Hoa phin tich dinh lugng

BAI 1:
PAI CUONG VE HOA PHAN TiCH PINH LUQNG

Muc tiéu

1. Trinh bay dwoc Vi tri, di tuong ciia mon hoc.

2. Néu dwoc cac phwong phdp phan tich dinh lwong, nguyén tac chung cia cdc phiong
phap hoa hoc diing trong phdn tich dinh liwong.

3. Trinh bay dwroc khai niém vé sai so trong phdn tich dinh lwong va cach khdc phuc.

4. Biét cach ghi da lidu thirc nghiém theo qui tac vé chir sé c6 nghia.
1. P6i twong cia phén tich dinh hrong

- Phan tich dinh luong la mot mat caa céng tac phan tich c¢6 nhiém vu xac dinh ham luong
(khéi luong, thanh phan %, sé mol...) cia mot nguyén t5, ion, nhém nguyén té, mot chat (nguyén
chat hay hdn hop) ¢ thé ran hay hoa tan trong cac dung dich ¢ trong mau thir can phan tich.

- Phan tich dinh luong duoc (ng dung va cd vi tri quan trong trong nhiéu nganh khoa hoc:
héa hoc, sinh hoc, dia chat, néng nghiép, thuc pham... va dic biét trong nganh Duoc.

- Trong chwong trinh dao tao ctia nganh Duogc, phén tich dinh luong vira l1a mén hoc co so
vtra la mén hoc nghiép vu.

- Héa phan tich dinh lugng gilp duoc ap dung trong cac linh vuc nhu:

+ Kiém nghiém thudc va my pham, kiém nghiém thyc pham

+ Xac dinh c4c hoat chat trong cac nguyén liéu, duoc liéu, cac dang bao ché, héa duoc,

+ Phén tich nudc, xac dinh chat doc, 1am céc xét nghiém sinh hod, hd tro dac luc cho viéc
nghién ctu, tong hop va san xuat thuéc...
2. Nguyén tac chung ciia cac phwong phap héa hoc phén tich dinh lwong

Céc phuong phap hoa hoc phan tich dinh lugng déu dira vao ban chat caa cac phan ang hoa
hoc, vao cac dinh luat héa hoc nhu dinh luat thanh phan khong do6i, dinh luat bao toan khéi
luong... dé xac dinh ham lugng ctia nguyén té hoac nhém nguyén t trong mau thir. Cac phan tng
héa hoc thudong c6 phuong trinh téng quét:

A+ B=C+D

A, B la céc chat tham gia phan ung C, D la cac chét tao thanh sau phan ang. Néu C hoic D
la cac chat két taa, cd thé dinh luong A théng qua dinh luong C hoic D (lay riéng tua C hoic D
dem can, can ctr vao thanh phan khong d6i C hodc D dé tinh ra A).

Cung c6 thé dinh luong A thong qua dinh luong B vi phan ng giita A va B ¢4 ti I¢ trao doi
thanh phan phan tir nhat dinh, ding chi thi mau dé biét phan tng két thic véi A diung hét bao
nhiéu B, tir luong chat B suy ra luong chat A.

Dua vao nguyén tic trén, ngudi ta dung cac phuong phap khac nhau, tiy theo phuong tién,
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mtrc d6 chinh xac va yéu cau cua ting phan @ng hoa hoc.
3. Phan loai cac phwong phap phan tich dinh lwong

Dua va0 ban chat cac phuong phap sir dung trong phan tich dinh luong c6 thé chia thanh
hai nhém phuong phap sau:

- Nhém cac phuong phap hoa hoc

- Nhém céac phuong phap vat ly va héa ly
3.1. Cac phwong phap héa hoc
3.1.1 Nguyén tac

Viéc dinh lugng dua trén co s cac phan tng hoéa hoc, cac dinh luat héa hoc va céc hién
tugng xay ra trong qua trinh phan tmg (nhu su tao két taa, tao mau, d6i mau...) & xac dinh ham
lwong cua chat can xéac dinh trong mau thu.

+ Uu diém: dé thuc hién, khdng can thiét bi dat tién nén chi phi thip

+ Nhuroe diém: Thao tac thi cong nén ton nhiéu thoi gian, gisi han d6 nhay caa phép dinh
lwong thap, kho ty dong hda qué trinh phan tich.

- Cac phuong phap nay duoc chia thanh hai nhém phuong phap:

+ Phuong phap phan tich khdi luong

+ Phuong phap phén tich thé tich
3.1.2. Phwong phdp phan tich khéi lwong

Dua vao viéc xac dinh khéi luong chat can xac dinh d4 duoc tach ra khoi cac chat khéac co
trong mau phan tich duéi dang tinh khiét.

a. Phuwong phdp tia: Dua vao ban chat hoa hoc dé chuyén chit can xac dinh thanh
két taa voi thude thir thich hop. Can khéi lugng cua két tia va tir d6 dinh luong chét can
tim.

Thi du: Dé xac dinh ham lwong FeCls ta cho phan ing véi NaOH dur:

FeClz + 3NaOH = Fe(OH)3| + 3NaCl

Sau d6 dem loc lay két tua Fe(OH)s, rira sach, dem nung kho:

2Fe(OH)3 t—0> Fe203 + 3H20

Tir khdi lwong Fe,Os tinh ra dugce ham lugng FeCls ¢ trong mau phan tich.

b. Phwong phdp bay hoi bang thudc thir: Dua vao ban chit hoa hoc dé chuyén chit can
xac dinh thanh chét bay hoi véi thude thir thich hop. Xac dinh khéi luong mat di do sy bay hoi
va suy ra ham luong chét can tim. Hodc ciing c6 thé hip thu chit bay hoi dé xac dinh truc tiép
khdi lugng chat bay hoi.

Thi du: Dé xac dinh ham luong CO, trong mudi carbonat, ta cho mudi d6 phan tng véi
acid dé giai phong CO,. Khi CO2 bay ra duoc dan qua mét binh dung Ca(OH), c6 khdi luong

biét trudc:
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CO; + Ca(OH), = CaCOs | + H20

Sau khi CO; bi hap thu, can lai binh, xac dinh dugc ham luong CO,.

b. Phwong phdp bay hoi bang nhiét: Dua vao sy thay doi ban chat vat Iy cua chét can
xéac dinh theo nhiét 46 dé xac dinh ham luong cua chat d6 trong mau

Thi du: Khi x4c dinh ham lwong 4m bang cach sdy ¢ 110°c thi hoi 4m trong mau s& bay
hoi & nhiét d6 cao va su hao hut khéi luong trude va sau khi sy 1a twong tng véi luong 4m c6
trong mau.

3.1.2. Phwong phdp phan tich thé tich

Phuong phap nay dua trén su tuwong tac dwong lugng vira du gitra chat can xac dinh véi
chat chuan phan tich va ding chit chi thi d xac dinh diém twong dwong. Dya vao lugng thudc thi
d4 str dung dé xac dinh ndng do chat can xac dinh.

a. Phwong phdp chudn dp: Dya vao viéc xac dinh thé tich mot dung dich thube thir c6
nong d6 da biét goi 1a dung dich chuan d6 cho tac dung vai chét can xac dinh theo phan @ng héa
hoc thich hgp.

Tuy theo phan ung héa hoc sur dung cé tén goi cac phuong phap phén tich twong ng, cac
phuong phap thong dung la:

+ Phuong phap dinh lwong acid — base : la phuong phap Sir dung phan ung gitta acid va
base dé dinh luong cac chét.

Thi du: Pinh lugng dung dich CHsCOOH bang dung dich NaOH

CH3COOH + NaOH = CH3COONa + H20

+ Phuwong phdp dinh lwong oxy héa - khi: 1a phuong phap dinh lugng cac chat thong qua
cac phan trng oxy hoa khir

Thi du: Pinh luong FeSO4 bang KMnOx:

10FeSO4 + 2KMnO4 + 8H,S04 = 5Fe5(SO4)s+ 2MnSO4 + K2SO4 + 8H20
(khir) (oxh)
+ Phwong phap tqo tia: 1a phuong phap dinh luong cac chat thong qua phan tng tao tia
Thi du: Pinh lugng dung dich NaCl bang dung dich AgNO;
NaCl + AgNOz = AgCl| + NaNO3

+ Phuwong phap tao phitc: 1a phuong phéap dinh luong cac chat thong qua phan tng tao
phtrc.

Thi du: Pinh lugng dung dich Mg?* bang complexon (HY?)

Mg? +HY®= MgY? +H*

b.Phwong phdp thé tich khi: Dya vao viéc do thé tich ciia chat khi duoc sinh ra tir chat thir
(nhu CO; giai phong tir mudi carbonat) hozc do su giam thé tich cua hdn hop khi do mot phan da
bi hap thu (nhu CO2 bi hap thu vao dung dich KOH).
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3.2. Cac phwong phap vat ly va hoa ly

Pay 1a cac phuong phap phan tich dya vao mdi quan hé giira thanh phan hda hoc va céac
tinh chat vat ly hoac dic tinh hoa ly cua cac chat. Cac phuong phap vat Iy va hda ly thuong chia
lam ba nhém lon:

3.2.1. Cac phwong phap phdn chia (phwong phdp tdch)

Phuong phap chiét, phuong phap sac ky...

3.2.2. Cac phwong phdp phdn tich quang hoc

Phuong phap do d6 khic xa, phwong phap do ning suit quay cuc, phuong phap do quang
phd hap thu, phuong phap do quang phd phét Xa...
3.2.3. Cdic phwong phdp phdn tich dién hda

Phuong phép do thé, phuwong phap cuc phé....

Nhin chung cac phuong phap vat ly va hda ly cé d6 nhay va do chinh xac cao, thoi gian
phan tich nhanh, nhiéu khi c6 thé xac dinh truc tiép chat can phan tich c6 trong mau phan tich ma
khdng phai chiét tach trude. Tuy nhién doi hoi phai c6 thiét bi, may moéc dit tién.

4. Sai s6 trong phan tich dinh lwong hoa hoc
4.1. Khéi ni¢m

- Khi phan tich, ngudi ta thuong thuc hién toan b qui trinh phan tich (hoac xac dinh mot
dai lugng nao d6) mot s6 1an trén mau thir va thu duoc cac két qua twong @ng X1, X2,...Xn

Gid tri trung binh X = 222125 13 dang tin cy hon cd va duoc Iy lam két qua cua phép
phén tich.

Gia tri trung binh % thuong khac véi gia tri thue p cta dai luong can xac dinh, su sai khéac
d6 chinh 1a sai s6 cua phép phan tich (hodc phép xac dinh).

- Két qua cua phép phan tich dugc danh gia ¢ tinh dung (46 ding: accuracy) va tinh chinh
Xac (precision).

Tinh dang (d6 ding) phan anh sy phl hop gitra két qua thuc nghiém thu dugc ( % ) vai gia
trj thue (1) cta dai luong can xac dinh.

Tinh chinh xac (@6 lap lai) phan anh su phi hop gitra cac két qua thu duoc (X1, X2,...Xn)
trong céc thi nghiém lap lai trong cung diéu kién thuc nghiém qui dinh cua phép phan tich (cac
phép phén tich song song).

- Sai s thuong duogc biéu thi dudi hai dang d6 1a sai sé tuyér déi va sai sé twong doi.

+ Sai sb tuyét ddi e = X - p (gi tri dwong 12 sai s6 thira, gia tri &m 12 sai s6 thiéu).

+ Sai s6 twong ddi X = ’_%1 100(%) la ty 18 % cua sai s6 tuyét d6i so véi gia tri trung binh
4.2. C4c loai sai sb
4.2.1. Sai sé tho

Thuong 13 nhiing sai 16n, hau hét do su cau tha, sw nham 1an hoic su ¢ ¥ gian 1an, su truc
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trac bat ngd (do hong thiét bi, mat dién, mat nudc..)...

Sai s6 thd cd thé chi 1am hong mét dit liéu nhung ciing c6 khi 1am sai ca mot tap hop dir
liéu. Trong phan tich can phai tranh va loai bo sai ndy bang céach than trong, tang s6 thi nghiém, xu
ly théng ké loai bo céc dit liéu ngoai lai...

4.2.2. Sai sé hé thong

- La sai s6 do nhitng ngudn géc ma trén nguyén tic cé thé xac dinh duoc, n6 1am cho céc
két qua phan tich co xu huéng nhat dinh: cao, thap hoic bién ddi theo qui luat nao do.

Thi du: Khi can NaCOj3 trong mot chén can khong day nap thi két qua can sé ting dan theo
thoi gian vi Na2COs l1a chat hit am manh, sai s6 nay tang theo thoi gian can vi bé mat tiép x(c cua
hoa chat véi khi quyeén.

- Sai s6 h¢ thdng s& 1am giam tinh dung (@6 diing) cia két qua phan tich.

**** Nguyén nhan din dén sai sé hé thong co thé la:

a. Do siz dung dung cu, thiét bi c6 sai sé, hoa chdt va thuéc thaz cd 1dn tap chat la...

Thi du: St dung can khéng ding, cac dung cu do thé tich khdng chinh xac...

- C6 thé khic phuc sai s6 nay bang céch hiéu chinh lai, thay héa chat thubc thir dat tiéu
chuan...

b. Sai sé do cd nhdn nguwoi lam:

- C6 thé do cha quan nguoi phan tich gay ra vi thiéu kinh nghiém, 1am viéc thiéu suy nghi,
khong can than din dén cac thao tac khdng chuan;

- C6 thé do tam ly tic 1a khuynh huéng ciia nguoi phan tich khi lap lai thi nghiém mudn
chon gia tri phil hop Vi gia tri da do trudc, hodc gan vai gia tri caa nguoi khac.

- C6 thé khic phuc sai sé ndy bang cach lam viéc can than, nghiém tuc, rén luyén ky nang,
chiu khé hoc tap...

c. Sai s6 do phwong phdp:

- Rat kho phat hién ra nguyén nhan gay sai s6 do phuong phap va 1a nguyén nhan quan
trong dan dén sai s6 hé théng. Sai sé phuong phép c6 lién quan véi tinh chat héa hoc hoic héa Iy
cua hé do.

Thi du: Phan tng phén tich xay ra khéng hoan toan hoac c6 phan tng phu xay ra lam sai
Iéch tinh hop thac cua phan (ng chinh...

- Sai s6 phuong phap c6 lién quan voi thao tac ciia ngudi 1am. Trong nhiéu truong hop néu
thao tac tot c6 thé 1am giam sai s6 phuong phap va nguoc lai.

Thi du: Trong phan tich khdi lugng, néu rira két taa véi thé tich nudce rira thich hop s lam
giam sy mat taa do do tan.

4.3. Sai s6 ngau nhién

- La nhiing sai s6 1am cho dit liéu phén tich dao dong ngau nhién quanh gia tri trung binh.
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Nguon gdc ciia nd 1a do cac bién doi nho khong kiém soat dugc (khdng phat hién va khong do
dugc), nhung nhitng bién d6i nho nay cé thé két hop voi nhau theo nhiéu cach tao ra sai s6 16n
thiy duoc, 1am anh huong dén do lap lai cua két qua do va 1am giam d6 chinh xac cua phép phan
tich.

- Sai s6 ngau nhién ludn ludn xuat hién du phép phan tich dugc thuc hién hét sic can than
va diéu kién thuc nghiém duoc giir c6 dinh nghiém ngit.

- C6 thé 1am giam sai s ngau nhién bang céach tién hanh phan tich can than, tang sb thi
nghiém va xir ly cac sb liéu bang phuong phap thong ké (theo céc luat thong ké caa cac bién thién
ngau nhién).

5. Céch ghi dir liéu thuc nghiém theo qui tic vé chir s6 ¢6 nghia

+ Mot dir liéu thuc nghiém phan tich thu duoc tir do truc tiép hoic tinh toan gian tiép tur két
qua cac phép do phai dugc ghi theo nguyén tac chi mot chir s6 cudi cuing 1a con nghi ngo, céc chir
s6 con lai la chic dung.

5.1. Chir s6 c6 nghia

- Trir céc chit s6 0 dau tién, cac chir s6 con lai dwoc goi la chir s6 c6 nghia.

- 0,0531g ¢6 3 chir s6 ¢6 nghia,

- 1,0023g ¢6 5 chir s6 ¢6 nghia,

- 0,1500g c6 4 chir s6 ¢6 nghta.

Can 0,5g trén can ky thuat phai ghi 1a 0,50g (vi can ky thuat cho phép sai + 0,01g). Néu
can trén can phan tich phai ghi la 0,5000g (vi can phén tich cho phép sai + 0,00029).

- L4y 10ml dung dich bang pipet chinh xac phai ghi 1a 10,00ml (vi sai cho phép + 0,02ml).
5.2. Céch lam tron sé

Sau khi xac dinh lay chit s6 ¢ nghia sau dau phay, ching ta thyuc hién viéc 1am tron sé nhu
sau:

- Néu chix s6 cudi cing 1a 1 - 4: bo di

Thi du: Néu két qua chi lay 3 chit s6 ¢ nghia sau ddu phay thi: 0,3242 — 0,324

- Néu chir s6 cudi cing 12 6 - 9: bo di va thém 1 vao chir s6 ding trudc no.

Thi du: Néu két qua chi lay 3 chit s6 c6 nghia sau ddu phay thi: 0,3247 — 0,325

- Néu chir s6 5: 1am tron thanh sé chin gan né nhit.

Thidu: 60,55 — 60,6; 60,45 — 60,4
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BAI 2:
PHUONG PHAP PHAN TiCH KHOI LUQONG

Muc tiéu
1. Trinh bay dwoc ngi dung va phan logi ciia phirong phdp phan tich khoi lwong.
2. M0 td cdc giai doan chinh cia phan tich khéi liong.

3. Tinh dwoc Két Qua dinh lirong bang phong phdp khoi lwong.

1. Nguyén tic chung

Phuong phéap phan tich khdi lugng (con goi 1a phuong phap can) 1a mot trong nhung
phuong phap dinh luong héa hoc dua trén co so xac dinh khdi luong caa chat (da biét thanh phan
hoa hoc) tao thanh sau phan @ng hda hoc dudi dang két tua, hodc khdi lwong con lai sau khi tac
dong bang phwong phéap vat Iy nhu bay hoi khi sdy hay nung. Tir d6 ta c6 thé tinh duoc luong chat
can xac dinh trong mau thir theo khéi lwong caa chat tao thanh.
2. Phan loai

Qua trinh tach cd thé duoc thyc hién theo nhiéu cach khac nhau. Viéc phan loai phuong
phap chu yéu dua vao cac phuong phap tach, ¢ thé chia thanh hai phuong phap chinh.

