi cdn né trén cin phan tich. Thi du, dang cin khéng duoc hat dm,
khéng hép thu khi CO; c6 trong khong khi, khong bi phan hiy bai anh sang... Dé
thoa man yéu cdu nay cdn phai tién hanh phan tich theo nhimg ky thuat nhit dinh.

Heé s chuyén (con goi 1 hé sb phén tich) cang nho thi cang tét. Thi du, c6 thé
xdc dinh Cr'™ dudi dang can la BaCrO; hodc Cr,0s. Gia sir, sai s6 tuyét déi khi cén
BaCrO, va Cr,0, déula 1 mg, nhung khi can o dang Cr,(), thi sai so la 52 x 2/152
= 0,7mg Cr, con khi can o dang BaCr0O; thi sai so 13 52x1/253,3 = 0, 20mg Cr, nho
hon truomg hop trude 0,7/0,2=3,5 lan.

1.3. CACH TINH KET QUA TRONG PHAN TiCH KHOI LUQNG
a/ Hé so chuyén con goi la hé so phan tich

Thong thuong dang cin khong phai la dang can xac dinh ham luong, vi vay, tir
khoi lrong cua dang céan tinh khoi luong cua dang can xac dinh ham leong. Do do,
dé tién cho viée tinh két qua phan tich, ngudi ta dua ra khai niém hé so chuyén. Do
la dai luong ma ta can phai nhian khoi luong cua dang cin vdi no dé duoc khoi
lurgng cua dang cdn xac dinh, thong thuomg hé so chuyén 1a ti s6 cia khoi luong
ctia mét, hai hodc nhiéu nguyén tir hodc phan tir hodc tén ciia dang can xéc dinh va
khoi luong phén tir coa dang can. Noi cach khéac hé so chuyén chi ra ¢ bao nhiéu
gam nguyén to (chat) cin dinh phén trong 1 gam dang can. Trong truong hop cdn
xdc dinh Si thi hé sb chuyéu tir S10, (dang cdn) thanh Si dang ciin Xac dinh la:

LA T Y

Si0),

Thi du khac: néu dang can la Mg,P»0, va dang can Xac dinh ham heong la Mg;
MgO hay MgCO; thi hé sd chuyén lan luot la

Mg = 2Mg =0,2185
Mg, F,0,
2MgO
K. o= =,3622
o Mg, P0, :
K weco, = 2MBCQ; _ 5 7576
Mg, PO,

b) Cach tinh ket qud phin tich
Thong thuomg ngudi ta tinh két qua theo % khoi lugng cua chit cén dinh phan
frong mau.
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Gia sir lwong can miu 1a p (g). Khdi lugng dang can 13 q (g). K 1a hé s chuyén.

Ham luong tinh theo % khoi Iuong x.

YT = K.q.100 (1.1)
r

Néu p(g) mau chira trong v (ml) dung dich ma lﬁy ra v (ml) dé phan tich thi:
k.q.v.100
pv

Trong truong hop phan tich khi va hoi thi cach tinh kha don gian. Vi du, dé xéc
dinh d6 dm cia miu, ta ldy p (g) miu, Sau khi siy khé thi con lai p (g). Vay do am

Y9 = (1.2)

a o %
cua mau la:

% do 4m = 2=L 100
p

83

https://tieulun.hopto.org



CHUONG 2
PHAN TIiCH THE TIiCH

2.1. NHUNG KHAI NIEM CO BAN CUA PHAN TICH THE TiCH

2.1.1. Nguyén tic ciia phwong phéip

2.1.1.1. Pinh nghia: Phuong phap phan tich thé tich la phuong phép phén tich dua
trén viée do chinh xac thé tich dung dich thuoe thir (1a dung dich chuan) da phan
tmg vira du vdi dung dich phén tich. Tir thé tich va nong do cua dung dich chuén
ching ta tinh ra ham luong chat can phan tich.

Pé do thé tich chinh xac cua dung dich chuén dé ta dung dung cu la Bu rét (con
goi la ong chuan dé) con binh dung dung dich phan tich goi la binh non. Bu rét
duoc chia do dén 0,1ml, thuomg dung la 25, 50, 100ml. Con binh non thuong dung
¢0 dung tich 50,100, 250ml.

Qua trinh thém tir tir dung dich thuoe thir B tir trén Buret xuong chat dinh phan
A goi 1a su chuan do.

Diém ma A phan img vira du voi B goi 1a diém twong duong. Dé xdc dinh diém
tuong duong ngudi ta cho chi thi vao binh non. Tai diém twong duong chi thi bi
mat mau hodc xuat hién mau hodc déi mau do ban than no phan img von huong du
cua thude thir (chican 1,2 giot) la xuat hién hay do1 mau.

