BOYTE

UC HANH

-

HOA PHAN TICH - LY THUYET VA TH

Y HOC

BO Y TE

HOA PHAN TICH

LY THUYET VA THUC HANH

SACH DAO TAO DUGC Si TRUNG HOC

Chu bién:
PGS.TSKH. LE THANH PHUGC - CN. TRAN TiCH

g NHA XUAT BAN Y HOC




BOYTE

HOA PHAN TICH

LY THUYET VA THUC HANH

SACH BAO TAO TRUNG HOC DUGC

Chu bién:
PGS.TSKH. LE THANH PHUGC - CN. TRAN TiCH
M3 sé: T.60.Y.3

NHA XUAT BAN Y HOC
HA NOI - 2007



CHi DAO BIEN SOAN:
Vu Khoa hoc va Dao tao, BO Y té

CHU BIEN:
PGS. TSKH. Lé Thanh Phudc
CN. Tran Tich

BIEN SOAN:
PGS. TSKH Lé Thanh Phuéc
CN. Tran Tich
ThS. Nguyén Nhi Ha
TS. Nguyén Thi Kiéu Anh

THAM GIA TO CHUC BAN THAO:
TS. Nguyén Manh Pha
ThS. Phi Van Tham

© Ban quyén thuoc Bo Y t& (Vu Khoa hoc va Dao tao)



LGOI GIGI THIEU

Thyc hién mot s6 diéu cua Luat Gido duc, B6 Y t& da ban hanh
chuong trinh khung va chuong trinh gido duc nghé nghiép cho viéc dao tao
trung cap nganh Y t&. Bo Y t&€ td chiic bién soan tai liéu day — hoc cac mén
cd sG va chuyén mén theo chuong trinh trén nham ting buéc xay dung b
sach chufin trong coéng tac dao tao nhan luc y té.

Sach Héa phén tich (Ly thuyét va thuc hanh) dudc bién soan dua trén
chuong trinh gido duc nghé nghiép ctia Bo Y té& bién soan trén co s6 chuong
trinh khung da duge phé duyét. Sach dude cac nha gido ldu nam va tam
huyét v6i cong tac dao tao bién soan theo phuong cham: Kién thtc co ban,
hé thong; ndi dung chinh xac, khoa hoc; cap nhat cac tién bo khoa hoc, k¥
thuat hién dai va thuc tién Viét Nam. Sach dudc ciu tric gom 4 phan bam
sat chuong trinh gido duc véi nhiing noéi dung co ban nhat vé phan tich
dinh tinh va dinh lugng gitp hoc sinh sau khi hoc c¢6 dude nhiing kién thitic
c6 ban, k¥ ning thuc hanh phén tich dinh tinh va dinh luong dé ap dung
trong thuc té pha ché cac dung dich chuén, thuc hién cic phép chuin do
thé tich, dinh lugng theo phuong phap khoi lugng thudng gip va tinh duge
két qua cua phép phan tich. Péng thoi qua d6 rén luyén dudce tac phong
lam viéc khoa hoc, than trong, chinh xac, trung thuc trong hoat déong nghé
nghiép khi ra trudng. Sach 1a tién dé dé cac gido vién va hoc sinh cac
truong c6 thé ap dung phuong phap day hoc tich cuc.

Sach Héa phén tich (Ly thuyét va thuc hanh) da dugec Hoéi dong
chuyén mén thdm dinh sich va tai liéu day - hoc cia B6 Y t& thdm dinh
vao ndm 2006. B6 Y t& ban hanh lam tai liéu day - hoc chinh thiic ctaa
nganh Y t&. Trong thoi gian ti 3 dén 5 nam, sach phai dude chinh 1y, bd
sung va cap nhat.

B6 Y té& xin chan thanh cdm on PGS.TSKH. Lé Thanh Phuéc, CN. Tran
Tich, ThS. Nguyén Nhi Ha va TS. Nguyén Thi Kiéu Anh ctia Trudng Dai hoc
Dugc Ha Noi da danh nhiéu céng stic hoan thanh cuén sach nay, cam on
PGS.TS. Tran Td An va 6ng Nguyén Van Tho da doc, phan bién dé cuén
sach dudgc hoan chinh kip thoi phuc vu cho céng tac dao tao nhan luc Y té.

Vi lan dau xu4t ban nén con khiém khuyét, ching t6i mong nhan dudc
v kién déng gbp ctia déng nghiép, cac ban sinh vién va cac doc gid dé lan
xudt ban 1an sau sach dugc hoan thién hon.

VU KHOA HOC VA PAO TAO
BOYTE
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Bail

MOT SO DPINH LUAT VA KHAI NIEM CO BAN
TRONG HOA PHAN TiCH

MUC TIEU

1. Gidi thich duoc néi dung va y nghia cia ba dinh ludt: Pinh ludt bdo toan khoi
luong, Dinh ludt thanh phdn khong doi va Pinh ludt duong luong.

2. Trinh bay duoc cdc dinh nghia vé ba loai nong do dung dich: nong dé phan
tram, néng dé mol/L, néng dé duong luong va cdch van dung dé gidi cdc bai
todn chuyén déi gitta cdc logi nong do Gy.

3. Trinh bay duoc khai niém pH va sw hinh thanh thang pH; khdi niém chi thi
mau va cdach xdc dinh pH bang chi thi mau.

4. Néu duoc diéu kién két tua-hoa tan mot chdt dva trén khdi niém tich sé'tan

5. Chi ra va doc tén dugc cdc thanh phén ciia phitc chét. Gidi thich dudc y nghia
cua hang sé' khong bén hodc hang sé tao phiic ndc va tong cong.

1. CAC PINH LUAT

1.1. Dinh luat bao toan khéi lugng

“Khoi luong tong cong ctia cdc chit khong déi trong mot phdn ing héa hoc”.

S6 lugng cac chét va tinh chat cta ching cé thé thay ddi, nhung khéi
lugng ctia cac chat thi git nguyén khéong d6i truée va sau phan tng. Ngay
ca nhiing bién déi sinh hoc phtic tap trong cd thé cé lién quan dén nhiéu
phan ting thi khéi lugng van dugc bao toan:

CH,0, + 60, — 6CO, + 6H,0
180g glucose + 192g khi oxy — 264g carbon dioxyd + 108g nudc
(372g nguyén liéu trudc phan tng — 372g chét sau bién d6i)

* Nho dinh luat bao toan khéi lugng ma ching ta cé thé can bing cac
phuong trinh héa hoc va tinh duge khoi lugng caa cac chit tham gia phan
tng va cac chit san pham theo tuong quan ty 1é thuan khi dua vao phuong
trinh phan tng da can bang.
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1.2. Pinh luat thanh phan khéng déi

“Mot hop chét di duoe didu ché bang cdch nao thi van bao gém cung mot
loai cdc nguyén t6 va cing ty sé khoi luong cua cdc nguyén té'trong hop chat’.

ac két qua sau day thu dugdc vé thanh phan khéi lugng cia cac nguyén
to trong 20,0 g calci carbonat:

Phan tich theo khai lugng $6 phan khéi lugng Phan tram khai lugng
8,0g calci 0,40 calci 40%
2,49 carbon 0,12 carbon 12%
9,69 oxy 0,48 oxy 48%
20,09 1,00 phan khai lugng 100% khai lugng

DPinh luat thanh phan khong d6i cho ta biét ring, calci carbonat tinh
khiét thu dudc tit da hoa cuong 6 mot ngon nui, tir san hd ngam duéi bién,
hoac ti bat ky mot ngudn nao khac, thi van tim thay cung cac loai nguyén
t6 tao thanh (calci, carbon, oxy) va cting moét s6 phan tram nhu da cho biét
d bang trén.

Nhu vay, nhé dinh luat thanh phin khong d6i ma mdi hgp chat xac
dinh dudgc biéu thi bing mét cong thiic héa hoc nhat dinh.

C6 thé suy ra khéi lugng nguyén t6 tit ty 1é khéi luong cta né trong
hgp chAat:

S6 phan khéi lugng nguyén to
1 phan khéi lugng hop chat

Ching ta c6 thé biéu dién phan khéi lugng theo bét ky don vi do khéi
luong nao néu tién dung cho tinh toan.

Khéi lugng nguyén t6 = Khdi luong hop chéit x

Cing cin chd § 1a thanh phan khéng d8i chi hoan toan dudng cho
nhiing hop chit c6 khéi lugng phan ti nhoé 6 trang thai khi va 1ong. D61 véi
ch&t rdn hodc polymer, do nhiing khuyét tat trong mang tinh thé hoic
trong chudi dai phan ti, thanh phan ctia hop chat thuong khong ting ding
v61 mot cong thiic héa hoc xac dinh. Vi du, ty 1& oxy/titan trong titan oxyd
diéu ché& bang cac phuong phap khac nhau dao déng tu 0,58 dén 1,33; cong
thiic ctia st sulfid c6 thé viét Fe, S v6i x dao dong tit 0 dén 0,005; phan tu
glycogen trong cac té bao gan va co c6 thé gdm 1000 d&n 500000 don vi
glucose; v.v...

1.3. Pinh luat dwong lugng

Tu dinh luat thanh phan khong ddi ta thdy ring cac nguyén t6 két
hdp v6i nhau theo cac ty 1& vé lugng xac dinh nghiém ngiat. Do dé6, nguoi ta
dua vao héa hoc khai niém duong lugng, tuong tu nhu khai niém khéi
lugng nguyén ti va khoi lugng phan tu.
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1.3.1. Dinh nghia

Thuc nghiém héa hoc xac dinh rang: 1,008 khoi lugng hydro tac dung
via du véi:

8,0 khéi lugng oXy dé tao thanh nuée (H,0)

35,5 - clor - hydro clorid (HCI)
23,0 - natri - natri hydrid (NaH)
16,0 - lvu huynh - hydro sulfid (H,S)
3,0 - carbon - metHan (CH,)
V.V...

S6 phan khéi lugng ma cac nguyén to tac dung viia du véi 1,008 phan
khéi luong hydro lai tac dung viia da v6i nhau dé tao thanh cac hop chat
khac. Vi du:

8,0 kho1 luong oxy + 3,0 khéi lugng carbon — carbon dioxyd (CO,)

35,5 khoi lugng clor + 23,0 khéi lugng natri — natri clorid (NaCl)

16,0 khéi lugng luu huynh + 3,0 khéi lugng carbon — carbon disulfid (CS,)
V.V...

Ngudi ta goi s6 phan khoi lugng ma cac nguyén td tac dung via dua véi
1,008 phan khéi lugng hydro (va lai tac dung via dua véi nhau) 14 duong
lugng cua cic nguyén to, ky hiéu 1a E (equivalence), va viét: E; = 1,008; E,
= 8; Ey = 35,5; Eq = 16; v.v.. chd y ring, duong lugng 1a s6 phan khoi luong
tuong duong gitta cac chit trong phan ting nén cé thé st dung bat ky don vi
khéi luong nao dé biéu thi né (mg, g, kg...).

Do chinh tu khai niém duong lugng néu trén ma viéc xac dinh duong
luong cua mdt nguyén td hay ciia mot hgp chat khong nhat thiét phai xuat
phat ti hgp chit cua ching véi hydro. Vi du, dé tim duong lugng cua kém
(Zn) khong thé xudt phat ti phan tng ciia kém véi hydro, vi ¢ diéu kién
thuong phan tng nay khong xay ra. Tuy nhién, thuc nghiém dé dang cho
théy: 32,5 khéi lugng kém tac dung vita da véi 8 khéi lugng oxy (1E,) dé tao
thanh kém oxyd (ZnO), vay, E,, = 32,5. Hoac dé tim duong lugng H,SO,
khong thé bing cach cho acid nay tac dung véi hydro hodc oxy, nhung thuc
nghiém cho biét: 49 khéi lugng H,SO, tac dung vira da véi 32,5 khéi lugng
kém (1E,), vay Eis0, = 49. Tu day, c6 thé dua ra dinh nghia chung cho

duong lugng:

Duong luong ctia mét nguyén té hay hop chit la sé phan khoéi luong
cua nguyén té hay hop chit dé két hop hodc thay thé vica du vdi 1,008 phéan
khéi luong hydro hodc 8 phan khéi luong oxy hodc vdi mét duong luong cia
bdt ky chdt nao khdc da biét.
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Trong thuc té& ngudi ta thuong dung duong luong gam, véi quy uéc:
Duong lugng gam ciia mét chdt la lugng chdt d6 duge tinh bang gam
va co tri s6 bang duong luong ctia né.
Nhu vay, E;=1,008¢g ; E,=8g ; Ex.=23g
E,,=32,56¢g ; Ejs0, =498

1.3.2. Pinh ludt duong luong cia Dalton
Cdc chdt tdc dung vdi nhau theo cdc khoi luong ty lé vdi duong luong
cua chung.
N6i cach khac: Sé' dwong luong ciia cde chdt trong phdn tng phdi bang
nhau.
Pinh luat dudc thé hién qua hé thic don gian:
m, = E,

—~A  hoac
mg Ey E, Ey

m, - mg

O day: m,, mg 1a khéi lugng tinh bang gam cua chit A va chit B trong
phan tng

E,, E; 1a duong lugng gam ctua chat A va B

— Dinh luat duong lugng cho phép tinh khéi lugng mot chit trong phan
ting néu biét duong luong cua cac chat va khéi lugng tac dung cua
chat kia. Vi dy, tinh khéi lugng khi clor tac dung hét véi 3,45g natri,
biét Ey, = 23; Ei, = 35,5. Ap dung hé thtc néu trén dé dang tim thay:

3,45g me - 3,45g x 35,5

_ m, = >408x855 _ g a4q
23 35.5 c 23 &

— Véi khai niém néng dé duong luong la s6’duong luong gam chdt tan cé
trong 1 lit dung dich (ky hiéu N viét sau tri s6 duong lugng), dinh luat
duong lugng dude st dung réng rai trong phép phan tich chuin do.
Chéng han, cAn bao nhiéu mL dung dich kiém B (dat 1a V;) dé trung
hoa hét V, ml dung dich acid A c6 noéng do duong luong la N,. Biét
nong do duong lugng ctiia dung dich kiém B 1a Nj,.

Ap dung dinh luat duong luogng: s6 duong lugng cua cic chit trong
phan tng phai bang nhau, ta co:

N .
1000 * 1000~ " N,

V A — VB N _> VB —_

Phuong trinh trén dugc 4p dung cho tat ca cac phuong phap phan tich
thé tich (phuong phap acid - base; phudng phap két tta; phuong phap phiic
ch4t; phuong phap oxy héa - kht).
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1.3.3. Y nghia héa hoc ctia khdi niém duong luong lién quan tryc tiép
dén khai niém hoéa tri cia cac nguyén t6. Trube day, ngudi ta coi héa tri 1a
kha niang ctia mot nguyén ti cta nguyén té c6 thé két hop hoic thay thé
bao nhiéu nguyén tu hydro hodc bao nhiéu nguyén ti khac tuong duong.
Nhu vay, duong luong ctia mdt nguyén t6 1a s6 don vi khoi lugng (s6 phan
khoi lugng) cia nguyén t6 4y tuong ting v6i mot don vi héa tri. Gitia duong
luong (E), héa tri (n) va khéi lugng nguyén ti (A) ctia nguyén t6 c6 moi
tuong quan sau:

E = é
n

Vi du, oxy ¢6 hoéa tri 2, khoi lugng nguyén ti 16, nén:
16

Néu nguyén t6 c6 nhiéu héa tri thi duong lugng ctia né ciing thay déi
tuy thudc vao héa tri ma né thé hién trong san phdm tao thanh sau phan
tng. Vi du, carbon c6 héa tri 2 va 4. O phan tGng: 2C + O, = 2CO, carbon
thé hién hoéa tri 2, nén E; = % = 6. Con 6 phan tng: C + O, = CO,,

carbon thé hién héa tri 4, nén E, = % = 3.

M4 rong khai niém duong lugng cho cac hgp chit, ta vAn nhan ra y
nghia héa hoc ctia né 14 phan khéi lugng tuong ting v6i mot don vi héa tri
ma hgp chit dem trao d6i hoéc két hgp véi cic hop chat khac trong phan
tng. Chéng han, H,PO, = 98. Néu trong phan tng, phan td H,PO, chi trao
d6i 1 proton, hgp chit duge xem nhu thé hién héa tri 1, thi EH3P04= 98/1 =
98; néu trao d6i 2 proton, hop chit dudc xem nhu thé hién héa tri 2, thi
Ey po, = 98/2 = 49; con néu trao d6i ca 3 proton thi hop chat H,PO, dudc coi
14 c6 héa tri 3 va phan khéi lugng tuong ting véi 1 don vi héa tri (ttc duong
lugng cta né) trong truong hop nay la: Ey po, = 98/3 = 32,7.

Cac nha héa hoc hién tai quan niém: héa tri cia mot nguyén t6 l1a s6
lién két héa hoc ma mot nguyén ti cla nguyén td dé co thé tao ra dé két
hop v6i cac nguyén tu khac trong phan tu.

Cung véi khai niém hoéa tri, ngudi ta cling dung khai niém s6 oxy hoa
cho céc ion ho#c cho cac nguyén td trong hgp chat. Tuy khong c¢6 y nghia
vat 1y rd rang, nhat 1a trong cac phan ti phiic tap, nhung s6 oxy héa kha
tién dung cho nhiéu mét thuc hanh héa hoc.
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Chinh vi khai niém hoéa tri phat trién va mé rong dé gan véi ban chat
nhiéu loai lién két, nén theo dé, khai niém duong lugng ciing can dudc cu
thé cho cac trusng hgp (cach tinh duong lugng cia céc hop chét duge trinh
bay & muc biéu thi néng d6 duong lugng dudi day).

2. NHUNG KHAI NIEM CO BAN

2.1. Nong d6 dung dich. Cac cach biéu thi nong dé

Néng d6 1a cach biéu thi thanh phan dinh lugng ctia mét dung dich.
N6 c6 thé biéu thi lugng chit tan trong mot thé tich x4c dinh cta dung
dich, hodc lugng chat tan trong mot khéi lugng xac dinh ctia dung dich
hoac ciia dung moéi. Lugng chat tan trong dung dich cang 16n thi nong d6
cang 16n va ngudc lai. Bang 1 tém tat cac loai nong d6 thudng dude dung
trong hoéa hoc va Y- Dugc.

Bang1. Céac loai ndng do

Loai néng dd Ky hiéu Pinh nghia

Phan tram theo khéi luong (KL) % (KL/KL) S6 g chat tan trong 100 g dung dich

S6 g (hodc s6 mg) chat tan trong 100
mL dung dich

S6 g chéat tan trong 1000 mL (= 1 L)
dung dich

Sé duong lugng gam chét tan trong 1

Buong lugng L dung dich

Duéi day 1a mot s6 vi du cu thé vé cac loai néng d6 hay gép.

2.1.1. Néng dé %, %o theo khéi luong/khéi luong

Vi du: Dung dich KNO,; 10% c6 nghia la c6 10 g KNO, trong 100 g
dung dich. Dung dich céac acid déc H,SO,, HNO, va HCI ban trén thi trucng
c6 ndong d6 tucng ng bang 96%, 65% va 36%.

B&i vi do thé tich dung dich d& dang hon do khéi lugng, nén ngudi ta
thuong ghi khéi lugng riéng kém theo cho loai dung dich nay, dé chuyén
d6i tu khoi lugng chat cAn 14y sang thé tich dung dich caAn dong. Vi du, HCI
36% c6 D =1,179 g/mL (6 20°C).

Dung dich NaCl 9%o ¢6 nghia la c6 9 g NaCl trong 1000 g dung dich.
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2.1.2. Néong dé %, %o theo khéi lwgng/thé? tich (thuong dudgc viét g/100 mL;
g/L...):

Vi du, dung dich glycerin 10 g/100 mL, glucose 50 g/L c6 nghia la cé
10 g glycerin trong 100 mL dung dich, c6 50 g glucose trong 1 lit dung dich
cho 2 dung dich tuong tng da ké.

2.1.3. Nong d6 mol/L (M)

Mol 14 mét lugng chédt chia s6 hat cung kiéu ciu trdc (phan tu,
nguyeén tu, ion, electron, proton...) bang s6 Avogadro 6,022.10%. Thuong st
dung 12 mol/L, s6 phan ti gam/L.

Cac dung dich c6 nong d6 mol bang nhau thi chiia cung s6 lugng hat
chét tan trong nhiing thé tich dung dich bang nhau (chd §: hat chit tan
phai cting kiéu cdu tric).

Vi duy, dung dich NaOH 2M, nghia 1a trong 1 lit dung dich nay c6 2
mol hay 2 mol x 40 g/mol = 80 g NaOH.

Dung dich chia phenobarbital 0,001M va NaCl 0,1M, nghia 1a trong 1
lit dung dich nhu thé& ¢6 0,001 mol x 232,32 g/mol = 0,2323 g phenobarbital
(C,,H,,N, 0, = 232,32) va 0,1 mol x 58,45 g/mol = 5,8450 g NaCl (M =
58,45).

Trong 1 lit dung dich NaCl 1M c6 1 mol x 58,45 g/mol = 58,45 g NaCl.
Xem NaCl dién ly hoan toan thanh cac ion, thi trong 1 lit dung dich nhu
thé cling ¢6 1 mol ion Na* (23 g Na*) va 1 mol Cl (35,45 g CI").

Ngugc lai, dung dich Na,CO, 1M c6 trong 1 lit dung dich cta n6 1 mol
CO, >~ (60 g CO,™) va 2 mol Na* (2 mol x 23 g/mol = 46 g Na*), véi diéu kién
gan dung rang trong dung dich, ci@ 1 phan ti natri carbonat thi dién ly ra 1
ion CO,* va 2 ion Na*.

2.1.4. Noéng dé duong luong (N)

Vi dy, H,SO, 0,5N la dung dich ch@a 0,5 duong lugng gam H,SO,
trong 1 lit dung dich.

Khai niém duong lugng cua mot chat xudt phat tu dinh luat dugng
lugng cua Dalton néu ra nam 1792. Goi duong lugng cua mot chat 1a E, ta
c6 thé néu cac coéng thic tinh E trong cac phan tng trao d6i va oxy héa khii
nhu sau:

Khoéi lugng nguyén ti

Enguyén to

Hoéa tri

Vidu: Ep, = — = 8
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Khéi lugng ion

ron | Dién tich ion |

Vidy, E . = 2—37 = 9
96
ESO42’ - 7 = 48
_ Khoi lugng phan ti acid
acid S6 ion H* dién ly tit mot phan ti acid
4
Viduy, E,, = 36i SR 36,45
98
H,S0, 7 = 49
B - Khoi lugng phéan ti base
base Qg jon OH dién ly ti mot phan ti base
Vidu: E,., = ? = 40
B Khéi lugng phan ti muéi
™| Dign tich ion (duong hodic 4m)| x S& ion (duong hodc 4m)
. 342
Vidu: By 0, = 2 57
Khéi lugng tiéu phan (phén td, nguyén ti, ion)
EOX(Kh) =

S6 electron nhan (hoéc cho) cia mét tiéu phan
dang oxy hoéa (ho#c dang khti)

O day, Eoxxn 12 duong lugng ctia dang oxy hoéa, hoidc ctia dang khi.
Vi du, tim duong lugng ciia chit oxy héa va chat khi trong phan tng:
2KMnO, + 10FeSO, + 8H,S0, = 2MnS0, + 5Fe,(S0,), + K,SO, + 8H,0

Can cii theo s6 electron ma moét phan t& KMnO, nhan bang 5 va s6

electron ma mot phan ti FeSO, cho bing 1, ta xac dinh duge duong lugng
cua chit oxy héa la:

o, = % - 316

va duong lugng cua chat khu la:



Ero, = 1511,8 = 1518

Vi héa tri ciia nguyén t6, s6 H* hay OH™ dién ly ctua acid hay base, s6
electron nhan hoic cho cta chit oxy héa hodc chat khit ¢ thé thay d6i tuy
theo diéu kién ctia phan ting, nén duong lugng ctia mot chat cling c6 nhiing
gia tri bién d6i.

Duong lugng la mot dai lugng khong c6 thi nguyén. Trong héa hoc
nguodi ta thuong dung:

— Puong lugng gam ciia mot chat 1a khoi lugng caa chit d6 biéu dién
bang gam va cé tri s6 bang duong lugng ctia né.

— Mili duong lugng gam, ky hiéu mE, bang 1/1000 duong lugng gam va
14y don vi khéi lugng 14 miligam.

2.2. Su dién ly ctia nuée. Thang pH

2.2.1. Su dién ly cua nudc

Nuéc la dung méi ludéng tinh, via cho va virta nhan proton:

HO == H" + OH-
HO + H" = H;0"
HO + HO == H;0" + OH-
Acid1  Base 2 Acid 2 Base 1

va tuong tng v6i 2 cip acid - base lién hdp theo thuyét Bronsted -
Lowry: H,O/OH™ va H,0"/H,0.

Maic du su dién ly ctia nudc rat bé, ngudi ta van do dugdc do dan dién
cia né va xac dinh dugde gia tri ciia hang sd cin bang theo dinh luat tac
dung khéi lugng:

H,O"][OH 5
- WLONOHT _ 55010m  @25°0)
[H,0]
1000
18

Hing s6 K, goi 1a tich s ion ctia nudc. Tich s6 nay thay ddi theo
nhiét dé.

Vi mét ion H,O* va mot ion OH™ duge phén ly tit mot phan ti H,O, do
d6 trong nudc nguyén chat:

[H,07 = [0OH] = 10 = 107 mol/L

K [H,0]? = 3,24.10"8 (——)? =K, = [H,0"] [OH] = 1,0.10"
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(Nong d6 nudéc nguyén chat = ~ 55,6M, vay ci mbi 555 triéu

phan ti nuéc chi c6 1 phan ti dién ly ra cac ion). Dua vao cin bang dién ly
cua nudc, ngudi ta dinh nghia dung dich acid, base va trung tinh tuy theo
do6 16n tuong déi gitta [H,0"] va [OH]:

Dung dich Gidi han chung 0 25°C
Acid [H,0] > [OH] [H,01>107  [OH]<107
| Trungtinh | [HOT = [OH] | HO7=107  [OH]=107 |
'Base | [HOT<[OH] | [HO1<107  [OH]>107 |

Vi K, 14 hing s6 & nhiét d6 nhat dinh, nén khi biét néng d6 ciia mot
trong hai ion, ta c¢6 thé tinh dudc ndng d6 ion kia.
Vi du: Biét [H,0"] cia moét dung dich bang 3,0.10“M. Tinh [OH] va
cho biét dung dich 1a acid, trung tinh hay base?
Giai:
K

14
OH] = ™ _ 10 = 33x10"M
[H.0'] _ 30xI0°

DAy la dung dich acid vi [H;0"] > [OH].
2.2.2. Thang pH

Néng d6 H,O" trong dung dich nuéc c¢6 thé bién d6i trén mét pham vi
rong t 10M dén 10"°M, gay khé kh#én va dai dong trong tinh toan, do dé
Sérensen dé nghi dung dai lugng pH dé biéu thi tiém ning ion hydro
(hydrogen ion potential) v6i dinh nghia:

pH = -lg[H,0'] hoic [H,0"] 10"
vapOH = -1g[OH7] hoac [OHT] = 107"
Vi K, = [H,0"][OH] = 1,0 x 10" nén ngudi ta ciing hay dung dai lugng:
pK, = -1gK, = -1g([H,0"][OH]) = -1g[H;0"] - Ig[OH"] = pH + pOH = 14
(6 25°C)

Thong thudng ngudi ta chi st dung thang pH, cac dai lugng khac duge
suy ra theo phuong trinh quan hé (Bang 2).
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Bang 2. Quan hé gilra [H;0'], pH, pOH va [OH].

[H,0'] pH pOH [OHT]
10" 15— — -1 10'
10" 14 — — 0 1 &
10" 13 - I 10" g
10™ 12 — < 2 10° 2
10" 11 - a3 10° 8
10" 10 — e 4 10* o
10° 9 — = 5 10°
10* 8 — © L6 10°
107 7 — 7 107 ------ Trung tinh
10° 6 T — g 10°
10° 54 2 — 9 10” o
10° 4 € — 10 10" =
10° 34 o — 11 10" s
10” 24 = — 12 10" >
10" 1 — 13 10" ©
1 0— 14 10" A
10' -1 - — 15 10"

Chu y: Vi K, phu thudc nhiét d6 nén pK,_, pH, pOH cua nuéc nguyén
chdt ciing thay ddi theo nhiét @6 (Bang 3).

Bang 3. Tich s6 ion (K,) clia nudc nguyén chat § mét s6 nhiét do.

Nhiét do (°C) K, x 10" pK, pH = pOH
0 0,11 14,96 7,48
"""""" 10 | o020 | 1454 | 721
"""""" 5 | 100 | 1400 | 700
"""""" 5o | 566 | 1325 | 662
"""""" 100 | 5130 | 1229 | 615
"""""" 300 | 40000 | 1140 | 570

2.2.3. Chdt chi thi acid - base

C6 hai cach thong dung dé do pH trong phong thi nghiém 1a do bang
may (pH-meter) va do bang chét chi thi acid-base (con goi 1a chat chi thi
mau). Nguyén 1y do pH bang may sé dé cap ¢ chuyén muc riéng.

Chdt chi thi acid-base la nhitng thuéc thw ddc biét c6 mau sdc thay doi
tuy theo nong dé ion H,O" trong dung dich, ttc 1a tuy theo pH méi trudng.
Néi chung, c6 thé xem chét chi thi mau 14 mét acid hiiu co yéu ma dang
acid (ky hiéu HInd) c6 mau, goi tat 12 mau acid, khac v6i mau cia dang
base lién hgp véi né (Ind"), goi tit 14 mau base. Nhu vay, su thay d6i mau
cua chi thi 1a do su bién d6i cdu tric phan ti gita hai dang acid va base.
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Trong dung dich, su bién d6i gitta hai dang d6 thé hién qua can bing dién
ly phu thuoc vao pH:

HInd + H,0 = H,0" + Ind”
Acid 1 Base 2 Acid 2 Base 1
Mau acid Mau base

Trong vung pH chuyén mau, mau cua dang acid va dang base dang
trong qué trinh chuyén d6i nhau: mau ctia dang nay dan dn sang mau caa
dang kia, hodc ngugc lai.

Béang 4 cho biét khoang pH chuyén mau ctia mot s chi thi acid - base
thuong gap.