- Phuong phap két tia

- Phuong phép bay hoi
2.1. Phwong phap két tia
2.1.1. Nguyén tac

Dung phan &ng tao taa dé tach chat can xac dinh ra khoi dung dich phan tich. Tur khéi
lwong taa thu duoc tinh ra ham luong chit can xac dinh c6 trong mau thir ban dau.

Dang két taa hinh thanh sau phan ung két tua goi 1a dang tia. Dang két taa cudi cting dem
can la dang can. Dang taa va dang can cé thé giéng nhau nhung ciing c6 thé khac nhau.

Thi du: - Dinh lugng Na,SO4: cho phan tng két tua véi BaCl,
BaClz + NaSO4 = BaSO4| +2 NaCl
(dang tua)

Téch loc lay két taa, rira, sy, nung kho dugc dang can van 1a BaSOsa.

- Dinh lugng FeCls: cho phan tng véi NaOH du

3NaOH + FeCls = Fe(OH)3| + 3NaCl

Téch loc lay két tia, rira, siy, nung kho duoc dang can 1a Fe,Os (khac voi dang taa).

0

OFe(OH): o Fe0s  + 3H.0
(Dang tua) (Dang can)
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2.1.2. Tinh toan

a. Hé sé chuyén (thara sé chuyén)

+ LA ty sb gitta khdi lwong mol phan tir cia chat can xac dinh (hodc khéi luong mol
nguyeén tir) vai khdi lwong mol phan tir cua dang can (taa sau khi nung). Ky hiéu la F

+ V@& y nghia né cho biét ctr 1g dang can c6 F gam chét xac dinh. Hé sé chuyén F duoc xéac
dinh theo cdng thurc sau:

Mechét cin xéc dinh

F= Mechit két tua (sau khi nung)
Thi du 1: Dinh luong Na,SO4 cho phan ting két tia véi BaClz, dang can 12 BaSO.

Na,SO4 + BaCl, =+ BaSO0s] + 2NaCl;
MNaz SO4 MBaSO4

E= 1.MNa,s04 _ MNayso,

Mgaso, Mgaso,
Thi du 2: Dinh luong Fe trong dung dich Fe®* bang cach cho két tua véi NaOH, dang cn 1 Fe;Os.
Fe3* + 3NaOH = Fe(OH)3 |+ 3Na*
0

JFe(OH)s = Fe:0s + 3H:0

Theo phuong trinh phan ung co: F = 2Mre
MFez 03

b. Xdc dinh ham lwong trong mau
- Gia sir cAn a gam mau chat can xac dinh A, khdi lwong dang can thu duoc 1a b gam.
Khéi lwong chat A nguyén chat cé trong mau 1a: m = b.F (g). Do d6, ham luong C% (kI/
kl) caa A trong mau thir 1a:
b.F
%Cqany = ——- 100
Trong do:
F 12 hé so chuyén doi tir dang tiia can sang dang cdn xdc dinh
b 14 khéi luwong cua dang tua can (sau khi nung) (g)
a la khoi liong mdu ban dau (g)
- Néu mau can xac dinh & dang long. Gia sir Iay V (ml) mau chat can xac dinh A, khéi
lugng dang can thu duogc 1a b gam. Khi d6, ham lugng C% (KI/ tt) ciia A trong mau thur la:
%Casery = =100

b.F
%C(kllkl) = V_d 100
_b.F
Trong do:
F: |2 h¢ so chuyén doi tir dang tiia can sang dang can xdc dinh
b: la khoi luong cua dang tua can (sau khi nung) (g)
V: la the tich mau da lay twong ung vai b(g) tia, don vi la ml.
d: la ty trong cua dung dich, don vi la g/ml.
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2.2. Phwong phap bay hoi

Trong truong hop ndy, mét hay nhiéu hop phan cia mau duoc 1am cho bay hoi hay c6 thé
chuyén thanh mot chat bay hoi. Phuwong phap bay hoi duoc chia thanh hai phwong phap chinh 1a
phuong phap bay hoi truc tiép va phuong phap bay hoi gian tiép.

2.2.1. Phwong phdp bay hoi truc tiép (Phwong phdp bay hoi bang thuéc thir)

- La phuong phép ding thudc thir du 1am bay hoi chat can phan tich. Cho chat bay hoi thu
duoc hap thu vao binh hap thu chira moi truong thich hop, réi tir phan tang khdi lugng ciia binh
hap thu ta tinh ra két qua. Tinh ham lwong % chat bay hoi trong mau thtr theo céng thic sau:
m, —m,

a

C= 100

Trong doé:
C la ham lwong chat bay hoi(%)
m2  lakhdi liong binh sau khi hép thu(g)
m:  lakhdi lwong binh trudc khi hap thu(g)
a 1a khoi lwong ciia mau thee.

Thi du: Dé xac dinh ham luong CO, trong mubi carbonat, ta cho mudi d6 phan ang voéi

acid dé giai phong COx.
COs> + 2H* =CO2t+H0
Khi CO2 bay ra dugc dan qua mot binh dung Ca(OH)2 c6 khéi lugng biét trudc:
CO;, + Ca(OH), = CaCOs| + H,0

Sau khi CO bi hap thy, can lai binh, x4c dinh dugc ham lugng CO,.

- Xac dinh ham luong chat khong bay hoi duoc bang cach cho bay hoi toan bo thanh phan
c6 thé bay hoi trong mau va sau d6 xac dinh khdi luong con lai tng véi chat can xac dinh.

Thi du: Xac dinh can khd cia mau nude duoc thuc hién bang cach cho bc hoi mot thé
tich nudc xac dinh trong cbc da biét khéi luong. Can con lai trong coc duoc say khd. Tur khoi
luong tang 1én cua cdc ta tinh duoc lwong cin khd cua mau nudc thir.

2.2.2. Phwong phdp bay hoi gidn tiép (Phwong phdp bay hoi bing nhiét)
Dung nhiét d6 thich hop dé lam bay hoi hoan toan chét can xac dinh. Tir khdi lwong cua

mau trude va sau khi sdy, ta tinh duoc luong chit bay hoi (hoac tinh ty 18 %) theo cong thic sau:

C= a—_blOO
a
Trong doé:
C la ham lwong chat bay hoi(%)
a 1a khoi lwong mdu trueée khi sdy (g)
b 1a khoi lwong mau sau khi sdy (g)

Thi du: Xéac dinh ham lwong 4m (ham lwong nudc) cua mau thude, Duge dién Vit Nam

cling nhu mot s6 nuée dung phuong phap bay hoi theo cach nay va goi 1a “giam khéi luong do say
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kho”.

- V6i thude khé bi nhiét phan huy: thuong say ¢ 100-105°C.

- Vi thude dé bi nhiét phan huy: 1am khd & nhiét do thuong trong binh hit am ¢ P2Os
hay H2SO4 asc, hodc tu sdy ap suat giam & nhiét do thap.
3. Céc thao tac chung trong phan tich khai lweng

Qua trinh phan tich mot chét theo phuong phap phan tich khéi luong phai thuc hién céc
thao tac co ban nhu sau:
3.1. Chon va can mau

Két qua cuia phuong phap phan tich khdi lwong phu thudc nhiéu vao viéc chon va can mau.

- LAy mau phai : Tién hanh theo qui dinh cia DDVN V.

- Can mau bang can ky thuat, sau d6 can chinh xac bang can phan tich.

Trong kiém nghiém, dugc dién Viét Nam c6 nhiing quy dinh chung, can phai cha y, dé
hiéu cho chinh xéc.

+ Khi néi can dang la can t6i 0,Img, 0,01 mg hoac 0,001mg tuy theo loai can khi dung.

+ Khi néi can chinh xéac 1a phai can dén sé thap phan d4 cho.

+ Mot chat duoc can dung va can chinh x4c nghia 13 khéi luong cua chat d6 duoc thé hién
bang nhitng con sé hoic bang nhitng giGi han sau day:

+ Can 0,1 g nghia 1& can trong khoang tir 0,06g dén 0,14g. Can 2g nghia 1a can tir 1,59 d&én
2,5¢. Can 2,0g nghia l1a can tir 1,959 - 2,05¢g. Can 2,00g nghia la can tir 1,995g — 2,005g.

+ “Cén dang” 1a su chinh xac cua phép can thuc hién téi d6 dang 0.1 %.

+ “Can” la thuc hién phép can t6i d6 chinh xac 1%.

+ Khi néi “can khoang” la can mét luong chinh xac véi sai s6 + 10% s6 luong quy dinh.
3.2. Hoa tan mau

Hoa tan mau thuong ding dung méi 1a nude, trudc tién cho mau vao coc co mo, dung tia
nudc cat trang K§ chén can, cho nude du, khudy ky dén khi hda chat tan hét.

Truong hop : Chat phan tich khong tan trong nudc thi ding dung dich Kiém hay acid dé
hoa tan. Nhiéu chat khé tan hon phai can dén phan tng oxy héa khir nhu Cus.

3CuS + 2NO3™ + 8H" = 3Cu?" + 3S + 4H,0 + NO;

C6 chat nhu BaSO4 can phai hoa tan trong kiém nong.
3.3. Két tina
3.3.1. Chen thuéc th thich hop dé két tia

Thudc thir két taa can dap tng c4c yéu cau sau:

- Thudc thtr phai két taa hoan toan chat can xac dinh, dé loc, dé rua (tua cang la tinh thé

I6n cang tét), chuyén sang dang can dé dang va hoan toan.
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- Thudc thir phai ¢6 tinh chon loc cao (chi phan ang véi chit xac dinh, khéng hoac it phan
g véi cac chat phu khéc).

- Thudc thir phai dé& loai bo khi loc, rira.

3.3.2. Chon diéu kién két tia

- V¢i tua tinh thé: Can duy tri diéu kién dé 1am cham qua trinh tao mam va ting cudng qué
trinh 16n 1én cia mam. Cho nén thuong két taa trong diéu kién:

+ Dung dich lodng, nong.

+ Cho thudc thir cham, khuay déu.

+ Lam muoi tia: Dé taa tiép xtc 1au voi dung dich thi céc taa bé s& tan ra, cac taa I6n s&
to Ién.

- Véi tiia vé dinh hinh: Can tao ra qué trinh dong tu cac hat keo va ngan can qué trinh cong
két (1a hién tuong ion nay co thé cing tua voi ion khac ma trong diéu kién riéng ré nd khong két
taa duoc) do hap phu, hap luu, tia theo. Do vay, khi tién hanh két tua thuong phai:

+ CO mat cua chat dién ly manh trong dung dich

+ Pun néng dung dich va khudy manh.

+ Két tua tir dung dich dac tia s& it x5p va ling nhanh hon, nhung sy hap phu chat ban
cling nhiéu hon. Dé khic phuc, truéc khi loc cho thém nudc ndng vao va khuay manh dé giai hap
phu céc chat ban.

+ Loc ngay, khdng lam mubi dé tranh hap phu.

3.4. Loc va rira tia
3.4.1. Loc tia

Dung phéu thay tinh hay phéu sit xp dé loc. Gidy loc phai chon loai thich hop (gidy khong
tro, bang xanh hay bing trang, kich thudc phd hop véi tia...). Khi loc phai gan 16p dung dich
trong, sau dung nudc cat rira nhiéu lan, chuyén taa I1én gidy loc. Tién hanh raa taa dén khi nuéc
rira khéng phan tng voi cac ion tap chét trong tua.

3.4.1. Rera tua

a. Chen dich rira cho thich hep

Dich ria phai 1am giam d6 tan cua taa, chong hién twong pepti hda, dé loai bo khi siy
hoac khi nung.

Dich rira c6 thé 1a chinh ban than thubc the, 12 dung dich lodng caa mot chat dién ly, l1a
dung dich acid hozc base va ciing ¢ thé chi 1a nuéc cat.

b. Cach rira

Véi cling mét thé tich dich raa téi da cho phép, rira nhiéu lan tét hon 1a rira it lan. Nguoi ta

da chirmg minh dugc cong thuc:

An = Ao (VZ;O)H
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Trong do:

Ao:  Luwong chdt ban ban dau

An:  Luwong chdt ban con lgi sau n lan rira

V: Thé tich dich riza dung cho mai lan

Vo:  Thé tich dich riza con dinh lgi sau mai lan (Vo cang nhé thi An cang bé, do dé khi

ria phai cho dich rira chay kiét mai chong sach)

n: S6 lan rira
3.5. Say va nung tia

Tua duoc sdy tir tir cho khé, chuyén taa vao chén nung (da biét khoi luong). Nung taa &
nhiét d6 thich hop dén khéi luong khong doi.

3.6. Can va tinh két qua

Cac phép can bao gid ciing dugc tién hanh nhiéu 1an va Iy gié tri trung binh (loai bo két
qua bat thuong), cac két qua can khong duoc 1am tron vi sai s6 cua can phan tich rat nho. Tly theo
cach lya chon dé tién hanh mot phép dinh luong cu thé ma st dung maot trong céc cdng thic tinh
két qua trén
4. Mgt vai thi du 4p dung dinh hrgng bang phwong phap khoi hrong
4.1. Pinh lwgng Clorid
Phuong trinh phan ang:

Cho thira dung dich AgNOs vao dung dich CI- can xac dinh s& c6 phan &ng:

AgNOs + CI' = AgCl| + NOs

- Loc lay két taa AgCl|, rira taa, siy dén khéi luong khong ddi, can trén can phan tich. Tur
khéi lugng taa thu duoc tinh ra ham lugng clorid trong mau.

- Tua AgCI khéng bén, dé ra anh sang bi phan huy thanh Ag (ltc dau tia hoa tim sau den
dan) vi vay khong nén dé tua lau ¢ anh sang khuyéch tan hoac tiép xuc truc tiép véi anh sang, tot
nhat nén boc cbc dung tua bang to gidy den. O 130°C taa AgCl bi phan huy va mat clor, do d6 khi
say khong dé nhiét do cao vuot qua 130°C.

4.2. Pinh lwgng Na>SO4
Khi thém dung dich BaCl, du vao dung dich mau tht, s& c6 két taa BaSOa:
Na.SO4 + BaCl, = BaSO4| + 2NaCl

Loc lay két tia BaSOa, rira, siy va nung taa dén khbi luong khong doi. Tir khéi lugng dang
can BaSO4 thu dugc tinh ra ham luong Na2SO4 trong mau thir.

Vi BaSO; ¢6 tan mét it trong dung dich acid dic, cho nén chi két taa & mai truong acid
nhe, khong nung taa & nhiét 6 > 800°C vi & 1400°C taa BaSO4 bi phan hity theo phurong trinh:

0

1400%C
BaSO;, —— BaO + SOs3
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BAI 3:
PHUONG PHAP PINH LUQNG THE TICH

Muc tiéu

1. Trinh bay dwoc ndi dung cia phirong phdp phan tich thé tich. Néu dwoc cach xéac
dinh diém twong dwong.

2. Ké tén duoc bon logi phwong phdp chudn dé chinh va ba ki thugt chudn ds.

3.Trinh bay dwoc qui tic chung va cach tinh két qua dinh lwong theo nong dé
duong luong.

1. Ngi dung ciia phwong phap phan tich thé tich
1.1. Nguyén tic chung

- Phuong phép phan tich thé tich 1a phuwong phap dinh lwong hoa hoc dwa vao thé tich
thudc thir (d4 biét chinh xac nong d6) dung dé phan tng vira da voi mot thé tich chinh xéac dung
dich chat can xac dinh. T thé tich, ndng d6 caa dung dich thudc thir va thé tich caa dung dich can
dinh luong ta tinh duoc ndng d6 cua chat can dinh luong.

- Gia sir dé xac dinh nong d6 cua dung dich X, nguoi ta dung thudcthir 12 dung dich R ¢6
nong d6 da biét. Phan ung gitra X va R xay ra hoan toan

R+X=P+Q

- Tién hanh bang cach nho tir tir ting giot dung dich R xung mét thé tich chinh xac dung
dich X dén khi lwong thudc thir R nho xuéng tuong dwong héa hoc véi lugng X thi dirng lai. Thoi
diém luong thudc thir R cho vao du dé phan @ng vira hét véi toan bo chat xac dinh X goi 1a diém
tuong duong. Poc thé tich dung dich R d& phan ¢ng trén buret. Dya vao thé tich dung dich R,
nong do cua dung dich R va thé tich dung dich X d4 ldy, tinh dugc nong d6 caa X. Qué trinh tién
hanh nhu vay goi 1a su chuan d¢ hay sy dinh phan bang phwong phép thé tich.  Dung dich thudc
thir ¢4 biét nong do (dung dich R) goi la dung dich chuan do.

- So véi phuong phap phan tich khdi lugng thi phuong phap phan tich thé tich co do chinh
xac khong cao, nhung van dat dugc muac yéu cau can thiét, mat khac phuwong phap phan tich thé
tich don gian va nhanh hon nén dugc su dung réng rai.

1.2. Piém twong dwong va diém két thac
1.2.1. Piém twong dwong

- Piém twong duong 1a thoi diém ma luong thudc thir ¢4 phan ung twong duong hoa hoc
v6i lugng chat can xac dinh, ndi cach khac diém twong duong 1a thoi diém ma sé duong luong
gam thudc thir da phan wng bang sé duong lugng gam caa chat can xac dinh.

- Piém tuwong duong thuong duoc goi 1a diém két thic caa sy chuan do ly thuyét hay diém
két thlic caa su phan ly ly thuyét.
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Thi du: Khi chuan d¢ acid hydrocloric bang dung dich chuan d6 natri hydroxyd:
HCI + NaOH = NaCl + H20

Khi sé duong lugng gam HCI =NaOH thi ldc nay trong dung dich chi ¢6 san pham cuaa
phan ung chuan d6 12 NaCl va H20 nén pH = 7. Piém tuong duong tng véi pH = 7.

1.2.2. Cich xdc dinh diém twong dwong

C6 nhiéu cach xac dinh diém twong duong, nhung théng dung nhat dé xac dinh diém tuong
duong trong chuan do thé tich I1a: sir dung mot trong cac chat tham gia phan ¢ng hoic thém vao
chat phu c6 thé gay ra céc hién tuong quan sat dugc (vi du sy d6i mau, su xuat hién két taa...) xay
ra & 1an can diém tuong duong goi 1a chat chi thi (thudc thi).