Vi du: Khi chuian dé HCI biang NaOH

HC1 + NaOH = NaOH + H,0

Ta cho phenolphtalein vao binh non chira HCl, dung dich khong mau. Nhung
khi lugng HCI hét thi 1 giot NaOH du xuong sé lam dung dich chuyén sang mau
hémg do phenolphtalein tac dung vo1 OH'.

2.1.1.2. Cic yéu ciu ciia phén irng diing trong phén tich thé tich

Do qua trinh chuén dé dién ra nhanh lai doi hoi nhan biét déi mau tire khic dé
két thiic chuin dé ding liic nén phan tmg trong phan tich doi hoi cdc yéu ciu sau:

a) Phdn tmg phdi hodn toan: Cé nghia 1a phan chét con lai sau khi két thic
dinh phan nho hon sai s6 cho phép.

Vi du: Sai s6 £ 0,1% la cho phép duoc. Diéu do co nghia 1a toc do phan (mg
phai du lém, qua tinh todn va qua thuc té téc do phan img phai 16n hon 10°.

Néu phan img dién ra khong hoan toan thi phai c6 bién phap thuc day phan tng
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bing cach tao phirc hodc két tia voi san pham, vi du:
2Cu™+4l" = 2Cul 4 +1,

dé phan tmg hoan toan phai cho thém KCNS vao dé vira tao phirc bén Cus(CNS);
vira tranh két tia duc. vira dé nhan biét SIT chuyén maul.

b) Phan teng phai chon loc: Nghia la chi cho mot loai san pham duy nhit khong
kém theo phan img phu tao ra cic san pham phu vira kho xac dinh diém tuong
duong vira gy sai s6 1om vi thude thur (dung dich chuan) hodc chit dinh phéan tiéu
ton mot huegng nao do vor chat la ma ta khong tinh duoc dé loai trir. Dé khic phuc
tinh trang nay ta phai dung chat chét bang cach thém chat tao phirc vao no sé ngan
can ion la khong phan tmg vai thuoe thir hodc chat dinh phan ciing ¢6 truong hop
chi cin diéu chinh pa cua mo1 truong sé ngin can dugc phan tmg phu. vi du khi
chuan dé CI” bang AgNOs, ta phai thuc hién trong méi truéng trung tinh hodc kiém
yéu vi néu méi truong kiém manh thi:

2Ag* +20H" = Ag,0+ H,0
hoic axit manh s& phan tmg véi CrO4” (chét chi thi) theo phan img:
H*+ CrO}¥ = HCrO; bén

lam mat téc dung chat chi thi:

¢) Toc do phan ting phai di Iém: Trong phan tich thé tich diém tuong duong
duroc xac dinh h&ng s doi mau cua chi thi, néu chim s& du rat nhiéu dung dich
chuan néu phan tmg cham thi phai thém vao hé phan mg chat xtc tac nao do.

d) Phai xdc dinh dwoc diém twong dwong bang chi thi: Trong phuong phap
trung hoa ta dung chi thi1 pH, trong phuong phap oxy hoa khir va trong phuong
phép két tua va tao phirc ding chi thi 1a cac chat vo co hodc hitu co c6 kha ning
tao vai thude thir du mét san phadm cé mau dic trung.

e) Dwong luong gam cua thuoc thir cang lém cang tot: dé khi pha dung dich
tiéu chuan sai s6 cn la nho nhat.

2.1.2. Phén loai cdc phwong phép chuén dé.
2.1.2.1. Phdn logi theo bin chit va co ché phdn ieng: Theo cach nay c6 bén cach
chuan do:

a) Chuan do trung hoa (con goi la phwong phdp trung hoa):

D6 1a phép xac dinh nong do mot axit hay kiém bang dung dich chudn kiém
hay axit, chi thi cia phép chuan dé nay la chi thi pH, khoang pH déi mau cua chi
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thi nim trong budc nhay pH cioa phép chuin d6, vi du Phenolphtalein,
metyldacam.

b) Chudn dé oxy hod khir (con goi la phirong phdp oxy hod khir): Phuong phap
nay duoc dua trén viée xéc dinh ndng do cac chit oxy hoa (hodc chat khir) bang
cac chat khir (hodc oxy hod) chi thi cuia phép chuan dé 1a chat chi thi oxy hoa khir

c6 khoang thé d6i mau ndm gon hodc gin gon trong bude nhay thé.

Vi du chudn Fe™ bang dung dich chuin Crx05.
Cr,0% + 6Fe* + 14H" = 2Cr* + 6Fe**+ TH,0

Sau khi lugng Fe’ (dudi binh nén) hét thi Cr,O7” dur sé phan img von Diphenyl
gquan, lam cho no bién déi tir khong mau sang mau tim xanh. Khi do ta két thuc
dinh phan.