Bang 4. Mau, khoang pH chuyén mau ctia mét s6 chi thi acid - base hay gap

i Mau ,
Chat chi thi Khoang pH chuyé&n mau
Acid Base
Da cam Methyl (Heliantin) Héng - Vang 3,1-4,4
Quy Dd — Xanh 5,0-8,0
Phenolphthalein Khéng mau — Do 8,2-10,0
Vang Alizarin Vang — Tim 10,0 -12,0

2.3. Diéu kién két ttia va hoa tan. Tich s6 tan
— Khai niém vé Tich s6 tan
Khi hoa tan moét chat dién ly it tan M_X_ vao nudc sé tao ra mot dung
dich bao hoa, trong d6 tén tai cAn bing di thé gitia luong chét rdn con du
va cac ion cua noé trong dung dich:
M_ X, (1) m Mn+ + nXm
(rn) (dung dich)

Lugng M_X, da tan vao dung dich rat it, goi 1a do tan S, dugc coi la
dién ly hoan toan thanh cac ion M™ va X™. Giéng nhu cac hé can bang
khéc, d6i v6i dung dich bdo hoa ctiia chit dang xét ta c¢6 biéu thic tac dung
khoi lugng:

[MH+]m [Xm-]ﬂ
[Man] (1)

Néng do pha ran 1a hang s6, nén:

MY X = K [M,X,] » = Tyx

m“*n
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Ky hiéu sau cung goi 1a tich s6 tan cia M_X_. Nhu vay:

Tich s6 néng do cdc ion cua chdt dién ly it tan trong dung dich bdo
hoa, mbi néng do duoc luy thiva tuong ung vdi hé sé trong phuong trinh
dién ly, la mét hang s6' & nhiét do nhdt dinh goi la tich sé'tan, ky hiéu T.

Cac gia tri cia T cho biét d6 tan tuong doi ciia cic hdp chat ion. Khi
cac chat dién ly ra cting s6 ion, nghia 14 m+n nhu nhau, thi T cia chdt nao
cang ldn, d6 tan cia né cang lon, va nguoe lai. Diéu nay dude thé hién qua
Bang 5.

Bang 5. Quan hé gilta T va dé tan & 25°C clia mét s6 hgp chét.

Sé ion Cong thurc cation/anion T b6 tan (M)

2 MgCO, 11 3,5x10° 1,9 x 10*
2 |peso, | "o | 16x10° | 13x10¢ |
2 |Bacro, | mo | 12x10° | 14x10° |
3 [caom, | w2 | 65x10° | 12x10% |
3 |BaF, | w | 15x10° | 72x10° |
3 |car, | w2 | 32x10" | 20x10¢ |
3 |agco, | a1 | 11x10% | 87x10° |

— Diéu kién dé két tia hay hoa tan mot chét dién ly it tan:

Mot chat sé két tua khi tich s6 nong d6 cac ion ctia né trong dung dich
16n hon tich s6 tan. Ngudc lai, khi tich s6 néng d6 cac ion con bé hon tich s6
tan thi chat d6 chua két tia, hodc néu da c6 tua thi tia sé tan ra.

Vi du:

Cho biét két tiia c6 hinh thanh hay khéng trong cac trudng hop sau:

a) Tron 1an 0,100 L Ca(NO,), 0,30 M véi 0,200 L. NaF 0,060 M.

b) Trong nudc mot dong song tim thay [Ca*] = [PO,* ] = 1,0 x 107 M.

Choo biét Tz =3,2x 0" TTg po,), = 1,2 x 107,

Gidi:

a) Cac ion c6 mat trong hén hgp 14 Ca*", Na*, NO,” va F. Chi c¢6 CaF,
14 c6 thé két tua theo cAn bang:

CaF,(r) = Ca* + 2F
Tinh néng dd mol/L cho cac ion:

S6 mol Ca* dua vao hdn hop = 0,30M Ca® x 0,100L. = 0,030 mol Ca*'
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0,030 mol
0,100L + 0,200L
S6 mol F~ dua vao hén hop = 0,060M x 0,200L = 0,012 mol F~
0,012 mol

va [F] = = 0,040M F~
0,100L + 0,200 L

va [Ca*] 0,10 M Ca*

Trong hén hop, ta cé tich s6 néng do cac ion, ky hiéu Q,, la:
Q. = [Ca¥] [F]* = 0,10 x 0,040 = 1,6 x 10* > Ty, = 3,2 x 107!
Vay, két tia CaF, phai dugc tao thanh.
b) Tim Q,, cia Cay(PO,), theo can bang:
Cay(PO,, (r) = 3Ca* + 2PO*
va su dung céc dii liéu da cho, ta duge:
Q. = [Ca]® [POF]? = (1,0 x 10%)° (1,0 x 102
= 1,010+ TT, 4o, = 1,2 x 107,

Vay, chua thé hinh thanh két tia Ca,(PO,),  dong song dang xét.

2.4. Phan ing oxy héa - khw

2.4.1. Cac dinh nghia

hoéa,

Phan tng oxy hoéa - khi 14 phan tng c¢6 su chuyén dich electron gitia

z A I P N A /\q’ A pd Z A A
cac chit phan ing, do d6 lam bién do6i s6 oxy héa cta cac nguyén to.

Chat oxy héa (phan ti, nguyén tu, ion) 1a chit nhan electron va giam

s6 oxy hoéa, né la chat bi khu.

Chat khti (phan td, nguyén tu, ion) la chat cho electron va ting s6 oxy

ho4, né 1a chat bi oxy hoa.

Theo d6 suy ra: su khii 1a su nhan electron, su oxy héa 1a su cho di electron.

R4t can luu ¥ dé khong nham 14n cac thuat ngii: chit oxy hoa, su oxy

chat khu, sy khu.
Vi du: trong dung dich nudc xay ra phan tng:

Fe + Cu*® — Fe* + Cu

Ion Cu®* nhan electron (tit Fe) 1a ch4at oxy héa, s6 oxy héa ciia né gidm

tit +2 dén 0, né bi khii va goi 1a su khti ion Cu®** (bdi Fe).

Sit cho electron nén 1a chat khti, s6 oxy héa caa né tang tix 0 dén +2,

n6 bi oxy héa va goi 1a su oxy héa sit (bdi Cu?).
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2.4.2. S6 oxy héa (S.0)

— S6" oxy héa (con goi 1a miic oxy hoa, trang thai oxy héa) 1a dién tich
hinh thtic cia nguyén t6 trong don chat, ion hay hop chat khi qui uée
cac cap electron dung chung léch hoan toan vé nguyén to c6 do am
dién 16n hon.

Chu ¥ ring, S.O ctia nguyén td c6 gia tri dai s6 khac hoéa tri. S.0 c6
thé 1a s6 am, s duong hoic bang khong. Trai lai, héa tri tinh theo s&
electron tham gia lién két nén chi c6 gia tri duong.

— S6°S.0 cta mét nguyén t6 dude xac dinh theo nhiing quy tic sau:

w N =+

Quy téc chung:

. Nguyén t6 trong don chat (Na, Cu, O,, N,, S): S.0 =0.
. Nguyén t6 trong ion don nguyén ti: S.O = dién tich ion.

. Téng dai s6 S.0 ciia cac nguyén t6 trong phan tt = 0, con trong ion

nhiéu nguyén ti = dién tich ion.

Quy tic cu thé cho cac nguyén ti hodc nhém nguyén té trong Bang
tuan hoan:

. Nhom IA: S.O = +1 trong tat ca cac hdp chat.
. Nhém ITA: S.0 = +2 trong tat ca cac hdp chat.
. Hydro: S.O = +1 trong cac hgp chat véi phi kim

S.0 = -1 trong cac hgp chat v6i kim loai va Bor

. Fluor: S.O = -1 trong moi hgp chat

5. Oxy: S.0O = -1 trong cac hgp chat peroxyd

+

1.

S.0 = -2 trong tat ca cac hdp chat khac (tri véi fluor)

. Nhém VIIA: S.O = -1 trong cac hgp chat véi kim loai, v6i phi kim
(tru v61 oxy) va véi cac halogen khac phia dudéi nhéom.
Luu y:
S.0 duong cao nhit ciia cAc nguyén to trong cac nhém chinh A bang

s6 thii tu ciia nhém (tri O va F).

2.

S.0 Am thap nh&t clia cac phi kim va mot s6 4 kim bang s6 tha tu

cua nhém tru 8.

Vi du: Luu huynh c6 S.0 duong cao nhat 1a +6 (vi nguyén t6 S ¢ nhém VI
A) nhu trong hgp chat SF; va ¢6 S.0 Am thap nhit = 6 - 8= -2 nhu trong FeS.

N A < R 2 . A~ 2 A . [N A A
3. Vé nguyén tic, dé xac dinh s oxy héa can phai biét cdu tao phan tu
N A A A 2 A ~ A A A 2 R A 2~ N .
va d0 Am dién cua cac nguyén t6. D6 Am dién c6 thé suy ra gan dung tu vi
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tri ciia nguyén t6 trong Bang tuin hoan. Con néu khong biét rd cdu tao
phan t thi S.0 xac dinh dudc tit cAc nguyén téc da néu cé thé 1a S.0 gia.
Chéng han, dit S.0 caa Luu huynh 14 x, tim dude S.0 caa né trong S,0.>
qua phuong trinh: (x.2) + (-2.8) =-2 - x = +7. Day 1a s6 oxy héa gia, vi Luu
huynh 6 nhém VIA, S.O cao nh4t cua né chi 14 +6 phu hdp véi cong thic
ciu tao:

-0 0-0 O- -0 0-0_ O~
A S 7 /\S\< hoac ;S 7 ;S 4
75\ /
o o0 O of Noof Vo

Hon niia, con gap s6 oxy héa gia va 1é, nhu S trong Na,S,0, c6 S.0 = +2,5.
Tuy nhién, S.O that hay gia déu c6 gia tri nhu nhau trong can bang
phuong trinh ctia phan ting Ox-Kh.

2.4.3. Cén bdng phdn ting oxy héa khit theo phuong phdp S.O duoc
thuc hién theo cdc budc sau:
1. Viét cac chédt dau (ch4t phan tGng) va cac san pham. Vi du:
HCIO, + P — HCI + H,PO,
(Di nhién chat dau da biét, nhung san pham la gi thi phai dua vao cac

phép phan tich héa hoc hodc cin ct vao quy luat bién ddi ctia cAc nguyén t6
va hop chat & cac diéu kién).

2. Xac dinh S.O cua cac nguyén t6 trudc va sau phan tng. O vi du
trén, tim thay:

HCI**0, + P* — HCI" + H,P™0,

3. Tim s6 electron ma mot phan ti chat khii cho va sd electron ma mot
phan ti chit oxy héa nhan, tit d6 lap phuong trinh trao d8i electron dé tim
hé s6 chinh ctia chat khii va chat oxy héa. Tiép vi du trén, thanh lap:

6/P° —5e —» P
BICI°* +6e — CI*

Chd §: cac hé s6 chinh phai ¢6 mot boi s6 chung nhoé nhat biéu thi téng

s0 electron ma ch&t kht cho bang tong sé electron ma chat oxy héa nhan.

4. Pat hé s6 chinh phut hop vao cac chat khi va chat oxy héa ban dau,
kiém tra s6 nguyén ti clia mdi nguyén t6 & 2 vé& phuong trinh dé can bing
ching nhung chua can chd ¥ dén s6 nguyén ti H va O (néu 2 nguyén to
nay khong truc tiép 1a chat khi hay chat oxy hod). Tiép theo vi du trén,
thu dugc:

5HCIO, + 6 P = 5HCI + 6 H,PO,
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5. Kiém tra s6 nguyén ti H & 2 v& dé tim s8 phan tli nudc tham gia
hoac tao thanh. Véi vi du dang xét, can 9 phan ti H,O tham gia phan tng.
Vay:

5HCIO, + 6P + 9H,0 = 5HC1 + 6H,PO,

6. Kiém tra lai s6 nguyén t& O & 2 v€ va tin ring thuc chit phuong
trinh da dudc can béng.

Vé6i 6 buée tién hanh nhu trén, moi phuong trinh phan ting oxy héa -
khi viét duéi dang phan ti déu cé thé dugde cdn bang. Tuy nhién, nhiéu
truong hop khong can thuc hién dua cac buéc va khi da quen thi chi can
nh4m tinh trén moét phuong trinh phan tng.

Luu y: Khi viét phuong trinh phan tng da can bang duéi dang phuong
trinh ion thi dién tich 2 v& phai biang nhau

2.5. Phiic chat

2.5.1. Dinh nghia

Bén canh ciac muér don gian nhu K,SO,, Al,(SO,),;, KI, Hgl,, KCN,
Fe(CN),... con c6 cac muédl kép (goi 1a phen) nhu: K,S0,.Al,(SO,),.24H,0
(phén chua), (NH,),S0,.FeSO,.6H,0 (phén sit amoni hay mudi Mohr)...

Muséi don gian va mudi kép giéng nhau & chd, khi hoa tan trong nudéc,
chiing dién ly hoan toan ra cic ion don gian. Vi du:

K,SO, - 2K* + SO,*
(NH,),S0,.FeS0,.6H,0 — 2NH," + Fe** + 280,* + 6,0

Tu lau, nguoi ta cling biét nhiéu hgp chat phtc tap khac cé6 thanh
phan giohg muoi kép, nhu 2KI.Hgl,, Zn(NO,),.4NH,, nhung trong nudc
ching dién ly cho nhiing ion phic tap, vi du:

9KI.Hgl, - 2K* + [Hgl,]*, nén phan ti dugc viet: K,[Hgl,]

7n(NO,),.4NH, — [Zn(NH,),]** + 2NO,, nén phan ti dudc viét:
[Zn(NH,),](NO,),.

Cac hop chit kiéu nay duge dit tén 1a phic chit véi dinh nghia:

Phiic chdt la nhitng hop chdt phdn t& ma trong su té hop cdc cdu tw
cia ching tao nén nhitng ion phic tich dién duong hay ém, nhitng ion nay
c6 khd ndng tén tai trong dung dich ciing nhu trong tinh thé.

2.5.2. Cdu tao, danh phdp va cdc hang sé ctia phizc chdt

— Céac thanh phdn cia phite chdt duge thé hién qua so @4, vi du véi
K,[Hgl,], nhu sau:
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Ko[Hglg]

_

CAu ngoai Ion trung tam  Phoi tu
2K*) (Hg**) @)
Cau noi
(1on phuc)

— Céach doc tén phtic chdt phai tuan theo quy dinh chit ché, duge trinh
bay & phan phu luc (cudi gido trinh nay).

— Trong dung dich nuéc, phtic chat dién ly hoan toan thanh céc ion ciu
ngoai va cau noi. Vi du:
K,[Hgl,] —» 2K" + Hgl,*

Sau d6, cAu ndi c6 thé dién ly yéu tiing néc ra cac phdi ti dng véi cac
hang s cAn bang dién ly, thudng goi 14 hang s6 khéng bén k cua phtc. Vi du:

Hgl,> = Hgl, + T° klzw: 5,0.10°
[Hel,” ]
Hgl,- = Hgl, + T kzzw =1,6.10"
[Hel; ]
Hgl, = Hgl' + I k3=—[HgI Iy 1,0.10"
[Hel, ]
2+ -
Hgl"* = Hg” + I k4=—[Hg ]EI I=12.10%
[Hel" ]
Phuong trinh dién ly tong cong :
2+ -14
Hegl,> = Hg¥ + 4 k =TT _ k= 9,6.10™
[Hel,” ]

k,, k,, ky, k, 12 hdng sé khong bén ndc, con k 1a hang s6'khong bén tong
cong. k cang 16n, phtic cang khéng bén, va ngugc lai.

Néu xét qua trinh hinh thanh, su tao thanh phiic ciing theo tiing nic
va ton tai cac can bang. Vi du:

Hg® + I = Hgl* K, =gl ]
[Hg™ ][1"]

+ — = [HgIZ]
Hel™ + I = Hel K =—‘t"25"2"
s =2 2 [Hgl ][]
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[Hel; ]

Hgl, + T — Hgl;" K, =
= = *” [HeL, 1]
2—
Hgl, + I = Hgl,” K, =gl ]
[Hel; ][1"]
Phuong trinh tao phtc tong cong:
[Hel} |

Hge?>* + 41 = Hel > =—=° -
8 Bl [Hg? [T T

K, K,, K,, K, 1a hang s6'bén hay hang sé tao phitc ndc, con K 1a hang
s6tao phite tong cong. K cang 16n, phic chit cang bén, va ngudc lai.

Gitia hing s6 bén va hing s6 khong bén ¢6 m6i quan hé nghich dao, do dé:

KK, =k, K, = kK, =k, K =kK=1

Chu §: D&u ngoéc vudng [ ] trong phiic chit dé chi cAu ndi, con trong
cac biéu thiic ciia k hoidc K dé chi nong d6 mol/L ctia cac ciu tu.

BAI TAP (BAI 1)

1.1. Carbon monooxyd chtia 43% carbon theo khéi luong. Hay viét
cong thic héa hoc cia oxyd &y va biéu thi ty 1& carbon/oxyd theo
cac don vi kg, g va khéi lugng nguyén ti.

1.2. Luu huynh (VI) oxyd chitia 25% mol luu huynh. Cach biéu thi ty 1é
nao sau day la dung, vi sao?

25molS 25kgS 25LitS
100molSO, " 100kgSO, " 100LitSO, "’
a) b) c)

1.8. Xac dinh ty 1é % ctia mdi nguyén t6 trong Trimagnesi phosphat.
1.4. Tinh ty 1&¢ % ctua H va C trong:

a. Benzen C;H,

b. Acetylen C,H,

c. So sanh két qua tinh a) véi b) va giai thich

d. Pai luong nao dé phan biét benzen va acetylen.

1.5. Tinh s6 nguyén ti oxy trong 300 gam CaCO,?
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1.6. Tim cong thtc thuc nghiém cua cac chat c6 ty 1&é % cua ciac nguyén
t6 nhu sau:

a) Fe = 63,53%; S = 36,4%
b) Fe = 46,55%; S = 53,45%
c) Fe =53,73%; S = 46,27%

1.7. Dinh nghia duong lugng trong phan ting trung hoa va trong phan
ting oxy héa-khii khac nhau nhu thé nao?

1.8. Tinh thé tich ctia dung dich 0,232 N chia:
a. 3,17 E chat tan
b. 6,5 E chat tan.
1.9. Tinh néng d6 duong lugng cia mdi dung dich sau:
a. 7,88 g HNO, trong mdi lit dung dich.
b. 26,5 g Na,CO, trong méi lit dung dich.
1.10. C6 bao nhiéu duong lugng chat tan trong:
a. 1L dung dich 2 N
b. 1L dung dich 0,5 N
c. 0,5 L dung dich 0,2 N

1.11. Cho biét néng do duong lugng cua dung dich H,PO, 0,300M
trong phan ing sau:

H.PO, + 20H" - HPO, + 2H,0

1.12. Tinh thé tich nuéc can thém vao 250mL dung dich 1,25 N dé thu
dude dung dich c6 nong @6 0,500 N.

1.13. CAn m&y mL dung dich NaOH 6,0 N dé trung hoa hét 30mL
dung dich HC1 4,0 N?

1.14. Xac dinh néng d6 duong ludng cua dung dich H,PO, néu 40,0mL
dung dich nay trung hoa vita du 120mL dung dich NaOH 0,531 N.

1.15. Mot dung dich KMnO, 1,752 N bi khit thanh MnO,. Tinh néng do
mol/L cua dung dich d6.

1.16. Can biang phuong trinh phan tng sau:
Sn + HCI + HNO, — SnCl, + NO + ...
Va cho biét:
a. 1mol Sn chtia may duong lugng?
b. 1mol HNO, chtta may ducng lugng?



1.17.

1.18.

1.19.

Hay

Can béang phuong trinh phan tng sau:
KMnO, + KI + H,SO, —» K,SO, + MnSO, + L[+ ....
Va cho biét:

a. Can bao nhiéu gam KMnO, dé pha 500mL dung dich KMnO,
0,250 N?

b. Can bao nhiéu gam KI dé pha 25,0mL dung dich KI 0,360 N?

Tim s6 oxy héa cia mdi nguyén t6 (tri oxy) trong méi hop chat sau:
a) P,O,"; b) C,0,; c) MnO,; d)MnO,”; e) VO,;

f) UO,*; g) ClO;; h) S,0.>; 1) CS,; j) 8,047 ;

k) S,Cl,

Can bang cac phuong trinh phan tng sau:

a. HNO, + H,S - NO + S +...

b. KMnO, + KC1 + H,SO, -» MnSO, + K,SO, + Cl, +...
c. K,Cr,0; + HCl -»CrCl, + Cl, + KC1 + ....

d. Zn + NaNO; + NaOH — Na,ZnO, + NH; + ...

e. HgS + HC1 + HNO, » H,HgCl, + NO+ S + ...

f. KMnO, + H,SO, + H,0, > MnSO, + O, + K,SO+ ...
g. Crl; + KOH + Cl, —» K,CrO, + KIO, + KC1 +...

doc va viét tén tat ca cac chat c6 trong cac phan ting trén theo

Danh phéap ctia Dudge dién Viét Nam.

1.20. a) Dién nhiing gia tri thich hop vao tit ca cac 6 con trong cua
bang sau:
Dung dich [H,0"] [OH] pH pOH
1 5.10"
2 3.10°
3 6
4 12

b) Cho 3,31 g Pb(NO,), vao 1 lit dung dich thi 6 nhiing dung dich nao
trong bang trén c6 két tua Pb(OH),?

Cho biét: TT,, o, = 10"
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1.21.

1.22.

1.23.
1.24.

1.25.

1.26.
1.27.

1.28.
1.29.

1.30.
1.31.

1.32.

1.33.

1.34.

Tinh pH cta dung dich 1,0.10° M ctia mbi chat sau, gia thiét cac
chit tan 1a dién ly hoan toan.

a) HC1 b) NaOH  c) Ba(OH), d) NaCl

Tinh pH va pOH cia mdi dung dich sau, gia thiét cac chat la
dién ly hoan toan.

a. HNO, 0,00345 M

b. HCI1 0,000775 M

c. NaOH 0,00886 M

Tinh pH cta 500mL dung dich chiia 0,050 mol NaOH.
Tinh [H,0"] é cac dung dich c6 pH bang:

a) 4 b) 7 c) 2,50 d) 8,26

Cho biét gi& tri Tu,, néu do tan cua AgCl trong nudc bang
1,0.10°M.

Tim d6 tan S cia Mg(OH), trong nudc. Biét Ty o, = 1,2.10"
Dung dich béo hoa Mg(OH), trong nudc c¢6 pH biang may?
Bi6t Ty o, = 1,2.107.

Hay tinh d6 tan cua AgCl trong dung dich AgNO, 0,20M.

D¢ tan cua PbSO, trong nuéc 14 0,038 g/L. Tinh T, .

D¢ tan ciia Ag,CrO, trong nudc bang 0,044g/L. Tinh T, ... .

Tinh do6 tan cua Fe(OH), trong dung dich nudc c6 pH = 8,0.
Bi&t Tryop, = 1,0.10°.

Xac dinh d0 tan cua AgCl trong dung dich BaCl, 0,10M.

Biét Ty,=1,0.10.

Do tan cua Fe(OH), trong nuéc 1a 2.10°mol/L. Tinh gia tri cua
Teecony, -

Tinh khéi lugng (theo gam) cua Pbl, hoa tan trong:

a. 500mL nuéc

b. 500mL dung dich KI 0,10 M

c. 500mL dung dich chta 1,33 g Pb(NO,),

Cho biét T, =1,4.10".



1.35.

1.36.
1.37.

1.38.

Biét cac hgp chat phan ti duéi day déu 1a phic chat:
a. CaF,.ZnF, véi Ca** & cAu ngoai.

b. PtCl,.5NH, véi 3Cl & cAu ngoai

c. 4NaCN.Fe(CN), véi tat cdA CN 6 cau ndi

d. 3KCN.Fe(CN), véi cad 6CN" 6 cau noi

Hay viét cong thiic phan ti cta cac hgp chat trén duéi dang
phtic chat (cAu ndi dugc dit trong dau ngodc vuoéng [ ]). Xac dinh
dién tich ctia ion trung tam va dién tich ctia cau noi.

DPoc tén cac phtic chat 6 bai 35.

Viét phuong trinh dién ly va biéu thic cta cac hing s6 khéng
bén néc va tong cong ctia cac phic sau:

a) NH,[Ag(CN),]
b) K;[Fe(SCN)4]

So sanh cac hing s6 dé cho biét phiic ndo bén hon trong mdi cip
sau day:

a. [Zn(NH,),](OH), va [Cu(NH,),](OH), c6 hing s6 khong bén k
lan lugt 12 10 va 102,

b. Na[Ag(CN),] va K[Ag(SCN),] c6 hang s6 tao phtic K lan lugt
bang 10%"! va 103,

c. HgBr" va Hgl" ¢6 hang s6 tao phtic nac K, 1an lugt bang 10° va 10'%°.
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Bai 2

DAI CUONG VE PHAN TiCH DINH TiNH
CAC ION TRONG DUNG DICH

Theo dinh nghia rong, nhiém vu cua phan tich dinh tinh 12 s dung
cac phuong phap phan tich (héa hoc hay vat ly-héa ly) dé cho biét: cé
nhiing nguyén t6, phan ti, nhém nguyén ti trong phan td, hay ion nao
trong mot mau vat can nghién ciu.

Giao trinh nay chu yé&u chi giéi thiéu phan phan tich dinh tinh cac ion
v0 cd trong dung dich.

1. CAC PHUONG PHAP PHAN TiCH PINH TINH

1.1. Phuong phap héa hoc: La phuong phap dinh tinh dya trén cac phan
ting héa hoc. Phuong phap nay khong cin trang thiét bi phtic tap nén tiét
kiém va dé thuc hién. Tuy nhién, né doi héi thoi gian tuong d6i dai va lugng
chat phan tich tuong déi 16n.

1.2. Phuong phap vat ly - héa ly: La phuong phap phén tich dinh tinh dua
trén cac tinh chit vat 1y va héa 1y cia mau vat can kiém nghiém. Vi du, céc
phuong phap thuong dung la:

40



a. Phuong phdp soi tinh thé: Dung kinh hién vi dé phat hién cac tinh
thé c6 mau sic va hinh dang dic trung cia mot hgp chat. Chang han, ion
Na* tao tinh thé hinh m#t nhan mau vang luc nhat véi thudc thi Streng.

b. Phuong phdp so mau ngon liza: Dot cac hop chat dé bay hoi caa cac
nguyén t6 trén ngon ltia dén gas khéng mau rdi quan sat. Chang han, ngon
Itia stronti cho mau do son, kali mau tim, natri mau vang, bari mau luc
nhat.

c. Cac phuong phap dung cu: La nhiing phuong phap dung cac may,
thiét bi hoat dong theo nhiing nguyén 1y xac dinh dé phan tich dinh tinh. Vi
du, sic ky, quang phd phat xa, quang phé hap thu, huynh quang, cuc phé.

Cac phuong phap vat Iy — héa 1y ¢c6 d6 nhay va d6 chinh xac cao,
nhung doi hoi trang thiét bi phiic tap.

1.3. Phan tich uét va phan tich kho

a. Phén tich wot: La phuong phap dinh tinh dudc tién hanh véi cac
dung dich. MAu vat rdn can kiém nghiém phai dugde hoa tan trong nudc,
trong acid, trong dung dich cudng thuy hay trong cac dung moi hiiu cg.

b. Phdn tich khoé: Tién hanh phan tich véi cac chat ran hodc véi dung
dich bang dudng 161 khé. Chang han:

— Thi mau ngon lta: Khi d6t muéi Sr** hodc dung dich chia ion Sr*,
xu4t hién ngon ltia mau do son.

— Diéu ché& ngoc mau véi natri borat: ngoc mau lam 14 c6 muéi cobalt,
ngoc mau luc 1a ¢6 mudi crom.

1.4. Phan tich riéng biét va phan tich hé théng

a. Phén tich riéng biét: La xac dinh truc tiép mot ion trong hén hgp nhiéu ion
bing mot phan tng dic hiéu — phan tng chi xay ra véi riéng ion d6. Ta c6 thé
14y ting phin dung dich phén tich dé thi riéng ting ion ma khéng cin theo
mét thi tu nhit dinh nao. Ching han, xac dinh Iod (ciing & dang ion I,) trong
dung dich bang hé tinh bdt, phan ting dic hiéu cho mau xanh.

Thuc té&, khong nhiéu ion c¢6 phan ting that dac hiéu. Do d6, phan tich
riéng biét chi dugc st dung trong su két hop véi phan tich hé théng

b. Phén tich hé thong: La tién hanh x4c dinh ion theo mot thi tu nhat dinh.
Trude khi xac dinh mot ion phai loai bé hoidc khoa lai clc ion can trd — 1a cac
ion ¢6 phan ting véi thude thi giong nhu ion can tim.

Chéng han, ngudi ta thuong dung thuéc thi amoni oxalat (NH,),C,0,
dé xac dinh ion Ca?" qua phan tng:

Ca® + C,0,> — CaC,0, ;, mau trdng
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Tuy nhién, Ba*" cling cho phan tng tuong tu, do dé trudc hét can phai

loai ion nay (néu c6) khoéi dung dich nhé phan ting véi cromat trong moi
trucng acid acetic:

ca

Ba? + CrO,>— BaCrO, { mau vang

Dé phan tich hé théng mét hén hop nhiéu ion, ngudi ta thudng dung
¢ thude thiz nhém dé chia céc ion thanh nhiéu nhém, méi nhém cé thé lai

chia thanh cac phan nhém, va cudi cung dudce tach thanh ting ion riéng
biét dé xac dinh. Trinh tu tién hanh nhu vay tao nén nhiing so dé phdn
tich tong qudt va so do phén tich nhém.

2.

CAC PHAN UNG DUNG TRONG PHAN TiCH PINH TiNH

2.1. Cac loai phan ing

a.
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Phan ttng theo ban chdt héa hoc:
— Phan tng hoa tan. Vi du:
CaCl,/nuéc = Ca*" + 2CI°
CaCO, + 2HCI = CaCl, + CO," + H,0
— Phan ting két tua. Vi du:
Ag" + CI' = AgCly
— Phan ting trung hoa. Vi du:
Ba(OH), + 2HCI = BaCl, + 2H,0
— Phan tng tao ch4t bay hoi. Vi du:
NH,NO, + NaOH = NH,' + NaNO, + H,0
— Phan tng oxy-héa khu. Vi du:
2Mn* + 5Pb0, + 4H* = 2MnO, + 5Pb* + 2H,0
— Phan ting tao phitic. Vi du:
Hg®" + 41 = [Hgl,]*

. Phan @ng theo muc dich phdn tich:

— Phan ting tach: Nhiam chia cac chit, cac ion thanh nhiing nhém nhd,
hay dé tach riéng mot ion, mot chat dung cho phan tng xac dinh.

— Phan ting dic trung hay xac dinh: Nham tim mét ion khi né da dudc
c6 lap hay khi con trong hon hgp.

— Phan tng tao diéu kién cho tach va xac dinh, nhu:

7

+ Phan ing “khéa” hay loai ion can trd.