Thi du: Pinh lwong dung dich acid acetic bang dung dich natri hydroxyd, dung chi thi 1a
phenolphthalein theo phuong trinh phan (ng sau:

CH3COOH + NaOH = CH3COONa + H20

Trude diém tuong duong trong dung dich con acid, nén phenolphthalein khdng mau. Sau
diém tuong dwong dung dich hét acid nhung lac nay lugng kiém du, phenolphthalein c6 mau
hong. Do d6 ¢ thoi diém twong duong dung dich tir khéng mau chuyén sang mau hong (tgi thoi
diém nay ta két thic sw chudn dg).

1.2.2. Piém két thic

- Piém két thuc chuan d¢ 1a thoi diém ma phép chuan do két thic twong ang voi su bién
d6i dic trung cua chat chi thi (thubc thir).

- Trong thuc té, diém két thiic thuong khong tring voi diém tuong duwong. Sy sai léch gita
diém tuong dwong va diém két thic gay ra sai sé cua phép dinh luong, nén can chon chi thi sao
cho sai s6 nho nhét (trong pham vi cho phép).

Thi du: Khi chuan d6 HC1 bang NaOH véi chi thi phenolphthalein, ta két thic chuan do
khi dung dich trong binh nén chuyén tir khéng mau sang mau hdéng. Tuy nhién trong trudng hop
nay diém tuong dwong ng véi pH =7 nhung chi thi phenolphthalein lai chuyén mau ¢ pH = 9, nén
thuong két thlic chuan do sau diém twong duong.

2. Yéu cau déi véi mdt phan wng dung trong phan tich thé tich

Cac phan tng chuan do dung trong phan tich thé tich phai thoa man céc yéu cau sau:

- Phan ting phai xay ra hoan toan (thong thudng chat can xéac dinh con lai ¢6 nong do < 10°
6 M) theo diing hé s hop thirc cua phuong trinh phan tng.

- Phan ung phai c6 tinh chon loc cao: chi xay ra giita thudc thir va chat can xac dinh,
khodng co6 phan ung phu.

- Phan ang xay ra phai du nhanh, néu cham viéc xac dinh diém twong dwong s& kém chinh
Xac.

- Phai chon duoc chat chi thi xac dinh duoc chinh xac diém twong duong.

3. Phan loai cac phwong phap thé tich

Thong thuong dua trén co s& phan ang chuan do dé phan loai cac phuong phéap phan tich
thé tich. Trong pham vi chwong trinh ndy ching tdi trinh bay bén phwong phéap sau:
3.1. Phuong phap acid-base (phwong phap trung hoa)
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Phan tng dinh luong 1a phan tng trao doi proton hay phan tng acid base.
Thi du: Dinh luong dung dich CHsCOOH bang dung dich NaOH
CH3COOH + NaOH = CHzCOONa + H20

3.2. Phuong phap oxy hoa khir (phan &ng oxy hda — khir)

Phan tng dinh luong la phan tng trao doi dién tir giira mot chat oxy hoa va mot chat khi.
Thi du: Pinh lugng FeSO4 bang KMnOs:

10FeSO4 + 2KMnO4 + 8H2SO4 = 5Fe2(S04)3+ 2MnSO4 + K2SO4 + 8H20

(khir) (oxh)
3.3. Phwong phap két tia

Dua vao phan ¢ng tao thanh chat két tua (chat it tan) gitra thudc thir va chat can xac dinh.

Thi du: Pinh lugng dung dich NaCl bang dung dich AgNO3
NaCl + AgNOz = AgCl| + NaNOs

3.4. Phwong phap tao phirc

Dua vao phan ¢ng tao thanh phic chat gitra thude thir va chat can xac dinh.
Thi du: Pinh lugng dung dich Mg?* bang complexon (HY?)

Mg?" + HY® 5 MgY% + H*

4. C4c ky thuat chuan dd
4.1. Chuan d@ truc tiép (chuan dé thang)

D6 1a trudng hop cho thudc thir va chat can dinh luong phan Gng truc tiép voi nhau vira da.

Thi du: Pé dinh lwong mot dung dich NaCl ngudi ta nho dung dich chuan do AgNOs vao
dung dich NaCl dén khi chat chi thi chuyén mau.
4.2. Chuan @9 ngwoc (chuan dé thira trir)

Cho mét thé tich chinh xac va du dung dich chuan do tac dung voi mot thé tich chinh xéc
dung dich can dinh lugng. Sau d6 chuan do thudc thir du bang mét dung dich chuan do khac.
Thi du: Bé dinh luong clorid, truéc hét ta cho AgNO3 du dé taa hoan toan AgCl

AgNOs du + NaCl — AgCl| + NaNOz3
Sau d6 chuan d6 AgNO; con thira (du) bang KSCN
AgNOs con thira + KSCN — AgSCN + KNO3

Biét duoc luong AgNOs thira, tinh dugc luong AgNO; dé tac dung véi NaCl tir d6 ta tinh
duoc luong NaCl.
4.3. Chuan dp thé

Cho mét thé tich chinh xac dung dich can dinh luong (cdn xdc dinh) tac dung voi mot
luong du thude thir thich hop. Mot luong chat méi trong dwong hoa hoc vai lugng chat can xac
dinh s& duoc sinh ra tir phan @ng trén. Dung dung dich chuan d6 dé dinh lwong chat méi sinh ra.
Thi du: Pinh luong KoCr207 bang cach cho K,Cr,07 tac dung véi KI du trong méi trudng acid dé

giai phong mét lugng twong duong lod.
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K2Cr07 + 6KI + 7H2S04 = 313 + Cra(SOs)s + 4K2S04 + 7H,0
Dinh luong |2 giai phong bang Na,S;03
I2+ 2Na2S203 = 2Nal + NazS406
Trong thi du nay, viéc dinh lwong KoCr,07 duoc thay thé bang dinh luong iod.
5. Cé&c dung dich dung trong phan tich thé tich
Trong phan tich thé tich thuong ding cac dung dich & cac dang nong do sau:
5.1. Dung dich phan trim (%)
5.1.1. Dung dich phdn trim theo khéi lirong (%)
Dung dich phan trim theo khdi lwong 1a dung dich c6 nong do biéu thi bang sé gam chat
tan co6 trong 100 gam dung dich (ky hiéu % (kI/Kkl)).
Thi du: Dung dich acid hydrocloric 10% cé nghia la trong 100 gam dung dich nay cé chira
10 gam HC1 nguyén chit.
*** COng thac tinh
C%="e100 (1) hay C% =-—"t 100 (2)
dd dVdd
Trong do:
C la néng dé % cua dung dich.
mee  la khéi lwong chat tan (g).
maa 1 khéi luwong dung dich(g).
d: khoi lwong riéng (ty trong) cia dung dich (g/ml)
Vaa:  thé tich cia dung dich (ml)
Thi du: Tinh thé tich dung dich acid hydrocloric 37,23% (d = 1,19g/ml) can lay dé pha 100g
dung dich acid hydrocloric 10%. Cach tinh nhu sau:
+ Khdi lugng HC1 nguyén chat cé trong 100g dung dich acid hydrocloric 10%

mCt
m

Cm.  10.100
100=> M, == =00 -

C%= 10g

dd

+ Thé tich dung dich acid hydrocloric 37,23% (d = 1,19g/ml) can lay dé pha la

Co% =T 1002 v, = Merggo— 10

== __100=22,5ml
B dc 1,99x37,23

Trong hoa hoc phan tich dinh luong va nganh Dugc, lwong chét tan chta trong cac dung
dich qua nho so véi luong dung mdi, nén khi tinh toan thudng xem khéi lwong riéng cua dung dich
bang khdi véi khéi luong riéng ciia nude & 4°C (dhzo = 1 g/ml). Khi d6 cong thire (2) s& ¢6 dang:
C% = 100

dd

Thi dy: Tinh lwong natri clorid nguyén chat dé pha dwoc 3000 ml dung dich natri clorid

10%?. Cach tinh nhu sau:
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Vi dung méi 1a nudc nén ta cé d = 1g/ml. Ap dung cong thic trén ta co:

Coh=T100m m, = Ve 103000544,
v, 100 100

5.2. Dung dich dwong luwgng
5.2.1. Duong lwong gam
Puong luong gam cua mot chat 1a khéi lwong tinh bang gam cua chat dé phan tng vira du

véi mot duong luong gam hydro hay véi mot duong lugng gam caa mot chat bat ky nao khac, ky

hiéu I E. e M
n
Trong do:
E la dwong lirong gam cua chdt cdn xdc dinh (g).
M 1a khéi lirong mol phan tir hogc khoi lirong ion cua chadt can xdc dinh (g).
n TUy theo nguyén té hay hop chdt ma sé ¢é cdc gid tri sau:

- Néu 1a base thi n 14 s6 nhém OH-" tham gia phdn ing ciia mét phan ti base.

- Néu l1a acid thi n 1a s6 proton H* tham gia phdn #ng ciia mét phan ti acid.

- Néu la ion thi n 1a s¢ dién tich cia ion dé

- Néu 1a mugi thi n 1a tich cia |Pién tich ion (dwong hodc am)| x Sé ion (dwong
hogc am) hay téng hoa trj ciia cac nguyén tiz kim logi tham gia phan ing cia mét phan ti
muoi
- Néu la chdt oxy héa va chdt khi thi n 1a sé electron (€) nhdn (thu) hay cho (madt) cia mét

phan tiz oxy hda hay mét phan tir chat khi khi tham gia phdn ung.

Thidy 1: 2NaOH + H>S04 = NaxSO4 + 2H20

Tt phan ng trén ta tinh dugc Enaon Va En2sos nhu sau:
M 40 . M 98

Eyoy =—=—=40g VA E,, =—=-—=149
NaOH n 1 g H,S0, n 2 g

Thi du 2: Bi(OH)s + 2HCI = Bi(OH)CI; + 2H0

Tu phan ng trén ta tinh dugc Esgion)s Va Exci nhu sau:

M 260 M 36,5

E.. =—=——-=130g va E,,, =—=—-=36,5
Bi(OH), n 2 g HCl n 1 g
Thi du 3: Na.CO3 + HC1 = NaHCO3 + NaCl
Tt phan ng trén ta tinh duwgc Ena2cos nhu sau:
M 106

ENa2C03 = o T =1069

Na,COs3 + HC1 = NaCl + CO, + H,0
T phan ng trén ta tinh duwgc Ena2cos nhu sau:
M 106

Na,CO, — T —— =93

2
Thi du 4;: 2KMnQ4 + 5H,0; + 3H2S04 = K2SO4 + 2MnSO4 + 50, + 8H,0

2 IMn"" +5e=Mn*®
5 |02 -2e=0,

17



Hoa phin tich dinh lugng

Tt phan Gng trén ta tinh dugc Exmnos nhu sau:
M 158 M 34
E =—=—=3l6g vaE,, —=—=17
KMnO, n 5 g H0, " 2 g
5.2.1. Dung dich dwong lwong
Dung dich duong lugng 1a dung dich c6 néng do biéu thi bang sd duwong lugng gam chat
tan c6 trong 1000ml dung dich (ky hi¢u Cn hay N).
Thi du: Dung dich natri hydroxyd 0,1N c6 nghia 1a trong 1000ml dung dich nay c6 chua
0,1 duong lwong gam NaOH hay chira 0,1 X 40 = 4g NaOH (vi Enaon = 409).
*** COng thac tinh
C,=— 1000 hay N =— 1000

dd dd
Trong do:

Cn  hay N lanéng dé dwong lwong cua dung dich (N)
mee  la khdi liong chadt tan cua dung dich (g).
E la dwong lirong gam cua chdt tan (g).
Vaa:  thé tich cia dung dich (ml)
Thi du I: Tinh lugng natri hydroxyd nguyén chat can 1ay dé pha 100ml dung dich NaOH

0,1IN.

My 1000 = m, = CyEVy _ 0,1x40x100 _ 0.4g

C, =
EV,, 1000 1000

Thi du 2: Tinh nong d6 duong lugng cua dung dich acid sulfuric14,35% (d=1,1; Erzsos =
98/2 = 49qg)?
+ Khéi lwong H2SO4 nguyén chét c6 trong V ml dung dich acid sulfuric 14,35% la:

C,adv,
C%=— 100 = m, =4~
i 100
+ Nong d6 duong luong cta dung dich acid sulfuric 14,35% la:
C,= M 1000 = MlOOO = MlOOO = 14’3ﬂ1000 =3,22N
EV,, 100EV,, 100E 100x49

Vay dung dich acid sulfuric 14,35% (d = 1,1) c6 nong d6 duong luong 1a 3,22N.
5.3. Tac dung giira cac dung dich dwong lwong

Theo dinh luat tic dung dwong luong cé thé rat ra két luan: trong cac phan tng hoa hoc
clr bao nhiéu duong luong gam cua chit ndy thi phan Gng vira du véi by nhiéu duong luong
gam cua chat kia hay hai chat c6 s6 duong luong gam bang nhau thi tdc dung vira du véi nhau.

Tir két luan trén cd thé suy ra cac nguyén tic sau:

- Khi hai dung dich c6 ndng do dwong luong bang nhau thi ching tac dung véi nhau theo
nhitng thé tich bang nhau.

Thi du: 10ml dung dich bac nitrat 0,IN tac dung vira ¢t v6i 10ml dung dich natri clorid
0,1N.

- Khi 2 dung dich c6 ndng d6 dwong lwong khac nhau ma tac dung vira du v6i nhau thi

thé tich cua ching ti 18 nghich véi nong do.
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Gia sir dung dich A c6 nong d6 12 Na va thé tich 12 V. Dung dich B ¢6 nong d6 1a Ng va
thé tich 1a Vs. Néu dung dich A tac dung vira di v6i dung dich B thi ta co:
Na.Va = Ng.Vs
Thi du: Xéac dinh néng d6 duong luong cta dung dich acid acetic, biét rang 10ml dung
dich nay tac dung vira du véi 20ml dung dich natri hydroxyd 0,1N?

N,V 0,1x20

=0,2N
v, 10

Ap dung cong thirc: Na.Va=NsVs =N, =

6. P6 chuin
6.1. Py chuan ciia dung dich

Do chuin ciia dung dich duoc biéu thi bang sé gam chat tan ¢ trong 1ml dung dich (ky
hiéula T)
Thi du: T, = 0,0098 g/ml c6 nghia la trong 1ml dung dich acid sulfuric nay c6 chia 0,0098
gam H2SO4 nguyén chat.

Cong thuc tinh T: T=—¢
Vdd
Trong do:
T 1& dé chudn cia dung dich (g/ml)

mee  khéi lwong chat tan (g)
Vaa  lathé tich ciia dung dich (ml)
6.2. Py chuin theo chit cin xac dinh
Do chuan cua dung dich A theo chit can xac dinh B 1a s6 gam chit B tac dung vtra du véi
1ml dung dich chit A (ky hiéu 1a Tas)
Thidu: T =0,0053g / ml c6 nghia 1a 1ml dung dich acid hydrocloric tac dung vira

HCI/Na,CO,
da véi 0,0053g Na2COs nguyén chat (hay 1ml HCI twong duong 0,0053g Na2COg).
— NAEB

Cong thtc tinh: Tap =
g thirc tin ~8 = 1000

Trong do:
Tas  la dé chudn ciia dung dich A d6i véi chdt can xdc dinh B(g/ml)
Na Néng do dwong lwong dung dich A (N)
Es la dwong lwong gam cia chit cdn xdc dinh B (g)
Thi du: Tinh d6 chuan cua dung dich HC1 d6i véi NaOH, biét rang khi dinh lugng NaOH
ding dung dich chuan do 1a HCI 0,1N?

_N,E, _0,1x40

T = =
HCI/NaOH 1000 1000 )
7. Cach tinh két qua trong phwong phap phén tich thé tich

=0,004g /ml

7.1. Nguyén tic chung
Trong phuong phap phan tich thé tich, ta két thuc chuan d6 tai 1an can diém tuong
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duong, & d6 s6 duong lugng (hay sé mili dwong lwong) thude thir bang sé duong luong (hay sb
mili duong luong) chét can xac dinh.
7.2. Tinh két qua trong phwong phap chuin dd tryc tiép hay chuin dj thé

Hat V ml dung dich chat A (hoic can a gam chat A) pha thanh Vgm ml trong binh dinh
muec. Lay Vi ml dung dich chat A dem chuan d6 bang dung dich chuan d¢ B. Tai diém két thuc hét
V2 ml dung dich chat B ¢6 nong d6 Na. Trong d6, chat A la chat can xac dinh va chat B 1a dung
dich chuan d6. Ta tinh duoc nong d6 dwong lwong chét can xac dinh:

Céach 1: Tinh theo nong dé dwong lwong thuéc thiv

+ Tinh ndng do cua dung dich A trong binh dinh mic N, = 2272

NVV2 E,=N,E, (Ealaduong lugng gam chat A)

1

1

+Tudotatinh B, =

+ Tinh khéi lwong chat tan A c6 trong V ml hoic trong Vamml dung dich
my = iVdm
1000
+ Tinh ndng d6 % cua chit can xéac dinh (chat can xac dinh 1a dung dich)
N,E.V

c="e100= “iEaVan 19
v 1000V

+ Tinh ndng d6 % cua chit can xac dinh (chat can xac dinh 1a chat ran)

C = Mt 199 = NiEaVem 9
a 1000a

Céach 2: Tinh két qud theo dé chudn cia thuéc thie

Bai toan: hit chinh xac Vml chat A (hoic can chinh xac a gam chat A) pha thanh Vgm ml
trong binh dinh mirc. LAy Va ml dung dich nay dem chudn d6 bang dung dich chuan d6 B c6 nong
d6 Np hét Vs ml. Xac dinh nong do % ciia chat A (hodc ham lugng % cua chat A)?