¢) Chuin do két tua (phuong phap két tua): San pham tao thanh 14 két tua, song
vin nhan biét duoc sy doi mau chi thi nao do. Vi du viéc xac dinh CI bang
AgNOs, khi du AgNO; no sé phan tmg véi KoCrO; (1a Chat chi thi & dudi binh
non):

AgNO, + NaCl = AgCl{ tring + NaNO,.
2AgNO,du + K,CrO, = Ag,CrO, | + 2KNO,
do gach

Mau cua dung dich chuyén tir duc tring (mau cua AgCl) sang hdng nhat bao
hiéu sur két thic chuén do.

d) Chudn do tao phirc (phwong phdp tao phirc): San pham tao thanh phai la
nhimg phirc chit du bén va tan trong nudc. Dung dich chuin ciing 13 nhimg chat
tao phirc, chiing tao v&i ion kim loai thanh phirc bén hon phirc cia chi thi véi ion
kim loai. Sau tuong duong ciing co su ddi mau ro rét cua chi thi:

Me** + MInd* = Mind + H*
khong mau do nho

H,Y* + Melnd == MeY?* + HInd + H*
do nho xanh

2.1.2.2. Phan loai theo trinh tir va thao tac thi nghiém.

a) Chudn dé true tiép: Cho dung dich chuan tic dung truc tiép vol dung dich
dmh phan.
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A + B = L - D
Bey + Hym = K rau tac iume

b) Chudn dg gidn tiép: D6 1a viée xac dinh néng do chit dinh phan thong qua
san pham tao thanh gitra A (dung dich dinh phin) va B (dung dich chuan).

Vidu:

A + B = C + D

cC + E = H + G

Thuc t¢ la viéc xac dinh A khong théng qua B ma phai co C (san pham cta A
va B) tac dung von E ro1 tir E suy nguoc lal gian ticp tinh ra A

¢) Chudn do nguoe: Do la viéc xac dinh A._phai qua hai dung dich chuin (B va
C)

Bdu+A=E+D
Bcon+C=G+H
Tinh A theo cong thirc sau: V,.Ni=Vp Ne- Vo N&
2.1.3. Tinh todn trong phéin tich thé tich.

Dé tinh toan nguoi ta phai dua vao loai nong do co ban la né-ng, do duong luong
va d6 chuan theo chit duoc xac dinh va phai dung dinh luat duong huong.

2.1.3.1. Nong dé dwong lwgng.
a) Néng do dwong luong (con goi 1a ndng do chudn hay 1a dd nguyén chuin).

Do la s6 duong luong gam chat tan ¢6 trong mot lit dung dich.

N:% (2.1)

Trong d6: a la s6 gam chét tan, D la duong lrong gam chit tan, V 14 s lit dung
dich.

Dé xac dinh duong lugng gam (D) ta dua vao biéu thirc:

P

D=L (2.2)

(P la phan tir gam cua chat tan n la dai lugng dic trung cho timg loai phan
ung).
- Trong phan tmg trung hoa, n: S6 mol H ~ (hodc OH) cua axit(hay bazo) trao
doi.
87

https://tieulun.hopto.org



+ NaOH + H,PO, = NaH,PO, + H.,O

Dyaon = Praon » Dﬂ,m; = PH,H}.
+ 3NaOH + H,PO, = Na,PO, + 3H,0
Pu, :
Dy,ro, = =5

- Trong phan tmg oxy hoa khir, n = s0 electron ma chat oxy hoa (hodc chat
khir) trao doi.

2 KMnO, + 10FeSO, + 8H,S0, = K,SO, + 2MnSO, + 5Fe,(SO,); + 8H,0
Bisn

1

Fety, T

Pﬂuﬂ{. D
5 ¥

—

D KMal), =

- Trong phan tmg két tiia, n = so dién tich trao doi,

IBaCl, + Cr,(SO,), = 3BaSO, | + 2 CrCl,

F, Ball, Fr-"r: 50, )3
Dﬂiﬂz = T; DC&{Wu}:r: —%_L

b) Dé chudn theo chdt dwoc xdc dinh (T yg)

D6 chuan cua mot thude tha (A) theo chat ciin xdc dinh (B) la SO gam chat can
xdc dinh (B) tac dung vira du vin 1 ml dung dich chuan A.