+ Phan tng “md khéa” hoidc pha phiic dé giai phéng ion can tim.
+ Phan tng diéu chinh pH méi trudng dé hoa tan, két tia hoidc trung
hoa chét cAn phan tich.

2.2 Do nhay va tinh diac hiéu cua phan Gng

Céac phan tng dung trong phan tich dinh tinh can phai nhanh, nhay,
dic hiéu, c¢6 ddu hiéu dé& nhan biét (nhu két tua, tao mau, mau thay doi
trong cac dung méi hay diéu kién phan tng, sinh khi ¢6 dic diém riéng ...),
xay ra hoan toan. Tuy nhién, tuy theo muc dich phan tich ma phan tng
duge lua chon chi cAn dat mot vai yéu cAu cu thé, khéng nhat thiét phai cé
@ cac dic tinh d& néu. Chéng han, khi tach riéng mot ion bing cach két
tta thi phan dng phai hoan toan. Nhung chi dé dinh tinh ion dé thi khéng
can phai nhu vay.

Hai yéu cGu quan trong doéi véi mét phan ung dinh tinh la dé nhay va
tinh dac hiéu.

2.2.1. Dé nhay ctia phdn ng: La lugng chit t6i thiéu c6 thé phat hién dudgc
bing phan tng d6 trong nhiing diéu kién xac dinh. C6 2 cach biéu thi do nhay:

a. D6 nhay tuyét doi hay gidi han phdt hién: La lugng chit nho nhat,
thuong tinh bang microgam (1 mcg = 10 g)trong moét mau dem thi, con
dudc phat hién bang moét phan @ng nao do.

b. D6 nhay tuwong déi: La nong dd giéi han (hay do pha lodng giéi han),
thudng tinh theo g/mL, con dudc phat hién bang mét phan tng trong diéu
kién xac dinh.

Vi du: Phan ting két tua xac dinh Na® bang thuéc thi Streng trong
éng nghiém c6 d6 nhay tuyét d6i 1a 10 meg, nghia 14 t6i thiéu phai c6 10
mcg Na* trong mot mau dem thi. Mit khac, dé quan sat dude rd rang trong
éng nghiém thi thé tich dung dich mau dem thi it nhét 14 0,5 mL. Vi vay,
do nhay tuong d6i bang 2.10° g (Na*)/mL.

Ciing phan tGng d6 nhung thuc hién bing cach soi tinh thé dudi kinh
hién vi, thi thé tich dung dich mAu thi chi caAn 0,001 mL, theo d6 d6 nhay
tuong doi van la 2.10° g/mL (hay do pha loang 1& 1/50.000 so véi don vi
néng dd g/mL), nhung d6 nhay tuyét dsi sé 1a 0,02 mcg (nhay hon 500 lan
so v6i phan ting trong 6ng nghiém).

Vi du trén day cho thay, d6 nhay phu thudc cach thuc hién phan tng.
Ngoai ra, do nhay con chiu anh hudng ctia cac yéu t6 nhiét do, néng do
thudéc thi, su c6 mit caa cac ion la...

C6 mot s6 cach dé 1am tang do nhay cta phan tng. Ching han, dung
dich iod rat lodng trong nuéc c6 mau vang khé nhan biét, nhung khi chiét
iod vao cloroform mau tim xu4t hién rat ro rang.
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2.2.2. Tinh ddc hiéu ctua phdn &ng: La trong nhiing diéu kién xac dinh, c6
thé dung phan tng (hay thudc thit) d6 dé xac dinh mot chat khi c¢6 mit céc
chat khac. Tinh dic hiéu ctia mot phan tng c6 thé bidu thi bing gia tri:

Fo Luong ion can phat hién

B Luong ion la cing c6 mat

Tat nhién, F cang nho, phan ting cang dac hiéu.

Vi du: KI 1a thudc thi dac hiéu cta ion Hg** vi né cho tia mau doé son
Hgl, rat dé nhan ra, du nong d6 Hg? rat nhé nam lan trong nhiéu ion khac.
Hon niia mau d6 dé dang bién méat néu cho du KI do tao thanh phtc
[Hgl,]* tan va khong mau.

2.3. Thuéc thi trong cac phan @ng dinh tinh
a. Yéu cqu ctia thuéc thi trong phdn tich: Phai tinh khiét, nhay va déc hiéu.

Do tinh khiét 1a yéu cau quan trong nhat. Cac thudce thi héa hoc xép
theo do tinh khiét tdng dan nhu sau:

— Loai k¥ thuat thuong dé lam nguyén liéu ban dau.

— Loai tinh khiét dé tht nghiém héa hoc néi chung.

— Loai tinh khiét dé phan tich.

— Loai tinh khiét héa hoc dé lam ch&t chuén.

— Loai tinh khiét quang hoc dé dung trong phan tich quang phd.
b. Thuéc thi theo tdc dung phdn tich: gbm cac loai

— Thuéc thi nhom: La thudc thi c6 tac dung giéng nhau 1én mot nhom
cac ion. Vi du, HCI 1a thudc thi cia nhém Ag*, Pb**, Hg,*".

— Thubc thiz chon loc: La thudc thi c6 tac dung giéng nhau trén mot s6
ion ma céc ion nay c6 thé thudc cdec nhém phan tich khac nhau. Chéing
han, NH, c6 thé tao phtic tan va khong mau v6i mot s§ ion ¢ nhiéu
nhom phan tich.

— Thuéc thw ddc hiéu hay thuoéc thu riéng: La thudc thi chi cho phan
tng dic hiéu v6i mot ion hodc v6i mot chat. Vi du, ho tinh bt cho mau
xanh chi véi iod, dimethyglyoxim trong méi truong amoniac tao thanh
chi véi ion Ni* mot két tua mau doé hong.

3. PHAN TiCH DINH TINH CATION THEO PHUONG PHAP ACID-BASE

Dé phan tich dinh tinh cac cation, ngudi ta c6 thé dung dudng 161 phan
tich riéng biét hay phan tich hé thong, thong thuong 1a két hop ca hai cach nay.

Trong héa hoc, duong 161 phan tich hé théng cac cation trong dung
dich da dugc xay dung kha chat ché: tit mot phan dung dich cdn phdn tich
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(con goi 1a dung dich ban ddu, dung dich gbc) ngudi ta lan lugt tach ting
nhém, tiing phan nhém, rdi tach riéng ting cation dé xac dinh céc cation c6
maét trong dung dich.

C6 hai dudng 16i cht yéu dé phan tich hé théng cac cation 1a dudng 16i
theo phuong phap dung H,S va dudong 161 theo phuong phap acid-base.

Duong 161 theo phuong phap dung H,S dua trén su khac nhau vé do
tan ctia nhiéu sulfid kim loai dé tach cac cation thanh 5 nhém. Pudng 161
nay khé chit ché, cho két qua chinh xéc, phat hién triét dé cic cation ké ca
khi ching ndm trong phtic chéat. Tuy nhién, dudng 16i nay c6 nhugc diém
chu yéu 1a H,S rat doc hai, mui khé chiu va trong qua trinh phan tich
thuong gip cac dung dich keo ctia S rat khé xt 1y. Vi thé, ngay nay, phuong
phap dung H,S hau nhu khéng con duge st dung.

Duong 161 phan tich hé théng cation theo phuong phap acid-base chu
yéu dya trén kha ning tao két tua, tao phiic véi cac acid-base 1a HCI,
H,SO, NaOH, NH,OH.

Bang 6 va So d6 5 chi ra su hinh thanh 6 nhém cation co ban va dudng
161 phan tich t6ng quat. Nhém cation cd ban da tach lai duge phan tich thanh
tiing phan nhém, réi tiing cation dé nhan biét nhd cac phan tng x4c dinh hodc
phan tng véi thudc thi dic hiéu (xem cac so do 6 cac bai tiép sau).

Bang 6. Su hinh thanh 6 nhom cation theo phucong phap acid-base

. Thudc thir Cac Cation thudc San pham tao thanh véi thuéc
Nhém < . 2 .
nhém nhém thu nhém
| HCI Ag+, Hg,?", Pb?" AgCl, Hg,Cl,, PbCl,
Nhém B 2+ S 2+
i - a**, Sr
acid 1 H,SO, loang Ca?*, (Pb?) BaSO,, SrSO,, CaSO,, (PbSO,)
3+ 3+ 2+
I NaOH du + glnzi (gn4'+2n AlO,, CrO,*, ZnO,*
H,0, As3*: A Sn0,%, AsO,*>
) Fe?, Fe*, Sb* Fe(OH),, Fe(OH),, Sb(OH),
Nhom \Y (NaOH) Sb**, Bi**, Mn2" Sb(OH),, Bi(OH),, Mn(OH),
pase Mg? Mg(OH),
. Cu*, Cd*, Hg*' Céc phiic amino
V NH4OH daC, du’ COZ+7 Ni2+ [Me(NHa)n]2+ n= 4’ 6
VI Khoéng cé Na’*, K*, NH,*
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So dé 5*: So d6 phan tich téng quat 6 nhém cation theo phuong phap acid-base

Dung dich phan tich cation

+ HCI 6N
Ly tdm
A 4 A 4
Nhém I: (tGa clorid) Nudéc ly tam + Nhém VI: (dung dich phan
AgCl, Hg,Cl,, PbCl, H,SO, 2N tich): NH,", Na*, K*
(Phén tich theo so d6 1) Lytam  (Phan tich theo so d6 4)
Nhém Il: (tda sulfat) Nuéc ly tam
+ NaOH 2N du
BaSO4, CaSO4, (SFSO4) (+ HZOZ)

(Phan tich theo s d6 2)

Ly tam

!

Nhom lll: (nu6c ly tdm chla oxoanion)
AlO,, ZnO,*, (Sn0O,%, CrO,?)

;

Két tha (oxyd, hydroxyd nhém
(IV + V)
+ HNO, (+ H,P,)

(Phan tich theo so d6 2) Ly tdm
A 4 Y
Nudc ly tam Tda HSbO, (hodc Sb,04.H,0)
+ Na,CO, t6i thoang duc Hoa tan bang HCI dac — Xac dinh Sb:
+ NH,OH dac - Phan (ng thy phan
(+ H,0,) - Thudc thir Caille-Viel
i (Sb*"5* c6 thé x&p nhém 1V do tao tda
Ly tam hydroxyd/acid, khéng tao phiic amoniacat/

A 4

Nhém IV: (tda hydroxyd)
Fe(OH),,Fe(OH),,
Bi(OH)3;,Mn0O,,Mg(CH),

(Phan tich theo s6 do 3)

hoac xép riéng
A 4

Nhém V: (nuéc ly tdm chila phiic amino)
Cu(NH3),*, Hg(NH,),**
(Ni(NH,),2*,Co(NH,)s**,Cd(NH;),*)

(Phan tich theo so d6 4)

* 8¢ thi tu (5) dude ghi tuong ting véi so d6 5 trong Phan 2. Thuc hanh phan tich
dinh tinh
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4. PHAN TiCH DPINH TiNH ANION

Do khéng c¢6 thuée thit nhém that ré rang, nén ciing khéng thé phéan
chia mot cach chit ché toan bd céc anion thanh nhiing nhém riéng dé phan
tich hé thong giéng nhu cac cation.

Dua theo tac dung, cac thudc thd nhém anion cé thé duge phan loai
theo Bang 7.

Nho nhiing phan tng ctua thudc thii trén nhém anion- chu yéu 1a phan
tng két tta va oxy héa khi, ching ta c6 thé nhan biét chinh xac su c6 mét
hay ving mét nhiéu ion.

Vi du, mo6t phan ing két tiia khong x4y ra véi thude thii nhém AgNO,
+ HNO,; 2N, ¢6 nghia la cac anion tuong tng CI', Br, I', SCN" khong c6 mat
trong dung dich can phan tich.

Con néu, mot phan ting oxy héa khii xay ra lam mat mau dung dich I,
thi chéc chan 14 dung dich phan tich c6 mét hay nhiéu anion ctia nhém S,

S0.%, S,0.%, AsO,™.

Nho chi dan ctia thudc thii nhém, cac anion trong mot nhém duge xac
dinh bang thudc thi dic hiéu, hodc sau phan tng tach, dugc xac dinh bang
mot vai phan Ging dic trung.

Luu y: Vi c¢6 nhiéu cation gy roi phan ting nhém va phan dng xac
dinh, nén cac cation d6 can dudgc loai bo truée khi tién hanh phan tich
anion. DPiéu nay c6é thé thuc hién dudc bing cach chuyén dung dich phan
tich thanh nuéc soda (dung dich chta Na,CO,). Trong nuéc soda, hau hét
cac cation gay roi (thuong l1a kim loai kiém thé, kim loai nang) bi két taa
dang carbonat ho#c hydroxyd. Cach tao nudc soda théng thuong 1a: 1 thé
tich dung dich phan tich (vai mL) + 1 thé tich dung dich Na,CO, (vai mL) +
vai giot NaOH d#c. Loc hodc ly tAm. Dung dich trong suét chiia cac anion
diing cho phan tich goi 1a nwde soda; va cach pha ché nhu vay goi tat 1a lam
nudc soda.

Tuy nhién néu dung dich gdc dé phan tich, hodc dung dich & diéu kién
tién hanh phan tng dic trung, da c6 du tinh chit cta nuée soda thi c6 thé
thuc hién ngay cac buéc phan tich ma khong can lam nudc soda niia.

O mic d gido trinh nay, s6 anion dudc quan tAm chi chia thanh 2
nhém:

Nhom I: gom Cl; Br; I; SCN, S,0,* dudc tach riéng bang thudc thi
nhém AgNO,; + HNO, 2N

Nhém II: gobm CO,*>, SO,*; SO,*; AsO,*; AsO,*; PO,*; CH,COO", SO.”,
SO,* dugc xac dinh theo phuong phap phén tich ntia hé thong va phan tich
truc tiép.
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So d6 phan tich anion nhém I va nhém II dude trinh bay 6 Bai 9 va
Bai 10 phia sau.

Bang 7. Phan loai thudc th(r theo nhém anion

nhém

STT | Thudc thir nhém Nhém anion San pham hoic diu hiéu phan ting
Tao cac khi tuong ung:
, , , CO, (khéng mau, lam duc nudc voi
CO,;”; CN; S*; SO;™ | trong); HCN (mui hanh nhan); H,S (mui
1 | HCI 2N hay H,SO, 2N PANAMIDE G ng): b ) T2
WTEEET | 8,04 N0y CIO théi); SO, (mii s6c manh); SO, va S;
NO va NO, (mau nau do, khé thd); Cl,
(mau vang luc, khoé thd)
Tao két tua tuong tmg:
AsO,*; AsO,*; CrO,”; | Ca,(AsO,), tring; Ca,(AsO,), tring;
BaCl, + CacCl, trong S 4 ‘) 3s\ASUs)2 9 s\ASUy)2 g
2 moi tzru’dng trurig tinh clo ’3_ MnC_)4, _S(_)“z BaCrO, vang; Ba(MnO,), do; BaSO,
;PO,™; BrO;; 1057 F ... | trBng; Ca,(PO,), trang; Ba(BrO,), trang;
Ba(l0,), trang; CaF,tréng;...
Tao két tia tuong tmg:
3 | AgNO; + HNO, 2N SCN; CI; Br; I AgSCN tréng; AgCl trdng; AgBr vang
nhat; Agl vang ro
4 Hén hgp Mg (NH,OH ASO.> PO Tao két tia tuong tng:
+ NH,CI + MgCl,) o MgNH,AsO, trdng; MgNH,PO, tréng
Cro#; AsO; Mno,; | ZaIPhonal: -
5 | KI+H,S0, 2N CIO’; CIOy; BrOy; 10y; | (Nhan biét jod bang mau trong dung
NO, dich nugc ‘hoac trong cloroform, hoac
th(r bing hd tinh bot)
2-. 2- 2.
6 | Dung dich I, e o0 SO Lam mat mau
3
. S%; 80,%; S,0,7; NO,;
7 augg dz|,c\:lh KMnO, + AsO.*; CI; Br; I; CN; | Lam mat mau KMnO,
2= SCN-
8 Khéng c6 thuéc thu NO," CIO,

5. NHONG KY THUAT CO BAN TRONG THUC HANH HOA PHAN TiCH
PINH TINH

5.1. Rtta dung cu

giot thi dung cu chua sach can phai rta lai.
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Khi tién hanh thi nghiém, dung cu thi nghiém phai hoan toan sach.
Dé kiém tra xem dung cu da sach hay chua, ta c6 thé trang bang mot it
nude c&t. Néu trén thanh thay tinh chi dé lai mot 16p nuée méng va déu thi
coi nhu dung cu da sach. Néu nudc dinh trén thanh dung cu thanh ting

C6 nhiéu phuong phap ria dung cu: ria bang phuong phap co hoc va
riia bang phuong phap héa hoc.




Thong thudng riia bang cach dung chéi 16ng co sat vao thanh dung cu
da ngdm nuéc hodc dung méi thich hop, sau dé trang rua nhiéu lan. D6i véi
cac dung cu thuy tinh chi nén xoay chéi 16ng nhe nhang vao thanh dung cu,
khong choc manh sé& lam v3 hodc thung day dung cu.

D61 véi cac dung cu khéng ria sach dude bing chéi 16ng va nude thi
phai dung cac dung dich ria cé tac dung véi chat ban. Viéc chon dung dich
rua dua vao cac dic diém sau:

— Ban ch4t dung cu cin raa (14 thuay tinh, gb, sit, nhua ...)

— Dung cu bi ban béi chédt gi, tinh chit cia né nhu thé nao (c6 thé tan
trong dung moi gi, c6 tinh acid hay base, tinh oxy héa hay khti ...)

Véi cac chit ban 14 mudi vo co hodc hitu ¢ dé tan trong nude thi rua
bing nudc xa phong. V6i cac chat ban 1a ddu md, nhua hoic cac chat hitu co
khong tan trong nudc thi c¢6 thé dung mot s6 dung méi hitu ¢ nhu rugu,
bezen, ether ...

Trong trudng hop chit ban bam chéc vao thanh dung cu thi c6 thé bd
vao binh mot it gidy loc vun, cho dung dich riia vao va lic manh. Gidy vun
sé kéo theo cac chét ban di ma khong lam xude thanh dung cu thuy tinh.

Ngoai ra con c¢6 thé dung cac dung dich rtia cé tinh oxy héa khi nhu:

— Hén hop ria KMnO, 5%: rtia sé bd dung cu bang nudc, sau d6 ngam
dung cu vao dung dich KMnO, 5% da acid héa bsi H,SO, va dun néng
nhe. Ria sach cac vét mau nau d6 (san pham phan hiy caa KMnO,va
chat ban) bang dung dich acid oxalic H,C,0,, hoéc cac dung dich khéc
nhu NaHSO,, FeSO,,.... Trang lai dung cu bang nudc cat roi say kho.

— Hén hgp rta sulfocromic (gom 20 - 30 g K,Cr,0, hoiac Na,Cr,0, trong
1 lit acid H,SO, d#c) ¢c6 mau ndu do: dung dé ria cac dung cu bing
thuy tinh, gdm st. Sau khi rtta bang dung dich nay, trang lai dung cu
bing nude c4t roi sdy kho. Hén hgp ria sulfocromic cé thé tai st dung
nhiéu 1an cho dén khi mau ndu d4 chuyén thanh mau xanh thAm méi
hét tac dung ria.

Chu y:
Khéng dé hdn hop ria roi trén da hodc quéan ao.

Khi can rta cac loai 6ng nhd, khong dudc dung miéng hit ma phai
dung qua bép cao su dé hut dung dich rta hodc c¢6 thé ngdm ca dung cu vao
dung dich rua.

5.2. Cach dun néng

Dé dun néng hoa chat, tuy theo nhiét d6 ta c6 thé st dung cac thiét bi
dun néng thich hgp. Trong quéa trinh dun khéng nén dé dung cu bi thay déi
nhiét d6 dot ngot vi dé gay nit va.
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— Dun chat 10ng:

+ Khi dun chat 1ong dung trong binh ciu, céc thuy tinh phai 16t mot
tdm ludi amian dé tranh v4. Khong dude dit coc néng nhéc ti bép
xudng mat ban ¢4 ma phai 16t bang cac vat c6 tinh chat cach nhiét
nhu gb, amian....

+ Khi dun chat 1ong trong éng nghiém phai dung cip gb cip ong
nghiém. Trudc hét dun nhe toan bd 6ng nghiém, sau dé6 méi tap
trung dun, vita dun viia lac déu, huéng miéng 6ng nghiém vé phia
khong ¢6 nguoi.

— Pun ch&t rdn: Dung 6ng nghiém khé, khi dun dé 6ng nghiém nam
nghiéng, dau cao hon day mot chit. Lic ddu dun déu khip ong
nghiém, sau d6 méi tap trung dun chd cé chat rén, huéng miéng ong
nghiém vé phia khong c6 nguoi.

5.3. Loc

Loc 1a phuong phap dé tach chat rin ra khoi chét 16ng bang cach cho
hén hop di qua mdt mang loc.

Cé nhiéu loai mang loc: gidy loc, bong thuong, béng thuy tinh, bong
amian, phéu day thay tinh x6p.... Viéc lua chon mang loc tuy thudc vao ban
chat dung dich va chat ran can tach. Néu chit ran hay dung dich loc pha
huy mang loc loai nao thi khong dung loai ay.

Vi du: acid hodc kiém dic sé pha huy gidy loc cellulose nén khi loc
phai dung mang loc amian; CrO, c6 tinh oxy héa manh, dét chay cac chat
hitu co thi khong dung bong, gidy loc thong thuong ma phai dung bong
thuy tinh hodc phé&u loc ¢c6 mang thuy tinh xdp.

Tuy thuodc vao kich thudc cia két ta dinh loc ma chon loai mang loc
c6 kich thuéc 16 réng cho phu hgp. Cac loai gidy loc, phéu thuy tinh x6p c6
cac s6 hiéu khac nhau dé chi kich thudée 16 rong.

Vi du: véi gidy loc, thuong phan biét ching dua vao mau sic cia bang
gidy dan ngoai hop:

— (Giay loc bang dd hay bang den: 12 loai c6 kich thuéc 16 réng 16n (¢ # 10 pm).
— Gidy loc bang trang c6 16 réng trung binh (¢ # 3 pm).
— Giay loc bang xanh c6 kich thuéc 16 réng nhé (¢ # 1 - 2,5 um).

Nhiing két tia thong thuong va dung dich c6 pH ti 0 dén 14 thuong
dugce loc qua bong hodc gidy loc cellulose. Tuy theo muc dich loc ma ta c¢6
cac cach gip gidy loc nhu sau:

— Gép gidy loc phing dé 14y phan két tta, dung cho phéu thuy tinh
thuong.
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— Gép gidy loc c6 nhiéu nép gdp dé 14y phan dung dich, diung cho phéu
thuy tinh thuong.

— CAt gidy loc tron va phéng dé 14y ca phan két tua va dich loc, dung
cho phéu day phang c6 15.

Chi y: Khi gap gidy loc khong nén miét tay qua manh vao gidy loc dé
gay thung gidy khi loc.

Loc dudi dp sudt thuong bang phéu thuy tinh hinh non:

Giay loc sau khi gap, dit vao phéu phai thap hon miéng phéu tu 3-5
mm. Gidy loc phai dit sat vao thanh phéu va gin tdm phéu nhat, tranh
hién tugng c6 khoang cach khong khi 1am cho viéc loc chAm. Phai tham uét
gidy loc bang nuéc cat trude khi loc.

Khi loc, cudng phé&u can cham vao thanh céc dé dong chay lién tuc va
loc nhanh hon. R6t cdn than dung dich phia trén két tia xuéng hét theo
diia thuy tinh xuéng phéu. Sau khi dung dich da chay hét thi méi dua két
tua lén phéu.

Chi y: khong dude dé két tiia va dich loc cao qué 3/4 mép gidy loc; két
tua khong cao qua 1/2 chiéu cao giay loc.
5.4. Ly tam

Khi can tach két tta ra khéi dung dich, ta dung may ly tam quay tay
hay may ly tam dién.

Khi dung may ly tdm cAn theo ding nhiing quy tic sau day:
a) Dung cac ong c6 kich thudc, hinh dang nhu nhau
b) Khéong d6 dung dich qua 2/3 ong

c¢) Mbi 6ng dung dung dich can ly tAm phai c6 mot 6ng doi trong (dung
nuéc) ndng tuong tng va dit 2 6ng doi xiing qua truc quay.

d) Pay ndp may (néu la ly tAm dién), cho quay cham réi nhanh dan.

e) Khi tit may phai giam téc do dan.

Sau khi ly tam, két tta nam 6 duéi day ong nghiém, phan dung dich &
trén quy udc goi 1a nwdce ly tdm. Trudng hop con tta ndi trén mat nude ly
tam thi can loc qua mot giay loc nho.

5.5. Rira két tua

Thuong dung ba cach ria két tua la riia gan, rua ly tam va rta trén
phéu loc.
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5.5.1. Rua gan

R6t nuée ria vao két tia trong coc, dung diia thuy tinh khuay déu va
dé 14ng. Gan bd phan dung dich trong, réi lai thém mot lugng nude ria niia
va lap lai dong tac trén nhiéu lan.
5.5.2. Rita ly tam

Trdn tia trong 6ng nghiém véi vai mL nuée cat réi dem quay ly tam,
gan bo nuéc ly tam. Lip lai vai l1an cho dén khi taa sach.
5.5.3. Rita trén phéu loc

Chuyén toan bd két taa 1én phéu loc, rét nude rua via du ngap tua.
Chd cho dung dich rtia chay hét qua phéu loc roi méi rét tiép 1lan khac. Lap
lai dong tac nay nhiéu 1an cho dén khi két tua sach.

Chu y: Dé viéc rua tiia nhanh va sach, mdi 1an rét nudc ria chi cin rét
mot lugng nho va phai cho cho dung dich trén phéu chay xuéng hét méi cho
14n ti&p theo.

Dé kiém tra viéc ria d& hoan thanh chua, ta 14y vao mét 6ng nghiém
nhd vai giot nuée rta sau khi da rta duge vai lan va thi xem c6 con chat
can rua hay khong.

Viéc chon nudc ria tuy thudc vao do tan cua két tia trong cac dung moi.
Thong thudng trong phong thi nghiém hay dung nudc cat dé ria. Cac két tua
c6 d6 tan it thay d6i theo nhiét do c6 thé dung nude ria néng. Két tta dé tan
trong nudc thi ria bang nudc ngdm trong da hoic cac dung méi hiiu co.

5.6. Thuc hién phan (ng

5.6.1. Két tua
Thudng dung phan tng két tta dé tach riéng hoic dé dinh tinh céc ion.

— K&t tua la tinh thé, néu dem soi kinh hién vi thi tia phai ¢6 hinh
dang xac dinh.

— Két tua 1a vo dinh hinh hoac keo, néu ngay sau phan tng tua khé
lang, duc md ca dung dich.

5.6.2. Soi tinh thé
Bang hai cach:

a) Lam phan {ing trong 6ng nghiém, dung pipet nhé 1 giot dung dich
¢6 1an tinh thé 1én phién kinh va dem soi trén kinh hién vi.

b) Lam phan ting trén phién kinh: nhé 1 giot dung dich, thém 1 giot
thuéc thi bén canh, dung diia thuy tinh néi lién 2 giot dé phan tng.
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Chi y: Dung dich loang, tinh thé xuét hién chdm nhung rd hinh dang.
Néu lodng qua thi ho néng phién kinh dé ting néng d6 chit phan tung.

Dung dich dic qué, tinh thé xuét hién nhanh va nhiéu, nhung it c6
tinh thé dep va hinh dang dic trung.
5.6.3. Thi xem két tua da hoan toan

— Sau khi quay ly tam, nhd ti ti theo thanh 6ng nghiém 1-2 giot thudc
tht va quan sat. Néu 6 phan nuéc ly tam khong con xuat hién tua thi
phan ting két tiia da hoan toan, néu ngudc lai 1a chua hoan toan.

— Ciing thu bang cach xem méi trudng: néu nuée ly tAm c6 pH kiém thi
phan {ing tia kim loai ning bang kiém da hoan toan.
5.6.4. Hoa tan két tua

Thém thudéc tht hay dung méi vao, néu tia khong tan hét thi dung
dtia thuy tinh tron kj hoac dun néng mot cht.

Néu muén hoa tan hét két taa, c6 thé phai thém tiép thudc thu va
dung moi.

Néu muoén hoa tan chi mt phan tua thi dem quay ly tAm rdi gan hay
dung pipet dé tach riéng tia va dung dich.
5.6.5. Thu chdt khi

Chat khi thoét ra c6 thé nhan biét bing mau, mui hoidc dung thudc thi.
Thudc thi c6 thé t4m vao gidy loc réi dinh vao ddu pipet, dau day hoic dung &
day mot 6ng nghiém khéc va nghiéng hay déc ngude dé hing khi vao.

5.6.6. Thu mau ngon lia

Mot s6 chat khi d6t trong ngon ltia khong mau ctia dén gas thi bay hoi
va cho ngon ltia c6 mau dic trung.

Cach tht: dung day Nickel-Crom hoac day Platin da rta sach (bang
cach nhing vao dung dich HCI dic va dot dé vai 1an) nhing vao bot thu
hay dung dich chat thii roi dua vao ngon ltia khéng mau cua dén gas.

5.6.7. Thu pH cua méi truong

O c4c phan tng dinh tinh trong éng nghiém, thusng dung cac chi thi
mau 1a nhiing chat c¢6 mau sic bién d6i theo pH ctia dung dich.
Cdch thu:
— Nhoé 1-2 giot phenolphthalein vao dung dich thi. Néu dung dich
khéng mau thi pH < 8; dung dich ¢6 mau dd thi pH > 10; dung dich ¢6
mau héng canh sen thi pH = 8-10.
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— Nhing gidy quy tim vao dung dich thi hodc tdm uét gidy quy roi ho
vao khi bay ra. Néu gidy quy c6 mau doé thi dung dich thi hoidc khi
bay ra tao dung dich c6 pH < 6; néu gidy quy c¢6 mau xanh thi pH > 8.

— Nho 1 giot dung dich thu lén gidy chi thi van néngqréi so sanh mau
vl thang do mau mau (in san trén hop hodc bia) dé xac dinh gia tri
pH (da cho 6 m6i mau mau).

5.6.8. Piéu chinh pH ciia méi truong

— Khi méi truong dang acid ma can diéu chinh vé méi truong kiém hay
trung tinh thi thém tung giot dung dich KOH, NaOH, NH,OH,
NaCH,COO, Na,CO, hay muéi cua acid yéu va kiém manh khac ho#c
12 dung dich dém vung kiém. T4t nhién, néu dang xac dinh Na* thi
khong dung nhiing chit chia Na* dé diéu chinh moéi trudng.