, N.E
+ Tinh d6 chuan: T., =——2 (g/ml
O chu A = 1000 (9/ml)

+ Tinh lugng chét tan A c6 trong Vaml dung dich: m, =V, T,,, (g)

+ Tinh luong chét tan A ¢ trong Vam Ml dung dich (hodc ¢6 trong VmI mau)

V T
m. = A V B/A V
ct VA VA dm (g)

o . m m
+ Tinh nong d6 % cua chat A:  C ) = 7“100 hay C ) = ?“100

7.3. Phwong phap chuén dé thira trir
Gia sir lay Vs ml chat can dinh luong B thém Va ml dung dich chuan A c6 néng do Na,
(dung dich chuan A cho thira), chuan do chat A con lai hét Vc ml dung dich chuan C c6 nong do
Nc. Nhu vay, chat A phan ang véi hai chat B va C s6 duong luong chat A phai bang tong sé
duong luong hai chat B va C:
NaVa = NgVe + NcVc Hay NgVs=NaVa-NcVc
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NaVa —NcVe
Ng=—"7-+-—7—"
Vs
Sau khi tinh duoc Ng ta tinh cac két qua khac tuwong tu nhu trong phuong phap chuan do
truc tiép
BAI 4:
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PHA CAC DUNG DICH CHUAN PO

Muc tiéu

1. Trinh bay dwoc dinh nghia dung dich chudn, ing dung va yéu cdu khi pha ché.

2. Trinh bay duwoc ba cach pha dung dich chudn.

3. Biét sir dung hé sé hiéu chinh K va phwong phdp diéu chinh nong dé khi pha ché dung
dich chudn ds.
1. Khai niém vé dung dich chuan

- Dung dich chuan la nhirng dung dich da biét nong do chinh xac, thudng dung dé xac dinh
nong d6 céac dung dich khac.

- Trong hda hoc phan tich dinh lwong, nong d6 cua dung dich chuan thudng dugc tinh theo
nong do duong lugng (N) hodc nong do mol (M)
2. Cach pha dung dich chuian

- Khi pha dung dich chuan, can luu y tinh chat héa hoc cua chat can pha, dé lra chon diéu
kién (dung moi, nhiét d9,..) thich hop. Thi du khi pha KMnOs hay Na,S;03 can ding nuéc moi
dun soi dé ngudi dé tranh sy phan huy.

- Nong d6 dung dich chuan khi pha khong dugc phép chénh léch vuot quéa + 10% S0 Vi
yéu cau (thong thuong chi chénh léch + 3%) va sai s6 pha khong dugc vuot qué + 0,2%.

- Nhitng dung dich chuan khi dé 1au c6 thé bj thay doi ndng do, do dé phai dinh ky xéc
dinh lai.

Thudng cb ba cach pha céc dung dich chuan.
2.1. Dlng dng chuan

Hién nay, dé tao thuan loi cho ngudi sir dung, ngudi ta tinh ton, can sin mot lwong hoa
chat gdc dong vao trong dung cu dung thich hop, tuong wng véi nong do chinh xac (goi la ong
chuan) va trén 4ng c6 nhan in tén, cdng thic hda hoc cua chat chuan va ndng do dung dich chuan
pha dugc. Thuong 6ng chuan dwoc 1am bang thay tinh, khi pha ngudi pha ding dung cu duc éng,
chuyén hét hda chat trong 6ng vao binh dinh muac c6 dung tich 1000ml, thém nudc cat vira da dén
vach, lic déu, duoc dung dich chuan do c6 nong do nhu d4 ghi trén nhan.
2.2. Dlng héa chit tinh khiét

- Dung nhitng hoa chat tinh khiét con goi 1a chat gdc da duge qui dinh & phan “Céac thubc
thir” trong Duoc dién Viét Nam. Cac yéu cau ddi véi hoa chat tinh khiét s dung trong pha ché
dung dich chuan do nhu sau:

+ Tinh khiét (tap chat < 0,1%).

+ Co6 thanh phan hoa hoc ting diing cong thiic.

+ Bén viing (it hodc khong bi phan huay) khi chua pha ciing nhu khi da pha thanh dung
dich.
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- Pé pha dung dich chuan do tir hda chat tinh khiét phai tién hanh cac budc sau:
2.2.1. Tinh lwong hoa chdt can ldy dé pha

Ap dung cong thie:  C,, = Mt 1000 = m, = CyEVy
EVyg 1000
Trong do
Cn  landng ds duong lwong cua dung dich can pha(N)

mee  la khdi liong chat tan can ldy (g).
E la dwong lrong gam cua chdt tan can ldy (g).
Vaa:  thé tich cia dung dich can pha (ml)
2.2.2. Pha dung dich
Can chinh x4c lugng hoa chat da tinh & trén bang can phan tich, chuyén hét vao binh dinh
muc, hda tan bang nudc cat hoac dung méi thich hop réi diéu chinh vira du thé tich mudn pha, lic
déu s& duoc dung dich chuan do c6 nong do chinh xac can pha.
Thi du: Pha 100,0 ml dung dich H2C204 0,1000N tir H.C204.2H20 nhu sau:
- Tinhtodn:  Egy,c,o,21,0 = 5 = 63,03
Tur cong thuc N = %xlOOO — luong cén acid oxalic can la

N.E.V 0,1x63,03x 100
;20402420 = 7000 ~ 1000 00°030

- Pha dung dich: Céan chinh xac trén can phan tich 0,6303g H2C204.2H,0 sau d6 dem hoa
tan trong nudc cho da 100,0 ml (dung binh dinh mirc). Ta duoc dung dich H2C204 0,1000N.
2.3. Pha gan diing roi hiéu chinh ndng do

Pé pha dung dich chuan do tir hda chat khong tinh khiét (khéng phai chat goc) hoac hiéu
chinh lai ndng d6 dung dich co thay doi trong qué trinh bao quan, can tién hanh cac budc:
2.3.1.Tinh lwong héa chit can ldy dé pha

Ap dung cong thic: C, = Mg, 1000 = m, = Cy BV
EVyg 1000
Trong dé
Cn  landng ds duong lwong cua dung dich can pha(N)

mee  la khdi liong chat tan can ldy (g).
E la dwong lirong gam cua chdt tan can ldy (g).
Vaa:  thé tich cia dung dich can pha (ml)
2.3.2 Phadung dich
Can chinh x4c lugng hoa chat d4 tinh, hoa tan trong binh dinh murc ¢6 dung tich bang véi
thé tich mudn pha, thém nudc vira du, lic déu sé duogc dung dich c6 nong d6 x4p xi bang nong
do dung dich mudn pha.
Thi du: Pha 1 lit dung dich NaOH 1N. NaOH la mot hoa chat khdng thoa man chat goc vi
dé hat am, dé bi carbonat hoa... do d6 phai pha gian tiép.
- Tinhtoan: Enaon = M/n=40/1 =40
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Tur cdng thac N = %xlooo — Dé pha 1000 ml dung dich NaOH 1IN, lugng can NaOH

Ao 1. __ NEV _ 1x40x.1000 __
canla: a= = = 40¢g
1000 1000

- Céch pha: Can trén can ky thuat 40,009 NaOH, cho vao cdc va thém it nuée cat lac ria

nhanh (d¢ loai carbonat & bén ngoai), sau d6 cho vao binh dinh mirc 1000ml, thém nudc dén vach,
ta duoc dung dich NaOH c6 nong do gan dung IN. Xac dinh lai nong d6 dung dich NaOH vira
pha bang mét dung dich H2C,04 da biét ndng do. Tir d6 xac dinh dugc néng do chinh xéac cua
dung dich NaOH.

2.3.3. Xdc dinh hé sé hi¢u chinh K

- Mubn diéu chinh ndng d6 dung dich vira pha (hodc diéu chinh lai nong d6 caa dung dich
chuan do trong qué trinh bao quan) phai x4c dinh dwoc hé sé diéu chinh cua dung dich (ky hiéu 1a
K)

- Hé s hiéu chinh K 12 ti s6 gitra ndong d6 thuc ctua dung dich chuan d6 véi ndng do 1y
thuyét caa no, nghia 12 hé sé diéu chinh K sé& cho ching ta biét nong d6 thyc té cuia dung dich
chuan do 16n hon hay nhé hon so véi néng d6 1y thuyét.

- Néu goi Nt 12 ndng do thuc té cua dung dich va Nit1a ndng do ly thuyét cua dung dich

ta tinh dugc hé sé hiéu chinh K theo cong thirc sau: K = N, (1)

LT
- Viéc xé4c dinh hé s6 hiéu chinh K thuong str dung mot trong hai cach sau:

a. DUng dung dich chudn d¢ dé xdc dinh d¢ chudn ciia dung dich pha.

. \Y/
Hé so K s€ dugc tinh theo cong thirc sau: K = VO K,

Trong do )

K 1a hé so hiéu chinh cua dung dich pha

Vo la thé tich ciia dung dich chudn dé (ml)

Vv la thé tich ciia dung dich pha (ml)

Ko 1& hé s6 hiéu chinh cia dung dich chudn d¢

b. DUng hoa chdt tinh khiét dé xdc dinh d¢ chudn ciia dung dich pha

Hé s6 K sé& duoc tinh theo cong thure sau: K= %
Trong do ’

K 1a hé so hiéu chinh cua dung dich pha

a la khoi liwong héa chat tinh khiét (g)

Vv la thé tich ciia dung dich pha (ml)

T la dg chuan Iy thuyét cia dung dich héa chat tinh khiét (g/ml)
Luu y: Hé s6 K duoc xac dinh dén ba chir s6 thap phan, chir sé thir tu phai 1am tron
2.3.4. Hiéu chinh nong dj dung dich
Can cir vao ndng do thuc té da tinh duoc tir thuc nghiém dé tién hanh hiéu chinh néng do
dung dich pha. Can cir vao hé sé K tinh duoc theo cong thirc (1) dé tién hanh diéu chinh nong do
dung dich pha.
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+ Néu Nt = Ni1: dung dich pha dung nong d6 chuian mong muén khong can phai hi¢u
chinh.
+ Néu Nt > Ni7: dung dich pha c6 néng d6 16n hon ndng do chuan mong muédn can phai
hiéu chinh bang cach thém nudc. Thé tich nude can thém tinh theo cdng thuc:
Vi,0 = (K — 1,000)Vy,

Trong do:
V : Thé tich nwéc can thém (ml)
K: Hé s hiéu chinh cia dung dich cdn diéu chinh
V.: Thé tich dung dich d c6 can diéu chinh (ml)
Thi du: C6 600 ml HCI 0,1N véi K = 1,105. Tinh thé tich nuéc can thém vao la:

Vit,0 = (1,105 — 1,000) x 600 = 63(ml)

+ Néu Nt < Ni7: dung dich pha c6 ndng do nho hon néng d6 chuan mong mubdn, can phai
hiéu chinh bang cach thém hda chit can pha vao. Lugng hoa chét can thém vao duoc tinh theo
cong thic:

(1,000 — K).a
= ————— X Vg
1000

Trong do:

m: s6 gam hod chdt can thém vao (g)

K: hé so hiéu chinh cia dung dich cdn diéu chinh

a: s6 gam hoa chdt c6 trong 1 lit dung dich theo ly thuyét (a = N.E)

V. thé tich dung dich d& c6 can diéu chinh
Thi du: C6 800 ml dung dich NaCl 0,IN véi K = 0,978 thi lugng NaCl can thém vao la:

Tacs:a=NE=0,1x585=585 —m=000079388 4850 = 0,1003g
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BAI 5:
PINH LUQNG BANG PHUONG PHAP ACID - BASE

Muc tiéu

1. Trinh bay dwoc khai niém vé acid, base, cap acid base lién hop, chdt luéng tinh, da acid,
da base theo Bronsted va tinh dwoc pH cua cac dung dich nay trong truong hop riéng lé.

2. Trinh bay dwroc nguyén tac chung cia phwong phdp dinh hrong acid - base.

3. Chon duoc chdt chi thi, tinh dwoc két qua Ciia sdu trwong hop dinh luong thwong gap
trong chudn dg acid-base.
1. Nguyén tic chung

Phuong phap nay dua vao phan tng trung hoa giira acid véi base dé dinh lvong mot acid
bang mot base hodc dinh lwong mot base bang mot acid theo phwong trinh phan tng.

Acid + base = mudi + nudc
HA + MOH = MA + H20

2. Pinh nghia vé acid - base

C6 kha nhiéu dinh nghia vé acid va base d4 duoc dua ra. Tuy nhién ¢ day chung ta ding
theo quan diém cuia Bronsted:

Trong mot dung méi nao do, acid 14 chat co kha nang cho proton H* con base la chét co
kha nang nhan proton H*
3. Cap acid — base lién hgp

Cap acid-base lién hgp: mat acid sau khi cho mot proton thi trég thanh mot base goi la base
lien hop voi acid d6. Ta goi acid va base nay la mot cap acid-base lién hop (viét 1a cap acid/base).
Mot cap acid-base lién hop c6 thé duoc biéu dién bang hé thire sau:

Acid (A) = A + H'
Base (B) + H* = BH+
Thi du: Cap HF/F : HF =  F +H'
Cap CH3COOH/CH3COO : CH3:COOH = CH3COO™ +H*
Cap NH4"/ NHs : NH4* = NHs + H*
Cap H2S/ HS : H2S = HS +H
CapHS /S ; HS* = S + H*

Nhu vay acid, base c6 thé 1a nhitng phan tir trung hoa dién (CHsCOOH, HF...), ion (NH4*,
HS™...). Chat ludng tinh 12 chat vira ¢6 ca kha nang cho va vira c6 kha nang nhan proton (HS™...).

- Acid da hoa tri (da acid) 1 nhiing chat c6 kha ning cho nhiéu proton (vi du H,S).

- Base da hoa tri (da base) 1a nhirng chat c6 kha niang nhan nhiéu proton (vi du COs%, S%)
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4. Su dién ly cia nwée va pH
4.1. Su dién ly ciia nwée
Nudc 1a chét ludng tinh va dién ly rat yéu. Phuong trinh can bang dién li:
H.O = H"+OH"

H.O + H* s H30*
H20 + H0 s H0O" + OH"
Acid 1 Base 2 Acid 2 Base 1

Theo dinh luat tac dung khéi lwong gié tri cua hiang sb can bang duogc xac dinh theo cong thic:

H,O" ||OH"
Ho || . } =3,24.10% (¢ 25°C)
[H0]
Hang s6 dién ly cua nudc:

1000\’
K =[H,0"][OH |=K[H,0] =3,24.10| —— | =1.10*
Kn la tich s ion cta nudc, tich sb nay thay doi theo nhiét do.

Vi mot ion H3O" va mot ion OH™ dugc phan ly tir mot phan tir H20, do do trong nuéc

nguyén chat:
[H0" |=[OH™ |=+1.10™ =107 (mol/l)

1000

(Nong do nude nguyén chat = ~55,5M . Nhu vay ctir mdi 555 triéu phan tir nude chi co 1

phan tir dién ly ra cac ion). Dya vao can bang dién ly cia nuéc, ngudi ta dinh nghia dung dich

acid, base va trung tinh tuy theo do 16n twong dbi giira [Hs0*] va [OH]:

Dung dich Giéi han chung & 25°C
Acid [Hs0*]> [OH ] [H:0] > 107, [OH ] < 107
Trung tinh [H30*] = [OH] [Hs0*]1 =107, [OH] =107
Base [H30*] < [OH] [H30*]1 <107, [OH] > 107

Vi Kn 13 hing s6 & nhiét do nhat dinh, nén khi biét ndng d6 cua mot trong hai ion, ta co thé tinh
dugc ndng do ion kia.

Thi du: Biét [H30*] cia mot dung dich bang 3,0.10“M. Tinh [OH] va cho biét dung dich
la acid, trung tinh hay base?
K, 110"

Taco: K, =[H,0" |[OH™ |=[OH" |=——"

[HO0] 3107 =33107M

Vay day la dung dich acid vi [HsO+] > [OH].
4.2. Chi s6 pH ciaia dung dich

Do [H30*] thuong c6 gia tri rat nho, nguoi ta st dung gia tri logarit thap phan cua
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[H3O"], va ki hiéu 1a pH
pH = - Ig [H30"] hay  [HsO*]=10P"
pOH = - Ig[OH] hay [OH7] = 10"°"
Vi Kn = [H3O*][OH ] = 1.10'* nén nguoi ta ciing hay dung dai luong:
pKn= -1gK; = -lg([HsO™].[OHT]) = -Ig[H30"] - Ig[OH] = pH + pOH =14 (¢ 25°C)
Trong nudc nguyén chat [HsO*].[= [OH] =107 nén pH = -Ig[H*] = 7
Trong dung dich acid, [H3O] > [OH] nénpH < 7
Trong dung dich base, [H3O] < [OHT] nén pH > 7
Ghi ch: Do thoi quen tir tnedc, ta thuong hay thé hién HsO*= H*. Mdc dii diéu nay |a
khéong ding vi H* khong ton tai trong dung dich nwée, nhung tiv ddy vé sau ta van sit dung né Vi
tinh thudn tién khi sir dung.
5. Cwong do cia acid va base
a. Dung dich trong nwoc cua acid A ta cé
A+ H0 = B + H3O"

N % 1 _ [Bl[H30"] _ [B].[H307]
Hang so K = ol = K, = K. [H,0] BT

Ka Puoc goi 12 hing sb acid caa acid A, né biéu thi cho cuong do cua acid A vi Ka cang
I6n, acid phan ly cang nhiéu, acid d6 cang manh.
b. Dung dich trong nwéc cia base B ta co:
B+H:0 5 A+OH

N %1 — [AL[OHT] _ [Al[oHT]
Hang so K = 10,00 Kg = K.[H;0] B

Kg duoc goi 1a hing sb base cua base B, n6 biéu thi cho cudong do cua base B vi Kg cang
I6n, base phan ly cang nhiéu, base d6 cang manh.

c¢. Néu A va B la cap acid-base lién hgp thi ta co:

Ka.Kg = [HsO*][OH ] = K, =10 1

Do d6, néu Ka Ién thi Kg bé. Vi vay trong mot cip acid-base lién hop néu dang acid 1a
manh thi dang base s& yéu va nguoc lai.

Dé thuan tién cho viéc tinh toan, ngudi ta thuong ding céch biéu thi:

pKa = —IgKa , pKs = —IgKs. Khi do: pKa+ pKg = 14.