T o, =0,00355 tire la 1 ml do AgNO; tac dung vira du vai 0,00355g CI
i
2 D
Do chudn Tam = 5400 (2.3)

Trong do a 1a la so gam chat A, DA' DB la duong lwong gam cia A, B.
2.1.3.2. Dinh luit dirong lwong:

Cac chat phan tmg vdi nhau theo nhirng duong luong bang nhau:

3 LE

D,
= =4 2.4
D, (2:4)

&
Go1 Vu, Ny la thé tich va nﬁng do cua chit dinh phan A

Goi Vg, Ng la thé tich va nﬁng dé cioa dung dich chuin B. Theo dinh luat
duong luong ta co:

V. N,=Va N (2.5)
Diy la dang co ban cua dinh ludt duong luong dé tinh toan trong phan tich thé

tich.
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Vi du 1: Co bao nhiéu gam Ba(OH), hoa tan trong 250ml dung dich néu chuan
dd 20ml dung dich nay hét 22 4ml dung dich HCI 0,09884N? Ta cé phan (g
chuan do:

Ba(OH), + 2HC] = BaCl, + 2H,0

F
DodéD, . = _felonh _ '?'2*35":85,5?5 (g)

BaltWi)y — 7

Ap dung dinh luit duong luong ta co:

N _22,4.0,09884
Ba{OH), 20

o Nﬂﬂtﬂﬁh Hﬂﬂﬂ{ﬂl‘f]r
AL ooy, — 1000 * ¥ pafor),

_ 22,40,09884, 555 5950
20.1000

Vi du 2: Tinh % H>C»0; trong mau, néu cin 0,200g mau va hoa tan vao 50ml
dung dich, chuin do dung dich nay trong méi truong axit hét 30,5ml KMnO, o, lon.
Giai: Ta co6 phan tmg chuan dé.

5H,C,0, + 2KMnO, + 16H* = 10CO, + 2K* + 2Mn?" + 8H,0

Dung cong thire: a,=D,.Vy. Ny. 107
Ta co:a,,=45.30,5 .0,10. 107 = 0,1372(g)
0,1372

Suy ra 9, H,C,0, = 5000 X 100 =68.60%.

2.2. CAC PHUONG PHAP PHAN TiCH THE TIiCH
2.2.1. Phuong phap chuiin d axit - bazo (phwong phép trung hoa)

Phuong phap chudn do axit - bazo dua trén phan tmg trao doi proion giira dung
dich chuan va dung dich dinh phén dé xic dinh nong do cua cac axit va bazo. Céc
phan (ng ding trong phwong phap nay déu thoa man céc yéu cau cua phan (g
diing trong phan tich thé tich. Cac dung dich chuan ding trong phuong phap nay
thuomg la cac dung dich axit manh hodc bazo manh. Trong qua trinh chuan do
nong dé cua cac ion H va OH thay déi, tie 1a pH cua dung dich nay thay déi. Vi
viy, dé xdc dinh diém tuong duong nguoi ta thuong ding nhimg chit ma mau sic
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cua chiing thay di theo pH cuia dung dich. Nhitng chit nay duoc goi la chit chi thi
axit - bazo hodc chat chi thi pH. Pudng biéu dién sy phu thudc cia pH trong qua
trinh chuan do vao thé tich dung dich chuan thém vao hoic lugng chat dinh phan
da dugc chuan do dugc goi la duong dinh phan. Nguoi ta thuomg dyua vao dudng
dinh phéan dé chon chat chi thi thich hop nhit.

2.2.1.1. Chiit chi thi axit-bazo.

Cac chat chi thi axit - bazo phan 16n la cdc pham nhuém hiru co. Ching la cac
axit hodc bazo hitu co yéu trong dé dang axit va bazo lién hop ¢6 mau khéc nhau.
vi vay mau cia ching phu thudc vao pa cua dung dich. Ta ky hiéu chat chi thi 13
axit HInd va bazo 1a IndOH. y rong nude cac chat chi thi dé phan ly nhu sau:

Hind < H'+Ind K, (a)
IndOH = Ind + OH Koo * (b)

Trong do cac dang lién hop twong img cua moi chat co mau khac nhau.

Su thay doi mau cua chat chi thi phu thudc vao pH cua dung dich duoc giai
thich bﬁng thuyét ion - mang mau.

Khi pH thay doi thi cac cdn bing (a) hodc (b) s& chuyén dich vé phia phai hodc
phia trai, chat chi thi s ton tai chu yéu dudi mét trong hai dang lién hop, nén co
mau cua dang nao ton tai chu yéu trong dung dich. Vi du: néu chat chi thi 1la Hind
thi khi thém axit vao dung dich ciia né thi can bang (a) sé chuyén vé phia trai nén
dung dich co mau cua dang axit Hind. Nguoc la néu giam d axit cua dung dich
(chang han thém kiém vao) thi cin bfmg (a) sé chuyén sang phia phai nén dung
dich c6 mau cua dang Ind” (dang bazo).

Khi pH ciia dung dich chira chat chi thi thay doi thi cau triic ciia phén tir trong
d6 c6 nhirng nhom mang mau thay d6i dan dén sy thay d6i mau cua chit chi thi.