— Khi méi truong dang kiém ma muén diéu chinh vé méi truong acid
hodc trung tinh thi thém dan ting giot dung dich HCI, HNO,,
CH,COOH, NH,CI, NH,NO, hay cac mudi cua acid manh va base yéu
khac hoéc la dung dich dém vung acid.

BAI TAP (BAI 2)
2.1. Chon mot tra 161 ding nhAat:
(danh d&u V vao tra 15i ding nhat)

a. Phuong phap héa hoc trong phan tich dinh tinh 1a phuong phap
dya trén:

A. Cac tinh chét vat 1y ctia mau kiém nghiém
B. Po phé hédp thu nguyén ti, phan ti
C. Cac phan ting hoéa hoc
D. Soi tinh thé duéi kinh hién vi
b. Phan tich uét 14 phuong phap phan tich dinh tinh tién hanh véi:
A. Dung dich
B. Chét ran
C. Dung dich béng dudng 16i kho
D. Ca dung dich va chat rdn
c. Phan tich riéng biét la phéan tich:
A. Xac dinh mot ion bing phan ting dic trung
B. Xac dinh mot ion bing thudc thi dac hiéu
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C. Xac dinh ion bang thuéc thii nhém
D. Xac dinh mét nhém ion bang thudc thi dic hiéu

d. Phan tich hé théng 12 phuong phap:

A. Xac dinh ion trong hén hdp nhiéu ion bang thudc thi dic hiéu
B. Xac dinh céc ion theo thi tu nhat dinh

C. Xac dinh ion bang thudc thit nhém

D. Xac dinh ion bang phan ting xac dinh

2.2. Phan biét ding (D), sai (S)

2.3

24.

2.5.

2.6

2.7.

2.8.

(Panh d4u V vao 6 thich hgp)
a. Phan tng tach 1a phan tng khéa 1 ion can trd 0
b. Phan tng dé chia cac ion thanh ting nhém nho
hoac dé tach riéng 1 ion goi 1a phan tng tach
c. Phan ting xac dinh la phan tng dé tim 1 ion dd c6 [ O
lap hoéac con trong hon hgp véi cac ion khac
d. D6 nhay tuyét doi 14 giéi han néng d6 con dugc [ 0
phat hién bang mot phan tng
e. Lugng ch&'t nho nhat tinh bang mcg trong mot mau [ 0
kiém nghiém con dudc phat hién bang mot phan
ting goi 1a d6 nhay tuyét déi
f. D6 nhay tuong déi 1a néng d6 nho nhat tinh theo 7 O
g/mL con dudge phat hién béi mot phan tng
g. D6 nhay cia mot phan tng xac dinh phu thudoe 0O 0
diéu kién tién hanh
. Duong 161 phén tich hé théng cac cation theo phudng phéap acid-
base dya trén nguyén tac nao?
Ké ra cac thudc thit nhém va tén cac cation trong nhém phéan tich
theo phuong phap acid-base

Vé so do phan tich tdng quat 6 nhém cation theo phucng phéap
acid-base

. Ké tén cac thudc thi nhém anion va doc tén cac anion theo mbi
thudc thi tuong ting

Phan ting gitia thu6c thti nhém anion va anion trong nhém thuoc
nhiing loai phan ing nao va cho nhiing san pham gi ? Nhan biét
cac san pham ay nhu thé nao?

Phéan chia cac anion thanh 2 nhém (theo gido trinh nay) la dua
trén duong 161 phan tich hé théng? Nia hé thong? Hay phan tich
truc tiép? Giai thich.
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Bai 3

CATION NHOM I: Ag*, Pb*, Hg,*

MUC TIEU
1. Trinh bay va gidi thich duoc phan ng ciua thuéc thi nhém véi cde cation nhém I.
2. Viét duoc mot sé phan ing ddc trung cua cdc cation nhém I.

3. Gidi thich dudc cdc bude phén tich theo so dé 1.

1. TEINH CHAT CHUNG

Cac cation nhém nay c6 kha nang tao két ta véi hau hét cac acid (tru
HNO,), nhung chi ¢c6 HCl 6N thi tao tua v6i nhom nay ma khong tao tua
v6i cac cation nhém khéc. Vi thé, HC] chinh 1a thuéc tht dé tich nhém
cation Ag*, Pb**, Hg,*" ra khoi c4c cation khéc.

T cac mudi két tiia nay, ngudi ta lai tach ching ra va nhan biét tiing
cation nhém I dua vao cac phan ing dic trung cua chuing.

2. CAC PHAN UNG PHAN TiCH PAC TRUNG CUA CAC CATION
NHOM I

2.1. Vi HCI loang
Ag" + HCl Agchtrd’ng, v6 dink hinh T H"
Hg,” + 2HCl = Hg,Clylying v6 dinh hinn + 2H'
(Hg,Cl, con goi la calomel)
Pb*" + 2HCL = PbClylying inn e + 2H'

AgCl va Hg,Cl, c6 do tan it phu thudc vao nhiét do, trong khi d6 tan
ctia mudi PbCl, phu thudc rat nhiéu vao nhiét d (6 20°C 1a 11,0g/L va &
100°C 1a 32,0g/L), nén ngudi ta c6 thé tach PbCl, ra khéi AgCl va Hg,Cl,
bang nudc néng.

AgCl va dac biét la PbCl, tan dugc trong HCl dac va cac dung dich
mudi clorid dam déc, nhat 1a khi dun néng:
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AgCl + 2HCI = H,[AgCl,]
PbCl, + 2HCI = H,[PhCl,]

Khi pha loang cac dung dich nay thi thu dugc két tia AgCl va PbCl,
tré lai.

AgCl c6 kha ning tao thanh cac phiic chat tan:
AgCl + 2NH,0H = [Ag(NH,),]C] + 2H,0
AgCl + 2KCN = K[Ag(CN),] + KCl
AgCl + 2Na,S,0, = Na,[Ag(S,0,),] + NaCl
Khi acid héa dung dich [Ag(NH,),]* thi két tia AgCl xuét hién trd lai:
[Ag(NH,),]* + 2HNO, = AgCl, + 2NH,NO,

Hg,Cl, chi tan trong HNO, d#c hodc dung dich cuong thuy do Hg,*" bi
oxy héa thanh Hg*".

Hg,Cl, tac dung v6i NH,OH thi tao két tia den, do:
Hg,Cl, + 2NH,0H = (NH,Hg,)Cl + NH,CI + 2H,0
(NHzng)Cl = [NHZHg] Cli’ tring + Hgoi' den

2.2. V6i KI hay KBr
Agt+1 =Agl,
Ag+ + BI'_ = AgBI’i vang nhat

Agl chi tan trong KCN va Na,S,0,, khong tan trong acid va NH,OH
dac. AgBr khong tan trong cac acid, nhung tan trong NH,OH dac, KCN va
Na,S,0..

vang

Hg22+ + 21 = I_Ig2]:2‘L vang xanh
Hg,I, + 21 = [Hgl,]* + Hg°
C6 thé nhan biét dude su c6 mit cia Hg,*" nho két ttia mau vang xanh
cua Hg,I, trén nén vang cua cac tia Agl va Pbl,, nhung nong d6 cua Hg,*
phai du 16n.
Pb?* + 2T = PbL,y .,
PbI, + 2T = [Pbl,]?

Tinh thé Pbl, khi dun néng sé tan va lam lanh sé& tao thanh céac tinh
thé 6ng anh mau vang rit dep. Nhung phan tng nay ciing cAn nong do cua
Pb*" tuong d6i 16n. Khi néng do nhé thi dung cac thuéc tht khac nhu KI
hay K, CrO, trong mdi truong acid yéu ho#c trung tinh, hoic Na,S trong
moéi truong kiém.

khong mau
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2.3. Vé6i H,SO, loang
Pb* + SO42> = PbSOsz tinh thé tring

PbSO, khoéng tan trong cac acid loang, nhung tan trong H,SO, dac,
HC1 dac, NaOH dac, CH,COONH,:

PbSO, + H,S0, = Pb(HSO,),

PbSO, + 4HCI = H,[PbCl,] + H,SO,

PbSO, + 4NaOH = Na,PbO0, + Na,S0, + 2H,0

PbSO, + 4CH,COONH, = (NH,),[Pb(CH,C00),] + (NH,),SO,

Cation Ag* va Hg,”* chi tao dugc két ttia véi SO,* khi nong do cua

ching tuong do1 16n, do tich s tan ciia cidc mudi tuong ting khong nho.
2.4. V6i NaOH hay KOH

Ag"+ OH = AgOHy 4.,

2AgOH = Ag,0, ., + H,0

Ag,0 khoéng tan trong kiém du, dé tan trong HNO,, NH,OH va dé bi
anh sang phan huy tao thanh Ag.

Hg,” + 20H = Hg,0y ., + H,0
Hg,O tan dugc trong HNO, va CH,COOH dac.
Pb* + 20H" = Ph(OH),0 ing
Pb(OH), + 20H" = PhO,* + 2H,0
Do dé tao thanh plumbit nén cac mudi chi PbSO,, PbCrO,... déu dé
tan trong kiém du.
2.5. V6i NH,OH
_ 2Ag" + 2NH,OH = Ag,0 + 2NH," + H,0
Ag,0 + 4NH,0H = 2[Ag(NH,),]JOH + 3H,0
~ 2Hg,(NO,), + 4NH, + H,0 = (NH,Hg,0)NO, | 1, +2Hg"! 4o + SNH,NO,
— Pb(NO,), + NH,OH = Pb(OH)NO,, + NH,NO,

2.6. Véi Na,CO; hay K,CO,
- 2Ag" + CO,* = Ag,CO,,
— 2Pb*" + CO,* + 20H" = Pb,(OH),CO,|
— Hg,* + CO,* = Hg,CO,,
Hg,CO, = HgO, + Hg, + CO,’
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2.7.V6i K,CrO,
2Ag" + CI'O42> = Ag,CrO,l 4 nau

Tuy theo méi trudng ma thu dudc cac sdn phdm khac nhau: Mai
truong kiém thi tao Ag,0 den; méi truong NH, thi tao [Ag(NH,),]"; moi
truong acid yéu sé tao Ag,Cr,0.; méi truong acid manh sé khong cé két tua.

- Hg,** + CrO,* = Hg,CrO,} 4
— Pb*" + CrO,* = PbCrO4 g
PbCrO, khong tan trong CH,COOH loang va NH,OH, nhung tan
trong HNO, loang va NaOH.
2.8. V6i dung dich H,S
- Agt+ S* = Ag,S| 4

Ag,S khong tan trong NH,OH, KCN, Na,S,0,, nhung tan trong HNO,
loang, néong:

3Ag,S + 8H" + 2NO, = 6Ag" + 2NO + 3S + 4H,0
- Hg,”* + H,S = HgS, ., + Hg’, + 2H"
_ Pb* + H,S = PbS, ,,_ + 2H"

PbS c6 tich tan rat nho, nén phan dng nay thudng dude dung dé tim
Pb**. PbS khéng tan trong HCl, H,SO,, nhung tan trong HNO, loiang, néng
hoac trong HNO, dac:

3PbS + 8HNO; 3, = 3Pb*" + 6NO, + 2NO + 38 + 4H,0
3PbS + 8HNO, 4, = 3PbSO, + 8NO + 4H,0

2.9. Vi Na,S,0,
— 2Ag" + 5,0, = Ag,8,0; 4 iy
Néu du S,0.” thi tao phitic tan:
Ag,S,0, + 3S,0,* = 2[Ag(S,0,),]*

Khi dun néng hoéc trong méi truong acid thi phtic nay khéng bén, bi
phan huy tao Ag,S:

2[Ag(8,0,),]* + H,0 = Ag,Sy 4., + SO, + 2H" + 3S,0,*
2[Ag(8,0,),]* + 4H" = Ag,Sy 4, + SO,* + 35S0, + 38 + 2H,0
- Hg,** + 28,0,>* =HgS,,,+Hg°+ S+ SO, + S0O*
— Pb*" + 8,0,> =PbS,0; 4 i,
PbS,0, + 28,0,* = [Pb(S,0,),]*
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[Pb(8203)3]4- + 2H" = PbS, + 2S + 2S0, + SO,* + H,0

2.10. Vé6i Na,HPO,
- 3Ag+ + HPO42- = Ag3PO4‘L vang tuoci + H+
Ag.,PO, tan trong HNO, va NH,OH:

Ag,PO, + 6NH,0H = 3[Ag(NH,),]" + PO,* + 6H,0

— 3Pb" + 2HPO,* = Pby (PO,)s! i + 2H"
Pb,(PO,), khong tan trong CH,COOH, HCI, nhung tan trong HNO,,

NaOH:
Pb, (PO,), + 90H" = 3HPbO, + 2P0O,* + 3H,0
Bang 8: Tém tat cac phan (ing dic trung cla cation nhém |
Cation
Thuéc thir
Ag* Pb* Hg,”
AgCly 4 tan trong , | H:Cloy yzng, tAC dung voi
HClloang | NH,OH du do tao phic Eg%z“féng’ tantrong NUGC | 4 OH  tao  Hg®
[Ag(NH,),]" NH,HgCl
HZSO4 lOéng - PbSO4¢ tréng HgZSON« trang
NaOH hay Pb(OH),, 44 tan trong
KOH AG20 aen kiém du, tao PbO,? HG201 den
NH,OH du tao phic [Ag(NH,),]" Pb(OH)y irang [Hg,ONH,INO;, + Hg’
K,CO hay Hg,CO,; = HgO + Hg +
N232063 AgZCO3~L trang PbZ(OH)ZCO&L tréng C022 °
PbCrO g tan  tron
K,CrO, AG,CrO4L s nau kiém dCl’l vans g Hg,CrO4. 45
A nglzivéng xanh né’u du
Kl AGlL yang Eg:}” wng 18N trONG NUAC | 4 i< "S5 tao thanh:
g Hg|42- + HgO
HZS AgZSJr den PbS¢ den Hgsiden + Hg%
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3. S0 PO PHAN TiCH

So dé 1*: So do ly thuyét phan tich Cation nhém |: Ag*, Hg,?*, Pb?*

Dung dich phan tich + HCI 6 N (tung giot)
Lac ky, ly tam, |8y két tia

A 4

Taa T, (AgCl, Hg,Cl,, PbCl,) rita bang Nudc ly tdm L,
H,O + HCI 2N. Bun sd6i, ly tdm néng (c6 cation cac nhém 11, 11, IV, V)

l l

Nudc ly tam L,:

- Tim Pb2+ Tda T, (AgCl, Hg,Cl,) + NH,OH déc, lac Iy
Két tlia Nudc ly tam:
= Tim Hg,* - Tim Ag"

* Sg d6 thuc hanh tuong tng: xem sé d6 1, Phan2. Thuc hanh phan
tich dinh tinh

BAI TAP (BAI 3)
3.1. Hay hoan thanh cac phuong trinh phan tng sau:

1) AgNO, + NaBr — ... +....

2) AgNO, + NH,OH ;,, —» ... + ...

3) Hg(NO,), + KI,, —> ... + ....

4) Hg,Cl,+ NH,OH,, — ... + ...

5) Pb(NO,), + K,CrO, — ... + ...

6) Pb(NO,), + Na,S — ... + ...
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3.2.

3.3.

3.4.

3.5.

Hay can bang va lua chon mot phan tng dé phat hién ion Ag*
trong dung dich phan tich:

1) Agt+ T — Agl

2) AgNO, + H,SO, - Ag,SO, + HNO,

3) AgNO, + NH,OH,, —» [Ag(NH,),]NO, + H,0O

Hay giai thich vi sao ¢6 thé hoa tan PbCl, tit hén hop AgCl, PbCl,
Hg,Cl, bing cach dun néng?

Khi dang NH,OH d#c dé hoa tan hén hgp AgCl, PbCl,, Hg,Cl, thi
ch&t nao sé bi tan, vi sao ?

Vi sao rta tua T, (6 s d6 1) bang nudc lai phai thém HC1 2N ?



Bai 4

CATION NHOM II: Ca**, Ba*

MUC TIEU
1. Trinh bay va gidi thich duge phdn ng cia thubdc thiz nhém vdi cdce cation nhém II.
2. Viét mét s6 phdn vng ddc trung ciia cdc cation nhom II.

3. Gidi thich duoc cdc budc phan tich theo so dé 2 (¢ Bai 5, phdn phdn tich cation
nhom II).

1. TEINH CHAT CHUNG

Cac cation Ca?*, Ba?" dé dang tao két tiia bén viing véi acid H,SO,
lodng, nén acid nay 1a thuéc thi nhém dé tach cation kim loai kiém thé ra
khdi cac cation khac. Tuy nhién, cac két tiia sulfat nay khé tan hoéc khong
tan trong acid ho#c kiém, nén can chuyén ching thanh tia carbonat. Sau
d6 hoa tan taa carbonat bang CH,COOH roi nhan biét tiing cation nhom II
nhd cac phan ing dic trung cua chung.

2. CAC PHAN UNG PHAN TiCH PAC TRUNG CUA CATION NHOM II

2.1. Véi H,S0, loang
Ba** + H,80, = BaSO, { ynh thé tring T 2H"
Sr?* + H,S0, = SrSO0, ¢ i he tring + ZH
Ca® + H,S0, = CaS0, | 4, + 2H'

C6 thé chuyén cac tua sulfat MeSO, (Me?*" = Ba?" Sr** Ca®") vé dang
tiia carbonat bang cach dun néng véi dung dich Na,CO, bdo hoa nhiéu lan:

MeSO,, = Me* + SO,*
l + CO,”

MeCO,y

2.2. Vi Na,CO, hay K,CO;, (NH,),CO,:
Na,CO, + MeCl, = MeCO, | + 2NaCl

63



Cac mubi carbonat nay it tan trong nudc, nhung tan trong cac acid

HCI, HNO,, CH,COOH:
MeCO, + 2HCI = MeCl, + H,0 + CO,’
Do CO,* két taa duge nhié;l} cation nhém khéac, nén khong dung né dé
tach cac cation kim loai kiém thé ra khoi cac nhém khac.
2.3. V§i K,CrO,
Ba® + Cr0,* = BaCrO, { ynh thé vang
Sr*" + CrO,* = SrCrO,  ynh thé vang

Két tta xudt hién phu thudc nhiéu vao pH cta dung dich vi luén ton
tal can bang:

Cr,0.* + H,0 = 2Cr0 > + 2H"
D6 cam Vang

BaCrO, khong tan trong kiém, nén day 1a co sé dé tach Ba® ra khoi Pb*".

2.4. Vi amoni oxalat (NH,),C,0,
Me** + (NH,),C,0, = MeCy0 4 tinn ths tring T 2NH,"

Cac MeC,0, tan trong HCl, HNO,; riéng BaC,0, va SrC,0, tan ca
trong CH;COOH, con CaC,0, khong tan.

2.5. V6i Na,HPO,

Me*" + Na,HPO, = MeHPO,, ,.4,,, + 2Na*
MeHPO, tan trong HCl, HNO, va CH,COOH.

Bang 9: Tém tat cac phan (ing dac trung cla cation nhém |

i . Cation
Thuoc thu
Ba* sr** ca*
- CaSO, 4. tan nhiéu

H,SO, loang BaSO,1 yang SrSO4. trang trong ﬁuécg

Na2C03 BaCOSi tréng SrCO?:l« tréng CaCO?:i« trang

K,CrO,

- M6i trudng trung tinh BaCrO,. vang SrCrO,4L vang --

- M6i trudng acid BaCrO,. vang - -

(NH,),C.0,

BaCZO4 { tréng

SrCZO4 { tréng

CaC2O4 { tréng

Na,HPO,

BaHPO4 { tréng

SrH PO4 { trang

CaH PO4 { tréng

Th{* mau ngon Ilra

Mau vang luc

Mau dé manh

Mau d6 gach
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3. S0 PO PHAN TiCH

So d6 2*: So d6 ly thuyét phan tich cation nhom II: Ca?*, Ba* va
nhém III: Al**, Zn*" (Xem & muc 3, bai 5 tiép sau)

BAI TAP (BAI 4)
4.1. Hay hoan thanh cac phuong trinh phan tng sau:
1) BaCl, + H,SO, — ... +....
2) Ba(NO,), + K,CrO, — ... +....
3) CaCl, + Na,CO, — ... +....
4) Ca(NO,), + (NH,),C,0, — ... +....

4.2. Hay giai thich vi sao c¢6 thé dung Na,CO, bao hoa dé chuyén két
tia BaSO,, CaSO, thanh két tia BaCO,, CaCO, ?

4.3. Hay giai thich vi sao ¢6 thé dung (NH,),C,0, dé nhan biét su c6
mét ctia ion Ca*" trong dung dich?

4.4. Hay giai thich vi sao c¢6 thé dung K,CrO, trong mdi trudng kiém
dé nhan biét su c¢6 mit cta ion Ba?* trong dung dich?
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Bai 5

CATION NHOM lil: AP*, Zn?

MUC TIEU

1. Trinh bay va gidi thich duoc phdn wng cua thuéc thi nhém vdi cdc cation
nhom III.

2. Viét duge mét sé phdn tng ddc trung cia cdc cation nhoém III.
3. Gidi thich dudc cdc budc phan tich theo so do 2 (phan phdn tich cation nhom III).

1. TEINH CHAT CHUNG
Céac cation nhém III déu c6 kha ning tao thanh cidc muéi tan trong
moi truong kiém du:
Al* + 40H = AlO, + 2H,0
Aluminat
Zn*" + 40H = Zn0,” + 2H,0
Zincat

Vi vay thuéc thi dé tach cation nhém IIT ra khéi cAc nhém khac 1a
NaOH hoic KOH du. Sau d6 nhan biét tiing cation nhém III bang cac phan
ting dic trung cua chung.

2. CAC PHAN UNG PHAN TiCH PAC TRUNG CUA CATION NHOM III

2.1. V6i NaOH hay KOH
— A" + 30H" = AI(OH)31 t140g vo dinh hink
AI(OH), + OH" = A0, + 2H,0
Muoén thu dugc két tia AI(OH), thi dung acid yéu:
AlO, + NH," + H,0 = AI(OH),, + NH,
—  Zn* + 20H = Zn(OH),}
Zn(OH), + 20H = Zn0O,* + 2H,0
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Muén thu dugc két tia Zn(OH), thi dung acid yéu, nhung khong dung
NH,* vi tao thanh phic tan [Zn(NH,),]*".
2.2. V6i NH,OH
Al** + 3NH,OH = A1(OH),, + 3NH,*
7n* + ANH,0H = [Zn(NH,),]* + 4H,0

2.3. V6i Na,CO, hay K,CO,
2A1C1, + 3Na,CO, + 3H,0 = 2A1(OH)4+ 6 NaCl + 3COyt
Riéng Zn* tao thanh cac san pham khac nhau tuy theo nong d6 dung dich:
27ZnCl, + 2Na,CO, + H,0 = Zn,(OH),CO,, + 4NaCl + COxt
3ZnCl, + 3Na,CO, + H,0 = Zn,(OH),(CO,),, + 6NaCl + COyt

2.4. V&i Na,HPO,
AICI, + 2Na,HPO, = AIPO, | .., sne + 3NaCl + NaH,PO,
3ZnCl, + 4Na,HPO, = Zny(PO,), | 10 wine + 6NaCl + 2NaH,PO,

Cac mudi phosphat trén déu tan dudgc trong kiém va acid vé co.

2.5. Véi H,S:
— Trong moi truong trung tinh hoic amoniac thi AI** tao thanh A1(OH),, :
2NH,OH + H,S = (NH,),S + 2H,0
2A1C1, + 3(NH)),S = Al,S, + 6NH,C1
ALS, + 6H,0 = 2A1(OH),y + 3H,S
— Trong moi truong trung tinh hodc kiém yé&u thi Zn** tao thanh ZnS, :
Zn** + H,S = ZnS| tigng v dint ninn + 2H

ZnS tan trong cac acid v6 cd, nhung khong tan trong CH,COOH va
NaOH.
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Bang 10: Tom tat cac phan (ing dac trung cta cation nhém il

Cation
Thudc thir

AP Zn*
NaOH du AIO, Zno
Na,CO, AI(OH);3 4 keo tréng Zny(OH),CO3 § 4ng
NH,OH du AI(OH); 4 keo tring [Zn(NH.) ¥ wn
Na,HPO, AIPO,y 4ng Zn3(PO,)24 tring
H,S trong CH,COOH - ZNSy yrang
(NH,),S trong méi trudng trung AI(OH)s 4 oo ving ZNS 40

tinh hay kiém yéu

— C6 mat vét Cu*, tao
két tha mau tim

(NH,),[Hg(SCN),] - ,
— C6 mét vét Co*, tao
két tha mau luc
o Két tia son dé
Alizarin-S
o) OH O/AI\O
UO ) OH
SOzNa
SOsNa
(@]
o

(1/3 cong thirc phc)
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3. SO PO PHAN TiCH

So d62*: So do ly thuyét phan tich Cation nhém II: Ca?*, Ba?* va nhém Il AP, Zn®*

Dung dich phan tich + H,SO, 2N (tung giot) + C,H;OH.
Bun nhe, ly tdm

A 4

A 4 A 4

Nudc ly tam L:AlP*, Zn?* + NaOH 2N du

Tda T, (BaSO,, CaSO,)

Na,CO, b&o hoa l4c k¥, dun néng, ly
tam. Lap lai 3,4 1an dé chuyén hét tda
T1 thanh tia BaCO,, CaCO,

Dung dich: AIO,", ZnO,%, cd can b6t +
NH,CI bao hoa + NH,OH dc (vai giot)

Taa Ty Al (OH),L Nuéc ly tam Ly: [Zn(NHa),J>*
= Tim AP* = Tim Zn?*

\ 4

Tda T,: CaCoy BaCO,+ CH,COOH 2N
(a0 dé tan hét)

l

Dung dich: Ca?*, Ba** + K,CrO,5%
(t6i dung dich mau vang)

N

T0a T, BaCrO, mau Nudc ly tam L,: Ca**
vang (khéng tan trong - Tim Ca?*
NaOH 2N)
= Tim Ba?*

* S @6 thuc hanh tuong tng: xem so d6 2, Phan 2. Thuc hanh phan
tich dinh tinh.
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BAI TAP (BAI 5)
5.1. Hay hoan thanh cac phuong trinh phan ting sau:
1) AICl; + KOH,, — ... +....
2) AI(NO,); + Na,CO; — ... +....
3) ZnSO, + NH,OH,, — ... +....
4) ZnCl, + Na,S — ... +....

5.2. Hay giai thich vi sao c6 thé dung hén hop NH,CI bao hoa va
NH,OH dic dé tach riéng AlO, va ZnO,* ?

5.3. Dé nhan biét su c6 mit caa ion Al trong dung dich, c6 thé dung
thuéc thi nao trong s6 cac chat sau, vi sao?

1) Dung dich NH,OH dac
2) Dung dich Na,S
3) Dung dich Alizarin-S
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Bai 6

CATION NHOM IV: Fe*, Fe*, Bi**, Mg?*, Mn?*

MUC TIEU
1. Trinh bay va gidi thich dude phdn ng cia thudc thi nhém vdi cdc cation nhém IV.
2. Viét duoc mot sé phan ng ddc trung cua cdc cation nhém IV.

3. Gidi thich dudc cdc bude phén tich theo so dé 3.

1. TEINH CHAT CHUNG

Dic tinh chung ctia cation nhém IV 14 tao két tiia hydroxyd khong tan
trong kiém du. Hén hop Na,CO, bao hoa va NH,OH dic 1a thudc thi nhém
cung cdp OH cho phan tng:

Fe®* + 30H = Fe(OH),! ... 4
Fe?" + 20H" = Fe(OH)2l g xann
Mg* + 20H = Mg(OH),, tréing
Bi** + 30H = Bi(OH),,

Mn* + 20H = Mn(OH),y

Sau khi tach riéng dudgc cac két tiia hydroxyd cta cation nhém IV thi
hoa tan bang acid roi nhan biét tiing cation bang cac phan tng dic trung
cua chung.

2. CAC PHAN UNG PHAN TiCH PAC TRUNG CUA CATION NHOM IV

2.1. V6i H,O (phan ttng thay phéan)

Céc cation nhém IV dé phan tng véi nude dé tao két tia, nén mudn
ching ton tai trong dung dich thi can duy tri pH ctia dung dich thap.

Fe** + H,0 = Fe(OH)* + H*
Fe(OH)** + H,0 = Fe(OH)," + H*
Bi(NO,), + H,0 = BiONO, | 1., + 2HNO,
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2.2. V6i NaOH
FeS+ + 30H = Fe(OH)S‘L nau dé
Fe2+ + 20H = Fe(OH)Zi tring xanh

Fe(OH), rat dé bi oxy héa bdi cac tac nhan nhu H,0O, hay chinh O,
khong khi dé chuyén thanh Fe(OH),:

4Fe(OH), + O, + 2H,0 = 4Fe(OH),

Fe(OH),va Fe(OH), rat dé tan trong cac acid, nhung khéng tan trong
NH,OH.

Mg2+ + 20H = Mg(OH)QL tring
Mn?" + 20H = Mn(OH)Z‘L tring

Riéng Mg(OH), do tich s6 tan 16n nén dé tan trong méi trudng acid
nhe cua mudéi NH,CI:

Mg(OH), = Mg>* + 20H
+ 2NH,Cl
2NH,OH + 2CI
Mn(OH), dé& bi oxy héa dé tao thanh MnO.,:
Mn(OH), + H,0, = MnO, | .., ¢, + 2H,0
Bi** + 30H" = Bi(OH);J 40,

Bi(OH), tan trong céic acid, khong tan trong kiém du. Nhung khi dun
néng, dé chuyén thanh mau vang, do bi m4t nudc:

Bi(OH), = BiO(OH) | ,,.,, + H,0

2.3. Vi Na,CO,
Mn*" + Na,CO; = MnCOj | ,,4,, + 2Na*
Fe* + Na,CO, = FeCOj y 4, + 2Na’

Dé lau trong khong khi 4m FeCO, bi oxy héa din tao thanh
FeOHCO,.