6. Cach tinh pH ctia mgt dung dich
6.1. Dung dich acid manh don chiic HA nong d9 ban diu Ca

Acid manh phéan ly hoan toan:

HA + H,0 — H30* + A (thuong viét HA — H* + A)
Do do [H:O']=[H]=Ca

pH = —1gCa
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6.2. Dung dich base manh don chitc MOH c6 néng dé Cs
Base manh phén ly hoan toan:

2H,0 = HsO* + OH™

MOH + H30* — M* + 2H,0

MOH — M* + OH".
Ky _ 107

Do d6: [OH"] =Cg » [HT] = Vivay: pH =14 + IgCs

[OH-1  Cg

6.3. Dung dich don acid yéu HA c6 nong d9 Ca
Acid yéu HA phan ly khdng hoan toan
HA+HO0O s A +H30" (vittgonHA s H'+A)
_ [H30"1[A7]

Tu K, = g coi HA it phén ly nén [HA] = Ca

Do d6 ¢6 [H;0%] = /K,Cy VapH =-pK, —-1gCy
6.4. Dung dich don base yéu B c6 nong d¢ Cs
Base yéu B phan ly khong hoan toan
B + H.0O = A+ OH

_ [Al[oH]

Tu Kg 5]

coi gan dung [B] ~ Cs

Do d6 [OH"] = \/Kg. Cg, - [H50%] = /Kg—c VApH = 7 + ~pK, +-1gCy
B

6.5. Dung dich cap acid base lién hgp HA/A
Gia sir acid HA ¢ nong do Ca, base A™ lién hop c6 nong d6 Cs
Cécanbang: HA+H0 5 A +H30"

\ __[H307%]1[A™
TirKp = 222 A [HA][ ]

6.6. Dung dich céc chat ludng tinh

C N C
- [H;0%] = KA.ﬁ vapH = pK, + Igi

Pay 1a nhitng chat vira c6 kha ning cho va vira c6 kha nang nhan proton, vi du nhu NaHS,
NaHCO:s... trong dung dich phan ly thanh cac ion HS", HCOs'... tuong wtng véi cac cap acid-base
lién hop H2S/HS", HS/S? va H,CO3/HCO3", HCO3/COs% ...

C6 thé chimg minh dugc cong thuc gan dang: [H*] = /K, .K,, (trong d6 Kai va K 12

hai gia tri Ka lién quan dén can bang cho va nhan proton cua anion mudi acid) va

1 1
PH =5pK,, + 5Ky,
7. Pinh lwong bing phuwong phap acid-base (Chudn dg acid-base)
7.1. Nguyeén tic

Phuong phap nay dua vao phan ang trung hoa giira acid véi base dé dinh luong mét acid
bang mot base hoic dinh lwgng mot base bang mot acid theo phuong trinh phan tng:

Acid + base = mudi + nuéc
HA + MOH = MA + H0

7.2. Piém twong dwong

Qua trinh dinh luong bang phuong phéap acid - base 1a qué trinh bién d6i nong d6 H* va
OH:
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H* + OH = H.0

Do d6 pH cua dung dich thay d6i lién tuc va diém tuong duwong s& (g véi mot gia tri pH
xéac dinh, goi 1a pH diém tuong dwong. Tri s6 pH nay phu thudc vao ban chét cuaa acid, base va
nong d6 caa ching.

Khi nhé dung dich chuan d6 1a acid hay base xuéng mat thé tich chinh xac dung dich base
hay acid can dinh lugng, thi & gan diém twong dwong pH cua dung dich thay d6i dot ngot tao thanh
budc nhay pH cua phép chuan do, pH diém tuong duong nam chinh giira budc nhay do.

7.3. Cach xac dinh diém twong dwong

Pé xac dinh diém tuong duong cho phép dinh luong bang phuong phap acid - base, thuong
ding chi thi mau pH nhu: d6 methyl, methyl da cam, phenolphtalein 1a nhiing chat c6 kha niang doi
mau khi pH thay d6i. Mdi chat chi thi d6i mau trong mot khoang pH xac dinh (khoang pH doi

mau), khoang pH do6i mau cia mot sé chi thi nhu sau:

. 8 < pH < 10
Phenolphtalein
P khdng mau do
42 < pH < 6.2
Do methyl N = P ST
vang do vang
Methyl da cam 31 < pH < 44
(Helianthin) vang do vang

- Chon chi thi cho mét phép dinh lugng bang phuong phap acid - base cu thé nao do, sao
cho pH d6i mau cua chi thi nam trong budc nhay pH cua phép chuan do.

- Pinh luong dung dich acid hydrocloric bang dung dich chuan d¢ natri hydroxyd (dinh
luong acid manh bang base manh). Buéc nhay pH caa phép chuan do nay la: pH = 4-10 nén c6 thé
chon 1 trong 3 chi thi: phenolphtalein, d6 methyl, methyl da cam vi cac chi thi: khoang pH doi
mau nam trong budc nhay pH caa phép chuan do.

8. Cac phép dinh lweng bang phwong phap acid-base
8.1. Phép dinh lweng bang base
8.1.1. Nguyén tic chung

Dua vao phan ung trung hoa gitra base véi acid:

Base + acid = mudi + nudc

Nguoi ta dung dung dich chuan do 1a base manh dé dinh lugng nhitng dung dich c6 tinh
acid. Phép dinh luong bang base thuong duoc sir dung dé dinh luong cac dung dich c6 tinh acid
nhu:

- Céc dung dich acid manh: HCI, H2SOs ...

- Céc dung dich acid yéu: CHsCOOH, HsPO....

- Céc dung dich mudi caa acid manh va base yéu nhu NH4CI, novocain hydroclorid,
atropin sulfat ...
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8.1.2. Cdch xdc dinh diém twong dwong

Pé xac dinh diém tuong dwong caa phép dinh luong bang base, ding chi thi mau pH.

- Néu dinh lugng dung dich acid manh bang base manh, chon chi thi 1a phenolphtalein
hoac do methyl hoac methyl da cam

- Néu dinh luong acid yéu hoic dung dich mudi cd tinh acid, chon chi thi phenolphtalein vi
& thoi diém tuong duong dung dich chi c6 mudi va nuéc, mudi nay bi thay phan cho méi truong
base, budc nhay pH caa phép chuan do nam trong ving ¢ pH > 7.

8.2. Phép dinh lwong bang acid
8.2.1. Nguyén tic chung
Phép dinh luogng bang acid dwa vao phan ¢ng trung hoa giira acid véi base:
Acid + base = mudi + nuédc

- DUng dung dich chuan d6 1 acid manh dé dinh luong nhitng dung dich c6 tinh base. Phép
dinh lwong bang acid duoc dung dé dinh luong cac dung dich co tinh base nhu:

- Cac base manh: NaOH, KOH...

- Céc base yéu: NH4OH, CH3NH....

- Céc dung dich mudi dugc tao tir base manh va acid yéu: Na,COs, NazB4Os...

8.2.2. Cach xac dinh diém twong dwong

Xac dinh diém twong dwong cua phép dinh lugng bang acid, dung chi thi mau pH.

- Néu dinh luong mot base manh bang mot acid manh ta c6 thé chon 1 trong 3 chat chi thi
mau pH sau: phenolphtalein, d6 methyl hoac methyl da cam.

- Néu dinh luong base yéu hoac dung dich mudi cé tinh base, ding chi thi mau pH 13 do
methyl hay methyl da cam. Vi & thoi diém twong duwong dung dich chi ¢6 mudi va nuéc, mudi nay
bi thity phan cho mdi truong acid. Do d6 budc nhay pH cua phép chuan do nam trong ving c6 pH
<T7.

9. Mét s6 rng dung ciia phuwong phap acid - base
9.1. Pinh lwong acid

Pinh luwong dung dich acid acetic, aspirin dugc dung hoic thubc tiém Novocain
hydroclodrid bang dung dich chuan d6 NaOH 0,1 N. Chét chi thi sir dung la phenolphtalein, tai
diém twong duong dung dich chuyén tir khdng mau sang hong nhat.

** Ky thugt tién hanh:

Buret: chira dung dich chat chuan do c6 nong d6 chinh xac NaOH 0,1 N.

Binh nén: chtra thé tich chinh xéac dung dich can dinh lwong (CHsCOOH, Aspirin duoc
dung hoic thudc tiém Novocain hydroclodrid) va vai giot chi thi phenolphthalein.

Nho tir tir dung dich NaOH cho dén khi dung dich trong binh nén chuyén tir khdng mau
sang mau hong. Khoa buret va ghi thé tich NaOH da dung. Tinh két qua theo yéu cau.
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9.2. Pinh lwgng base

a. binh luong dung dich NaCOs, bang dung dich chuan do HCI 0,1 N. Chi thi sir dung la
methyl da cam (helianthin). Tai diém twong duong dung dich chuyén tir mau vang sang mau hong
da cam.

** Ky thugt tién hanh:

Buret: chira dung dich chat chuan dé c6 nong d6 chinh xac HC1 0,1 N.

Binh noén: chira thé tich chinh xac dung dich can dinh luong Na,CO3 va vai giot dung dich
chat chi thi methyl da cam (helianthin)

Nho tir tir dung dich HC1 cho dén khi dung dich trong binh nén chuyén tir mau vang sang
mau hong da cam. Khoa buret va ghi thé tich HCI d& dung. Tinh két qua theo yéu cau.

b. Pinh luong dung dich NHsOH bang dung dich chuan HCI 0,1 N. Chi thi str dung 1a hdn
hop Tarhiri (d6 methyl va xanh methylen). Tai diém tuong duwong dung dich chuyén tr mau luc
sang mau tim.

** Ky thugt tién hanh:

Buret: chira dung dich chat chuan dé c6 nong d6 chinh xac HC1 0,1 N.

Binh nén: Chira thé tich chinh xéac dung dich can dinh lwong NH,OH va vai giot dung dich
chat chi thi 12 hdn hop Tarhiri.

Nho tir tir dung dich HC1 cho dén khi dung dich trong binh nén chuyén tir mau luc sang
mau tim. Khoéa buret va ghi thé tich HCI d4 dung. Tinh két qua theo yéu cau.
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BAI 6:
PINH LUQNG BANG PHUONG PHAP KET TUA

Muc tiéu
1. Trinh bay duwoc khai niém vé tich s tan, do tan va ing dung trong phan tich.
2. Trinh bay dwroc nguyén tac chung va phwong phdp tién hanh
3. Néu dwoc céch chon chi th, xdc dinh diém twong dwong va tinh két qud
3. Trinh bay dwoc ki thudt dinh lwong bang bac trong phiong phdp Mohr, Fajans,
Charpentier Volhard . Néu nguyén tdc, chi th;, ing dung
1. Khai niém vé tich sé tan, d9 tan va &ng dung trong phan tich.
1.1. Khai niém tich so6 tan (T):

- Xét hé gém tiia AmBn tan trong nude dén béo hoa, ¢ cac can bang sau:

Hoa tan: AmBnl S AmBn VG Ki=[AmBn]
Phan ly: AmBr 5 mMA+nB v K, =47
[AmBn]
Tong: AmBn) S mA + nB véi K = Ki.K=[A]™[B]" = T la mét hiang s6 ¢

mot nhiét do nhat dinh va duoc goi 1a tich sé tan.

- Biét tich s6 tan, ta c6 thé biét duoc trang thai can bang caa mot hé & mot diéu kién nao d6
dua trén co sé sau:

+ Khi [A]™.[B]" = T ta n6i hé dat trang thai can bang giira két taa va hoa tan.

+ Khi [A]™.[B]" > T hé chwa can bang (s& c6 két taa hoac két tua thém goi 1a dung dich qua
bédo hoa.

+ Khi [A]™.[B]" < T hé chua can bang (s& khong c6 két taa hoac néu da cd két taa san thi
két taa s& tiép tuc tan ra), goi 1a dung dich chua bo hoa.

Nhu vay khi biét tich s6 tan cd thé suy ra diéu kién dé hoa tan két tua hodc 1am taa hoan
toan maot chat (dé két tia hodan toan thwong cho dw thuéc thip).
1.2. Khéi niém g tan (S)

— Po tan ctia mot chat 12 ndong d6 cua chat do trong dung dich béo hoa.

— Nhu vay d6 tan va tich s tan 1a nhiig dai lwong dic trung cho dung dich b&o hod, cho
nén ching c6 mdi quan hé twong hd nhau, ¢ thé tinh dugc do tan tir tich sb tan va nguoc lai.

— P06 tan cua cac chat trong dung dich nuéc nguyén chat:

Goi d6 tan cua tia AmBn trong nudc nguyén chat 1a S (mol/1). Theo phuong trinh phan ly:

AnBnl S mA + nB
Ta c6: [A] =mS, [B] = nS. Khi do:
Tamen = [A]™[B]" = (MS)™.(nS)" = m™.nn.gmn
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AL __ m+n TAmBn
Do vay: S= ’m

- Tir ¢bng thire tinh d6 tan S, ta thay néu cac két taa c6 clng dang phan ly, taa nao co tich
s6 tan 16n s& co do tan 16n va nguoc lai. Pong thoi, néu trong dung dich c6 mat nhiéu chat ciing c6
kha ning tao ra cac dang két tia khac nhau véi chat can phan tich thi dang tiia nao co tich sé tan
nho hon sé& d& két tua hon.

Thi du: tinh d6 tan ctua Cas(PO4)2 & 20-25°C, Biét T caspoay2 =3,16.10°%°

Phuong trinh phan ly: Cas(POs)2 = 3Ca?* + 2P0s*

-33 -33
S - 3+</3’1§3;? _ §/311(156180 ~14.107 M/

1.3. Ung dung trong phan tich

Dua trén co so tich s6 tan hodc do tan ta c6 thé suy ra diéu kién dé co thé két taa hay hoa
tan taa. Tir d6 c6 thé ap dung trong phan tich dé:

- Két taa hoan toan maot chat tir dung dich ta can phai tao cac diéu kién dé cang lam giam
do tan cua tua cang tot: thuong ding dw thuoc thir (trir Véi tiia heong tinh néu cho dw thuéc thir sé
lam tan tua), lwa chon pH thich hop, tranh cac tac nhan la...

- Mudn hoa tan hoan toan mat taa kho tan trong nudc, ta phai tim moi cach dé 1am ting do
tan cua n6: Thwong co thé ting nhiét dg, thém chdr dién ly, dung acid, dung base, dung chdt tao
phizc, ding chat oxy hoa thich hop hogc chuyén tia khé hoa tan thanh tia dé hoa tan.

- Ung dung cac phan &ng két tua dé dinh luong céc chat.

2. Pinh lwgng bang phwong phap két tiia
2.1. Nguyén tic chung

La phuong phap dinh luong dua trén cac phan tng tao thanh cac chat két tua it tan trong
cac phan tng trao doi. Nhitng phan ng tao thanh két taa trong phuong phép két tua phai thoa man
C4C y8u cau sau:

- C6 kha ning két tua hoan toan chat can xac dinh (tia co tich sé tan cang nho cang tét).

- Phan ung phai xay ra du nhanh

- C6 tinh chon loc cao (chi cho két taa véi chat can xac dinh, khdng két tua voi céc chat la
khé&c).

- Phai ¢6 kha ning xac dinh diém twong duong.

Phuong phap két tua thuong duoc ding dé xac dinh ndng do cac anion CI, Br-, I, SCN,
CN'... va cac cation Ag*, Hg" ...

2.2. Phan loai
Phuong phép két tua dugc phan loai nhu sau:
Phép chuan d6 bac (phép do bac) : ding kha ning tao taa mudi cua ion bac véi nhiing

anion khac nhau nhu clorid, bromid, iodid, cyanid, sulfocyanid.
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Phép chuan d6 thuy ngan (phép do thiy ngan): dua vao phan tng hda hoc tao mudi thuy
ngan it tan nhu clorid, bromid, iodid

Tuy nhién trong thuc té, dinh luong bang phuong phéap két tua pho bién nhat 1a phép do
bac. Phép do thuy ngan it duoc sir dung vi cac hop chat thay ngan thuong cé do doc hai cao.

2.3. Phwong phap chuin dé bang bac (phép do bac)
2.3.1. Phép do bac trong méi truwong trung tinh

C6 mot vai anion lai bi hoa tan it hodc nhiéu trong méi truong acid do vay phai thuc hién
trong moi truong trung tinh

Thi du: - CN", S, tan trong m6i treong acid manh

- Oxalat va chromat hoa tan trong méi trueong acid loang
- Vai hop chét hitu co nhu: barbituric
2.3.2. Phép do bac trong méi trwong acid

Cac Halogenid (trir FY) va cac thiocyanat tao két taa khdng tan véi Ag* trong maéi truong
acid. Acid thuong duoc ding trong phép do bac 1 acid nitrit (HNOs) vi cac yéu té sau:

- HNO;s tao véi Ag™ mot mubi AgNOs rat tan.

- HNO3 la mét acid manh lam ha pH cta méi truong.

2.3.3. Chdt goc (chit chuén héa hoc, chemical Standard)

- Halogenid: nhiéu mudi halogen duoc dung lam chat gc nhu NaCl (M = 58,45), KCI
(M = 74,55), KBr (M = 119,01). Nguoi ta hay dung céc chat goc nay dé xac dinh d6 chuan cua
dung dich chuan do bac nitrat.

2.3.4. Dung dich chudn d¢

Dung dich chuan d6 dung trong phép do bac thuong ding hai dung dich sau:

- Dung dich chuan d9 bac nitrat 0,1N: chira 16,989 g bac nitrat /lit.

- Dung dich thiocyanat (ammonium, Na hay K) 0,1N: Cac mudi nay c6 do tinh khiét cao
nhung lai hay hit am. Do d6, khi pha dung dich chuan phai pha cao hon d6 chuan mong mudn
va khi dung thi dinh luong lai bang bac nitrat chuan.

2.4. Phép do bac trong moi trwong trung tinh
2.4.1. Phwong phap Mohr:

La phuong phéap dinh lugng truc tiép cac halogenic X (CI, Br-, I"..) bing Ag* véi chi thi
la kali cromat (K2CrOs) cho két tia d6 gach Ag2CrO4 ¢ 1an can diém twong duong.

+ Phadn itng chudn dé:

Agt+ X = AgX |tring V6i Tagx = 1070

+ Tai diém twong dirong:

2AQ* + CrO4* s Ag2CrO4|dod gach  V6i Tagacros = 2.10712
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*** Pigu kign ap dung:

- pH moi truong tot nhat 7 - 10,5

- Néu pH < 6 thi |AgoCrO4sé ty hoa tan (do CrOs~ + H* — H,CrOq)

- Néu pH > 10,5 AgNO; s& phan hay thanh Ag20 két taa den, 1am cho két qua dinh lugng
thiéu chinh xéc

Ag"+0OH = AgOH|
2AgOH| =  Ag.0] den+ Hz0

- Nong do chi thi KoCrOj4 thuong 12 102 M — 10 M vi:

+ Néu nong do cao hon dung dich sé c6 mau vang dam cua chi thi, khé thdy si chuyén
mau khi dén diém twong dong.