Vi du: Phenolphtalein c6 thé ton tai trong dung dich cac dang ciu tric phén tir
sau day:

HDQ P HDQ Quﬂ B
(™

Dang lacton khéng mau Khong mau
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D‘ L
0 o 7
OH % rdt kiém o
H'l' OH
oo Cog
=

Dang quinon mau héng Khong mau

Vi vay trong md1 trudng axit va trung tinh phenolphtalein ton tai chu yéu dudi
dang lacion khong mau, trong méi truomg bazo ton tai cha yéu dudi qui non mau
hong, nhung trong moi trudng kiém manh lai ton tai & dang khong mau.

Metyl da cam c¢6 thé ton tai trong dung dich duéi cac dang sau:

. OH
i Srn 3w

Miu héng

i D L

Miu vang

Mai chit chi thi axit - bazo thuong c6 mdt khoang pH d6i mau. Ta hay xét chat
chi thi 1a axit hiru co yéu HInd. Trong dung dich nuéc chira lugng nho cua chat chi
thi do:

Hind = H* + Ind (2.6)
[Hlm:l]
Hind |
Hoic H=pK. .,-] 37

Ti sb % quyét dinh mau cua dung dich.
Ind”

| Hind

Mt ta thuomg chi phén biét duoc sw doi mau khi ti 18 ]
Thd

o trong khoang

1/10 - 10. Né1 cach khac kha néng do cua dang axit chénh léch van né-ng d¢ dang
bazo khoang 10 lan thi ta chi thay duoc mau cua dang co nuf‘-ng do lon. Thay doi ti
SO nfﬁng do:

[HInd] 1 [Hind]

mﬁ 5 Va m = 10 vao biéu thirc (2.7), ta co:
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IJH = PKEHM +1 I:?..E)

Nhu vay, khoang d6i mau ma mat ta nhan thay dugc 1a 2 don vi pH. Tuy nhién
d6i voi mot so chét chi thi mét ta co thé nhin duoc su d6i mau nho hon 2 don vi,
nghia la khi ti s6 nong do cua cac dang nho hon 10 lan. Pdi vai cht chi thi loai
IndOH, ta ciing ldp ludn twong tu dé xac dinh khoang pH d6i mau. Trong bang sau
day la mot so chat chi thi axit - bazo quan trong nhat.

Bing 2. Mt so chat chi thi axit-bazo quan trong

Tén thong dung | Khoang doi mau pK. Mau cua dang axit-bazo
Thimol xanh 12-28 1,65 Po vang
Metyl vang 29-40 3.55 Do - vang
Metyl da cam 31-44 3.46 Po da cam
Bromcresol xanh |38-54 4,66 Vang - xanh
Metyl do 42-63 5,00 Do - vang
Bromcresol tia 52-68 6,12 Vang - do tia
Bromthimol xanh [6.2-7.6 7,10 Vang - xanh
Phenol do 68-84 7,81 Vang - do
Cresol tia 76-92 8,40 Vang - tia
Phenolphtalein 83-10 9,15 Ko - hong
Thimolphtalein 93-10,5 9.90 K, - xanh
Alizann vang GG |10 - 12 11,00 Ky - vang

Dol vai loai chit thi th1 co mau tirc la chi mot trong hai dang axit - bazo lién
hop co mau, chﬁng han chit chi thi loai Hind ma dang HInd khéng mau thi mau
cia dung dich sé do nong d6 dang c6 mau Ind” quyét dinh. Néu C la gia tri ma
nﬂng do Ind cin dat toi dé ta nhan ra mau cua no va C, la nﬁng do ban diu cua
chat chi thi thi pH cua dung dich tai d6 mau cua Ind bat déu xudt hién la:

pH = pK srin -rgq—j 2.9)

Nhur vay, pH lam dd1 mau phu thudc vao nf’jng do chat chi thi. Vi du. trong
dung dich phenolphtalein bdo hoa, mau hong xuat hién khi pH = 8 con trong dung
dich lodng hon 10 lan thi pH =9 m xuat hién mau.

Ngoai khoang dbi mau cua chit chi thi, nguoi ta con dung khai niém chi s6 pT
cua chét chi thi axit - bazo dé chi pa ma tai do chat chi thi d6i mau ro nhat. Ta
thuomng thay gia tri pT tring véi gia tri pK,;.e cia chat chi thi.
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2.2.1.2. Duong dinh phin

Duong dinh phan trong chuan dé axit - bazo 1a duong biéu dién su lién hé gitra
nong d6 cén bang cua ion H™ va luong axit hodc bazo da chudn dé. Thiét 1ap duoc
phwong trinh dinh phén ta c6 thé vé duoc dudomg do dé thdy duoc su bién thién pH
cua dung dich trong qua trinh chudn dd, dé chon chit chi thi thich hop cho viéc
chuén dé va khi co phuong trinh duong phan dinh ta d& dang tinh sai sb chi thi.

a. Puomg dinh phan khi chuan dé axit manh bang bazo manh: Gia sir chuan do
Vo ml axit manh HA néng dé C, (mol/l) bang dung dich chuin bazo manh NaOH
hodac KOH nﬁng do C (mol/1).