4FeCO, + O, + 2H,0 = 4FeOHCO, |

2Fe™ + 3Na,CO, + H,0 = 2FeOHCO, | 4 .., + 6Na* + COx
FeOHCO, dé bi bién thanh Fe(OH), khi dun néng:

FeOHCO, + H,0 = Fe(OH), , + CO,t

9Mg?** + 2Na,CO, + H,0 = (MgOH),CO, | 1.1, + 4Na* + CO,1

2Bi’* + 3Na,CO; + H,0 = 2BiOHCO; | ,4,, + 6Na” + COx
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Cac mudi carbonat va muéi carbonat base nay déu tan dudc trong cac
acid, riéng (MgOH),CO, con tan dudc trong mudi amoni:

(MgOH),CO, + 4 NH,C1 = 2MgCl, + 2NH,0H + (NH,),CO,

2.4. Véi H,S:
— Trong méi truong acid:
2Bi*" + 3H,S = Bi,S,/,4,, + 6H"
2Fe® + H,S = 2Fe** + 2H" + S,
— Trong méi truong NH,:
Fe** + S* = FeS| .,
2Fe™ + 3S8* = Fe,S,l 4o
Mn*" + S* = MnSy pang nhat

Cac két tua sulfid nay déu tan dudc trong acid lodng, riéng Bi,S, chi
tan trong HNO; loang néng va HCI dac:

Bi,S, + 2NO, + 8H* = 2Bi** + 3S | + 2NO + 4H,0

2.5. Vi Na,HPO,:
4Fe** + 3HPO,* = FeHPO, + Fey(PO,)5 | ning + 2H'
Trong moi trudng acid acetic thi chi tao thanh Fe,(PO,),.
Fe®* + 2HPO,* = FePO,, + H,PO,
3Mn*" + 4HPO,* = Mny(PO,)s! y4n, + 2H,PO,

Phan Gng trén muén xay ra hoan toan, cAn thém du NH,OH dé tao
két tia MnNH,PO, khé tan:

Mn® + HPO,> + NH,0H = MnNH,PO,, + H,0
Mg? + HPO,* = MgHPO,| 0,

Trong méi truong NH,OH + NH,C1 thi tao thanh két tiia MgNH,PO,:
Mg? + HPO,* + NH,0H = MgNH,PO, | i, + H,0

2.6. V4i tac nhan oxy héa manh Mn** — MnO,
2Mn*" + 5PbO,(r) + 4H" = 2MnO, + 5Pb*" + 2H,0

Khong mau Mau tim
9Mn(NO,), + 6HNO, + 5PbO,(r) = 2HMnO, + 5Ph(NO,), + 2H,0
Khong mau Mau tim
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2.7. V6i KSCN

Fe** + 3KSCN = Fe(SCN), | 44 .0 + 3K*
Fe(SCN), + 3KSCN = K,[Fe(SCN),]

2.8. Vi K [Fe(CN)g]

3F62+ + 2K3[Fe(CN)6] = FeS[Fe(CN)6]2 »annh tua bin + 6K+

2.9. Vé6i K, [Fe(CN)¢]

4Fe® + 3K,[Fe(CN),] = Fe,[Fe(CN),]; ¢

tan mau dé mau

xanh phd

+ 12K*

Bang 11: Tom tat cac phan (ing dac trung clia cation nhém IV

- > Cation
Thuoc thu
Fez+ Fe3+ Mn2+ Mgz+ Bi3+
Fe(OH)Zi trdng xanh» Mn(OH)zitréng’
NaOH héa nau trong|Fe(OH);y nay héa nau trong | Mg(OH),y ysn, Bi(OH)3( yring
khéng khi khéng khi
BiOCl, hoac
HZO i i i i BiONO&Ltréng
Na,CO,  |FeCOy i Fe(OH)CO,, | MnCO,, Mg(OH)COs | Bi(OH)CO, yang
trdng
MgHPO,, hoac
tron moi | .
NaZHPO4 Fe3(PO4)2~Ltréng FePo4~Lvéngnh@t MnS(PO4)2~Ltréng tru’dgg NH4OH BIPO4~Ltréng
MgNH,PO,,
Bilsy g NEU du
Kl - - - - Kl thi tao Bl
mau cam
Fe(SCN)st  a
maw HOAC du
KSCN - SCN tao phic - - -
tan dé mau
[Fe(SCN)g]*
K,[Fe(CN),] Fe;[Fe(CN)gl. i} ) ) i
xanh tua bin
K4[Fe(CN)6] Fe,[Fe(CN)elst
xanh phd
H,S trong
moi  trudng - - - - Bi>S31 den
acid
PbO, trong
mdi  trudng - - MnQO, mau tim - -
acid

74




3. S0 PO PHAN TiCH

So do 3*: So do ly thuyét phan tich Cation nham IV: Fe?*, Fe*', Bi**, Mn?*, Mg?*

Dung dich phan tich + NaCO, bao hoa ti thoang duc roi tan

+ NH,OH dac. Ly tam, 1y két tha

A 4

Tha Fe(OH),, Fe(OH);, Mg(OH),, Mn(OH),, Bi(OH)5.
+ NH,CI bao hoa

A 4

Nuéc ly tam L,: Mg?*

h 4

Tla T,: Fe(OH),, Fe(OH),, Mn(OH),, Bi(OH),

- Tim Ma2* + HNO; 10%, dun soi
Dung dich: Fe*, Fe®**, Mn?*, Bi**
Chia thanh 4 phan
= Tim Fe* = Tim Fe**

= Tim Bi**

= Tim Mn?*

So d6 thuc hanh tuong ing: xem so do 3, Phan2. Thuc hanh phan tich

dinh tinh

BAI TAP (BAI 6)

6.1. Hay hoan thanh cac phuong trinh phan ting sau:
1) FeCl, + NaOH — ... +....

2) Fe(NO,), + K [Fe(CN)y] - ... +....
3) Fe(NO,), + NaOH —> ... +....
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4) FeSO, + K;[Fe(CN),] — ... +....

5) Bi(NO,), + Na,S — ... +....

6) BiNO,), + KI,, — ... +....

7) MnSO, + PbO, + HNO,; — ... +....

8) MnSO, + Na,HPO, — ... +....

9) MgCl, + Na,HPO, + NH,OH — ... +....
10) MgCl, + NH,OH — ... +....

6.2. Hay giai thich vi sao c6 thé hoa tan Mg(OH), bing dung dich
NH,C1 bao hoa? Cé thé thay dung dich NH,CI béo hoa bing chat
nao?

6.3. C6 thé dung dung dich KSCN dé nhan biét su c6 mit caua ion Fe®**
trong dung dich khéng? Vi sao?

6.4. Néu chi dung dung dich kiém, c6 thé phan biét dudc hai ion Fe?
va Fe® hay khong?



Bai7

CATION NHOM V: Cu®, Hg*

MUC TIEU
4. Trinh bay va gidi thich duoc phan tng cua thuée thit nhém vdi cde cation nhém V.
5. Viét duoc mot sé phan ng ddc trung cua cdc cation nhém V.

6. Gidi thich duoc cdc budc phdn tich theo so do 4 (6 Bai 8, phdn phén tich cation
nhom V).

1. TEINH CHAT CHUNG

— Céac cation nhém nay c6é kha ning tao thanh cac phiic bén viing véi

NH,, CN, SCN'...

— Céc mudi sulfid cta cac cation nhém nay c6 dd tan khac nhau phu
thudc vao do acid ciia moi truong.
Do d6 c¢6 thé dung NH,OH dé tach cac cation nhém V, sau d6 dung
Na,S dé tach riéng tung cation trong nhéom.

2. CAC PHAN UNG PHAN TiCH PAC TRUNG CUA CATION NHOM V

2.1. Véi NaOH
Cu® + 20H = Cu(OH),4 youn 1y
Khi dun néng thi tao thanh CuO mau den
Cu(OH), = CuOy,,, + H,O

Cu(OH), d& tan trong acid lodng va tan trong NH,OH dé tao phtc
[Cu(NH,),]J*".

Hg2+ + OH = [HgOH]+méu d6 gach
[HgOH]" + OH" = Hg(OH),,
Hg(OH), = Hgoivang + H,0
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2.2. Véi NH,OH
Cu2+ + 4NH4OH = [Cu(NH3)4]2+xanh lam dam
Hg* + 4NH,0H = [Hg(NH,),]*" + 4H,0

+ 4H,0

2.3. V6i H,S hay Na,S
Cu® + H,S = CuSy 4, + 2H"
Cu®* + 8*=CuSy 4,

CuS khong tan trong HCIl, H,SO, diac nhung tan trong HNO, theo
phan tng:

3CuS + 8HNO, = 3Cu(NO,), + 3S; + 2NO + 4H,0
Hg®* + H,S = HgS, ., + 2H"
Hg2+ + SZ- = HgS*L den

HgS khong tan trong HCI, H,SO,, HNO,, nhung tan trong cuong thuy
theo phan ting:

3HgS + 6HCI + 2HNO, = 3HgCl, + 3S, + 2NO+ + 4H,0

HgS ciing bi khii béi SnCl, trong kiém hay bi oxy héa béi H,O, trong
moi truong acid:

HgS + SnCl, + 6NaOH = Hg| ., + Na,SnO; + Na,S + 2NaC(Cl + 3H,0
HgS + 3H,0, + 2HC1 = SO, + HgCl, + 4H,0

2.4. Vi KCN
Cu?" + 4KCN = [Cu(CN),]* + 4K*
Hg?* + 4KCN = [Hg(CN),]* + 4K*

2.5. V6i SnCl, trong NaOH
HgCl, + SnCl, + 6NaOH = 2Hg} ,., + Na,SnO, + 4NaCl + 3H,0

2.6. V6i KI
2Cu* +4I = 2Culy 4, + L,
Hg*" + 2I' = Hglyl g5 cam
Hgl, + 2I' = [Hgl,]*

khéng mau

2.7. V6i NH,SCN
Cu?" + 2NH,SCN = Cu(SCN),| 4, + 2NH,*
Hg®* + 2NH,SCN = Hg(SCN),, .4, + 2NH,*
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Néu du NH,SCN:

Hg(SCN), + 2NH,SCN = (NH,),[Hg(SCN),]

Bang 12: Tom tat cac phan (ing d&c trung cta cation nhém V

i ) Cation
Thuoc thu
cu2+ HgZ+

NaOH Cu(OH), ,ann = CUO] 4en HIOang
NH4OH du [CU(NH3)4]2+xanh lam dam [Hg(NH3)4]2+
H,S trong méi trudng acid cuS HaS
Ho#c Na,S Faen 9 daen
KCN [Cu(CN),J* [Hg(CN),]*

' Hglsias cam NEU du Kl tao phiic tan
\ CUlL wang * 12 khong mau [Hgl, ]
SnCl,/NaOH - HY! gen
NH,SCN CU(SCN),. ... Hg(SCN),y yng» Néu du NH,SCN

thi tao phic (NH,),[Hg(SCN),]

3. SO PO PHAN TiCH

So d6 4%: S d6 1y thuyét phan tich cation nhém V: Hg*, Cu® va
nhém VI: NH,", Na*, K* (Xem 6 muc 3., Bai 8 tiép sau)

BAI TAP (BAI 7)

7.1. Hay hoan thanh cac phuong trinh phan ting sau:
1) CuSO, + NH,OH,, —» ... +....
2) CuSO, + Na,S — ... +....
3) Hg(NO,), + KI;, — ... +....

4) Hg(NO,), + NH,SCN,, —> ... +....

7.2. Hay giai thich vi sao khong thé hoa tan két tia HgS bang dung
dich HNO, dac hoac HCl dac? Nhung khi trén HNO, va HCI theo
ty 1& 1:3 vé thé tich thi lai hoa tan dugec HgS?

7.3. Viét phan tng hoa tan HgS bang H,0, trong méi trudng acid.
7.4. C6 thé dung dung dich KI du dé phan biét hai ion Cu®" va Hg*

khong? Vi sao?

7.5. C6 thé dung dung dich NH,OH du dé phéan biét hai ion Cu®* va
Hg*" khong? Vi sao?
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Bai 8

CATION NHOM VI: Na*, K*, NH,*

MUC TIEU
1. Viét duoc cdc phdn tng ddc trung dé tim cdc cation nhém VI
2. Gidi thich dvdc cdc bude phén tich theo so dé 4 (phan phén tich cation nhom VI).

1. TINH CHAT CHUNG

Mudi cua cac cation nhém nay déu 1a muéi tan, nén thuéc thi chung
cta nhém khong c6. Chung ta tim 1an lugt tiing ion truc tiép tu dung dich
phan tich (dung dich gbc) nhd vao ciac phan ting dic trung cua ting cation
v6i tling thudc thi riéng.

2. CAC PHAN UNG PHAN TiCH PAC TRUNG CUA CATION NHOM VI
2.1. Tim K*

2.1.1. Bdng thuée thi Garola Na;[Co(NO,),] ¢ méi truong trung tinh:
2K* + Na* + [Co(NO,)s]*= K,Na[Co(NO,)¢] ¢ inn thé vang
Nhung NH,* cting cho phan ting tuong tu:
2NH," + Na* + [Co(NO,)s]*= (NH,),Na[Co(NO,)e] | inn tné vang

Do d6 phai loai NH," bang kiém va dun néng, sau d6 dua dung dich vé
pH gan trung tinh truéc khi thém thuéc thi.

Phan ting tim K bi can tré bdi ion I' va dé nhay ctua phan tng tang
1én khi c6 mét ion Ag*. Néu c6 I phai loai truée bang HNO, déc hoac H,0,
2.1.2. Bdng acid picric
K"+ C,H,(NO,);,OH = C;H,(NO,);0K\ 4, + H
NH," + C;H,(NO,),0H = C;H,(NO,),ONHy ,,,, + H"
Cén loai NH," bang kiém truéc khi tim K.
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2.1.3. Bing thi mau ngon liza: K* cho mau tim.
2.2. Tim NH,*

2.2.1. Bing kiém manh
NH," + OH = NH,' + H,0

Nhan biét NH, bay 1én bing gidy quy dd tAm udt chuyén thanh xanh,
hodc gidy tdm dung dich phenolphtalein chuyén thanh dd, hodc bing mui
khai dac trung.
2.2.2. Bang thudc thi Nessler:

Trong thudc thi Nessler NH," chuyén thanh NH, va cho phan tng:

NH, + 2K,[Hgl,] + KOH = [Hgl,NH,]1, ... + 5KI + H,0

\ /

TT Nessler Thuy ngan(II)amidodiiodo iodid

Moét s6 cation kim loai chuyén ti€p giy can tré phan tng trén do tao
tiia hydroxyd c6 mau hodc pha huy thuéc thi, nén phai loai ching bang
kiém manh va carbonat hoic khéa ching trong phtc véi kali natri tartrat
(KNaC,H,O,) truéc khi dung thudc thi Nessler.

2.3. Tim Na*

2.3.1. Bdng thudc thi: Streng (Kém Uranyl acetat)
Na" + Zn(UO,),(CH,COO), + CHSCOO/' = NaZn(UO,)3(CH;CO0)g! yang 1ue

TT Streng
NaZn(UO,),(CH,CO0), c6 tinh thé hinh m#it nhin khi soi trén kinh

hién vi.

Céc ion Ag*, Hg,*, Sb* ciing tao két tiia véi thude thi, nhung tinh thé
hinh kim dai; hoéc loai bd cac ion nay bang kiém manh trude, réi méi dung
thuéc thiu Streng.

2.3.2. Thu mau ngon lua:

Na" cho mau vang déc trung.

3. SO PO PHAN TiCH

81



So do6 4*: So db ly thuyét phan tich cation nhém V: Hg?*, Cu?* va nhém VI: NH,*, Na*, K*

Dung dich phan tich: Hg?*, Cu?*, NH*, Na*, K*

l ,,

= Tim NH4+: = Tim Na+: = Tim K+:
— Bang NaOH déc Bang TT Streng Bang TT Garola
—Bang TT Nessler

A 4

Dung dich phan tich + Na,S. Bun néng

Tla den: CuS, HgS + HNO,. Bun néng

v v
Nudc ly tam Tha: HgS + S
= Tim Cu? = Tim Hg**

* So d6 thuc hanh tuong tng: xem so d6 4, Phan2. Thuc hanh phan
tich dinh tinh

BAI TAP (BAI 8)
8.1. Hay hoan thanh cac phuong trinh phan ting sau:
1) NaCl + Zn(UO,),(CH,COO), + CH,COOH — ... +....
2) KCI + Na,[Co(NOy)4] — ... +....
3) NH,Cl + Hg(NO,), + KI;, — ... +....
4) KCl + C(H,(NO,),OH — ... +....

8.2. Hay gidi thich vi sao can cho dung dich kali natri tartrat dic
trude khi cho thudc thi Nessler vao dung dich géc dé nhan biét
ion NH,*?

8.3. C6 thé cho dung dich K,CO, béo hoa va NaOH d#c vao dung dich
gbc truée khi nhan biét ion Na* bang thuéc thii Streng? Vi sao?

8.4. C6 thé cho dung dich Na,CO, bao hoa va KOH dic vao dung dich
goc trude khi nhan biét ion K* bang thudc thu Garola? Vi sao?
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Bai 9

ANION NHOM I: CI, Br, I, SCN’, S,0,%

MUC TIEU
1. Viét duoc phan tng cua thuéc thi nhém vdi cdc anion nhém I
2. Gidi thich dudc cdc bude phén tich theo so dé 6 dé tdch riéng va tim ting anion

1. TEINH CHAT CHUNG

— Cac anion nhém I tao két tia véi Ag* trong moéi truong acid HNO,
loAng. Muéi bac ctia cic anion nhém nay khong tan trong acid HNO,.
Vi th&€ AgNO, + HNO, dudc goi 1a thudc thi nhoém dé tach riéng anion
nhém I ra khéi hén hop phan tich. Sau d6 dua vao cac phan tng dic
trung cua ting anion dé tach va phat hién ching.

— D& loai cac cation gAy trd ngai khi xac dinh cic anion, cAn chuyén
dung dich phén tich thanh nudc soda (xem muc 4 Bai 2). Chang han,
trong nudc soda thi Hg®* dudc loai bd, nhd d6 cac anion Cl, I' dudc giai
phong khéi HgCl,, Hgl*, Hgl,” 12 nhiing hgp chat tan nhiéu nhung
dién ly rat kém

2. CAC PHAN UNG PHAN TiCH PAC TRUNG CUA ANION NHOM I

2.1. Phan @ing cua CI
- V6i Ag™:
CI + AgNO, = AgCl | 4., + NO,
AgCl tan trong NH,OH, KCN, Na,S,0,... dé tao thanh cac phtic tan.
— Véi Pb**
2C1 + Pb** = PbCl 4} 4,
PbCl, tan trong nudc néng va két tia trd lai khi 1am lanh.
— Phan tng oxy hoa:
2CI" + PbO, + 4H* = Cl, + Pb* + 2H,0

83



Nhan biét Cl, sinh ra bing gidy tadm KI va hé tinh bot do:
Cl, + 2KI = 2KCI + 1,
I, 1am xanh hé tinh bot.

2.2. Phan wng ctua Br
- Véi Ag™:
Br + AgNO; = AgBr | ;00 ot T NOy
AgBr tan trong NH,OH, KCN, Na,S,0,... dé tao thanh cac phiic tan.
— V6i Pb**
2Br" + Pb*" = PbBr,J 40,
PbBr, tan trong kiém, CH,COONH, va KBr du:
PbBr, + 2KBr = K,[PbBr,]
— Br'tac dung véi nuéc clor hoac nude Javel, sinh ra Br, :
2Br + Cl, = Br, + 2CI’
Br, tan trong cloroform cho dung dich mau vang rom.
— V6i thuée thi hitu co:

Br + dung dich Fluorescein = Eosin ;,,

2.3. Phan ttng cua I’
— V6i Ag™
I' + AgNO; = Agl |, + NOy

Agl khéng tan trong NH,OH, nhung tan trong KCN dé tao thanh
phtc tan.

— Véi Hg™*":
Hg** + 2I' = Hgl,! 45 cam
Hgl, + 21 = [Hgl,]*
— Véi Cu™:
2Cu™ + 4T = 2Cull 40, + Litnay sim
(N&u ¢6 1an SO, thi: I, + SO,* + H,0 =T + SO,> + 2H")
— Véi NaNO, trong moéi trudng acid:
2I' + 2NO, + 4H" =1, + 2NO + 2H,0
I, 1am xanh hé tinh bot.

tan, khong mau
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— V61 nuée clor hoac nuée Javel, sinh ra I,:
2I' + CL, = I, + 2CI
I, tan trong cloroform (dung méi khong oxy) cho dung dich mau tim.
Néu Cl, du sé lam mat mau I,, vi:
I, + 5C, + 6H,0 = 2HIO, + 10HCI
— V6i Fe™:
2Fe® + 2I' = 2Fe® + 1,
2.4. Phan tng cua SCN-
— V6i Ag™
Ag" + SCN' = AgSCN} .,
Néu du SCN' thi két tta tan do tao phiic:
AgSCN + 2SCN- = [Ag(SCN),]*
_ Véi Hg*:
Hg*" + 2SCN = Hg(SCN)u! 4ne
Néu du SCN' thi két ta tan do tao phiic:
Hg(SCN), + 2SCN- = [Ha(SCN),]*
Néu c6 miét ion Co** thi sé tao két tiia xanh tham:
Co" + [Hg(SCN),]* = Co[Hg(SCN),] ! 1ann thim
— Véi Fe™:
Fe* + 3SCN" = Fe(SCN),. 5 .
Néu du SCN' thi két ttia tan do tao phtic tan c6 mau dé mau:
Fe(SCN), + 3SCN- = [Fe(SCN),J*

2.5. Phan @ing cua S,0,*
— V6i Ag™:
2Ag+ + 82032- = AgZS2OS~L tring

+ Ag,S,0, sinh ra bi phan huy thanh mau vang nau rdi chuyén thanh
den do:

Ag,S,0, + H,0 = Ag,Sy,., + H,SO,
+ Ag,S,0, tan trong Na,S,0, du do tao thanh phiic:
Ag,S,0; + 3 Na,S,0; = 2Na,[Ag(S,0,),]
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— Véi Ba™:
Ba® + 8,0,* = BaS,03! y4ng
Két ta BaS,0, dé tan trong cac acid v6 co thong thudng.
— V61 acid vo6 co loang:
2H* + S,0.% = S0, + S, + H,0
— V61 dung dich 1od:

S,0,* lam mat mau dung dich iod do né khii I, dén I'. Phan tng nay
con tng dung trong phép phan tich dinh lugng:

I, + 28,0.> = 2T + S,0.*
Tetrathionat
3. SO PO PHAN TiCH
So do 6*: So d6 1y thuyét phan tich anion nhém I CI* Br, I, SCN', S,0.*

Dung dich phan tich
+ Na,CO; (lam nuéc soda)

v

v

Nuéc ly tam (nudc soda):
Chira anion nhém | + Cation
kim loai kiém va NH**, + HNO,2N + AgNO,

Tua: carbonat cac cation
khoéng phai kim loai kiém
(bd di hoac dé tim cac cation)

v v
Taa: Anion nhém | Nuéc ly tam:
(Néu tda tr ndu > den la cod S,0,%, vi Anion cac nhém khac
Ag,S,0; = Ag,S) Chia 2 phan (b6 di)
J v
Phan I6n taa: Phan nhd tda:
+(NH,),CO;3 dun ky = Tim SCN-
v
Taa: AgBr, Agl, AgSCN Nudc ly tam:

(c6 thé con AgCl),
+ H,SO,2N + Zn hat

[Ag(NH,),]Cl = Tim ClI-

'

Nuéc ly tam: Br-, |-, SCN- (Cl-)
= Tim I-, Br-, SCN-

*. S¢ d6 thuc hanh tuong tng: xem sé &0 6, Phan 2. Thuc hanh phan

tich dinh tinh
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BAI TAP (BAI 9)

9.1.

9.2.

9.3.

94.

9.5.

9.6.

9.7.

Hay hoan thanh cac phuong trinh phan ting sau:
1) NaCl + PbO, + HNO,; — ... +....

2) NaBr+ Cl, —» ... +....

3) Hg(NO,), + Nal,, —> ... +....

4) Nal + FeCl; — ... +....

5) Nal + NaNO, + H,SO, —» ... +....

6) FeCl, + NaSCN,, — ... +....

Céan bing cac phan tng sau va cho biét phan tng nao c6 thé dung
dé phat hién ion CI trong dung dich? Vi sao?

1) NaCl + AgNO, —» AgCl, + NaNO,
2) BaCl, + H,SO, - BaSO,, + HC1
3) CaCl, + Na,CO,; —» CaCO,| + NaCl

Can bing cac phan tGng sau va cho biét phan tng nao c6 thé dung
dé phat hién ion Br trong dung dich? Vi sao?

1) KBr + Pb(NO,), - PbBr, | + KNO,
2) SrBr, + Na,SO, - NaBr + SrSO, |
3) AlBr, + NaOH — NaBr + AI(OH), |

Can bing cac phan ting sau va cho biét phan tng nao c6 thé dung
dé phat hién ion I trong dung dich? Vi sao?

1) Nal + NaNO, + HNO,— NaNO, + I, + H,0
2) Znl, + NH,OH — [Zn(NH,),](OH), + NH,I + H,O
3) Bal, + K,CO; - BaCO, |+ KI

Can béng cac phan tng sau va cho biét phan ting nao c6 thé dung
dé phat hién ion SCN" trong dung dich? Vi sao?

1) KSCN + FeCl, - K,[Fe(SCN)] + KC1
2) Ca(SCN), + (NH,),S0, - CaSO,s+ NH,SCN
3) Ba(SCN), + Na,PO, — Ba,(PO,),, + NaSCN

Can bing cac phan tng sau va cho biét phan tng nao c6 thé diung
dé phat hién ion S,0,* trong dung dich? Vi sao?

1) Na,S,0, + AgNO, - Ag,S,0, + NaNO,
2) SrS,0, + K,CO, — K,S,0, + SrCO,
3) K,S,0, + BaCl, -»BaS,0, + KCl

Vi sao ¢6 thé dung nude Javel hoic nuée clor viia dua dé phat hién T,
sau d6 cho du nuéc Javel hoidc du nuéc clor dé phat hién tiép Br ?
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Bai 10

ANION NHOM II: CO.%, PO,*, CH,COO:,,
ASO33-! ASO43-! 8032-, 8042-’ (82032-)

MUC TIEU

1. Viét duoc phdn ing cua thuéc thit nhém va mét sé phan ng ddc trung cho cdc
anion nhom II.

2. Gidi thich duodc cdc bude phan tich theo so do 7 dé tim anion nhém II.

1. PUONG LOI PHAN TiCH NHOM II

— Khéng c¢6 thude thit nhém chung cho tét ca cac anion nhém II. Pé dinh
tinh anion nhém nay, can st dung nhiéu phuong phap phan tich va
thuoc thi khac nhau, nhu:

+ Phuong phap phéan tich riéng biét dé tim truc ti€p mot ion tit dung
dich géc, vi du dé1 véi CO,*, CH,COO'.

+ Phuong phap phéan tich nta hé théng dé tim vai anion, vi du d6i véi
cum SO,*, SO,* va S,0,”.

+ Dung thudc thi nhém, vi du hdn hgp Mg dé xac dinh AsO,*, PO,*

+ Dung thudc thd dic hiéu, vi du formalin dé tim SO,%; amoni
molypdat dé tim PO,*

— Dé& loai cac cation gy roi cho phan tng dic trung hay anh hudng dén
phan ing dac hiéu, cAn chuyén dung dich phan tich thanh nudéc soda
(xem muc 4, Bai 2) truée khi tim anion.

2. CAC PHAN UNG PAC TRUNG CUA ANION NHOM II

2.1. Phan @ing cua CO,*
— Véi Ba™:
Ba* + CO,* = BaCOjly4n,
BaCO, tan trong acid vo ¢d théong thudong.
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— Vi Ag™
2Ag" + CO,” = Ag,CO4L g
Ag,CO,; = Ag,044, + CO,t
— V61 acid loang:
2H" + CO,> = H,CO, — CO,r + H,0

Khi CO, sinh ra c6 thé nhan biét do lam duc nuée voi trong.

2.2. Phan @ng caa PO >
— Véi thuéc thti amoni molybdat (NH,),MoO,:
PO,* + 12(NH,),Mo00, + 12H,0 = (NH,),[PM0,,0 0] van, + 21NH,0H + 30H
- V6i Ag™:
3Ag" + PO,” = Ag,PO 4 ane
Ag,PO, tan trong acid v6 cd va trong NH,OH.
— Véi Ba™:
3Ba® + 2P0,” = Bay(PO,)o! ing
— Véi Mg** (trong hén hop Mg = MgCl, + NH,OH + NH,Cl):
Mg® + NH,OH + PO, = MgNH,PO,, .., + OH

2.3. Phan wrng cta CH;COO
— Vi FeCl,:
6CH,COO" + 3Fe*" + 20H = [Fe,(OH),(CH,COO0),]*
Néu pha loang, dun séi, phtic bi thiy phan:
[Fe;(OH),(CH;COO),]" + 4H,0 = 3Fe(OH),CH,COO, ,;, + 3CH;COOH + H*
- Véi H™:
CH,COO + H" = CH,COOH

Acid acetic c¢6 thé nhan biét bing mui.

phtic tan, mau do6 *

— V61 rugu:
CH,COO + C,H,OH = CH,COOC,H;
Ester sinh ra ¢c6 mui thom déac trung.
2.4. Phan ing cta AsO;>
— Véi H,S trong méi truong acid:

SH,S + 6H" + 2As0,* = As,S,1 .y, + 6H,0

vang
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— Véi Na,S,0, trong moi trucng acid:
3Na,S,0, + 6H" + 2As0.” = As,S,|
— Véi Ag' trong méi truong trung tinh:
3Ag" + AsO.,* = Ag,AsO
— Véi nuéce I, trong moi trudng trung tinh:
AsO,* +1I,+ H,O = AsO* + 21 + 2H*
— Véi Cr,0,” trong moi trudng acid:
Cr,0,* + 8H" + 3As0,* = 3As0,” + 2Cr™*

7 dacam

+ 3Na,S0, + 3H,0

vang

Sl'vang

+ 4H,0

xanh luc

2.5. Phan {tng cta AsO/>

— Véi Na,S,0, trong moi trucng acid:
3Na,S,0, + 10H" + 2As0,* = As,S

— Véi Ag' trong méi truong trung tinh:
3Ag" + AsO,* = Ag,AsO,) ..