+ Néu nong dé thap hon két tua tgo thanh qua it ddn dén mdt ta kho nhdn thay mau tua
AQ2CrO; .

** Gigi han cia phwong phap

- Phuong phap nay chi dung dinh luong céc ion CI', Br-.

- Khong dung dinh lwong 1" va SCN-vi kho nhan biét Itc két thic phan ang do hién tuong
hap phu va tao thanh hé keo.

- Khéng thé chuan d6 dung dich c6 mau vi mau cua dung dich s& che day mau cua
AQ2CrO4 ¢ diém tuong duong.

- Céc cation tao tta voi ion Cromat phai duoc khir truée khi dinh lwgng (Pb?*, Ba?* phai
khur thanh dang sulfat)

- Phuong phép nay khong dung trong mai truong acid hoic méi truong kiém .

2.4.2. Phwong phdp Fajans

La phuong phép sir dung chi thi hip phu dé xac dinh diém twong duong. Phuong phap nay
dia trén hién tuong céac két taa khi hip phu mét sé chat mau hiru co trén bé mat s& 1am cho chat
hitu co thay ddi ciu tao va c6 su doi mau rd rét (thuong c6 mau tham hon).

- Pay 1a phwong phap chuan do truc tiép, c6 thé dinh luong CI-, Br- hay I bang dung dich
chuan d6 AgNOs. Cac chat chi thi mau hap phu théng dung la flourescein, 2,7-dicloroflourescein
dé xac dinh CI, Br, I". Eosin d¢ x4c dinh Br, tartrazin dé xac dinl SCN-

Vi du: Nguoi ta c6 thé sir dung Eosin (Tetrabromofluorescein) 1a mot mot chat mau hitu co
c6 tinh acid yéu (HE <=> H* + E") lam chat chi thi khi dinh lugng I bang Ag*. Trong dung dich
nudéc, eozine & dang E tu do ¢ mau hong, nhung khi bi hip phu bai tia Ag* thi nd 1ap tiac chuyén

thanh mau tim.
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Eosin la Tetrabromoflurescein Fluorescein
T6H4COO_ B ?6H4COO' ]
Br Br C
.
. [ N 2Na+ )iI :@ e
Br Br L _
Phan ung chuan do: Agt + I s Agl

Xdc dinh diém twong dwong: Trudc diém twong duong, két taa c6 mau vang caa Agl con
dung dich c6 mau hong cam cua chi thi tu do (dang E- ). Nhung khi vira qua diém twong duong,
chat chi thi s& bj hap phu I&n bé mat két taa Agl nén s& lam d6i mau két taa thanh mau tim.

% Pigu Kign ap dung:

- Phai chon pH thich hgp tng véi cac chi thi sir dung vi ching la cac acid hoac base htru co
yéu.

- Phai chon chat chi thi hdp phu sao cho sy di mau cua chi thi phai rd rét ngay tai 1an can
diém twong duwong. Can tranh chon chat chi thi hap phu cé hién trong d6i mau qua sém.

- Giir két tua & trang thai keo dé 1am cho qua trinh hap phu xay ra rd rét. C6 thé dat duoc
diéu nay bang cach chon diéu kién chuan do thich hop, str dung cac chat keo bao vé két tua khoi
trang thai dong tu nhu thém ho tinh bot, dextrin, PEG .v.v.

2.5. Phép do bac trong méi trwong acid

- Trong méi truong acid manh (HNOs): ion Ag* tao tua chuyén biét hon, do d6 dung dinh
luong CI, B", I, SCN", va CN" ké ca khi c6 mat nhitng ion gay can trg & méi truong trung tinh.
2.5.1. Phwong phap Charpentier Volhard

- Khi dinh luong nhiing halogenid trong méi truong acid do khdng c6 chat chi thi chuyén
biét nén ching ta phai thuc hién phuong phdp thira trir. Tién hanh qua 2 budc:

- Cho luong thira AgNO3 vao dung dich halogenid can dinh luong dé tao dan chat tua bac
khong tan.

- Pinh lugng ion Ag* thira bang dung dich chuan do thiocyanat véi chét chi thi la phén sat
ammoni (Fe(NH4)(S04)2.12H,0) trong moi treong acid nitric.

- Trong dung dich, phén sit amoni phan ly nhu sau:

Fe(NH4)(SO4)2.12H,0 = Fe** + NH4* + 2504% + 12H,0

- Tai diém twong dwong mét giot dung dich thiocyanat thira 1am cho dung dich c6 mau

hong nhat.
3SCN- + Fe®* — Fe(SCN)s

- Mau hong cta dung dich s& mat dan do phan tng trao d6i mudi:

37



Hoa phin tich dinh lugng

3AgX + Fe(SCN)z — 3Ag(SCN)|wing + FeXs
* D chinh xdc ciua phwong phap:

- Su chuyén mau kho xac dinh va thay d6i theo mudi can dinh luong.

- B9 chinh xac tly vao sy hap phu Ag* trén tiia. Do do, khi thyc hanh phai ding dung dich
pha lodng va thao tac lic ky.

- Po chinh xéac tly thudc vao su khac biét vé do tan giira halogenid bac (AgX) va
thiocyanat bac (AgSCN).

+ Sagscn > Sagx : khdng sai s6 nhiéu. Truong hop 1" va Br
+ Sagscn < Sagx : sai s6 nhiéu. Truong hop CI* (O thoi diém, khi lugng du Ag*
dugc chuan lai bang SCN-, cac ion SCN- du s& phan tng trao d6i vai AgCI, vi vay rat khé nhan ra
diém cudi chuan do do mau hdng caa tua Fe(SCN)z nhanh chéng mat di.
3AgCl + Fe(SCN)s — 3Ag(SCN)|iring + FeCls
** Khdc phuc sai so trong truwong hop CI

- Loc loai tia AgCl

- Pun s6i dé tich tu tia AgCl

- Thém dung mdi hiru co (Ether, Nitrobenzen) dé tia AgCl déng von lai & mat phan cach
cta nude va dung moi hiru co va nhu vay khéng tac dung voi SCN'.

- Thyc hanh nhanh (viing chuyén sang mau hong chi kéo dai % phit va ké dén 1a
thiocyanat dich chuyén CI lam mat mau hong ).

2.5.2. Ung dung

- Phuong phap nay thuong dinh luong CI” va Br™ khi tiia trong méi truong acid nitric.

- Khi dinh luong iodid c¢6 hai kho khian d6 1a: do iodid bac hap phu nhiéu va acid nitric
oxy hda nhimg iodid. Pé khic phuc sé& taa trude trong moi trudng trung tinh (dé tranh oxy hoa),
sau d6 mai thém acid nitric.

- Phuong phap nay con ding dinh luong nhitng hop chit tao mudi bac khong tan trong
moi truong trung tinh hay amoniac nhu methyl arsinat, barbituric, cafein. Chu y 1a sau khi tao
taa, loc taa va chi thém acid nitric vao dung dich loc truée khi dinh luong bang thiocyanat.

3. Mét s6 ing dung thuec té
3.1. Pinh lwgng NaCl theo phwong phap Mohr
** Phan itng chudn do:

NaCl+ AgNO3 = AgCl,uring + NaNO3

Chi thi 1a KoCrO4: 2Ag* + CrOs% = Ag2CrOajnau do
** Ky thugt tién hanh:

- Buret: Dung dich Ag* d4 biét nong do

- Binh nén: Vml NaCl can dinh lwong 50ml nuéc cat 1ml chi thi K2CrO4 5%
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- Chuan do dén khi xuat hién két tia mau nau do. Ghi thé tich dung dich AgNOs d4 dung.
Tinh két qua.
Ghi chu:
- Vi mdi truong phai trung tinh nén néu dung dich acid phai trung hoa bang NaHCO3 hay
CaCOs (dun dudi CO2, dé nguoi).
- Khi pha AgNOs khong dugc cho thém HNO3
- Néu dung dich kiém phai trung hoa bang HNOs.
3.2. Pinh lwgng KCNS bang AgNO3
**Phan ing chudn dg:
AgNO3 + KSCN = AgSCN| trang + KNOs
Chi thi laFe*" : Fe®" + SCN™ = Fe(SCN)?* mau do
** Ky thugt tién hanh:
- Buret: Dung dich KCNS can dinh lugng
- Binh nén: V ml AgNOs d4 biét nong ¢6 2ml HNO3 dac 2ml phén sat amoni 10%
- Chuan do t6i khi xuat hién mau do. Ghi thé tich KCNS d4 dung. Tinh két qua.
3.3. Pinh hrgng NaCl biang AgNOs theo phwong phap Charpentier Volhard
Dung AgNO; thira chinh xac d4 biét nong do dé két tua hét NaCl, sau d6 dinh luong
AgNO;3 thira bang dung dich KCNS d4 biét nong do vai chi thi 1a Fe**. Cac phan ang xay ra:
AINO3 aw chinhxic ~ + NaCl = AgClytring + NaNO3
AgNO34; + KCNS = AGCNS ring + KNO3
Nhan ra diém twong dwong khi c6 mau do:
Fe** +CNS = FeCNS?" 46
** Ky thugt tién hanh:
- Trong binh dinh méc 100,0ml: 10,00ml dung dich NaCl can dinh lwong + 20,00ml
AgNO3 0,05N + 1 ml HNO;3 diic
- Thém nudc cat cho dén vach, lic déu. Pé ling, loc qua 2 lan gidy loc, nuéc loc phai
trong. Sau do:
- Buret: Dung dich KCNS 0,05N
- Binh nén: 50,00 ml nudc loc ¢ trén 5 ml HNOs dic 5 ml chi thi phén sat amoni 10%
- Chuan d6 cho t&i khi xuat hién mau hong. Ghi thé tich KCNS 0,05N d3 dung. Tinh két
qua theo phuong phap thua trir.
Ghi chu:
Phuong phap nay chi chinh xéac khi nong do cia KCNS, AgNOs, NaCl xap xi bang nhau.
Vi thé phai dinh luong so bd dung dich NaCl nhu sau:
— Buret: Dung dich KCNS
— Binh nén: 1 ml NaCl + 2 ml AgNOs + 5 giot HNO;3 dic + 5 giot chi thi phén sit amoni
10%.
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Néu vira nhé KCNS xuéng ma c6 mau do ngay thi chimng to thiéu AgNOs, ta phai pha
lo&ing NaCl cho ¢ nong do thich hop. Néu cho xuéng khoang 1 ml KCNS ¢6 mau do 1a duoc .
3.4. Pinh hrgng K1 biang AgNO; theo phwong phap Fajans
**Phan ¢ng chudn do:

AgNO:s + Kl = Agl|+ KNO3

Chi thi 1a natri eozinat: nhan ra diém tuong duong khi trén bé mat tia xuat hién mau hong
tim.
** K thugt tién hanh:

- Buret: Dung dich AgNO3 da biét nong d6

- Binh nén: V ml Kl can dinh lwong 1 ml chi thi eozinat 0,5% 1 ml acid acetic dic

- Chuan d6 tai khi taa mau hong tim. Ghi thé tich dung dich AgNOs d4 dung. Tinh két qua.
Cho Exi = M = 166.
4. Vai 4p dung caa chuin dj tao taa:

Phén tich chuyén bié¢t | Ghi nhan

Cl, Br Pp Mohr (chat chi thi Ag2CrO4)

Br, I, SCN',.CNO", | Pp Volhard (lay tua di 1a can thiét)

CI', PO4%, CN',C204, Pp Volhard (ldy taa di)

COs?, S%, CrO4*

BH, Pp Volhard- Chuan d thira trir Ag* sau khi phan @ng véi BHq™

BH4 + 8Ag* + 80H — 8Ag(s) + H2BO3™ + 5H20

K+ pp Volhard: K* dau tién duoc tao tua véi 1 luong thira (CsHg)aBr ;
(CeHs)4Br™ thira duoc tao tia vai 1 luwgng thira da biet Ag*. Ag*
khdng phan tmg dugc chuan d bang SCN

Cl, Br, I, SCN, Pp Fajans - Chuan d6 véi Ag*. Chi thi fluorescein, dichloro-

Fe(CN)s* fluorescein, eosin, xanh bromophenpl

- Pp Fajans - Chuan do bang Th (NOs)s dé tao ThF4. Chi thi do
alizarin

2 Pp Fajans - Chuan do bang KsFe(CN)g dé tao K2Zns[Fe(CN)g]».
Chi thi diphenylamin.

SO Pp Fajans - Chuan d¢ bang Ba(OH); trong nudc methanol 50%.
Chi thi do alizarir) ‘ 7

H? Pp Fajans - Chuan d6 bang NaCl d¢ tao Hg»Cl,. Chi thi xanh
bromophenol
Pp Fajans - Chuan d6 bang Pb(CH3COO), dé cho Pb3(P04)2 hay

POs*, C,04% PbC,04. Chi thi: dibromofluorescein (PO+*) hay fluorescein
(C2C4?)
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BAI 7:
PINH LUQNG BANG PHUONG PHAP TAO PHUC

Muc tiéu

1.Trinh bay duwoc dinh nghia phirc chat va phan biét dwoc phirc chit céng, phirc chit néi,
muoéi kép.

2. Gidi thich dwoc y nghia cia hang sé tao phirc.

3. Trinh bay dwoc nguyén tac va cach chon chi thi trong phirong phdp chudan dé bang
1. Pinh nghia phirc chit

- Phirc chat 1a mot hop chét duoc tao thanh do mot kim loai (con goi la nguyén tir trung
Tam nhu: Ag, Cu, Ni, Co, Fe, Hg....) két hop vai nhiing ion &m hay nhiing phan ti (NHs, H20,
CI, F,, CN" ...) boi cac lién két phéi tri.

- Nguyén tir trung tdm va phdi tir tao thanh cau noi phic va dugc viét trong dau [ ], cac ion
tréi dau voi cau noi phic goi 1a cau ngoai phic viét & ngoai dau [ ].

Thi du: [Ag(NH3)2]Cl

Trong d6 [Ag(NHs)2]* 1a cau noi phuc; CI 1a cau ngoai phic.

2. Phan loai

Phuc chat thudng duoc chia 1am 2 loai: phtc chat cong (lién két phai tri) va noi phirc
2.1. Phirc chat cong (lién két phai tri)

Phirc chat cong gom maot nguyeén tir trung tam lién két phdi tri véi cac phdi tir phan cuc don
gian. Cac phdi tir dién hinh 1a NHs, CI, Br, F.v.v.

Thi du: Zn?* c6 thé phdi tri v6i 4 phan tir NHz dé tao thanh ion phic [Zn(NHs)4]?* theo so

dd cau tao phirc nhu sau:
2+
NH3

'

NHy—» Zn <— NHy| —  [ZN(NHz)a]**

i

NH3

Phan tir NH3 ludng cuc, cuc am quay vé phia ion kim loai va tao thanh lién két phéi tri bang hai
dién tu tu do ¢ I6p ngoai cung cua Nito
Trong dung dich nuéc tat ca nhitng ion déu hydrat hoa, ching tao thanh nhitng phic chat

véi nude (phan tir ludng cuc) theo co ché gidng nhu NHs

~ H_ _H 2+
\o/
H i M
:O —> Zn =— O - [Zn(H20)4]2+
H T H
T
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2.2. Noi phirc
Trong ndi phirc, phdi tir 1a nhitng phan tir hitu co lién két vai nguy@n tir trung tam (nguyén

tar kim loai) vira bang lién két cong hod tri va vira bang lién két phéi tri.

Thi du: HO\ /CH3
N—/C
N——-=O
CH3—C =NOH . iy~ Na
2 | + N2 H3C—C< >NI\ //C CHj
CHz;—C =NOH C—N O—N
/ AN
HsC OH
Dimetylglioxin Niken dimetylglioxinat
H3C\ CH3
CH3—C—CH,~C—CH 2 HC
S E R v Be” ” e<
C @)
HaC” CH
Acetylaceton Beri acetylacetonat °

Cac hop chat ndi phic c6 nhiéu tinh chat dic trung, trong dé céc tinh chat quan trong
nhat 1a: 6 bén cao, mau dic trung, d6 tan nho trong nude, do dién ly yéu, do tan 1on trong mot
s6 dung mai hitu co (thude thir Garola véi K¥).

2.3. Phan biét phirc chat véi mudi thwong, mudi kép va mudi don

— Mudi thuong, mudi kép khi hoa tan trong nudc phan ly hoan toan thanh cac ion (hoic
phan tir) don gian.

Thi du: NH4Fe(S04)z .12H,0 — NH4* + Fe®* + 25042 + 12H,0

KAI(SO4)2.12H,0 — K* + AP + 2504% + 12H,0
NaNOs —  Na" + NOs

— Phuc chat khi hoa tan vao nudc chi c6 cau noi va cau ngoai phan ly hoan toan, cau noi
phtc phéan ly khéng hoan toan (it phan ly).

Thi du: Ki[Fe(CN)e] —  4K* + [Fe(CN)s]*

Fe(CN)s* = Fe?* + 6CN-
3. Pinh lwong bing phwong phap tao phirc (chuin d phirc chat — phép do phiic)
3.1. So lwot vé cac complexon

Trong s céac chat ¢ kha ning tao phirc véi cac ion kim loai thi nhém cac hop chat hiru co
c6 tén chung I1a complexon ¢ ung dung rong rai nhat. B6 1a nhitng dan xuat cua acid amino
polycarboxylic. Cac hop chat nay bao gom:

- Complexon | (Trilon A), 14 acid nitril triacetic (NTA), viét tat 1a HsY

CH,OO0H
N~—CH,00H

CH,OO0H
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- Complexon I1 12 acid etylen diamin tetra acetic (EDTA), viét tat 1a: HaY.

HOOCHzci 'CH,COOH
N—CHo—CH—N
HOOCH,C CH,COOH

- Complexon 111 1a mudi dinatri cua acid etylen diamin tetra acetic (EDT-Naz ), viét tit Ia:
NaxH2Y.

HOOCHzg /CHgCOONa
}\I—CHz—CHz— N\
NaOOCH,C CH,COOH

EDTA la acid hitu co da chic chira 4 nhém acid. Trong dung dich cua EDTA c6 thé ton tai
cac dang: HaY, HaY", H2Y?, HY®, Y* va dang nao chiém wu thé con tly thudc vao pH cua moi
truong.