Phuong trinh phan (mg chudn do la:

HA + NaOH = NaA + H,0

Hodc viét duoi dang 1on:

H'+ OH =H,0
Goi F 1a phﬁn axit da duoc chuan do, tac la:
F= S0 mili mol bazo da thém vao = Cmi: (2.10)
S8 mili mol axit ban ddu B

Phurong trinh bao toan proton cua dung dich trong qua trinh chuan do:

o7} S -low |-

R V., +¥ (2.11)
VNG o }lr]
Vo+V (2.12)
Dua F viao phuong trinh (2.12) bang cach nhin 2 vé cua phuong trinh vai
V4V, Vo4V CV-CW¥, (rrm- etV
o7 ta co i”:_+l"'x 7 -[[DH ] [H ]) 7 (2:13)
F-1 =([0H-]-[H‘]] Ef (2.14)

Phuong trinh (2.14) la phuong trinh tong quat cua duomg dinh phéan, no cho ta
biét moi lién hé giira pH cua dung dich va phan axit da dugc chuan do. Néu biét
dugc gia tri cua V, ta biét dugc F va dua vao phuong trinh trén ta tinh duoc [H],
tire 1a pH cua dung dich.

Khi méi chuan do con tuong doi xa diém tuong duong, trong dung dich con
nhiéu [H'], nén [H'] >> [OH] nén tir (2.14) suy ra:
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Cu *F:&

[Hq:U'th+F

Phuong trinh trén cho ta ﬂ}:iy nong do [H] bfmg nong do6 axit chua duoc chuin
dd da bi pha loang bang V ml dung dich chuan NaOH dugc thém vao. Tuy nhién,
diéu nay chi ding khi tuong dbi xa diém twong duong. Cang gin dén diém twong
duong ta phai ké dén su phin ly cua nude. Tai diém twong duong khi F = 1, tir
(2.14) ta co:

[H'] = [OH] = yKuo =107 (§25°C)

Sau va xa diém tuong duong vi dir tuong d6i nhiéu NaOH nén [OH] => [H']
va tir phuong trinh (2.14) suy ra:

C,V

it

Ko
=(F -1
[H" ( ]F+F

[OH] =

Sat truéc va sau diem twong duong [H'] = [OH] nén phai giai phuong trinh
(2.14) dé tinh pH. Can chu ¥ rang, co thé coi CV = C,V,, tirc 1a:

V,+V C,+C
v C

f_. = & Hoic
¥ L

Vi du 1: vé duong dinh phan khi chuan dé 100ml dung dich HCI 0,1M bang
dung dich NaOH 0,1M.

ip dung cong thirc (2.15), (2.16) két hop van (2.17) ta tinh duge pH khi cho
nhimg thé tich NaOH khac nhau vao dung dich HCI dé chuan dé HCI. Céc két qua
duogc tap hop trong bang sau:

Viml) | 0 | 10 | 50 | 90 | 99 | 999 | 100 |100.1| 101 | 110
F 0 |01 ]05|09 |09 [099] 1 [1.001]|1.01] 1.1

¥ ¥

pH 1 | 1,0 | 148|228 |330|430| 7.0 | 970 | 10,7 | 11,68

¥ X

Nhin xét ve dudng dinh phan axit manh hfing bazo manh:

- Trude va sau diém twong duong khi F nho hon 0,99 va lén hon 1,01 thi pH
cua dung dich bién dbi rat it. Trai lai & ving gin diém tuong duong pH thay déi rat
nhiéu tao nén budc nhay pH & sat diém tuong duong.