— Véi H,S trong méi truong acid manh:
5H,S + 6H" + 2As0,> = As,S;,

— Véi KI trong moi trucng acid:
AsO/* + 2T + 2H" = AsO,* + I, + H,0

— V6i hydro mdi sinh trong moi truong acid:
47n + 4H,80, + AsO,* = AsH," + 4ZnS0, + 30H + H,0

AsH, sinh ra sé lam d8i mau HgCl, tAm trén gify loc:

2AsH; + 3HgCl, = As;,Hgsl 154 vang T 6HCI

+ 3Na,S0O, + 5H,0

3¢Véng

+ 8H,0

vang

2.6. Phan trng cua SO*
— Véi Ba™:
Ba* + SO,* = BaSO03 4,
BaSO, tan trong cac acid loang:
BaSO, + 2HCI = BaCl, + H,0 + SO,"
— Véi cac acid v6 co loang:
SO, + 2H* = H,0 + SO,

Khi SO, sinh ra c6 thé nhan biét bing cach lam duc nudc voi trong
hoic 1am mat mau thudc tim:
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SO, + Ca(OH), = CaSOg{ 4,, + H,O
550, + 2KMnO, + 2H,0 = K,SO, + 2MnSO, + 2H,SO,
— V6i dung dich I,, 1am mat mau nudc iod:
SO, + I, + H,0 = SO, + 2T + 2H"
— Véi formalin (formaldehyd):
HCHO +S0,* + H,0 - HCH(OH)SO, + OH"
Sy xu4t hién cua ion OH- lam do6 phenolphthalein

2.7. Phan @ing cta SO,>
— Véi Ba™:
Ba** + SO,” = BaSO,{ y4n,
BaSO, khong tan trong cac acid loAng thong thuong.
- Véi Ag™:
2Ag" + S0,* = Ag,S0 L 4ng

Két tia Ag,SO, chi tao thanh khi nong d6 SO,* kha 16n. Khi pha
lodng dung dich thi két tta lai bi tan ra do tich s6 tan cua Ag,SO, 16n.
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3. S0 PO PHAN TiCH

So d6 7*: So d6 1y thuyét phan tich anion nhém II CO,*, CH,COO,
PO,*, AsO,*, AsO,*, SO,%, SO.%, (S,0,%)

Dung dich phan tich: Anion nhém Il

Tim CO,;* = Tim CH,COO- =
Dung dich Dung dich phan tich: Dung dich phan tich
phan tich - Hoac béng FeCl; 10% + Na,CO, (lam nudc soda).
+HCI 2N > - Ho#c bang H,SO, dac
co,t + ruou amylic
|
v v
Tim PO,* = Dung dich Nudc ly tam
vira tim CO,% + HNO, (nuéc soda): Diéu chinh Tha: carbonat, hydroxyd
dac+TT pH vé kiém nhe céac cation khéng phai kim
amoni molypdat hoac trung tinh bang loai kiém
(dé lanh trong nudc da) CH;COOH 2N (b6 di hodc dé tim cation)
chia lam 2 phan

; | ]

Mat phan (nuéc soda): Mot phan (nuéc soda):
+ Hon hgp Mg Bun néng, + Sr(NO,), bdo hoa
Nuge ly tam L1: T4aT,: <o 2_Tg?) T2_2=Al\ggfii2_3gz)cgaco N
AsO, - Tim AsO,*> 39Uy -’|-HC|32[,\] 4 3
= Tim AsO,* T 802
4
- Tim SO.*

Nudéc ly tam L2:
= Tim S,0,*

*. S0 d6 thuc hanh phan tich: xem so d6 7, Phan 2. Thuc hanh phan
tich dinh tinh
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BAI TAP (BAI 10)
10.1. Hay hoan thanh cic phuong trinh phan tng sau:

10.2.

10.3.

10.4.

1) Na,CO; + HNO; —» ... +....

2) MgCl, + (NH,),PO, + NH,OH — ... +....
3) FeCl, + CH,COONa + NaOH — .... +....
4) Na,AsO;+1,+H,0 —» ... +....

5) Na,AsO,+ KI+ HCI — ... +....

Can bang cac phan tng sau va cho biét phan tng nao cé thé
dung dé phat hién ion CO,* trong dung dich? Vi sao?

1) K,CO,+ HCl - KCIl + H,CO,— ....
2) K,CO,; + Na,[Co(NO,)s] - K,Na[Co(NO,)s] + Na,CO,
3) (NH,),CO, + NaOH —» Na,CO, + NH,OH

Can bang cac phan tng sau va cho biét phan tng nao cé thé
dung dé phat hién ion CH,COO" trong dung dich? Vi sao?

1) CH,COONa + HCI — CH,COOH + NaCl
2) (CH,C00),Ca + Na,CO, - CaCO, + CH,COONa
3) CH,COONa + FeCl, + NaOH > [Fe,(OH),(CH,C00),]* + NaCl

Can bang cac phan tng sau va cho biét phan tng nao c6 thé
dung dé phat hién ion SO,* trong dung dich? Vi sao?

1) Na,S0, + HCl - NaCl + H,S0,— ....
2) (NH,),S0, + NaOH — Na,S0, + NH,0H
3) K,S0, + CaCl, —» CaS0, + KCl
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Bai 11

PHAN TiCH HON HGP CATION VA
ANION TRONG DUNG DICH

MUC TIEU

1. Trinh bay va gidi thich dudc cdc cdch thiz so b déi vdi dung dich géc trude khi
tién hanh phén tich hé thong

2. Néu dudc cdc khia canh can nhdn xét va y nghia ctia ching doi vdi két qud phdan
tich cuéi cung.

O day chi trinh bay dai cuong cic bude phan tich khi d& ¢6 dung dich
14 hdon hgp cation va anion cin xac dinh.

Qua trinh phan tich dinh tinh mot dung dich bao gém 4 phan: Nhan
xét va thii so bo; phan tich anion; phan tich cation; va nhan xét vé két qua
cudi cing

1. NHAN XET VA THU SO BO

Truée khi tién hanh phan tich mot dung dich bao gid cling phai nhan
xét va thi so bo. Két qua nhan xét va thi so bo sé giip du doan vé thanh
phan dung dich, nho d6 gitp dinh huéng cho phéan tich hé théng, ntia hé
thong hay phan tich riéng biét. Tuy nhién, khéng dude dinh kién vé su c6
miét hay viAng mét v6i mét ion cu thé nao, trit mot vai trudng hop dic biét.

1.1. Nhan xét nho giac quan

1.1.1. Mau sdc

Dua vao mau cua dung dich c¢6 thé du kién vé su ¢6 mét mot s6 cation
va anion (Bang 13).
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Bang 13. Mau clia mét sé cation va anion

Mau dung dich Nhirng ion c6 thé co6
Tim MnO,
Lam Cu* (trong nuéc)
Lam tim dam Cu? (trong amoniac)
Pé nau I,
Db da cam Cr,0,%; [ Fe(CN) >
D6 mau Céac phic clia SCN va Fe**
Héng Co* (Trong nuéc)
Luc Cr*; Fe* (trong nudc); Co* (trong acid manh)
Vang [Fe(CN)¢]* ; Cr0,%; I, lodng; Fe*

Muén biét mau 1a cta anion hay cta cation, c¢6 thé thi so bé nhu sau:
cho Na,C0, bdo hoa vao dung dich, dun s6i, ly tAm. Néu dung dich ¢6 mau
thi dé 12 mau ctia anion, néu tua c6 mau thi d6 14 mau cua cation, con néu
mau méat di thi ¢ thé 1a caa Cl,, Br,, I,. Nhé ring, mau cta dung dich cé
khi 1a hén hop mau ctia nhiéu chat.

1.1.2. Mui

Khi dung dich chtita mét s6 hgp chét bay hoi, ¢6 thé tao ra mui ctia né.
Vi du: mui khai cia NH, (dung dich ¢6 NH,"); mui hanh nhan caa HCN
(dung dich c6 CN); mui thoi cua H,S (dung dich ¢6 S*); mui séc luu huynh
chay cua SO, (dung dich ¢6 HSO,*); mui ddm cua CH;COOH (dung dich c6
CH,COO0))

1.2. Thit pH ctuia dung dich
Dua vao pH ta c6 thé du doan so bo thanh phan cia dung dich.
— Dung dich ¢6 pH acid (lam do gidy quy hodc cho mau vang véi da cam
methyl) thi:
+ C6 thé chua acid, vi du: HC1, H,SO,, NaHSO,, NH,CL....
+ Khong c6 mit cac anion bi huy ¢ méi truong acid, vi du: CO,>,
S2032-, 8032-1.1
+ Khéng thé dong thoi c6 mit céc ion c6 phan tng oxy héa khi véi
nhau ¢ méi truong acid, vi du: I véi NO,, Cl0,, AsO,* (gidi phéng
I,)/ NO, véi ClO,/ SO,* va S,0,* véi AsO,*/ NO, véi AsO,*/ Sn**
v6éi Hg®" hay Fe*'/ Cr,0.* va MnO, véi I, Fe**, NO,, Sn*/ v..v..
— Dung dich c6 pH kiém (lam d6 phenolphthalein, hoic lam xanh giady
quy tim) thi:
C6 thé c6 kiém tu do hodc cac muéi cho phan tdng kiém, vi du:

NaHCO,; K,CO,; NaCH,COO;....
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— Dung dich c¢6 pH trung tinh thi khoéng chta acid hay kiém tu do,

khéng c6 mit cac mudi dé thuy phan.
1.3. Thi tinh bay hoi ctia chat tan

Ching han c6 can 1mL dung dich réi nung can. Néu cin bay hoi hét
thi ¢6 thé d6 1a cac mudi amoni NH,*, cac acid va vai muéi khac dé phan
huy thanh khi,
1.4. Th* mau ngon lia

Nhing day Platin hay day Nikelcrom sach vao dung dich réi dua vao

ngon ltia khong mau ctia dén khi, nhiéu cation sé cho mau dac trung

Bang 14: Mau ngon IGa clia cac cation

Mau ngon Ilra Cation c6 mat
Tim K*, Cs*, Rb*
Vang manh Na*
D6 manh Sr, Lit
Do gach Ca*
Vang luc Ba**
Luc Cu®, Bi*
Xanh lo nhat As, Sb, Pb

1.5. Thi mot s6 phan Ging

1.51. Thuy phéan

Pha loang din dung dich, hodc nhd vai giot dung dich vao 1mL nuéc
cdt. Néu c6 tua tréng xudt hién va lai tan khi thém acid thi d6 c6 thé 1a
mudi cua Bi**, Sn*"**, dic biét 1a cac mudi Sh*"°*

1.5.2. Thi véi kiém

Dua vao mau tua tao thanh va kha niang hoa tan ctia né trong kiém
du hay trong amoniac dé dy doan su c6 mat ciia mot sé ion trong dung
dich. Vi du:

— Taa trang tan trong NaOH du, nhung khéng tan trong amoniac: cac
ion mat sé 1a Al**, Pb**, Sb*".

— Tuaa xanh lam, den khi dun néng, khong tan trong NaOH du, tan
trong amoniac cho mau xanh lam dam: ion c6 mat la Cu*".

— Tha niu do, khong tan trong NaOH du va Amoniac: ion c6 mét 1a Fe®”.
v..v.. Xem cac phan ing dic trung va bang tém tat cac phan ting 6 cc
bai 3, 4, 5, 6 va 7).
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1.5.8. Thiz véi NH,0H va (NH,),S

L4y dung dich cho tac dung v6i HCl dé tua hét véi cac cation dang
mudi clorid. Ly taAm. LAy nudc ly tAm va thém vao d6 NH,0H du:

— Né&u khéng c6 tua thi chic chin khéng c6 mot luong dang ké caa Mg,
Al** Sb*, Bi*", Fe*", Fe®", Sn*"*"...

— Néu c6 Cu**, Ni** sé& cho dung dich mau xanh ctia phtic tan.

— Tiép sau d6, nhé vai giot (NH,),S vao dung dich. Néu van khéng cé
tua den thi col nhu khong c6 Bi**, Fe®*, Fe® ...

1.5.4. Thiz véi (NH,),SO,

Lay 1mL (NH,),SO, bdo hda thém vao vai giot dung dich tht, néu
khong c6 ta trang thi khong c6 Ba**, Sr**; con néu c6 tia trang thi cé thé
c6 Ba®, Sr**, Pb*.

1.5.5. Thi bang cdc thuée thi nhém d6i véi cation va anion dé du doan
nhém ion hay mét vai ion trong nhém cé thé c¢6 mit trong dung dich thu
(xem céc thuéc thii nhém 6 cac bai phia truéc).

Ngoai ciac phan ting so bd trén, ngudi ta cling chon mot vai phan tng
thii sd bo khac niia dé viéc du doan cac ion c6 mit nhanh va gan ding hon.

2. PHAN TIiCH ANION

— Trong s6 lugng giéi han cac anion va céc cation quan tdm 6 gido trinh
nay thi hau hét cac anion 14 khong gay trd ngai gi cho phan tich hé
théng cac cation, trit PO,*. Néu dung dich phan tich c6 PO, sé gay
khé khan cho dinh tinh cation nhém IV, vi khi kiém héa dung dich sé
kéo theo két tia phosphat ctia Ba®*,Ca®". Trong trudong hdp nay cin
tim PO,> trudc, sau d6 loai né di bang FeCl, béo hoa, tiép theo méi
phéan tich dinh tinh cac cation. Ciing con nhiing 1y do tuong tu khac
nén néi chung ngudi ta thuong ti€n hanh phan tich anion truéc khi
phan tich hé théng cac cation. Khi gép cac anion giy trd ngai (tuong
tu PO,> vita néu), can loai b ching bing mot mét vai ky thuat cu thé
ma trong tai liéu nay khong dé cap dén.

— Lay 1mL dung dich phéan tich, thém Na,CO, t6i phan ting kiém manh,
néu cé tua thi nén lam nuéc soda truée khi phan tich anion. Con néu
khoéng c6 tua thi tién hanh tim anion ngay ti dung dich géc.

— Phan tich dinh tinh cac anion theo so d6 6 va7.

3. PHAN TICH CATION
Tién hanh theo so d6 5 va dudc chi dan chi tiét 6 cac so d6 1, 2, 3 va 4.
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4. NHAN XET KET QUA

Sau khi c6 két qua phan tich, cAn phai nhan xét lai né 1an cuéi cung,
chang han 6 cac khia canh:

— Cac ion tim thay c6 thuc su ciing tén tai véi nhau trong dung dich géc
hay khéng. Vi du: khéng thé cung c6 Ba?* va SO,*/ Ag* va Cl/ Fe** va
I/ Fe** va CO.*/ v.v....

— JTon tim th4y ¢ dang nao trong dung dich. Vi du: dung dich phan tich
c6 pH>>7 thi Al, Zn phai é dang AlO,, ZnO.,* (cht khong thé 1a Al*,
Zn*").

— D61 chidu két qua véi cac nhan xét va phan ting thi so bd ban dau
xem c6 mau thuan gi khong. Néu khéng hgp 1y va con nghi ngo thi
phai phan tich lai c4n than hon.
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PHAN II

THUC HANH PHAN TICH BINH TINH
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NOI QUY
PHONG THi NGHIEM HOA PHAN TiCH PINH TiNH

1. Hoc sinh chi 1am thi nghiém sau khi d& chuén bi bai, ndm dugc
muc tiéu va cach tién hanh cac thi nghiém.

2. Mbi hoc sinh c6 mot chd lam viéc riéng trong phong thi nghiém
subt cac bai thuc hanh ctia mén hoc. Hoc sinh chi lam viéc trong
khu vuc qui dinh cho minh, tranh di lai 16n x0n.

3. Chi dugc mang vao phong thi nghiém tai liéu va dung cu hoc tap.
Cac tu trang khac dé 6 ché qui dinh ngoai phong.

4. Chi st dung bo héa chat, dung cu da dudc gido vién hudéng dan. Bo
dung cu, héa chit diung chung cho ca té khong dude mang vé chd
cua ca nhan.

5. Hoc sinh phai tu minh lam 14y thi nghiém. Trong qua trinh lam
phai theo doi, quan sat hién tugng va ghi lay cac di kién thuc
nghiém vao vé.

6. Lam xong thuc tap, mdi hoc sinh phai sip xé&p lai dung cu, héa
chat, ria sach 6ng nghiém, dung cu, lam vé sinh ban thi nghiém.
MBai t6 cti truc nhat 1am sach phong thi nghiém.

7. Sau mdi bai thuc hanh, hoc sinh phai lam bao cdo két qua cho gido
vién huéng dan. Bao cao thi nghiém phai mo6 ta day du cac thao tac
tién hanh thi nghiém, giai thich cac hién tuong xay ra, viét va can
bang diy du cic phuong trinh phan tng xay ra trong qué trinh lam
thi nghiém.

8. K&t qua hoan thanh moén thuc hanh dudc danh gia theo qui ché
chung cac mon thi.
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QUY TAC AN TOAN PHONG THi NGHIEM

1. Cac phan ting c6 chat doc bay hoi phai lam trong ti hit hoidc ngoai
troi.
2. Cac chat dé chay, nd phai dit xa ngon lua.

3. Khi dun néng cic dung dich phai nghiéng 6ng nghiém va huéng
miéng 6ng nghiém vé phia khong cé nguai.

4. Khoéng cii mit vao cac dung dich dang so6i hoic cac chit dang néng
chay dé tranh hoéa chat bén nd vao mét.

D6i v6i cac chdt dé nd, dé bAn tach, néu muén quan sat phai deo
kinh bao hiém.

5. Khi pha loang acid sulfuric dic phai rét ti tu acid vao nudc ma
khong lam ngudc lai; khong dude cam trén tay dung dich dang pha
vi ¢6 toa nhiét manh.

Khéng duge tu dong di chuyén cac binh 16n chta acid va pha loang
acid tu binh 16n.

6. Néu lam roi vai thiy ngan thi phai hét lai bAng may hiut bui hoéc
pipet c6 qua bép cao su, dong thdi rac vao chd thily ngan roi mot it
Iuu huynh bot hodc tuéi vao dung dich FeCl, 20% va bao cao cho
can bo huéng dan biét dé xu ly.

7. Mudn thi mui cac chat khong dude ngti truc tiép ma phai dung
tay vay hoi chdt d6 d&n mii ting lugng nho.

8. Sau khi lam viéc véi cac chat doc nhu Hg, As, cac mudi cyanid... va
cac dung dich kim loai quy, cAn phai thu vao binh chiia nhat dinh.
9. Khi c6 hoa hoan:

— Né&u dam chay nhé thi ding bao tai uét dé dap tét.

— Né&u c6 dam chay 16n va lan rong thi bao ctiu hoéa (goi dién thoai
s6"114); dung cat va binh ctu hoa sinh CO, dé 1am tit hoéc han
ché& dam chay. Trong khi d6 phai cach ly ngay cac chat dé chay
va dé nd (nhu ether, cac loai c¢dn, cic binh acid dic...).

9. Néu bi acid dic hodc kiém dic roi trén da phai ria ngay bang voi
nuéc chay vai phut. Sau d6 bao ngay cho can by quan 1y xt 1y vét
bong, chéng nhiém khuén.
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10.

11.

12.

Néu acid dic, kiém dac bidn vao mét ciing phai rta ngay bang
nudc nhiéu 1an va bao cho di cap ctu tai bénh vién (goi dién thoai
s6'115).

Néu bi béng do cac vat néng véi vét béng khong 16n thi ciing dé
duéi voi nudc lanh 5-10 phut, sau dé6 tha&m kho va boéi cac thude
md duge dung, dau ca...

Néu vét thuong c6 chay mau thi dau tién phai sat khudn bing
con iod, con 70 - 90°, dung dich KMnO, 5%, sau d6 cAm mau bang
dung dich FeCl, 5% va bong gac, bang dinh y té.

Néu cam thay khé thdé do trong phong thi nghiém cé nhiéu hoi
doc thi phai nhanh chéng thoat ra ngoai hanh lang.
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VAI QUY PINH VE SU DUNG HOA CHAT

Trude khi st dung cac héa chit déu phai doc k§ nhan. héa chat
dudc phan ra nhiéu loai c6 d6 tinh khiét khac nhau:

- Loai tinh khiét
- Loai tinh khiét phan tich
- Loai tinh khiét héa hoc

Dua vao yéu cau vé do chinh xac cta tiung thi nghiém ma lua chon
héa chat thich hop vi héa chat cang tinh khiét thi gia thanh cang cao.

Néu do yéu cau chinh xac cta thi nghiém thi 14y lugng hoéa chat
ding huéng dan cua bai.

Néu thi nghiém chi yéu cau vé mét dinh tinh thi chi 14y lugng héa
chat t61 thiéu du quan sat duge phan tng (chét rin chi 18y da mot
16p moéng dudi day 6ng nghiém; chat long khong 18y qua 1/5 thé
tich 6ng nghiém).

Khi xtc, dong héa chat phai dung cac dung cu chuyén dung nhu
thia thuy tinh, thia s@, thia nhua, khong dugde dung tay dé béc.
Thia xudc héa chit nay khéng dude diung dé xic héa chat khac. Néu
thiéu phai dung chung thia, trudc khi 14y sang héa chat khac phai
rua sach thia.

Chi st dung cac lo héa chit c6 nhan ghi r6 rang va cé nit, nap day
kin. Khi 14y héa ch4t, néu can dé nut 1én ban thi phai dé ngua,
tranh dé phin c6 dinh héa chét ti€p xdc v6i mét ban thi nghiém.
Sau khi 18y xong héa chat phai day ngay niut, ndp dtdng cho lo hoa
chit 4y.

Khi rét cac chit 16ng phai quay nhén vao trong long ban tay dé
hoéa ch4t khong day ra nhan. Néu rét thita thi khong d6 trd lai lo
ma tap trung vao céc dang dung héa chat ban.

Tuyét d6i khong dung pipet (6ng thay tinh nhé c6 dadu nhon) dé
hit bang mém cac dung dich kiém déc, acid dic, cac chat doc dé
bay hoi, thuy ngéan, cidc dung dich dang dun néng, chit dang néng
chdy 6 nhiét d6 cao, cac hén hop ria.



Bail

DUNG CU VA KY THUAT THUC NGHIEM CO BAN
TRONG HOA PHAN TiCH DINH TiNH

MUC TIEU

1. Néi dugc tén, cong dung va st dung duoc mét s6 dung cu thong thuong trong
phong thi nghiém héa hoc.

2. Mo ta va thuc hién duge cdc ky thudt da gidi thiéu trong thuc hanh héa phén
tich dinh tinh.

1. GIOI THIEU DUNG CU THONG THUGNG BANG SU, THUY TINH
VA MOT SO MAY THONG DUNG

(Hinh anh: xem phu luc 1 cu6i sach)

1.1. Cac dung cu thudng dung khi 13y mét lugng chit 1ong
Khi 14y mot lugng héa chat 1ong, thudng dung cac dung cu sau:
— Pipet: Dung dé 14y mot lugng nhé chat 16ng
Pipet dién tu (hinh 1)
Pipet dinh mtc 10, 25 mL (hinh 2)
Pipet dinh mtc c6 vach chia 1; 5; 10 mL (hinh 3)
Cac loai gia da pipet (hinh 4)
Qua bép bang cao su dung dé néi véi pipet (hinh 5)

— Cac dung cu dinh mtc khac: Dé 14y mét thé tich chit 1ong xac dinh
hoic dung dé pha dung dich

Cac loai 6ng dong dinh mitic (hinh 6)

Coc c6 chan dinh mic (hinh 7)

Céc loai binh dinh miic dé pha dung dich (hinh 8)
Cac loai buret (hinh 9)
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1.2. Nhiing dung cu thuong dung dé tién hanh cac phan @ng

6ng nghiém: Dung dé 1am cac phan tng lugng nho
6ng nghiém thuong va 6ng nghiém c6 chia vach (hinh 10)
Gia 6ng nghiém (hinh 11)

Céc ¢6 mo: Dung dé pha ché, hing, dung. Md tao diéu kién rét dung
dich dé dang.

Céc loai coc c6 mod (hinh 12)
Kinh can: Dung dé dung chit cAn can
Kinh céan, mang can (hinh 13)

Cac loai binh cAu day tron: Dung dé dun néng (bang thuy tinh chiu
nhiét) hodc dé hing dung chit 16ng (hinh 14)

Binh ciu d4y bang: Dung dé dung chit 16ng nhu nuée cat (hinh 15)
Binh nén dung dé dung dung dich, chuén d6 dinh lugng (hinh 16)

1.3. Dung cu dé loc rita & ap suat thuong

Cac loai phéu loc (hinh 17)

Céach gép gidy loc nhiéu nép dé 14y dich loc (hinh 18)
Céach gép gidy loc phdng dé 14y chat két taa (hinh 19)
Phéu thuy tinh 6 tu thé loc (hinh 20)

1.4. Cac loai kiéng va luéi dé€ dun néng (hinh 21)

1.5. Dung cu dun néng

Dén con, nhiét d6 khong qua 400°C (hinh 22)

Cac loai dén gas, nhiét do tu 500-1500°C (hinh 23)

Bép dién (hinh 24)

Cac loai néi dun cach thuy, nhiét do tir 90-100°C (hinh 25)

1.6. Cac loai dong hé do trong phong thi nghiém (hinh 26)

1.7. Cac loai kinh bao hiém (hinh 27)

1.8. Cac loai kinh lap thuwong (hinh 28)

1.9. Cac loai kinh hién vi (hinh 29)

1.10. Cac loai ta hét (hinh 30)
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1.11. Cac loai may diéu nhiét (hinh 31)

1.12. May ly tam (hinh 32)

1.13. Cac loai may do pH (hinh 33)

2. MOT SO KY THUAT CO BAN THUC HANH HOA PHAN TiCH PINH TINH

(Xem Phan 1. Ly thuyét phan tich dinh tinh - Bai 2, muc 5 trang 48).

3. DUNG CU - HOA CHAT - THUOC THU

Dung cu Hoa chat
- Pén con - H,S0O, 10%
- Dtia thuy tinh - BaCl, 0,1M
- Kep gb - AgNO, 5%

- 6ng nghiém cac loai
- 6ng nghiém ly tdm
- May ly tam

4. THUC HANH

4.1. No6i dung tén va cong dung cua cac dung cu dude gidi thiéu va trung bay.

4.2. Rtia bang chéi long, xa phong, nudc may va nudc cdt mot s6 dung cu
thiy tinh ban (6ng nghiém, pipet, chai lo) dat d6 sach.

4.3. L4y 10 mL dung dich H,SO, 10% vao cbéc ¢6 mo, cho ting giot BaCl,
0,1M dén khi khong con thay xu4t hién két tia trang niia.

Rtia gan BaSO, trong coc trudc roi ria trén phéu loc sau.

Ruia két tua trén phéu loc bang nudc cit dén khi khong con ion CI' (thi
bing dung dich AgNO, 5%) va SO,* (thii bang dung dich BaCl, 0,1 M ).

Chii ¥:
Mbi 1an rta chi cho nuéc cat vita da ngap phan két tua
Khi rtia két ttia cAn chd cho dung dich chay hét méi thém nuéce cat ria tiép.

Lay mot luong nhé tiia ngay sau phan tng vao 6ng nghiém va rua ly
tAm song song véi ria trén phéu loc. Thi ion Cl, SO,* trong nudc ly
tam nhu cach thi 6 trén.
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Bai 2

DINH TiNH CATION NHOM I: Ag*, Pb*, Hg,**

MUC TIEU
1. Tim duoc tung cation nhém I dua vao cdc phan ing dac trung ctia ching.

2. Gidi thich cdc hién tuong xdy ra va viét cdc phuong trinh phdn #ng trong qud
trinh tién hanh thuc nghiém.

1. DUNG CU - HOA CHAT - THUOC THU

Dung cu Hoa chat, thuéc thw
- Pén con - Dung dich phén tich chtia cac cation:

Ag+, Pb2+, Hg22+
-HCI6 N, HC12 N

- Dtia thuy tinh

- Kep gb
- 6ng nghiém cac loai - HNO, 6 N
¢! ~ - NH,OH d#
- Ong nghiém ly tAm ,OH dic
_KI0,1M

- May ly tam
- K,CrO, 5%

2. THUC HANH

2.1. Lay 1mL dung dich phan tich vao 6ng nghiém sach, thém vao dé ting
giot dung dich HCl 6N dén méi trudng acid manh dé két tia hoan toan
nhém I (nhan biét qua trinh két tia da xong khi giot HCI thém vao thanh
ong nghiém thi ¢ chd tiép xuc giiia giot HCl va dung dich phan tich khong
th4y xudt hién két tta thém nia). Pun néng nhe dé két tua vén cuc dé
tach. P& ngudi, ly tAm, tach phan két tta nhém I (goi 1a T,) chta: AgCl,
PbCl,, Hg,Cl, va phan nuéc ly tam (L,) chta cac cation nhém khéc.

2.2. Rtia gan 3 lan két taa T, bang nuéc cit c6 pha thém vai giot HCI loang
2N (thém nuéc rua vao T,, 1lac k¥, ly tAm, gan 14y két tta). Thém vao két tua
da rta ¢ trén 1 mL nudc cat, dun dén s6i, lic nay PbCl, sé tan ra. Ly tAm gan
14y két taa T, (chtia: AgCl va Hg,CL,) va nuéc ly tam L, (chtia PbCL).
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2.3. Thém vao nuéc ly tam L, vai giot thudce thi KI 0,1M, néu thay xuat
hién két tua Pbl, mau vang dam, chiing té c6 chtia Pb*". Dun néng, két tia
lai tan ra, lam lanh dudi voi nuée chdy, hodc dé ngudi dan sé thu duge tinh
thé mau vang 16ng lanh roi xuéng (phan tng mua vang).

Hodc c6 thé nhan biét Pb?*" bang cach cho nudc ly tAm L, tac dung véi
vai giot K,CrO, 5% th4y xuat hién két tia mau vang PbCrO,.

2.4. Thém vao két tua T, NH,OH dic, lac ky, néu thay xudt hién mau tua
xam den (do tao thanh Hg + NH,HgCl), chting té c6 ion Hg,*". Ly tam, 14y
nuée ly tam, acid héa bang HNO, 6N, néu thay xuit hién két tta trang tré
lai (AgCl) chiing t0 c6 ion Ag".

So dé 1. So d6 thuc hanh phan tich Cation nhém |1 Ag*, Hg,?*, Pb?*

Dung dich phan tich + HCI 6N (tung giot)
Lac ky, ly tam, |8y két tla
I

A 4

Taa T, (AgCl, Hg,Cl,, PbCl,) rira bang Nuéc ly tam L,
H,O + HCI 2N. Bun s6i, ly tam néng (c6 cation cac nhém I, 11, 1V, V)

A 4 A

Nudc ly tam L,: Pb?

+KI 0,1M — Pbl, { vang Taia T, (AgCl, Hg,Cl,) + NH,OH dac, Iic ky
+ K,CrO, 5% — PbCrO, | vang

- ¢6 Pb?*

v v

Két tia den xam clia Nudc ly tam:
Hg° + NH,HgCl Ag(NH,),]*
= c6 Hg,* + HNO, 6N
AgCl | tréng
= c6 Ag*
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Bai 3

PINH TiNH CATION NHOM II: Ba*, Ca**
VA NHOM III: AP, Zn?