Trong nuwéc NazH2Y phén ly thanh Na* va H2Y?, thanh phan ctia dung dich complexon I
phu thuoc vao pH ciing gidng nhu thanh phan cua dung dich EDTA. Vi vay trong phan tich,
EDTA va Na2H2Y ngoai sy khac nhau vé do tan va khdi lwong mol, con lai c&c tinh chat hoa hoc
nhét 14 tinh tao phirc khong c6 su phan biét nao ca, cho nén thuong van quen goi chung la EDTA.
Nhung vi complexon 111 dé diéu ché duoc dudi dang tinh khiét nén hay dugc dung hon ca.

3.2. Nguyén tic

- Phuong phap dinh lugng tao phice la phuong phap dinh lugng dua trén cac phan ung tao
phiic cua cac complexon (dic biét 1a EDTA) véi ion kim loai. Cac hop chét phuc tao thanh rat bén,
it phan ly, dé tan trong nudc.

- Khi chuan d¢, cac ion kim loai tao phtc voi EDTA xay ra cac phan Gng sau trong giai
doan két thuc sy chuan do

NazH.Y <=> 2Na* + H,Y?
M2?*(Ca?") + HoY? <=> MY?% + 2H*
M3*(AL3*) + H2Y? <=> MY~ + 2H"
M**(Th*) + HoY? <=> MY + 2H*

Theo cac phuong trinh trén cac ion kim loai ¢ hoa tri bat ky déu phan wng véi EDTA theo
ty 1& phan tir 1:1 nén trong phuong phap complexon ngudi ta khong st dung ndng d6 duwong luong
ma sir dung ndng do mol/l. (Trong mot sé sach, ngudi ta van con quen sir dung ndng d6 duong
luong khi ndi vé phuong phap EDTA nhung diéu nay doi khi gay hiéu nham khi tinh toén, dac biét
khi tinh toan nong d6 céc cation kim loai héa tri 1 va I11).

3.3. Chat chi thi ding trong chuan d$ complexon (cac chi thi kim loai)
Pé xac dinh diém tuong duong trong phuong phap chuan dé complexon ngudi ta diing mot

s6 loai chat chi thi khac nhau, trong d6 phd bién hon ca la chét chi thi kim loai. D6 1 nhiing chat
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hiru co (c6 tinh acid hodc base yéu), c6 kha niang tao véi ion kim loai phirc ¢6 mau va trong nhiing
diéu kién xac dinh, mau cua phtic d6 khac v6i mau caa chi thi khi chua tao phuc.
Céc chat chi thj thuong ding:

+ Den eriocrom T(chi thi NET) : C20H1307NsS la mét acid (hydroxy-1’ naptylazo-2°)-
1nitro-6 naphtol 2 sulfonic-4 (ngoai ra con ¢ nhimg dong phén eriocrom A, B...)

H OH

Pen eriocrom T 1a mot acid ba nac; nic 1 kha manh (nhém SOsH), nic 2 va 3 c6 hang s6
phan ly twong tng 1a pKz = 6,3 va pKs= 11,5. O pH 7-10 chi thi nay c6 mau xanh, khi tac dung véi
ion Ca?*, Mg?* tao phtc c6 mau do.

+ Murexid: CgHgOsNes.H20 (amoni purpurat) 1a mudi caa acid purpuric, mot hop chat giau
Nito va nhém carbonyl. Khoang d6i mau tir xanh tim sang mau dé khi c6 mat caa nhiéu ion & pH
9-11. _

S
Il
N—C C—N
/ W\ / AN -+
o= C\ /C — N—C /C=O NH4
N— C—N
I |
H O O H

3.3.1. Co ché ciia sw déi mau

Cac chi thi kim loai 1 c4c chat hitu co ¢6 kha ning tao phirc mau véi ion kim loai. Cac
phtrc ndy kém bén hon phirc caa ion kim loai véi complexon. Mau caa chi thi tao phuc véi ion kim
loai khac mau cua chi thi ¢ dang tu do. Gan diém tuong duong, complexon hap thu kim loai ¢ chi
thi va day chi thi ra & dang tu do nén dung dich thay d6i mau va do 1a dau hiéu cho ta biét diém két
thac dinh luong.

Thi du: Khi dinh lugong Ca?* véi chi thi murexit & moi truong co6 pH = 9 — 11, murexid

phan (g véi Ca* cho mau do6 con mau dang tu do ctia n6 & pH nay c6 mau do tim.

Ca** + Hal™  <=> CaHal + 2H"
(Do tim) (Do)
Khi chuan do bang complexon, xdy ra phan tng;
Ca** + HY® <=> CaY? + H*
Tai diém twong dwong €6 Su canh tranh tao phuc:
CaHzl” + HY* <=> CaY?* + Hal*
(Do) (Tim)
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Khi vira qua diém tuong duong, mot giot EDTA du 1am cho dung dich chuyén tir mau do
sang mau tim, gitp ta nhan biét diém két thuc chuan do.
3.3.2. Y8u cdu déi véi chi thi kim loai

- Phan tng tao phtrc gitra chi thi v4i ion kim loai 1a phan ing thuan nghich.

- Mau cua chi thi dang tu do phai khic v4i mau ctia dang phirc véi ion kim loai.

- Phirc ctia chi thi v6i kim loai phai kém bén hon phtic ciia complexon véi kim loai
Luu V: Pa s cac chi thi kim loai cting 1 chi thi pH nén mau sic cua chung thay doi theo pH.
Can lua chon chét chi thi sao cho phan mg chi thi vé mau sac phai thay doi rd rét trong khoang
pH chuan do.

Thi du: Pen eriochrom T 1a chat chi thi d6i mau rd rét nhat trong khoang pH tir 7 - 10,
lUc nay dang tu do c6 mau xanh con dang phirc v4i kim loai thuong c6 mau do hay tim. Tuy
nhién, khi chuan do trong moi trudng kiém manh (pH >11), dang tu do cua chi thi c6 mau da
cam nén thyc té khong thé quan sat duoc sy thay d6i mau sic tai diém twong duong khi mau
chuyén tir mau d6 hong (tim) sang mau da cam - do.

4. C4c k¥ thuit chuin d6 bang complexon
4.1. Chuan d cac cation
4.1.1. Phwong phdp chudn dj truc tiép

Phan 16n cac ion kim loai c¢6 thé duoc chuan do tryc tiép bang dung dich EDTA vdi chi
thi kim loai thich hop

Thi du: Chuan d6 Mg?* bang EDTA vai chi thi den eriocrom T ¢ pH 10. Luc dau trong
dung dich c6 mau d6 vang do phan ung cia Mg?* véi chi thi:

Mg?* + HInd* = Mglnd + H*
(Do vang)
Khi nho EDTA xudng, Mg?* tu do s& phan tmg trudc:
Mg?" + HY?® = MgY? + H*

Lac 4y mau caa dung dich van khong bi bién d6i. Gan diém tuong dwong, ta c6 su canh
tranh tao phuc:

HY?® + Mgind- = MgY?™ + Hind*
(Do vang) (Xanh)

Két thiic chuan d6 khi mau chuyén tir d6 vang sang xanh hoan toan
4.1.2. Phwong phdp chudn dé thé

Str dung phan tng trao doi giita ion kim loai can xac dinh M™ véi phirc cia EDTA véi
mot ion M” nao d6. Khi d6, ion M”™ s& bi tach ra dang ty do. Pinh lugng ion nay dé suy ra ham
luong ion M™ can x4c dinh. Tai diém twong dwong, EDTA sé& phan huy phirc cia M” véi chi thi

va lam d6i mau dung dich gitip x4c dinh duoc diém twong duong.
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Thi du: vi Mg?* tao phirc v6i complexon phirc chat kém bén so véi da sd cac cation khéc.
Pé dinh luong Ca®*, ta thém complexonat Mg (MgY? ) vao dung dich can xac dinh, Mg?* duoc
phéong thich ra bén ngoai phirc complexonat Mg. Ta chuan d6 Mg?* bj day ra bang dung dich
chuan EDTA.

Ca?* + MgY? <=> CaY? + Mg*
Mg?" + HY® <=> MgY?% + H*

TU Veomplexon SUY ra Ca?* ¢d trong mau.
4.1.3. Phwong phdp chudn dé thira triv

Cho mét lwong du EDTA dé phan tng hoan toan vai cation can xac dinh va sau do xac
dinh lugng EDTA du bang mot dung dich chuan cation kim loai d4 biét nong do.

Thi du: Tién hanh dinh lugng bang cach cho EDTA du chinh x4c vao dung dich chira ion
can xéc dinh,

M™ + HY* S MY®H+H

Sau khi phan tmg xong, dinh lugng EDTA du bang dung dich chuan Mg?* hay Zn?* da
biét ndng d6. Tir d6 tinh ra lugng M™.
*** Phwong phdp nay cé lgi trong cdc truwong hop:

- Khéng chon duogc chi thi kim loai thich hop cho ion can xac dinh.

- Chang han khéng thé chuan d¢ tryc tiép Co**, AI** bang EDTA véi chi thi den eriocrom
T dugc Vi chi thi ndy tao véi Co?*, AIF* cac phirc rat bén khdng bi EDTA pha va.

- lon can xac dinh nam trong tia (BaSOs, PbSOa...) 1am cho phan ung véi EDTA xay ra
cham.
4.2. Chuan d9 Anion

Phai chuan d6 gian tiép, bang cach két tia anion voi thude thir chira cation thich hop. Bé
dinh lugng SO4?", ta két taa bang ion Ba?*

Ba®" + SO+ = BaSO; |

Sau d6 hodc dinh luong cation con lai trong nudc loc, nudce rira hoac loc rira taa roi hoa tan

tua trong EDTA du:
HY3 + BaSOs | S BaY? + H' + SO/

Dinh lugng EDTA du bang Mg?* hay Zn?".
4.3. Chuan d@p céc chat hiru co

Gidng nhu dinh luong cac anion, thuong dung phwong phap gian tiép: cho chét hiru co tac
dung vai ion kim loai tao thanh taa roi dinh lwong cation con lai trong nudc loc, nude rira. CO thé
hoa tan taa trong EDTA du, dinh luong EDTA du con lai trong nudc loc, nuwdc rua.

Thi du:

- Pinh luong theophylin, két tia né véi Cu?*, hoa tan tua, xac dinh lugng dong ¢ trong tua
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va suy ra ham lugng theophylin.

- Pinh lugng Aminopyrin, nicotinamid ta dem két taa ching véi HgCly, xac dinh Hg?* con
du trong nudc loc suy ra lugng aminopyrin, nicotinamid.
5. Mét s6 &ng dung dinh lweng trong thuc té
5.1. Pinh lwgng Ca?*

- Pinh luong Ca®* bang complexon III trong méi trudng Kiém véi chi thi murexid: Murexid
trong mdi truong Kiém c6 mau tim (Hz2Ind®"), két hop véi Ca?* tao thanh phirc ¢ mau do (CaHInd"
). Khi thém complexon vao, & gan diém tuong duong c6 phan @ng canh tranh tao phic:

HY?® + CaHInd = CaY? + HaInd*
(Do) (Tim)

Ky thugt tién hanh:

Buret: Dung dich complexon d4 biét nong do
Binh nén: V ml Ca?* can dinh luong

1 ml KOH 2N

0,29 chi thi Murexit (d& tron vai NaCl)

Chuan d téi khi mau chuyén tir 6 sang tim hoan toan. Ghi thé tich complexon d4 dung.
Tinh két qua.

5.2. Xac dinh dd cirng cia nwéc

Do ciing toan phan caa nude 1a tong mudi Ca?* va Mg?* tan trong nudc. CO thé xac dinh do
ctrng toan phan bang complexon 111 vai chi thi 1a den eriocromT.

LAy méau nudc can dinh lwong, cho thém chi thi den eriocrom T vao, chi thi s& tao phic
mau d6 vang véi mot phan Mg?* trong mau. Khi nho EDTA vao, EDTA s& phan ung véi Ca®* tu
do, sau d6 v6i Mg?* ty do (vi phirc CaY?™ bén hon phic MgY?), d&én lan can diém tuwong duong
EDTA s& pha phuc cua chi thi véi Mg?*, giai phong ra chi thi tu do ¢ mau xanh.

Ky thugt tién hanh:

Buret: Complexon d4 biét ndng do

Binh nén: V ml nuéce can xac dinh

2 ml dung dich dém amoniac

0,1 g chi thi Pen eriocrom T (da tron NaCl)

Chuan do dén khi mau dé chuyén xanh hoan toan. Ghi thé tich complexon d4 dung. Tinh
két qua.

5.3. Pinh lwgng Fe3*

Trong moéi truong acid (pH 2- 3) EDTA tac dung voi Fe®* tao thanh mat phic chat mau
vang nhat FeY". Néu dung chi thi 1a acid salicylic hay acid sulfosalicylic & pH d6 n6 tac dung Vi
Fe®* tao thanh phtic c6 mau hong. Tai diém twong duong mau héng bién mét va dung dich ¢ mau

vang nhat.
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Ky thugt tién hanh:
Buret: Complexon d4 biét nong do
Binh nén: V ml Fe** can dinh lugng
5 ml dung dich dém acetat (pH 2-3)
3 giot chi thi
Vai tinh thé natri persulfat
Chuan do t6i khi chuyén mau tir hong sang vang nhat. Ghi thé tich dung dich complexon
d4 dung. Tinh két qua.
5.4. Pinh lwgng Ba®* (theo phwong phap chuin dd nguoc)
Cho Ba?* can dinh luong, tac dung voi mot lugng du chinh xac EDTA. Dinh luong EDTA
du bang dung dich Mg?".
Ky thugt tién hanh:
Buret: dung dich Mg?* d4 biét nong do
Binh nén: 10,00ml dung dich Ba?* can dinh lwong + chinh xé&c 20,00 ml complexon
d4 biét nong do, lac déu. Thém 5 ml dung dich dém amoniac, 0,1 g chi thj Pen eriocrom T (d3 tron
Vi NaCl).
Chuan d téi khi mau chuyén tir xanh sang chém hdng. Ghi thé tich Mg2+ da dung. Tinh
két qua.
5.5. Pinh lwgng SO42~ (phwong phap gian tiép)
Cho BaCl; du d¢ két tiia hoan toan SO4%":
Ba®" + SO4? = BaSOs|
Dinh lugng Ba?* con lai bang complexon III. Bé quan sat dé dang sy chuyén mau cua chi
thi, thém vao dung dich mét luong Mg?* nhat dinh va qua trinh dinh luong tién hanh hoan toan
turong tu nhu dinh lugng d6 cing toan ph?ln cua nudc.
Ky thugt tién hanh:
Buret: Complexon d4 biét ndng do
Binh nén: Vml dung dich SO4% can dinh luong, thém 1ml HCI 2N, thém 20,00 ml dung
dich BaCl, d4 biét nong d6 (du chinh xac), dun s6i 5 phat. Dé ngudi, loc taa qua gidy loc bang
xanh, rira taa nhiéu lan (cho hét Ba?*). Tap trung nuéc loc, nudc rira vao binh nén khac, thém 5,00
ml dung dich Mg?* c6 néng d6 d4 biét, 5 ml dung dich dém amoniac, 0,1 g chi thi Pen eriocrom T
(da tron NacCl).
Chuan d6 dén khi mau chuyén tir d6 sang xanh hoan toan. Ghi thé tich complexon da ding.
Tinh két qua.
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BAI 8:
PINH LUQNG BANG PHUONG PHAP OXY HOA - KHU

Muc tiéu

1. Trinh bay dwoc khai niém vé chdt oxy hod, chdt khiz, cap oxy héa khit lién hop, phan
g oxy hoa kher va cach can bang.

2. Trinh bay duwoc nguyén tac, diéu kién iing dung, tinh duwoc két qud Ciia cdc phirong phdp
dinh lwong bang permanganat, lod.
1. Pinh nghia

- Phan ung oxy hoéa khir 1a phan tng trao d6i dién tir gitta cac chat oxy hda va chat khu:
chat khir nhuong dién tir va bi oxy hda thanh dang oxy hoa lién hop, chat oxy hoa thu dién tir va bi
khtr thanh dang khur lién hop.

a OXH; + b KH2= a OXHz + b KH;

- Chat oxy hoa la chat ¢ kha nang nhén electron (dién ti).

- Chat khir 1a cht c6 kha nang cho dién tir.

- Qua trinh cho electron cua chét khir duoc goi 13 su oxi hoa.

- Qua trinh nhan electron cia chét oxi héa dugc goi 14 sy khir.

Thidu I: Sn** + 2Fe* — Sn** + 2Fe?
Sn?* - 2e —  Sn** (su oxi hoa)
(chat khtr)
Fed* + e —  Fe* (su khu)
(chat oxy hoa)
Thi du 2: 2Fe?t + Clz — 2Fe®t + 2CI
Fe?t - e —  Fe® (su oxi hoa)
(chat khtr)
Cl° + e — Cl"  (sukhu)
(chat oxy hoa)

Trong thidu 1: Fe** +e — Fe?”

Trong thi du 2: Fe?* -e —  Fe**

Hai ion Fe3* va Fe?* duogc goi 1a mot cip oxy hda khir 1ién hop.

Khi mot chat cang dé nhan dién tir thi tinh oxy-ho& cang manh va nguoc lai mot chat
cang dé cho dién tr thi tinh khir cang cao. Trong cip oxy-hoa khu lién hop thi néu dang oxy-hoa
cang manh thi dang khir ctia n6 cang yéu va nguoc lai.

2. Can bing phwong trinh phan @ng oxy hoa khir

Viéc can bang phuong trinh phan tng oxy hoa khir dugc thuc hién qua 4 budc:
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+ Buwéc 1: Viét cac chat tham gia phan Gng va cac chat tao thanh véi dang thuc cua nd vao
2 vé ctia phuong trinh.

Thi du: Can bang phan (g oxy héa — khir sau:

FeSO4 + KoCrz07 + HoS0s= Fex(SO04)s + Cra(SOs)s + K204 + H20

Phan &ng giita K2Cr07 va FeSOq thuc chét 1a phan tng gitra ion Cr.07% (vai tro oxy héa)
véi ion Fe?* (chat khir) tao ra Cre* (dang kht lién hop cua Cr.07%) va Fe®* (dang oxy hoa lién hop
cua Fe?").