- Poan pH img va thon diém con 0.1 % luong axit chira dugc chuian va 0.1 %
hrong kiém du so vai axit, tire la khoang pH tmg voi F = 0,999 va 1,001 thuong
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duge quy woc la buoc nhay cia dudong dinh phian. Trong truong hop nay buoc
nhay cua duomg dinh phan la 5,4 don vi pH (9,70 - 4,30)

- Dura vao buéc nhay cuia duong dinh phin ta c6 thé dé dang chon chat chi thi.
Trong truémg hop nay ta chon bat ky chét chi thi pa nao co pT nam trong budc
nhay. Tirc 1a trong khoang pH tir 4,3 - 9,7 ta déu nhan ra diém twong duong voi
sai s& khong vuot qua 0,1 %.

pH

iz
LU o

1]
gk

]

T

bt
1
i

0-% -7 1%} | I-1 I-1 -3 F

Hinh 2. Pudéng dinh phan chuan dé HCI 0,IM bang NaOH 0,IM

- Nong do axit cang 16m thi bude nhay cang dai.
Ta hdy Tinh pH cua budc nhay.
Khi chuan do thiéu 0.1 % ture la:

V,+V
C, ¥V,

F-1=-0,001= ([oH"]-[H"])

Gia sir C va C, gan diém tuong duong nén V gan V,, ngoai ra co thé bo qua
OH canh H", nén phuong trinh trén duge don gian thanh:

5 -3=_ + i
10~ =-[H ]Cﬂ
A A0
] e
pH=-lg[H']=3+0,3-1gC,=3,3 - 1gC, (a)
Khi chuén dé thira 0,1 % tirc 1a:
F-1=+0,001 = (08 ]-[H])22>

-

Vi sau diém tuong duong nén ta bo qua H™ canh OH™ va co thé coi V =V, nén
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phuong trinh trén dugc don gian hoa thanh:

2 107"

+ﬂ,ﬂﬂl =[{)H_]C—d=maz
o 1072
)12
pH=-lg[H'] =11- 0,3 + 1gC, (b)

Bude nhay bang hiéu so 2 gia tri pH trén ApH
ApH=10,7 +1gC,-33 +1gC, =74 + 2 1gC, (c)
Vidu 2: Tinh pH cua budc nhay trong cac truomg hop sau:

Chuin dé dung dich HCI co nfing do bﬁng: a)l M;b) 0,1 M;¢) 0,01 Mvad)
0,005M bang dung dich NaOH cing nong do.

Sau khi ap dung cong thirc (c) trén va tap hop cac két qua trong mot bang ta co:
Nong do 1 0,1 0,01 0,005 0,001
Bucocnhay |7, 4dvpH |54dvpH | 34dvpH | 28dvpH | 1.4 dv pH

Ta thay ngay rang, budc nhay pa tai diém twong dwong khi chuan dé axit manh
bing bazo manh cing nong do cang 16m khi nong do cang lom.

Sai 5o chi thi:

Trong phan tich thé tich noi chung va phuong phap chuan dé axit - bazo noi
riéng, ngoai sai so thé tich do sir dung dung cu (buret, pipet, binh dinh mirc...) gay
nén, con hai loai sai sé quan trong khéc 1a sai sb do pa cua chét chi thi khéng tring
vl pH & diém tuong dwong goi tit 13 sai sb chi thi va sai s6 do xac dinh sai pT cua
chat chi thi, tirc 1a xac dinh pH o diém cuodi duoc goi la sal so diém cudi.

Sai sb chi thi 1a sai sé do diém cudi dugc nhén ra bang chét chi thi khong tring
voi diém tuong duong. Ta hay thiét lagp phuong trinh tinh sa1 56 do dudi dang sai
so tuong doi S. Theo dinh nghia:

_CF=EF,
CV,

S =F-]

hodc dudi dang phan trim: $% = (F - 1).100

Khi F nho hon 1 thi S 13 phan axit chua duoce chuan d6 va ¢6 dau am. Khi F lén
hon 1, S la phan axit twong dwong voi luong bazo du va c6 dau duong. Dua vio
phuong trinh duomg dinh phén, ta lap duoc phuong trinh sai so chi thi theo pH 6
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diém cudi tirc 1a theo pT cua chiét chi thi. Péi véi truong hop chuin d6 axit manh
bing bazo manh tir phwrong trinh (2.14) ta co:

S=F-1=([on] -[#], ),"'”" (2.18)

Trong do: ¢ 1a chir viét tit cua chir cudi. Néu két thic chudn do ¢ gin diém
tuong duong thi:

C ROV b oY LG HC (2.19)
v, 2

Trude diém tuong duong, néu [H'] >> [OH] thi:

su-[H'] "é;f’ (2.20)

Sau diém twong duong, néu [OH] >> [H], thi:
s=[oH" l F+F (2.21)

Néu & sat diém twong duong thi dung phuong trinh (2.19).

Thi du 1: Tinh sai s6 chuin d6 dung dich HCI 0,1M bing dung dich NaOH
0,1M néu két thic chuan d6 o a) pH = 5,0 va b) pH = 10,0.

Truromg hop a, ta ap dung (2. 14):

0.140.1 _ 4 0002 tic 12 -0,02%.