MUC TIEU

1. Tim duoc ting cation nhém II va nhom III dua vao cde phan ng ddc trung cia
chung.

2. Gidi thich cdc hién tuong xdy ra va viét cdc phuong trinh phdn #ng trong qud
trinh tién hanh thuc nghiém.

2. DUNG CU - HOA CHAT - THUOC THU

Dung cu Hoa chat, thuéc thu
- Pén con - Dung dich phan tich chiia cac cation: Ba**, Ca*, Al**, Zn**
- Dtia thuy tinh - H,SO, 2N - K,CrO, 5%
- Kep gb - HC1 2N - Na,CO; bdo hoa
- Ong nghiém cacloai - CH;COOH 2N - CH,COOONa 6N
- Ong nghiém ly tam - NaOH 2N - Na,S 2%
- May ly tAm - NH,OH dic - Thuéc thi Alizarin - S
- NH,Cl b&o hoa - Con 96°

2. THUC HANH

2.1. Lay 1mL dung dich phan tich vao dng nghiém sach, thém vao dé ting
giot dung dich H,SO, 2N dén khi ngiing xuét hién két tiia dé két ttia hoan
toan nhém II. Pun sbi nhe dé két tua vén cuc dé tach. P& ngudi, thém vao
dan dan rugu ethylic 96° dén khi két tia khong xuét hién thém nita, dé két
tua hoan toan Ca*' (chu y cho lugng rugu vita du, néu cho qua du pH cua
dung dich ting 1én sé& lam thuy phan mot s6 cation khac). Khuiy déu, ly
tam, tach phan két tia nhém II 1a T, (chtia: BaSO, va CaSO,) va phan
nuéc ly tAm L, (chta cac cation nhém III: A1**, Zn*").
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2.2. Riia gan két tua T, bang hén hop H,SO, 2N va C,H,OH: thém nuéc ria
vao T, lic k¥, ly tAm, gan 14y két taa. Chuyén két tia BaSO, va CaSO,
thanh BaCO, va CaCO,: thém khoang 1 mL Na,CO, bio hoa vao T, lic k¥,
dun néng, ly tAm, gan 14y két tua. Lap lai dong tac nay 3-4 1an dé chuyén
hét BaSO,, CaSO, thanh BaCO,, CaCO.,.

2.2.1. Hoa tan két tia BaCO,, CaCO, biang CH,COOH 2N: thém dan ting
giot CH,COOH dén khi két ta viia tan hét.

Thém K,CrO, 5% vao dung dich dén khi dung dich ¢6 mau vang. Ly
tam thu dugc két tia T, va nuée ly tam L,.

Két tua T, duge ria sach bing nudc cit, sau d6 thém khoang 1mL
NaOH 2N, dun nhe, ly tam. Néu duéi day 6ng nghiém van con két tia mau
vang, chiing t6 1a ¢c6 BaCrO,, ttic trong dung dich phan tich c6 Ba*".

2.2.2. Phan nuéc ly tam L,: thém vai giot dung dich (NH,),C,0, 5%, néu
thay xu4t hién két tia mau trang (CaC,0,) va két tia nay khong tan trong
acid acetic, chiing t6 trong dung dich c6 chtia ion Ca*.

2.3. Nudc ly tdm L,: thém vao L, NaOH 2N du dén khi th4y xuat hién két
tua va két tua lai viia tan hét.

Pun s6i nhe dung dich dé ¢6 can bét. Cho tiép vao vai giot NH,C1 bao
hoa va vai giot NH,OH dic. Lic déu, ly tam tach riéng két tua T, (A1(OH),)
va nudc ly tam L, ([Zn(NH,),]*).

2.3.1. Hoa tan két tua T, bang vai giot HCl 2N via da va vai giot
CH,COONa 6N dé tao moi trudng acid nhe. Thém tiép vai giot thudc thi
Alizarin-S thay c6 phtic mau son do, chiing t6 c¢6 ion Al**.

2.3.2. Nudéc ly tAm Lg: thém vao vai giot dung dich Na,S 2% thay xuat hién
két tua trang (ZnS) chiing té dung dich c6 chia ion Zn?*.
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So dé 2: S d6 thuc hanh phan tich Cation nhéom II: Ca?*, Ba?* va nhom I11: AP*, Zn?*

Dung dich phan tich + H,SO, 2N (tung giot) + C,H;OH.

Bun nhe, ly tam.

v

v

Taa T, (BaSO,, CaSO,)

Nuéc ly tam L,: AP, Zn?*

, ) +NaOH 2N du
+ Na,CO, bdo hoa lac ky, dun néng, ly
tam, gan. Lap lai 3, 4 1an dé chuyén hét
tha T, thanh tia BaCO,, CaCO; loc. v

Dung dich: AIO%, ZnO,%, ¢ can bét +
NH,CI béo hoa + NH,OH d4c (vai giot)
Na,CO, > SrCO, + CaCO,.

Ly tam, rira két tda sach

—

+ HCI 2N tan

Tda T, A(OH)4d

+ CH,COOONa 6N dén moi trudng acid nhe.
+ TT Alizarin-S phic mau dé = c6 AP* = c6 Zn?*

Nudc ly tam L: [Zn(NH,), >
+ Na,S 2% ZnS{ tréng

A 4

Tda: CaCO,, BaCO,
+ CH,COOH 2N (d0 dé tan hét)

Dung dich: Ca?*, Ba** + K,CrO,
5% (t6i dung dich mau vang)

Tda T,: BaCrO4) mau vang
(khdéng tan trong NaOH 2N)

- c6 Ba*

Nudc ly tam L,: Ca** + (NH,),C,0,
10% CaC,0, (khong tan trong
CH,COOH 2N) =>c6 Ca?*

112




Bai 4

PINH TiNH CATION NHOM IV: Fe?, Fe*, Bi**, Mg?*, Mn*

MUC TIEU
1. Tim duoc ting cation nhém IV dua vao cdc phan tng dac trung ctia ching.

2. Gidi thich cdc hién tuong xdy ra va viét cdc phuong trinh phdn #ng trong qud
trinh tién hanh thuc nghiém.

1. DUNG CU - HOA CHAT - THUOC THU

Dung cu Hoa chat, thuéc thw
- Pén con - Dung dich phéan tich
chtia cac cation: Fe**, Fe’*, Bi**, Mg**, Mn*"
- Dtia thuy tinh - Na,CO, bao hoa - HNO, dic
- Kep gb - NH,OH diic - KI0,1M
- Ong nghiém cacloai - NH,Cl bo hoa - Thude thét KSCN
_Ong nghiém Iy tam - HNO, 10% - Thuéc thit K,[Fe(CN),]
- May ly tam - Na,HPO, 12% - Thuée thit K,[Fe(CN),]

2. THUC HANH

2.1. L4y 1mL dung dich phan tich vao 6ng nghiém sach, thém vao vai giot
Na,CO, bao hoa téi thoang duc roi lai tan. Thém tiép ting giot dung dich
NH,OH d#ic dén khi két tua hoan toan. Ly tam, 1ay két tua (Fe(OH),,
Fe(OH),, Bi(OH),, Mn(OH), va Mg(OH),). Thém vao két tua 1 - 2mL dung
dich NH,CI bao hoa dé hoa tan Mg(OH),. Pun nhe, ly tdm, tach phan két
tia T, ( Fe(OH),, Fe(OH),, Bi(OH),, Mn(OH),) va phan nudc ly tam L,
(chia Mg™).

3.2. Nuéc ly tam L;: thém vao thuéc thi Na,HPO, 12%, néu thu dudc két

tua mau vang hinh luc ling ho#c hinh sao, hinh 14 (MgNH,PO,), ching to
trong dung dich c6 chiia ion Mg**.
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2.3. Hoa tan két tua T, bang HNO, 10%, dun sbi, dung dich sau dé chia ra
lam 4 phan dé tim Fe*, Fe*, Bi**, Mn?*" bang cac phan tng dic trung:

* Tim Fe®*: Cho vao thudc thi K,[Fe(CN)y], néu c6 két tia mau xanh
Tua bin (Fe,[Fe(CN),]),, chting to dung dich c¢6 chtia ion Fe*".

* Tim Fe?: Cho tac dung véi thude thit KSCN du sé tao thanh phiic
tan mau d6 mau ([Fe(SCN),]*), chiing t6 dung dich c6 chiia ion Fe®".

Hodc c6 thé cho tac dung véi thuse thia K,[Fe(CN),] sé tao phiic két
tiia mau xanh pho Fe,[Fe(CN),]s.

* Tim Bi*": Cho tac dung vé6i dung dich KI 0,1M du néu thay tao phtc
mau da cam ([Bil,]), chiing t6 dung dich c6 chtia ion Bi*".

* Tim Mn*": Lay vai giot dich loc vao 1 6ng nghiém, thém vao vai giot
acid HNO, dic va mot it bt PbO,. Dun nhe hén hgp, ly tAm, néu thay phan
dung dich ¢6 mau tim (MnO,), chiting té dung dich c6 chiia ion Mn?*".

So db 3: Sa d6 thuc hanh phan tich Cation nhom 1V: Fe?*, Fe®, Bi**, Mn?*, Mg?*

Dung dich phan tich + Na,CO, b&o hoa t6i thoang duc roi tan
+ NH,OH d3c. Ly tam, 18y két tha.

v

Tla Fe(OH),, Fe(OH),, Mg(OH),, Mn(OH),, Bi(OH),
+ NH4Cl bao hoa. Bun nhe, ly tam, tach riéng két tia va nuéc ly tam

v v
Nudc ly tam L,: Tha T,: Fe(OH),, Fe(OH),, Mn(OH),, Bi(OH),
Mg? + Na,HPO, 12% + HNO, 10%, dun soi
— MgNH,PO,{

(hinh lang tru,
hinh sao, hinh 1a)
- c6 Mg Dung dich: Fe?*, Fe**, Mn%, Bi**
Chia thanh 4 phan:

y

! I I !

Xac dinh Fe?*: Xac dinh Fe®": Xac dinh Bi**: Xac dinh Mn?*:

+ TT Ki[Fe(CN)q] - TT KSCN phtrc + KI 0,1M — phc + HNO, dac
Fes[Fe(CN)gl,} mau do mau [Bil, mau cam dam | | + PbO, bot, dun soi
xanh Tua bin - TT K [Fe(CN)] (pha loéng cho taa — MnO,” mau tim
e Fe,[Fe(CN)gld Bil, mau den, néu e
c6 Fe xanh ph6 nhiéu B|3+) c6 Mn
= c6 Fe* = c6 Bi**
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Baib

DINH TiNH CATION NHOM V: Cu?, Hg*
VA NHOM VI: Na*, K*, NH,*

MUC TIEU

1. Tim duoc tung cation nhom V va nhom VI dvua vao cdc phan ing ddc trung cua
chung.

2. Gidi thich cdc hién tuong xdy ra va viét cdc phuong trinh phdn ing trong qud
trinh tién hanh thuc nghiém.

1. DUNG CU - HOA CHAT - THUOC THU

Dung cu Hoa chat, thuéc thi
- Pén cén - Dung dich phan tich chta
- Dita théy tinh cac cation: Cu*, Hg**, Na*, K, NH,"
- Rep g6 . HNO, 6 N - K,CO, bio hoa
. - 0 _ 3 A
- Ong nghiém céc loai HC1 10% Na,CO, bao hoa
X = . - CH,COOH 2 N - Thuéc thi Garola
- Ong nghiém ly tam
- 5 _ 0
_May ly tam HCI dac Na,S 2%
- HNO, dac - K-Na tartrat 50%
- NaOH dic - Thuéc tht Nessler
- NH,OH dic - Thuéc thi Streng
- KOH dc - H,0, 10%
- SnCl, 0,5 N

2. THUC HANH

2.1. Tim cation nhém VI trudc bang cac phan (ng dic trung

Chia nho dung dich phan tich vao vai 6ng nghiém nhd, sau d6 nhan
biét su c6 mit cua tling cation.
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2.1.1. Cation NH

— Nho vai giot dung dich NaOH dic vao 6ng nghiém, phia trén miéng
ong nghiém day mau quy tim tdm uét. Pun nhe 6ng nghiém trén dén
con, néu gidy quy chuyén sang mau xanh, chiing té trong dung dich c¢6
NH,*.

— Hodc dung thuéc thi Nessler: thém vai giot dung dich kali natri
tartrat 50% vao éng nghiém dé tao phiic bén véi cac cation khac, sau
d6 nho vai giot thudc thi Nessler, néu thay xuat hién két tia dd nau
(INH,HgIL,]I), chting t6 trong dung dich ¢6 NH,".

2.1.2. Tim Na*

Thém vao vai giot K,CO, bao hoa va vai giot KOH d#c dén tua hoan
toan. Pun nhe, ly tdm, bd két tia. Nube ly tdm dudc acid héa biang
CH,COOH 2N (néu thay xu4t hién két tua thi gan bo két tia di), thém vao
vai giot thuéce thit Streng Zn(UO,),(CH,COO),, néu thu duge cac tinh thé
mau vang luc nhat (soi trén kinh hién vi ¢6 hinh mit nhan), ching té trong
dung dich ¢6 Na®.
2.1.3.Tim K*

Thém vao vai giot Na,CO, bdo hoa va vai giot NaOH dic dén tia hoan
toan. Pun nhe, ly tadm, bo két tia. Nube ly tdm dudc acid héa biang
CH,COOH 2N (néu thay xu4t hién két tua thi gan bo két tia di), thém vao
vai giot thudc thtt Garola Nay[Co(NO,),], néu thdy két tta tinh thé mau
vang, chiing to trong dung dich c¢6 K*.

2.2. Tim cation nhém V (Cu?*, Hg?*):

Cho vao dung dich phén tich ting giot Na,S 2% dé tao két tua (CuS
va HgS). Dung néng, ly tam, 18y két tta. hoa tan két tua trong HNO, 6N
thi chi c6 CuS tan, con HgS khong tan. Ly tAm, tach riéng két tia chiia
HgS va nudc ly tAm chia Cu®.

» Nudc ly tAm cho tac dung véi dung dich NH,OH dic: Néu thoang xuat
hién két tia mau xanh luc nhat, sau d6 tan ngay tao phtic mau xanh
tim, chiing t6 trong dung dich c6 ion Cu*".

» K&t tiia HgS c6 thé thi bing phan tng sau

— Hoa tan tua trong HCI 10% + H,0, 10%. Néu két tia den tan ra,
chting to6 trong dung dich gdc ban dau cé ion Hg*".

Thém tiép thudc thi SnCl, 0,56N va NaOH d#c, néu lai thu dudc két
tua Hg mau den cang chting té trong dung dich cé ion Hg**.

— Hoac cho két tua tac dung véi cuong thuy (18y theo ty 1é: 3 giot HCI
dac + 1 giot HNO, dic), néu két tua tan ra chiing té c6 Hg*".
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Sa dd 4: So db phan tich nhom_cation nhém V: Hg?*, Cu?* va nhém VI: NH,*, Na*, K*

Dung dich phan tich: Hg?*, Cu?*, NH*, Na*, K*

\ 4

Tim NH**:
o NaOH dac
— NHzd (mui khai)
— lam xanh giay
quy d4 tam u6t.
o TT Nessler + K-
Na tactrat 50%
— tda nau dé

= cO6 NH,*

Tim Na™: Tmm K*:

+ K,CO; bdo hoa + KOH dac, + Na,CO, bado hoa + NaOH
dén két tla hoan toan. Bun dac, dén két tha hoan
néng, ly tam, bd két tla. toan. Bun ndng, ly tam,

! bd két tia.
Nudc ly tam: >

+ CH,COOH 2N dén gan trung Nudc ly tam:
tinh (néu ¢6 ta thi ly tm, bd di) + CH,COOH 2N dén gan

+ TT Streng tla vang luc nhat, trung tinh (néu co tua
hinh mat nhan (soi kinh hién vi) thily tim, bo di)

-+ ¢6 Na* + TT Garola tua vang
-+ co K*

\ 4

Dung dich phan tich: Hg?*, Cu®*, NH*, Na*, K*
+ Na,S 2% (tling giot). Bun ndng, ly tam Idy tda

A 4

TGa den: CuS, HgS. Rlra két tia bang H,SO, 2N
+ HNO, 6N. Pun néng, ly tam, tach riéng phan tGa va phan nudc ly tam.

/\

Nudc ly tam: Cu?*

+ NH,OH dac — thoang
t0a, sau tan, c6 mau
xanh tim dadm

- c6 Cu*

Tla HgS + S:

e HCI 10% +H,0, 10% — tla den tan ra.
Sau dé: + SnCl, 0,5N + NaOH dac — Hgl den.
e Cudng thuy (1V HNO, dac + 3V HCI dac) — tda tan ra.
= c6 Hg*
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Bai 6

PHAN TiCH TONG HOP CAC NHOM CATION THEO
PHUONG PHAP ACID — BASE

MUC TIEU
1. Tdch riéng dudc cdc nhom cation bang thudéc thi nhém

2. Xdc dinh duoc cdc cation cé6 mdt trong méi nhém bang cdc so dé phan tich 1,2, 3,
4 da biét.

1. DUNG CU - HOA CHAT - THUOC THU
— Nhucachbai2, 3,4, 5

— Dung dich phan tich chtia cation cac nhom
2. THUC HANH

2.1. Ti€n hanh phan tich theo so d6 5 dé tach nhém cation

2.2. Nhém cation da tach dudc phan tich theo so d6 tuong ting & cac
bai 2, 3, 4, 5 phia trudc dé nhan biét titng ion c6 mit.
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S0 dé 5: So d6 thuc hanh phan tich tng hop cac nhém cation

Dung dich phéan tich cation

+ HCI 6N
Ly tam

A 4

Nhém I: (tda clorid)
AgCl, Hg,Cl,, PbCl,

(Phén tich theo so do6 1)

Nudéc ly tam
+ H,S0,2N

Ly tam

Nhom VI: (dung dich phéan
tich): NH,*, Na*, K*

A 4

Nhoém II: (tla sulfat)
BaSO,, CaSO,, (SrSO,)

(Phén tich theo so d6 2)

A

y

(Phén tich theo so do 4)

Nuéc

ly tdm

+ NaOH 2N du
(+H.0,)

Ly tdm

A 4

Nhoém lil:
(nuéc ly tdm chira oxoanion)
AlO,", ZnO,™, (Sn0,>, CrO,”)

A 4

Két tha (oxyd, hydroxyd
nhém (IV+V)
+HNO, (+H,0,))

(Phén tich theo so dé 2)

Ly tam

A4

Nudéc ly tam
+ Na,CO, t6i thoang duc
+ NH,OH dac
(+ H0,)

A4

Ly tdm

Tla HSbO, (hoac Sb,0;.H,0)

Hoa tan b&ng HCI diac —Xac dinh Sb:
- Phén (ing thuy phan

- Thuéc th{ Caile - Viel

(Sb*"** ¢c6 thé x&p nhém IV do tao tha
hydroxyd/acid, khéng tao phtic
amoniacat/ ho&c x€p riéng)

|

Nhém IV: (tla hydroxyd)
Fe(OH),, Fe(OH),,
Bi(OH),, MnO,, Mg(OH),

Nhém V: (nuéc ly tam ch(a
amoniacat)

Cu(NH,),*", Hg(NH;),*"
(Ni(NH,),*", Co(NH,),*", Cd(NH,),*)

(Phén tich theo so do 3)

(Phén tich theo s d6 4)
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Bai7

DINH TiNH ANION NHOM I: CI, Br, I, SCN', S,0.*

MUC TIEU
1. Xdc dinh dugc tiing anion nhém I dva vao cdc phan #ng ddc trung cua ching.

2. Gidi thich cdc hién tuong xdy ra va viét cdc phuong trinh phdn #ng trong qud
trinh tién hanh thuc nghiém.

1. DUNG CU - HOA CHAT - THUOC THU

Dung cu Hoéa chat, thudc thu
- Pén con - Dung dich phéan tich
- Dtia thay tinh chtia cac anion: CI, Br, I', SCN, S,0,*
- Kep gb -HNO, 2 N - FeCl, 10%
- Ong nghiém ly tam -H,S0, 2N -NaNO, 0,1 N
- Ong nghiém cac loai - NaOH dic - Zn hat
- May ly tam - Na,CO, bao hoa - Hb tinh bot
- AgNO, 0,1N - Nuéc Javel
- (NH,),CO, bao hoa - Cloroform

2. THUC HANH

2.1. Lay 2 mL dung dich phan tich lam nuéc soda (bang cach cho thém 2
mL Na,CO, bao hoa + 2-3 giot NaOH dic). Néu c6 tua thi ly tAm, bd tua
(néu khong cé tua thi ngay tir dau khong can lam nuéc soda).

— Thém vao nudc ly tAm (nuée soda) HNO, 2N va AgNO, 0,1N dén két
tia hoan toan anion nhém I.

— Né&u thdy két tta tit mau nau chuyén thanh mau den 1a c¢6 S,0,% trong
dung dich phan tich ban dau

— Ly tam, 18y két tia va chia lam 2 phan: phan nho tia va phan 16n taa
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2.2. Phan nhoé tia: Hoa tan tta bang H,SO, 2N (Iic k¥, néu van con tua thi
b6 di) thém vao dung dich ting giot FeCl; 10%, néu thu dudc dung dich c6
mau dé mau ([Fe(SCN);]*), chiing t6 dung dich c6 chita ion SCN".

2.3. Phan 16n tta: Thém khoang 1 mL (NH,),CO, bao hoa, lic ky, dun
nhe, ly tdm, tach riéng phan két tua T, (AgBr, Agl, AgSCN) va nuéc ly
tam L, (CI).

2.3.1. Nué6e ly tdm L,: Acid héa tré lai bang vai giot HNO, 2N, néu thay
xudt hién két tia trang AgCl, chiing t6 dung dich c¢6 ion CI.

2.3.2. Hoa tan két taa T, bang hén hgp H,SO, 2N + Zn hat dé giai phéng
Br, I, SCN~ khoi tua AgBr, Agl, AgSCN. Ly tam, 18y nudc ly tam. Chia
nudc ly tAm thanh 3 phan dé tim 1an lugt anion:

* Tim I': Nudc ly tAm tac dung véi NaNO, 0,1M + 2giot ho tinh bot, lac
déu. Néu dung dich thu dude c6 mau xanh tim, chiing té c6 anion I

Hoic tim I bang cach cho nudc ly tAm tac dung véi nuée Javel vira du
(khong qua nhiéu) + cloroform. Lic ky. Né&u 16p cloroform & phia dudi cé
mau tim, chiing to ¢6 ion I.

* Tim Br: Nudc ly tdm cho tac dung v6i nude Javel du + cloroform.
Léc ky. Néu lép cloroform c6 mau vang rom, chiing t6 c6 ion Br.

* Tim SCN: Nuéc ly tAm cho tac dung véi FeCl, 10%, néu dung dich
thu dudc c6 mau d6 mau hay hong, chiing té c6 ion SCN".
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So do6 6. So dé thuc hanh phan tich cac anion nhém I

CI, Br, I, SCN", S,0,>

Dung dich phan tich anion nhém |
+ Na,CO, (lam nuéc soda)

v

Nuéc ly tam (nuéc soda):
Chra anion nhém | + Cation
kim loai kiém va NH,+
+ HNO,2N + AgNO,

v

Tua: carbonat cac cation
khéng phai kim loai kiém
(bd di ho#c dé tim cac cation)

Y

Tdaa: Anion nhém |
(néu tda tir ndu — den la cé
S,0,%, vi Ag,S,0, — Ag,S)

Chia 2 phan

Nuéc ly tam:
Anion cac nhém khac
(bd di)

v

Phan 16n tda: + (NH,),CO, bao
hoa. Bun nhe, ly tdm, tach riéng
phan tda va nudc ly tam

A 4

Phan nhé tda: (th( tham do):
+H,S0O,2N
+ FeCL; 10% — phic [Fe(SCN)]™

mau dé mau hay héng
= c6 SCN™

T@a T,: AgBr, Agl, AgSCN
+ H,SO,2N + Zn hat. Lc déu, dé
vai phat, ly tam, 18y nudc ly tdm thu
dudc chia lam 3 phan:

A 4

Nudéc ly tam L,:
CI" (8 dang [Ag(NH;),ICI)
+ HNO,2N — tda trd lai AgCl
- c6ClI

A 4

Phan 1:
o Nuéc ly tam +NaNO,

A

A

Phan 2:
Nudéc ly tam +

Phan 3:
Nuéc ly tam +

0,1M H6 tinh bt — mau
xanh tim >cé I’

e Hoac: Nuéc ly tam +
cloroform + nuéc Javel.
L4c k¥, c6 mau
xanh tim & I6p cloroform
(phia duéi)

> col

cloroform + nuéc
Javel (18y du). L4c
k¥, 16p cloroform
(phia dudi) c6 mau
vang rom
- c6 Br

FeCl,10% — phic
[Fe(SCN)s>] mau
dé mau
—> c6 SCN™
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Bai 8

DINH TiNH ANION NHOM II: CO,%, CH,COO:, PO,%,
AsO,*, AsO,*, SO,%, SO,?, (S,0,?)

MUC TIEU
1. Xdc dinh dugc ting anion nhom II dva vao cdc phan ng ddc trung cua ching.

2. Gidi thich cdc hién tuong xdy ra va viét cdc phuong trinh phdn #ng trong qud
trinh thuc hién cdc budec phdn tich.

1. DUNG CU - HOA CHAT - THUOC THU

Dung cu Hoa chat, thudc thi

- Pén cén - Dung dich phéan tich chta cac anion:

- Piia thay tinh CO,*, CH,COO, PO/, AsO,*, AsO,”, SO,*, SO,

< (S,05)

- Kep go

- Ong nghiém cac loai - HCI 2N, 1N, 0,IN - Hon hgp Mg (MgCl, +

- Ong nghiém ly tam - H,50, déc NH,Cl + NH,0H)

Méy ly tam . H2SO4 IN - Dung dlCh 12 5%, 10%

. CHSCOOH 2N - Dung dlCh KMIIO4 1%, 5%
- NaOH dic - TT Amoni molypdat
- FeCl, 10% - Na,5 1M
. B3012 0.5M - Rli(_ju amylic
- Sr(NO,), biohoa - Formalin 5%

- Na,CO, bao hoa

2. THUC HANH
2.1. Xac dinh CO;* va PO,* ngay tit dung dich phén tich:

2.1.1. Lay 1mL dung dich phan tich, thém vao vai giot HCl 2N. Néu thay
khi sui bot bay 1én (khi nay lam duc nuéc voi trong, khong 1am mat mau
dung dich KMnO,+ H,SO, ), chiing t6 trong dung dich ¢6 chtia anion CO,>.
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2.1.2. Pun nhe dung dich dé CO, bay hét. Cho thém vai giot HNO, dic va
thudc thit amoni molypdat, ngdm &ng nghiém trong nudc da, néu thay xuit
hién két tia mau vang cua (NH,);[PMo,,0,,], chiing té trong dung dich c6
ion PO .

2.2. Tim CH;COO" ngay ti dung dich phan tich

— Thém vao dung dich phéan tich vai giot H,SO, 2N, sau d6 cho tac dung
v6i dung dich FeCl; 10%. Néu dung dich thu dugc c6 mau d6 va sau
khi dun néng thdy két tia mau nau (Fe(OH),(CH,COO)) tach ra,
chiing to trong dung dich ¢6 anion CH,COO'.

— Hoac cho vao dung dich phéan tich vai giot rugu amylic hodc ethylic,
xtc tac bang acid H,SO, dic. Pun néng nhe hén hgp, néu c¢6 mui thom
dau chudi cua ester dudc tao thanh, chiing té trong dung dich c¢6 anion

CH.COO.
2.3. Tim AsO,;*, AsO,*, SO,*, SO,%, (S,0,*)
2.3.1. Lay 2-3 mL dung dich phan tich lam nuéc soda (cach 1am nhu bai 7,
phia trudc). Néu c6 tua thily tam, bo tua. Lay nuéc ly tam (nudc soda).

(Néu lam nudc soda ma khong cé tta xudt hién-chting t6 khong cé
cation gay roi, thi st dung ngay dung dich goc dé phan tich ma khéng can
lam nudc soda niia).

Nudc ly tdm (nudc soda) hoic dung dich goc khong can lam nuéc soda,
diéu chinh vé pH kiém nhe hoic trung tinh bang CH,COOH 2N. Chia dung
dich phan tich thanh 2 phan: phan 1 va phan 2.

2.3.2. Phan 1: tim AsO,*, AsO,*
Lay phan 1 + Hon hop Mg dén hét két ta. Ly tam.

— Nuéc ly tam L;: thém ting giot I, 5%, néu mat mau vang niu cua L,
chiing t6 c¢6 AsO,*

— Tha T,: théem HCI 2N dén via tan hét, thém tiing giot Na,S 1M, néu
xudt hién tia mau vang ctua As,S; 14 c6 AsO,*
2.3.3. Phan 2: tim SO.*, SO,%, (S,0.%)
Thém vao phan 2 tiing giot Sr(NO,), bdo hoa dén hét két tia. Ly tam.

Nuéc ly tAm L,: Pun néng va thém ting giot Ba(NO,), bdo hoa dén hét
két tha. Ly tam. Lay két tua (BaS,0,, néu c6) them KMnO, 1% va H,SO,
10%. Néu KMnO, mat mau va c6 Luu huynh két tta 1a c¢6 S,0,*

Taa T,: Thém khoang 0,5-1mL HCI 2N, 14c nhe.
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— Tim SO,*:

+ Hoac bang cach thém 1-2 giot phenolphtalein, trung hoa vé6i NaOH
0,1M dén xuit hién mau d6, lai thém HCl 0,1N dén via di mat
mau do. Thém vao ting giot formalin 5%, mau do xuit hién tré lai
1a c6 SO.*

+ Ho#c bang cach dun néng va dan hoi suc vao dung dich KMnO,
0,5% va H,SO, 2N. Néu KMnO mat mau (do SO,), chiing té c6 SO,*

Néu sau khi thém HCI 2N vao tia T, ma van con tua khong tan,

chiing té ¢6 SO,> (6 dang SrSO,). C6 thé tach riéng tua SrSO, rbi thém vao
HCl 1N va tting giot BaCl, 0,5M. Néu phan trén cua dung dich xuat hién
tia duc mo (cua BaS0,), cang chiing t6 chic chan c6 SO,*

125



Sa dd 7. So do thuc hanh phan tich cac anion nhém I
CO,*, CH,00", PO,*", AsO;*", AsO,*, SO,*", SO,”, (S,0,%)

Dung dich phan tich: Anion nhém I

|

Tim CO,”:
Dung dich phén tich:
+ HCI 2N - CO,
(lam duc nudc voi
trong) — ¢6 CO,>~

Tim PO4°": Dung dich
vira tim CO,” + HNO,
dac + TT amoni
molypdat (d€ lanh trong
nudc da) — tha vang
- c6 PO,

}

Tim CH,COO0™:

Dung dich phan tich:

« Ho#c bang FeCl,10%
— phiic hop mau dé
- ¢6 CH,COO

e Hoac + H,SO, dac
+ rugu amylic — ester
c6 mui dau chudi

= ¢c6 CH,COO "~

Dung dich phan tich
+Na,CO,
(lam nuéc soda)

!