Ta viét: Cr07% + Fe?* — Cr¥* + Fe®*

+ Bwéc 2: Can bang hoan chinh cho ting cap oxy héa khtr nghia 1a can bang vé trao doi

dién tur, can bang vé dién tich (tong dién tich dwong bang tong dién tich am), can bing vé sb

nguyeén t.
Vi cap Fe3*/Fe?* ch: Fe?* -e 5 Fe¥*
Vi cap Cr,07%/2Cr3* ¢6: Cr,07% + 6e + 14H 5 2Cr* + TH,0

Can Luu Y sb dién tu trao ddi 12 tng véi ca ion phuc tap. Khi can bang cac dién tich duong
thiéu c6 thé lay H+, cac dién tich am thiéu cd thé lay OH" va H0 duoc thém tuy y vi né lubn co
san trong dung dich.

+ Buwec 3: Viét phuong trinh can bang ion bang cach tim boi s chung nhé nhat rdi nhan hé
s6 thich hop véi ting vé cua cac cip, sau d6 cong vai nhau:

6 x |Fe**-e=Fe*
1 x [Cr,07* +6e + 14H* = 2Cr®*" + 7TH,0
6Fe®* + Cr,07% + 14H" = 6Fe® + 2Cr** + 7TH,0

+ Bwdéc 4: Hoan thanh phuong trinh phan ng:

6FeSO4 + KaCr07 + TH2S04=3Fex(S04)s + Cra(SOs)s + K2SO4 + 7TH20
3. Pinh lwgng bing phwong phap oxy héa khir
3.1. Nguyén tic

Phuong phéap dinh luong oxi hod khir 1a phuong phap thé tich dya trén phan tng oxi hoa
khtr giita chét can xac dinh véi dung dich chuén.,

aKH; + bOXH, = aKHz + bOXH;

Pé dinh lugng cac chat khir nhu: Fe?*, Mn?*, I, SO3%", H202, C2042" ... nguoi ta dung
dung dich chuan d6 1a chat oxy hoa.

Dinh luong cac chat oxy héa nhu: Fe®*, Cu?*, MnOg4", CrO4™ 1037, H202, Cr,07%, CIOs3"...
ding dung dich chuan do 1a chat khir.

3.2. Piéu kién phan ng
- Nhitng phan mg oxy hoéa - khir duoc dung trong dinh lwong phai thoa mén cac diéu

Kién sau:
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+ Phén tng phai xay ra hoan toan.

+ Phan g phai xay ra tuong d6i nhanh.

+ D& xac dinh diém twong duong.

- Trong phuong phap dinh luong oxy hoéa - khir c6 mot sé phuong phép dinh luong
thudng duoc ding phd bién 1a:

+ Pinh lugng bang kali permanganat.

+ Dinh luong bang iod.

+ Pinh luong bing ddng sulfat.

+ Pinh lugng bang bromat va bromid.

4. Ung dung phwong phap dinh lwong oxy héa khir
4.1. Phwong phap dinh lwgng kali Permanganat
4.1.1. Nguyén tic

La phuong phap dinh lugng dwa vao kha nang oxy hod manh cua kali Permanganat.
Ngudi ta thuong ding dung dich chuan d6 kali Permanganat c6 nong d6 0,1N hay 0,5N dé dinh
lugng mot sd chat ¢o tinh khir.

4.1.2. Piéu ki¢n tién hanh

Phuong phap dinh lugng bang kali permanganat thudng tién hanh trong méi trudng acid
sulfuric. LGc ndy, KMnO4 thé hién kha ning oxy - hod manh nhat, phan tng xay ra kha nhanh,
san pham phan Gng khong mau nén viéc xac dinh diém tuwong duong dé dang va ion Sulfat
khong can tré phép dinh luong:

MnOs + 5e + 8H" = Mn?*  + 4H,0
(Mau hong) (Khong mau)

Khéng tién hanh dinh luong trong mdi trudng trung tinh hodc acid yéu, hoic moi truong
base vi trong cac mdi trudong nay kali permanganat thé hién tinh oxy hoa yéu hon; phan tmg xay
ra cham hon va cho san pham c6 mau, kho xac dinh diém twong duong, két qua dinh luong thiéu
chinh xéc:

MnOs + 3e+2H0 = MnO: +40H" (mo6i truong trung tinh)

(Timt) (Nau)
MnOs + le —* 5  MnOs* (mdi truong kiém)
(Tim) (Xanh lyc)

Khi dung acid sulfuric 1am méi trudng phai duy tri nong do acid cao nhét trong suét qua
trinh dinh lugng, néu khong s& xay ra phan tng phu:
2MnOs +3Mn?* + 2H,0 = 5Mn0O;, + 4H"
Khong dugc tién hanh dinh luong trong méi truong HCI va HNO3 vi CI- s& khir KMnOsa,

con HNOs sé& oxy héa chat can dinh luong, gay sai s6 cho phép dinh luong.
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4.1.3. Xdc dinh diém twong dwong

Tai thoi diém tuong dwong khi sé duong luong gam cua dung dich chuan do Kali
permanganat bang sé duong lugng gam cua chat khir can dinh luong thi 1 giot kali permanganat
du 1am cho dung dich s& nhuém mau hong nhat (phép dinh luong tu chi thi).
4.1.4. Mgt sé vi du dinh lwong bang kali permanganat
a. Dinh lwong H20;

- H20; vira ¢6 tinh oxy héa vira cé tinh khir:

+ Lachat oxy hda: 02> + 4H* + 2e = 2H,0 (Khi tac dung vai chat khir manh hon)

+ L& chat khu: 02% - 2e = O, (Khi tac dung voi chat oxy hda manh hon)

- Do H20 ¢6 tinh khir nén ding KMnO4 0,1N dé dinh luong, méi truong H2SO4 .

2KMnOs + 5H202 + 3H,SOs — K3SOs4 + 2MnSOs4 + 50, + 8H20
2| Mn™ + 5e — Mn?
5/ 02 -2 — O

- Tai diém tuong duong, 1 giot KMnO, thira s& cho dung dich c6 mau hong nhat .

- Pé tinh dugc ndéng do cua dung dich hydroperoxyd phai tinh dugc dwong luong gam,
duong luong thé tich caa hydroperoxyd. Puong lugng gam H20

Eno, =7 = 179

Déi véi H202 ngoai cac loai ndng d6 van dugc biéu thi thong thudng, ngudi ta con ding
khai niém ndng do theo thé tich oxy, dugc tinh bang “sé lit oxy do 1 lit dung dich H202 tir phan
huy ra”. Cach tinh nhu sau :

Tu phuong trinh phén huy:

H,O2 = H0 + %20
34g H 02, — % x 22,4 1it O

17x£x22,4

2 H
17gH.0, > x=—=% =5 6lit
g 2Y2 31

Viy, 1 duong lugng thé tich caa H202 14 5,6 lit ( & d/k chuan: t° = 0° va P = 1atm ). Tir d6, tinh
dugc s6 lit oxy giai phong ra do 1 lit dung dich nudc oxy gia c6 nong do N bi phan hiy hoan toan.
Vo2 = 56 N

Trong do:

Voz : lathé tich oxy gidi phdong ra do 1 lit dung dich H20; bi phan hiiy hoan toan.

N: 1& nong do dwong lwong cua dung dich H202
Chu Y : phép dinh luong chi cho két qua chinh xac khi nong do dung dich H202 dem chuan do xap
xi 1 thé tich.
b. Dinh lwong acid oxalic (H2C204)

Acid oxalic 1a mét acid hiru co, anion C204* ¢6 tinh khir nén ding dung dich chuan d6
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kali permanganat 0,1IN dé dinh lugng.
Phan tg dinh luong tién hanh trong méi truong acid sulfuric
5H2C204 + 2KMnO4 + 3H2S04 = 2MnSO4 + 10CO2 + K2SO4 + 8H20
2l Mn’™ +5e = Mn?*
5] C204% -2e =2CO;
Tai diém tuong dwong, 1 giot dung dich kali permanganat thira s& cho dung dich c6 mau
hong nhat, nén khdng can chi thi mau. Puong luong gam HzC204

Myco, 90
EHZCZOZ = T =—_—=45¢g

2

Tinh d chuan cia KMnOx theo H2C204
T _ Nicmno, En,c.0, 0,145
KMnO,/H,C,0, 1000 1000

Vay: Iml dd KMnOs 0,1N tuong duong véi 0,0045g HoCo04

= 0,0045g / ml

4.2. Phwong phap dinh lwgng bang iod
4.2.1. Nguyén tic

Co sé cua phuong phap dinh luong bang lod 12 dya trén phan tng oxy hoa khtr ciia cip
I2/21°. Khi tac dung véi chat khir, nguyén tir iod thu 1 electron:

Io+2e = 21
Nguoc lai ion I' ¢6 tinh khir, d& nhuong 1 electron khi tac dung véi chat oxy hoa:
2 -2 =1z

Cho nén c6 thé dung dung dich I, dé dinh luong chat khir va dung dich iodid dé dinh

lugng chat oxy hoa:
L, e—=—=21"

4.2.2. Cac Ky thudt dinh lwong bang phwong phdp lod.
a. Chudn dé trwc tiép

Phuong phép nay dung dinh lugng mot s6 chat khir nhu: S205%, SO32” AsOz%"... bang
cach cho tir tir ting giot dung dich chuan do iod d3 biét nong do (thong thuong st dung nong do
0,1 N) xudng mét thé tich chinh xac dung dich chat khir can dinh lugng. Khi biét thé tich dung
dich iod d4 dung, ta tinh dwgc nong d6 dung dich can dinh luong theo cong thire sau:

NV, =N, V,

b. Chudn dé thira trir (chuédn dé ngwoc)

Dung dé dinh luong cac chat oxy héa nhu: KMnOs; K2Cr,07; HNOz; H20,; Fe*: Cu?*...
bang cach cho mot thé tich chinh xac chat oxy hoéa can dinh lugng tac dung véi dung dich iodid
du (thuwong dung dung dich kali iodid) s& sinh ra mét lugng iod tu do twong dwong héa hoc vai

lugng chat oxy héa can dinh luong. Sau d6 ding dung dich chuin do natri thiosulfat c6 nong do

53



Hoa phin tich dinh lugng

0,IN dé dinh luong iod sinh ra. Tur thé tich dung dich natri thiosulfat dd dung, nong do dung
dich natri thiosulfat va thé tich dung dich chat oxy hoa, sé& tinh dugc nong do chat oxy hoa can
dinh lugng theo phuwong trinh phan tng:
K2Cr207 + 6KI + 7TH2SOs — Cr2(SO4)3 + 312 + 4K2S04 + 7H20
I+ 2Na;S;03 — 2Nal + NaxS406

Chu y: dinh luong chat oxy héa khéng dung phép chuan do truc tiép vi khéng c6 chi thi
dé xac dinh diém turong duong cua phan tng gitra iodid véi chat oxy hoa.
¢. Phwong phap dinh luong thira trir

Dung dinh lugng céc chat cé tinh khir nhu: glucose, aldehyd acetic, aldehyd formic,...
bang cach cho mot thé tich chinh x4c dung dich chat khir can dinh luong tac dung voi mot thé
tich chinh x4c va qua du dung dich chuan do iod, sau d6 ding dung dich natri thiosulfat (c6 cliing
nong d6 véi dung dich iod) dé dinh luong luwong iod du. Tir thé tich dung dich natri thiosulfat da
ding suy ra thé tich dung dich chét khir cin xac dinh theo phan tng:

Io+2e = 21
I2. e + S203% = 21" + S406*
4.2.3. Chi thi mau va cdch xdc dinh diém twong dwong

Pé xac dinh diém twong duong trong phuong phap dinh luong bang iod, chat chi thi duoc
sir dung 1a hé tinh bot (dd 1%). Vi hé tinh bot ¢6 nhirng tinh chat sau:

- Tinh bot hap phu iod cho san phdm mau xanh, khi dun néng mat mau xanh, khi dé
ngudi mau xanh xuat hién lai.

- Tinh bot khong cho phan tng mau véi dung dich iodid.

- Tinh bot 6 tinh khtr yéu, c¢6 kha ning tac dung voi mot sé chit oxy hoa manh.

- Tinh bot hap phu iod va giai phong iod cham.

Trong phuong phap dinh luong truc tiép, khi nho dung dich chuan d6 iod vao dung dich
chét khir can dinh luong, tai diém twong duong dung dich tir khong mau chuyén sang mau xanh.
Trong phuong phap dinh luong thé va thira trir, tai diém twong duwong dung dich tir mau xanh
chuyén sang khong mau.

4.2.4. Piéu ki¢n tién hanh

Phuong phap dinh luong bang iod tién hanh trong nhirng diéu kién sau:

Tién hanh trong mai truong acid yéu hoic trung tinh (pH = 5 - 8) khdng tién hanh trong
moi truong kiém (pH > 9), vi ldc d6 xdy ra phan ung:

I2+20H =10+ 1"+ H,0O

- lon 10" (hypoiodid) c6 tinh oxy héa manh hon iod, né chuyén duoc ion S03* thanh

S406% dan dén sai sd.

- Tién hanh & nhiét d6 thuong (trong phong) vi tién hanh ¢ nhiét d6 cao hon iod bi thing
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hoa va do nhay cua chi thi giam, din dén sai s6 két qua dinh luong.

- Khi dinh lugng bing phuong phap thé va thira trir cho chi thi hé tinh bot vao ltic mau
dung dich chuyén sang vang nhat (thoi diém gan twong duong), néu cho chi thi sém thi tinh bot
s& hap phu mot phan iod va gidi phong iod cham, do d6 két qua dinh lugng s& bi sai sb

- Khi dinh lvong bing phuong phap thé, phan tng giita kali iodid v&i chat oxy hoéa can
dinh lugng tién hanh trong 10 dén 15 phiit ¢ phan tmg xdy ra hoan toan, dong thoi dé kali iodid
khdng bi phan haty thanh iod, can tranh anh sang do phan tmg:

4 + Oy + 4H* OB 21, + 2H.0
4.3. Mt s6 vi du dinh lwong bang phwong phap Iod
4.3.1. Dinh luwgng Natri thiosulfat

Natri thiosulfat c6 tinh khir manh, c¢6 thé dung dung dich chuan d¢ iod 0,1N dé dinh
luong theo phuong phap dinh luong truc tiép véi chi thi 12 ho tinh bot. Tai diém twong duong
khi 1 giot dung dich lod du lam cho dung dich c6 mau xanh.

Moi trudng dinh luong phai trung tinh hay base yéu, khong tién hanh trong méi trudong
acid vi ion S203% bj phan huy thanh luvu huynh nguyén t6:

2H" + 5,032 — S|+ SO, + 2H,0
Phuong trinh phan tng dinh lugng:
2Na;S;03 + I = 2Nal + NaxS406
4.3.2. Dinh lwong dung dich Glucose

- Glucose ¢6 cong thirc cau tao: CH2OH - (CHOH); — CHO. Trong phan tir ¢6 nhém chire
aldehyd nén glucose cd tinh khr, do vy c6 thé dung dung dich chuan d¢ iod dé dinh luong dung
dich glucose bang phuong phép thira trir.

- Phuong phap thura trir dung trong dinh luong dung dich glucose dugc thuc hién nhu
sau: cho mot thé tich chinh xac dung dich glucose can dinh lugng tac dung voi mot thé tich
chinh xac va qua du dung dich iod. Sau d6 dung dung dich chuan d6 natri thiosulfat (c6 cling
nong do véi dung dich iod) dé dinh luong luong iod thira véi chi thi 14 ho tinh bot

Céc phan tng chinh xay ra khi dinh lugng:

CH20OH-(CHOH)4-CHO + I2 + H,O — CH20H-(CHOH)4-COOH + 2HI
l2@hia) + 2Na2S203 = 2Nal + NaxS406

-Tai diém tuong duong khi 1 giot dung dich Na,S203 du 1am cho dung dich chuyén tir
mau xanh sang khdng mau (cho chi thi khi dung dich c6 mau vang nhat).

Dinh luong dung dich glucose bang dung dich chuin d¢ iod theo phwong phap thira trir
can luu y diéu kién moi trudng:

- Khi dung dich iod tac dung v6i dung dich glucose theo phan tng ta can tién hanh trong

moi trudng kiém (dé oxy hoa triét dé glucose) theo phwong trinh phan tng sau:
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CH20H-(CHOH)s-CHO + I, + 3NaOH — CH,OH-(CHOH)4,-COONa + 2Nal + 2H,0
Ngoai ra con Xay ra phan ung phu sau:
I + 2NaOH = 2NaOl + Nal + H,0

Khi dinh luong dung dich iod thira bang dung dich chuan d6 natri thiosulfat phai tién
hanh trong méi truong acid yéu (5 < pH < 8). Do d6 phai acid héa dung dich bang acid sulfuric
dé trung hoa kiém va giai phong iod thira tir |O” theo phwong trinh phan tng sau:

H* + OH = H,0
NaOl + Nal + 2H* = I, + 2Na* + H,0

PHU LUC
Ky hiéu Tén nguyén to Nouyen tir Ky hiéu | Tén nguyén té Nouyen tir
lwong lwgng

Sb Stibi 121,75 | Li Lithi 6,939
As Arsenic 74,9216 | S Luu huynh 32,064
Ag Bac 107,870 | Mg Magnesi 24,312
Ba Bari 137,34 | Mn Mangan 54,981
Bi Bismuth 208,980 | Mo Molypden 95,94
B Bor 10,811 | Na Natri 22,989
Br Brom 79,909 | Al Nhém 26,9815
C Carbon 12,0112 | Ni Niken 58,71
Cd Cadimi 112,40 | N Nito 14,007
Ca Calci 40,08 | O Oxy 15,999
Pb Chi 207,19 | P Phospho 30,9738
Cl Clor 35,453 | Pt Platin 195,09
Co Cobalt 58,9332 | Fe Sat 55,847
Cr Crom 51,996 | Si Silic 28,086
Cu Pdng 63,54 | Sr Stronti 87,62
F Flo 18,9984 | Sn Thiéc 118,69
H Hydro 1,00797 | Hg Thuy ngén 200,59
I lod 126,9044 | U Uranium 238,03
K Kali 39,102 | Au Vang 196,967
Zn Kém 65,37 | W Wolfram 183,85
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