0,1=0,1

A=-10"

Truimg hop b, ta ap dung (2.21):

14+ 0

ﬂl:n;l]

Thi du 2: Néu chuan d6 dung dich HC1 0,1M b::ing dung dich NaOH 0,1 M thi
can két thuc trong khoang pH nao dé sai sb chi thi khéng qua 0,1 %. Ddi vai sai sb
-0,1 % tirc 1a S = - 0,001: nghia 1a lwong NaOH thém vao chua du. fip dung cong
thie (2.20), ta co:

A= lﬂ"' =0,0002 uic 1a +0,2%.

+ '}11 E‘Il
-0,001 =[# ]u,lzn,l

[H*]=5.10% - pH=43.
Déi v sai sb + 0,01%; tirc 1a § = +0,001; nghia la lugng NaOH thém vao du:
Tadung (2.2 1):
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0,1+0,1
0,1x0.1

+ 0,001 =[(JH‘]

[H*]TL_E% =5.10" - pH=9,7.

Nhu vdy, muén sai s chi thi khéng vuot qua 0,1 % ta phai két thic chudn do
trong khoang pH tir 4,3 va 9,7 hay noi cic khac la ding cac chét chi thi ¢é pH nam
trong khoang 4 3 - 9.7.

b. Chudn dg don it yéu bang baze manh

Phan (mg chuan do:

HA + NaOH = NaA + H,0
HA + OH = A"+ H,0

Phuong trinh bao toan proton

C,V, - [OH] - C¥
V +V ¥ +V

¥

[(H'] + [HA] -

Ta cting dit F = va dua F vao phuong trinh trén, ta dugc:

CV-C,¥, i v+v  |[H']
F— 1 = s = NOH |=-| H d - 222
ey (er xR RT3 2.22)
Phuong trinh trén 1a phuong trinh bdc 3 theo [H'] nhung trong cac giai doan
cia qua trinh chuan dé no duoc don gian hoa.
Khi chua chuan do F = 0, V = 0 trong dung dich Axit m;“:-ng do C, ta bo qua
nong do 16n OH, phuong trinh (2.22) dugc bién ddi thanh:

K.
H |=——= = 2:25
L] K,+[H"] )
Vanéu [H']>> K, thi [H] =K,.C, (2.24)
Ta c6 cong thirc quen thudc tinh pH cta dung dich axit yéu va tir cong thirc do
dé dang suy ra: pH = 0,5pK, - 0,51gC, (2.23)
- Sau khi thém v ml NaOH vao nhung con xa diém tuong duong, thi [H'] va
[OH] thudng nho hon [Na'] va [A] nhiéu nén co thé bo qua sé hang do do
" V +V SRS THE B
huong trinh {|oF" |-| H* |]= 2.20) tra thanh:
P £ [[ ] [ ]) l‘:'ﬂ.l"; " { )
H'l-
F-1=- Q (2.26)
[ H']+K,

Tir (2.26) suy ra dugc:
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[#]=F ke 2.27)

Trong phuong trinh (2.27), 1 - F timg vin ph'ﬁn axit HA con lai chwa duge chuan
do, con F ing vin phﬁn axit d3 duoc chuan do dé sinh ra bazo A lién hop vol no.
vi vay, phuong trinh do chinh la phuong trinh tinh pH cua dung dich dém gi:im axit
HA va bazo lién hop A

Tai diém tuong duong F = 1, ta c6 dung dich A", nén [OH] >> [H'] va phuong
trinh (2.22) tro thanh:

_|H _[onr € +C
H'|+K, i

Hﬂﬁ;{: ﬂ:%ﬁ.ﬁ
|H |+, [H'] L

Néu axit khong qua yéu thi K, >> [H'], nén ta c6 thé bo qua [H'] canh K, va
phuong trinh trén chi don gian thanh:

7 C,+C
[#°] =K.k, -':4;;
]
: C,+C
[H']= \(K'MK c:: (2.28)

Day chinh la cong thirc tinh pH cia dung dich A” ¢6 thé ké dén su pha lodng.

Sau va twong doi xa diém tuong duong F > 1 ta ¢6 dung dich bam yéu A va
bazo manh NaOH du, nén [OH] >> [H'] va néu:

KJ—[!J]'—] [H A]i-:{[ﬂﬁ ]7

H hl

¢ la [HA] << [OH] thi phuong trinh (2.22) chi con la;
V.+V
F-1=|0H |-
[oH 125

hodc [OH]=(F - I)Ir'_—f? (2.29)

O ving sat diém twong duong (ng vai 0,999 < F < 1,001 chi bo qua duoc [H']
canh [OH] va K, thuong khong bo qua duoc s6 hang nao trong 2 so hang

—-L-—[—1~‘u’ﬂ [GH F i

cv

R ]

ta phai giai phuong trinh:

99

https://tieulun.hopto.org