Nuéc ly tdm (nudc soda):
Diéu chinh pH vé kieém
nhe hoc trung tinh bang
CH,COOHZ2N, chia lam 2
phan: 1 va 2

Tua: carbonat,
hydroxyd cac cation
khong phéi kim loai
kiém (bd di hoac dé

tim cation)

!

1

Phan 1 (nu6c soda): + H6n hop Mg —
MgNH,ASO, | trdng va MgNH,PO, | tring

Phan 2 (nuSc soda):
+ Sr(NO;), bdo hoa. Bun néng

A

A

CO,” +HCI 2N
e Tim SO,

dd — ¢6 SO,

Tda T, Mudi Sr** ciia SO,>, SO,>, AsO,”, PO,™,

- Trung hoa bang NaOH 0,1M va HCI 0,1N dén
mat mau phelnolphthalein + Formalin 5% —>mau

Nuéc ly tam L,:
AsO,>” Tla T,
+ Dung dich + HCI 2N via
1,5% — mat tan hét + Na,S
mau nau - A3285¢
vang vang
-+ c6 - co
A5033‘ ASO4

- Hodc dun néng, dan hai suc vao KMnO, 0,5%
+H,S0, 2N — méat mau KMnO, (do SO, T) = ¢6 SO,
e Tim SO,

- Van ¢6 SrSO,4 =* ¢6 SO,

- Hoac lay tda + HCI 1N + BaCl, 0,5M —Buc béi
BaSO,l = ¢c6 S0,

Nudc ly tam L,: AsO,’", S,0,”". Bun néng + Ba(NO,), bdo hoa. Ly tam. L&y tda BaS,0, +
KMNO, 1% + H,S0, 10% — mat mau KMnO, (do SO,1) va c6 SL = c6 §,0,
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Bai9

PHAN TiCH HON HGP CATION VA
ANION TRONG DUNG DICH

MUC TIEU

1. Dua ra duoc cdc nhén xét va tién hanh duoe mot s6 cdach thit so bo phi hop doi
vdi dung dich can phén tich dé du doan cation va anion coé thé co mdt.

2. Thuc hién dudce cdc bude phén tich hé théng dé tim ding cation va anion cé
trong dung dich.

1. DUNG CU - HOA CHAT - THUOC THU
C6 day du cac bo dung cu, hoa chat va thude thi cia 8 bai da lam phia trude

2. THUC HANH

Khi nhan dugc dung dich hén hgp cation va anion can dinh tinh, phai
thuc hién lan lugt cac buéc phén tich nhu sau:

1. Dung \giéc quan dé nhan xét mau sic, mui. Pua ra du doan ban
dau vé cac ion c6 mat.
2. Thuc hién cac phép thi so bd vé
— pH cta dung dich
— Mau ngon lia
Tu d6, du doan tiép cac ion c6 thé cé mét.
3. Thu mot s6 phan ting, dic biét 14 phan tng cua cac thudc thu
nhom d61 vé6i cation va anion
Theo d6, tiép tuc du doan cac ion cb thé cb trong dung dich phan tich.

4. Tién hanh phan tich hé thong hoic nta hé thong theo cac so do
thuc hanh phan tich cation (so @6 1, 2,3, va 4) va sd d6 phan tich
anion (s do 6 va 7).

5. Sau khi c6 két luan vé cac cation va anion vita tim dugc tit phan
tich hé thong, cAn d6i chiéu két luan 4y véi cac két qua thu so bod
ban dau xem c6 gi mau thuin. Néu con nghi ngo thi phai tién
hanh phéan tich lai.
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PHAN 1lI

LY THUYET PHAN TiCH BINH LUONG
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Bail

DAI CUONG VE HOA PHAN TiCH DINH LUONG

MUC TIEU

1. Trinh bay duoc vi tri, d6i tuong ctia mon hoc.

2. Néu duoc cdc phuong phdp phén tich dinh luong, nguyén tdic chung cia cdc
phuong phdap hoa hoc dung trong phdn tich dinh luong.

3. Trinh bay dudc cdc logi sai sé trong phdn tich dinh luong va cdch khdc phuc.
Biét cdch ghi di liéu thuc nghiém theo qui tdc vé chit s6 c6 nghia.

1. POI TUQONG CUA PHAN TiCH PINH LUQNG

Phéan tich dinh lugng 12 mot mét cia cong tac phan tich c6 nhiém vu
xac dinh ham luong (khéi lugng, thanh phan %, s6 mol...) ciia mdt nguyén
t6, ion, nhém nguyén té, mot chat (nguyén chit hay hdn hop) 6 thé rin hay
hoa tan trong cac dung dich c6 trong mau thi cAn phan tich.

Phan tich dinh lugng dugc Gng dung va c6 vi tri quan trong trong
nhiéu nganh khoa hoc: héa hoc, sinh hoc, dia chat, ndong nghiép, thuc
phém... va d#c biét trong nganh Dudc.

Trong chuong trinh dao tao cia nganh Dudc, phan tich dinh ludgng vira
12 mon hoc co s6 vita 1a moén hoc nghiép vu. Hoc t6t phan tich dinh lugng
gitp cho viée hoc va sau nay ra lam t6t cac linh vuc: kiém nghiém thuéc va
m§ phdm, kiém nghiém thuc phdm, x4c dinh céc hoat chét trong céac
nguyén liéu, dudc liéu, cac dang bao ché, héa duge, phan tich nudec, xac
dinh chét doc, 1am cac xét nghiém sinh hoa, hd trg dic luc cho viéc nghién
ciiu, tong hop va san xudt thudc...

2. PHAN LOAI CAC PHUONG PHAP PHAN TiCH PINH LUQNG

Duya vao ban chat cac phuong phap st dung trong phan tich dinh
luong c6 thé chia thanh hai nhém phuong phap.

2.1. Cac phuong phap héa hoc

Dua trén moéi lién quan gitia tinh chat héa hoc va thanh phan héa hoc
ctiia chit can phan tich. Cac phuong phap nay chia thanh hai nhém:
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2.1.1. Phuong phdp phén tich khéi luong

Dua vao viéc xac dinh khoi lugng chat can xac dinh da dugc tach ra
khdi cac chat khac c6 trong mau phan tich duéi dang tinh khiét.

2.1.2. Phuong phdp phén tich thé tich

— Phuong phdp chuén d¢: Dua vao viéc xac dinh thé tich mét dung dich
thudc thi c6 nong d6 da biét goi 1a dung dich chuén do6 cho tac dung
v6i chit can xac dinh theo phan ting héa hoc thich hgp. Tuy theo phan
ting héa hoc st dung c6 tén goi cac phuong phap phan tich tudng tng;
cac phuong phap théong dung la: Phuong phap dinh lugng acid-base;
phuong phap dinh lugng oxy hoéa - khii; phuong phap tao tia; phuong
phap tao phic; phuong phap tao cap ion.

— Phuong phdp thé tich khi: Dua vao viéc do thé tich ctiia chat khi dugc
sinh ra ti chat thi (nhu CO, giai phéng tit mudi carbonat) hoéc do sy
giam thé tich cta hdn hgp khi do mét phan d& bi hap thu (nhu CO, bi
h&p thu vao dung dich KOH).

2.2. Cac phuong phap vat ly va hoa ly

Day 1a cac phuong phap phan tich dua vao mdi quan hé gitia thanh
phan héa hoc va cac tinh chit vat 1y hoac dic tinh héa 1y ctia cac chat. Cac
phuong phap vat 1y va héa ly thuong chia lam ba nhém 16n:
2.2.1. Cac phuong phap phan chia (phuong phap tach)

Phuong phap chiét, phuong phap sic ky...

2.2.2. Cdac phuong phdap phan tich quang hoc

Phuong phap do dé khuc xa, phuong phap do niang suit quay cuc,
phuong phap do quang phd hap thu, phuong phap do quang phd phat xa...

2.2.3. Cac phuong phdap phéan tich dién hoa
Phuong phap do thé, phuong phép cuc phé....

Nhin chung cac phuong phap vat ly va héa 1y c6 d6 nhay va d6 chinh
xac cao, thoi gian phan tich nhanh, nhiéu khi c¢6 thé x4c dinh truc tiép chat
cin phan tich c6 trong mau phan tich ma khong phai chiét tach trude. Tuy
nhién doi héi phai c6 thiét bi, may méc dit tién.

Trong pham vi chuong trinh, hoc phan phan tich dinh lugng chu yéu
gi6i thiéu cac phuong phap: Phan tich khéi ludng, phuong phap phan tich
thé tich véi ndéi dung chi y&u 1a phuong phap chuén d6: acid-base, oxy héa
- kh, tao tua, tao phtc.
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3. NGUYEN TAC CHUNG CUA CAC PHUGNG PHAP HOA HOC DUNG
TRONG PINH LUQONG

La dua trén co sé ciac phan ting héa hoc, cac dinh luat héa hoc va cac
hién tugng xay ra trong qua trinh phan tng (nhu su tao két tta, tao mau,
d6i mau...) € xac dinh ham lugng cta chit cn xac dinh trong mau thi.

Pé xac dinh chit X, ta cho chdt X phan tng véi thude thi R theo
phuong trinh téng quat:

X+R+..=P+Q+ ...

Tuy theo k¥ thuat thuc hién ta c6 thé x4c dinh X thong qua san pham
P (hay Q) ctia phan ting ho#c thuéc thi R.

— Néu phdn wng tao ra két tia: Ta c6 thé tach riéng két tta va dem cén,
tit khéi lugng san phdm két tia tinh dude ham lugng chat X.

Thi du:
DPé xac dinh ham lugng FeCl, ta cho phan ting v6i NaOH du:
FeCl, + 3 NaOH = |Fe(OH), + 3 NaCl
Sau d6 dem loc 14y két tua Fe(OH),, riia sach, dem nung kho:
2 Fe(OH), —~> Fe,0, + 3 H,0
T khéi lugng Fe,O, tinh ra duge ham lugng FeCl, ¢ trong mau phéan tich.

— Néu phdn tng tao ra chdt khi: Ta c6 thé xac dinh thé tich cua khi duéi
mot ap sudt nhat dinh (hoic dung mot chat hap thu khi), tit lugng khi
ta c6 thé tinh duge ham lugng chét X.

Thi du:

DPé x4c dinh CaCO,, ta cho tac dung véi HCI:
CaCO, + 2 HCl = CaCl, + CO,T + H,0

Cho khi CO, hap thu vao dung dich Ba(OH), ta xac dinh dudc lugng CO.,:
CO, + Ba(OH), = BaCO,{ + H,0

Tu d6 ta sé tinh duge ham lugng CaCO, trong mau thii.

— Dua vao luong thuée thiz R tiéu thu trong phan tng, tinh dugc ham
lugng chat X cé trong mau phan tich. Ky thuat nay dude ting dung
kh4 nhiéu va dudc goi 1a cac phuong phap phén tich thé tich.
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4. SAT SO TRONG PHAN TiCH PINH LUGNG HOA HOC

4.1. M6t s6 khai niém

_ Khi phéan tich, ngusi ta thuong thuc hién toan bo qui trinh phan tich

(ho#c xac dinh mot dai lugng nao dé) mot s6 1an trén miu thi va thu
dugc cac két qua tuong ing x,, X,,...X,

X, + X, + .o+ X

n
lam két qua ctia phép phan tich.

Gi4 tri trung binh x = " ]a dang tin c4y hon ca va duge 18y

Gia tri trung binh x thuong khac véi gia tri thuc u cta dai lugng can
xac dinh, su sai khac dé chinh 1a sai s6 ciia phép phan tich (hoic phép
xac dinh).

— Két qua cua phép phan tich dugec danh gia & tinh ding (dd dung:
accuracy) va tinh chinh xac (precision).
Tinh ding phan anh su phu hop gitia két qua thuc nghiém thu dudc
(x) v6i gia tri thuc (u) cta dai lugng can xac dinh.
Tinh chinh xac (d6 1ap lai) phan anh su phu hgp gitia cac két qua thu
dudce (x,, X,,...X,) trong cac thi nghiém lip lai trong cung diéu kién thuc
nghiém qui dinh ctia phép phan tich (cac phép phén tich song song).

— C6 thé biéu thi sai s6 dudi dang sai s6 tuyét d6i va sai s6 tuong doi.

+ Sai s tuyét doi e = x - p (gia tri duong 1a sai s6 thira, gia tri Am 1a
sai s0 thiéu).

+ Sai s6 tuong d8i <=M 100 (%)
X

4.2. Cac loai sai s6

4.2.1. Sai sé thé

Thudng 1a nhiing sai 16n, hdu hét do su cdu tha, su nhAm 14n hoic su
c6 y gian 1an, su truc tric bat ngd (do hdng thiét bi, mat dién, mat nuéc..)...
Sai s8 thé c6 thé chi 1am hong mét dit liéu nhung ciing ¢6 khi lam sai ca
mot tap hop di liéu. Trong phan tich cAn phai tranh va loai bd sai nay
bang cach than trong, tang s6 thi nghiém, xt 1y thong ké loai bd cac dii lidu
ngoai lai...

4.2.2. Sai s6 hé théng

— La sai s6 do nhiing nguén géc ma trén nguyén tic c6 thé xac dinh
dugce, n6é lam cho cac két qua phan tich c6 xu huéng nhat dinh: cao,
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thap hoac bién d6i theo qui luat nao d6. Thi du: khi can Na,CO, trong
mot chén can khoéng day nip thi két qua can sé tang din theo thoi
gian vi Na,CO, 1a chit hit &m manh, sai s6 nay téng theo thdi gian
cAn va bé mit méit ti€p xdc ciia héa chat véi khi quyén.

— Sai s6 hé thong 1am gidm tinh ding cua két qua phan tich.
Nguyén nhdn dén dén sai s6 hé thong co thé la:

— Do st dung dung cu, thiét bi c6 sai s6, héa chat va thudc thi cé 1an
tap chat la... (thi du dung cdn khong dung, cac dung cu do thé tich
khong chinh xac...). C6 thé khic phuc sai s6 nay bang cach hiéu chinh
lai, thay hoa chat thudc thi dat tiéu chuén...

— Sai s6 do c& nhan ngudi lam: Cé thé do chu quan ngudi phan tich gay
ra vi thiéu kinh nghiém, lam viéc thiéu suy nghi, khéng can than dan
dén cac thao tac khong chuén (c6 thé khéc phuc bang cach lam viéc
can than, nghiém tudc, rén luyén k§ nang, chiu khé hoc tap...); c6 thé
do tdm ly ttc 1a khuynh huéng ctia nguci phan tich khi lip lai thi
nghiém muén chon gia tri phu hop véi gia tri da do truée, hodc gan véi
gia tri cua nguoi khac.

— Sai s6 do phuong phap: Nguyén nhan nay khé phat hién va l1a nguyén
nhan quan trong din dén sai s6 hé thong. Sai s6 phuong phap cé lién
quan vé6i tinh chat héa hoc ho#c héa 1y cua hé do. Thi du: phan tng
phan tich xay ra khong hoan toan hoic c6 phan Ging phu xay ra lam
sai léch tinh hgp thtc ctia phan ting chinh... Sai s6 phuong phap cé
lién quan véi thao tac ctia nguoi lam. Trong nhiéu truong hop néu
thao tac tot c6 thé lam giam sai s6 phuong phap va ngudge lai. (Thi du
trong phan tich khéi lugng, néu ria két tta véi thé tich nude ria thich
hop sé lam giam su mat tua do do tan).

4.2.3. Sai sé' ngdu nhién

— La nhiing sai s6 lam cho dii liéu phan tich dao dong ngau nhién quanh
gia tri trung binh. Ngudn goc cta né 1a do cac bién d6i nho khéng
kiém soat dugc (khong phat hién va khong do dudc), nhung nhting
bién d6i nhd nay cé thé két hop véi nhau theo nhiéu cach tao ra sai s6
16n thay dude, 1am anh hudng dén do lap lai cua két qua do va lam
giam do chinh xac ctia phép phan tich.

— Sai s6 ngau nhién ludn luén xuit hién du phép phan tich dudc thuc
hién hét stc cidn than va diéu kién thuc nghiém duge gitt ¢ dinh
nghiém ngat. C6 thé 1am giam sai s6 ngdu nhién bang cach tién hanh
phan tich cdn than, ting s6 thi nghiém va xt 1y cac sé liéu bang
phuong phap thong ké (theo cac luat théng ké ciia cac bién thién ngau
nhién).
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4.3. Cach ghi dit liéu thuc nghiém theo qui tic vé chit s6 c6 nghia

» Mot dii liéu thuc nghiém phan tich thu dugc ti do truc tiép hodc tinh
toan gian tiép tir két qua cac phép do phai dugde ghi theo nguyén téc chi
mot chii s6 cudi cung 1a con nghi ngo, cic chii s6 con lai 1 chac dung.

Thi du:

— Can 0,5g trén can ky thuat phai ghi 1a 0,50g (vi can k§ thuat cho phép
sai = 0,01g). Néu can trén can phan tich phai ghi la 0,5000g (vi can
phén tich cho phép sai + 0,0002g).

— L&y 10mL dung dich béng pipet chinh xac phai ghi 14 10,00mL (vi sai
cho phép + 0,02mL).

» Theo cach ghi trén: Tru cac chii s6 0 dau tién, cac chii sd con lai dude
goi 1a chii s6 c6 nghia. Thi du:

— 0,0531g c6 3 chii s6 c6 nghia,
— 1,0023g c6 5 chii s6 c6 nghia,
— 0,1500g c6 4 chii s6 c6 nghia.
» Cach lam tron sé:
— Neéu chii s6 cudi cung 1a 1-4: bo di
— Neéu chii s6 cudi cung 1a 6-9: bo di va thém 1 vao chii s6 diing trude.
— Né&u chii s6 5: 1am tron thanh sé chdn gan né nhat.
Thi du: 60,55 — 60,6; 60,45 — 60,4

BAI TAP (BAI 1)
1.1. Hay trinh bay vi tri va d61 tugng ctia phan tich dinh lugng.
1.2. Néu cac phuong phap héa hoc dung trong phéan tich dinh lugng.

1.3. Trinh bay nguyén tic chung ctia cac phuong phap héa hoc dung
trong phéan tich dinh lugng.

1.4. Giai thich sy khac nhau gitia:
- Tinh ddng va tinh chinh xac.
- Sai s tuyét do1 va sai s6 tuong doi.
- Sai s6 hé thong va sai s6 ngiu nhién.

1.5. Hay néu mot s bién phap dé khic phuc cac sai s thudng gip
trong phéan tich.

1.6. Cach ghi dit liéu thuc nghiém theo qui tic chii s6 ¢6 nghia.
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Bai 2

PHUONG PHAP PHAN TiCH KHOI LUONG

MUC TIEU

1. Trinh bay duoc néi dung va phén loai ctua phuong phdp phan tich khéi luong.
2. Mo td cdc giai doan chinh cua phén tich khoi luong.

3. Tinh duoc két qiia dinh luong bang phuong phdp khéi luong.

1. NOI DUNG VA PHAN LOAI

Phuong phap phan tich khoi lugng (con goi 1a phuong phap can) 1a
phuong phap dua trén co sé xac dinh khéi lugng ctia chat can phan tich da
dudgc tach ra khoi cac chat khac (c6 cung trong mau tht) duéi dang tinh
khiét.

Qua trinh tach c6 thé duge thuc hién theo nhiéu cach khac nhau. Viéc
phan loai phuong phap chu yéu dua vao cac phuong phap tach, cé thé chia
thanh hai phuong phap chinh.

1.1. Phuong phap két tia

Cho thuéc thit két tia vao dung dich chtia chét can xac dinh dé tao
két tta thich hgp. Loc tach 14y ttia ra khoi dung dich, riia, siy hodc nung
dén khéi lugng khong d6i. T khéi lugng tta thu dude tinh ra ham lugng
chat can xac dinh cé trong mau thu.

Dang két tia hinh thanh sau phan ting két tia goi 1a dang tia. Dang
két tta cudi cung dem can 1a dang cdn. Dang tua va dang can c6 thé giong
nhau nhung cting ¢6 thé khac nhau.

Thi du:
_ Dinh lugng Na,SO,: cho phan ting két tua véi BaCl,
BaCl, + Na,SO, = BaSO,J + 2 NaCl

(dang taa)

Tach loc 14y két tua, ria, sdy, nung khé duge dang can van la BaSO,.
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— Dinh lugng FeCl,: cho phan ting v6i NaOH du
3 NaOH + FeCl, = Fe(OH),{ + 3 NaCl

Tach loc 18y két tua, rua, sy, nung khé duge dang can 1a Fe,O, (khac
v6i dang tua).
tO
2Fe(OH); ——» Fe,0; § + 3H,0

(Dang tua) (Dang can)
1.2. Phuong phap bay hoi
Trong truong hop nay, mot hay nhiéu hop phan cia mau duge lam cho
bay hdi hay c6 thé chuyén thanh mot chét bay hoi.
1.2.1. Phuong phdp bay hoi truc tiép

— Cho chit bay hoi thu duge hap thu vao mot méi trudng thich hop, roi
tU phan ting khoi luong tinh ra két qua.

Thi du:

DPé xac dinh ham lugng CO, trong mudi carbonat, ta cho muéi d6 phan
tng v6i acid dé giai phéng CO,. Khi CO, bay ra dudc din qua mét binh
dung Ca(OH), c6 khéi lugng biét truéc:

CO, + Ca(OH),= CaCO, + H,0
Sau khi CO, bi hap thu, can lai binh, x4ac dinh dugec ham lugng CO.,,.
— Chat can xac dinh dudc can sau khi 1am bay hoi mau:
Thi du:

Xac dinh cin khé ctia mau nudce dude thuc hién bang cach cho boc hoi
mot thé tich nudc xac dinh trong coc da biét khéi luong. Cén con lai trong
coc dudgce say kho. Tu khoi lugng ting 1én cua céc ta tinh dude lugng cén kho
clla mau nudc thu.

1.2.2. Phuong phdp bay hoi gidn tiép

0 day, ta xac dinh lugng chat truée khi bay hoi va lugng cén con lai
sau khi bay hoi dé suy ra khéi lugng chat da bay hoi.

Thi du xac dinh ham 4m (ham lugng nudc) ctia mau thuéc, Duge dién
Viét Nam ciing nhu mot sd nudc dung phuong phap bay hoi theo cach nay
va goi 1a "giam khéi luong do sdy kho".

— Véi thudc khé bi nhiét phan huy: thuong siy 6 100-105°C.

— Véi thudc dé bi nhiét phan huy: lam khé 6 nhiét do thuong trong binh
hat &m c6 P,O,hay H,SO, dic, hoic tt sdy 4p suét gidm & nhiét d6 thap.
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2. NHOUNG PONG TAC CO BAN CUA PHUGNG PHAP PHAN TiCH
KHOI LUGONG

2.1. Hoa tan

Né&u mau phéan tich 6 dang dung dich khéng can giai doan nay. Mau
phan tich rdn caAn phai tim cach chuyén né vao dung dich réi dung thudec
thi thich hgp dé thuc hién phan tng két tua.

Qua trinh hoa tan phu thudc vao nhiéu diéu kién: dung méi, nhiét d9,
pH, ban ch4t ctia chat phan tich... Do vay c6 chit dé hoa tan trong nuéc,
nhung ciling c6 chat chi tan trong dung dich acid, dung dich kiém, hoic tan
khi tao thanh phtic chat, nhiéu chat khé tan hon phai can dén nhiing chat
c6 tinh oxy hoa kht thich hgp hay chuyén ching thanh mét dang dé& hoa
tan hon. Trong khi hoa tan khong dugc cho thém viao nhiing chdt 1am anh
hudng t6i phan tng két tia sau nay.

2.2. Két tua

2.2.1. Chon thuée thit thich hop dé két tiia
Thudc thi két tta can dap Gng cac yéu cau sau:

— Thuéc tht phai két tia hoan toan chit can xac dinh, dé loc, dé rta
(tha cang 1a tinh thé 16n cang t6t), chuyén sang dang can dé& dang va
hoan toan.

— Thudc thi phai ¢é tinh chon loc cao (chi phan ing véi chat xac dinh,
khong hoéc it phan ing véi cac chat phu khac).

— Thudc thi phai dé loai bé khi loc, ria.

2.2.2. Chon diéu kién két tiia

— Vi tia tinh thé: Can duy tri diéu kién dé lam cham qua trinh tao
mam va ting cudng qua trinh 16n lén cia mam. Cho nén thudng két
tua trong diéu kién:

+ Dung dich loang, néng.
+ Cho thuéc tht cham, khudy déu.

+ Lam mudi tia: Dé tua ti€p xic lau v6i dung dich thi cac tua bé sé
tan ra, cac tua 16n sé to lén.

— Vi tia vo dinh hinh: Can tao ra qua trinh dong tu cac hat keo va
ngan can qué trinh cong két (1a hién tugng ion nay cé thé cung tua véi
ion khiac ma trong diéu kién riéng ré né khong két tua dugce) do hap
phu, hap luu, tua theo. Do vay, khi tién hanh két tia thuong phai:
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+ C6 mat cua chat dién ly manh trong dung dich
+ Pun néng dung dich va khudy manh.

+ K&t tua ti dung dich dac tta sé it xop va lang nhanh hon, nhung su
h&p phu chét ban ciing nhiéu hon. P& khic phuc, trude khi loc cho
thém nuéc néng vao va khudy manh dé giai hdp phu cac chat ban.

+ Loc ngay, khong 1am mudi dé tranh h&p phu.

2.3. Loc tua
C6 thé loc két tua qua gidy loc hay phé&u loc xdp.
2.3.1. Giay loc

Thuong dung la gidy loc khong tro, nghia 1a sau khi nung, khéi lugng
tro con lai khong dang ké, can phan tich khéng phat hién dude (< 0,0005g
hay 0,5mg). Panh ddu d6 min cta gidy loc bing mau in trén hép dung hoéc
mau bing gidy hay theo ky hiéu tuy nha san xuit, vi du:

— Gifly bang xanh: R4t min, chay cham, dung dé loc taa tinh thé nho.
— Gidy bang trang, bang vang: Do min vita phai, téc d6 chay trung binh.
— Gidly bang do: L to, chay nhanh, dung dé loc tta v6 dinh hinh.
Can luu ¥ khi nung két tta, gidy loc chay thanh than, than tao thanh
c6 thé khti mot sé chit.
2.3.2. Phéu x6p
Pugc danh sé 1, 2, 3... s6 cang tidng, phéu cang min. Khi dung luu y
bao quan 16p x6p (tranh cao sat lam hoéng 16p xop).
2.4. Rira taa
2.4.1. Chon dich rva cho thich hop

Dich riia phai lam gidm do6 tan ctia tua, chéng hién tugng pepti héa,
dé loai bo khi say hodc khi nung.

Dich ria c6 thé 1a chinh ban than thudc thi, 14 dung dich lodng cta
mot chét dién ly, 1a dung dich acid hoic base va ciing ¢6 thé chi 14 nuée cit.

2.4.2. Cdach rua

Véi cing mét thé tich dich rta téi da cho phép, riia nhiéu l1an t6t hon
14 rtia it 1an. Ngudi ta da chiing minh dudc céng thiic:

A, =A, Vo
V+V,

140



Trong doé:

A,: Lugng chat ban ban dau

A_: Lugng chét ban con lai sau n 14n ria
V: Thé tich dich rta dung cho mdi 1an

V.: Thé tich dich rta con dinh lai sau mdi 14n (V, cang nhéd thi A cang
bé, do d6 khi riia phai cho dich rta chay kiét méi chéng sach)

n: S614n ria
2.5. Siy va nung

P4y 1a qua trinh chuyén dang tua thanh dang cdn. Dang can phai
tinh khiét, bén viing va c6 thanh phin xac dinh khi tiép xtic véi khong khi,
do vay can phai siy hoic nung dé loai hét nuée gdy 4m ra khoi két taa.

Gidy loc va tha da rta sach phai dé chay that hét nudc roéi méi cin
than 1ay ra khdi phéu, gap lai va dit vao trong chén nung da nung dén
khoi lugng khéng d6i. N&u chén c6 nép phai day hé mét chit dé khi c6 161
thoat. Mé6i du cin dé & nhiét do thap dé siy cho khé (khéng dude dé tua va
nude ban lung tung ra thanh chén). Khi tia da kho, khong con giot nudc
nao bam & thanh chén thi ting nhiét d6 dé gidy loc chay thanh than (khong
dé gidy loc chay bung thanh ngon lta). Sau d6, ting nhiét d6 dén nhiét do
thich hop trong thdi gian tu 15-30 phit (hodc hon niia néu ¢ yéu ciu cu
thé). Sy hoic nung dén khéi luong khong d6i 1a duge (nghia 1a gia tri hai
l4n can ké tiép nhau sai khac < 0,0005g).

2.6. Can

Trude khi cin, cAn dua vat cAn vao binh hut 4m khoang 20 phut dé
dua vé nhiét do phong. DAy 1a giai doan cubi cing nhung rit quan trong dé
xac dinh khoi lugng cua két tua (6 dang can), khi can can hét stic than
trong va tuan thu ding huéng dan st dung.

3. CACH TINH KET QUA TRONG PHAN TiCH KHOI LUQONG
3.1. Trong phuong phap két tta

3.1.1. Thita s6 chuyén F

= La ty so gitia khéi lugng mol ctia chat cAn xac dinh (nhan véi hé s&
tuong ing) va khoi lugng mol cia dang can. Vé y nghia né cho biét cu
1g dang can ¢6 F gam chit xac dinh.

— Thi du 1: Dinh lugng Na,SO, cho phan ting két tua v6i BaCl,, dang
can la BaSO,
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Na,SO, + BaCl, = BaSO, | +2NaCl

M Na,SO, M Baso,

_ 1M Na,S0, M Na,S0,

=F
M BaSO, M BaSO,

Thi du 2: Dinh lugng Fe trong dung dich Fe®" bang cach cho két tua
v61 NaOH, dang can la FeBB,0..
Fe** +3NaOH =Fe(OH), | +3Na*
2Fe(OH), —~—>Fe,0, +3H,0
Theo phuong trinh phan tng co:

- _2M,,

Fe,04

» Néu mot chit c6 nhiéu dang can, dang cAn nao c6 F cang nho, cang tot
vi khi d6 gidm t6i mic thap nhat anh hudng cua cac sai s6 thuc
nghiém dén két qua cudi.

Thi du: Khi dinh lugng crom duéi dang can la Cr,0O, thi khi mit 1mg

2xCr 104

x1
Cr,0, 152

BaCrO, thi khi mat 1mg két tia chi tuong ting mat

két tua sé tuong tGng mat —-0,7mg Cr; nhung néu dang can la

Cr 52
x1=
BaCrO, 253,3

=0,2mg

Cr = dang can BaCrO, t6t hon.

3.1.2. Ap dung tinh két qud

— (Gia st cAn a gam mAau chit cin xac dinh A, khéi lugng dang can thu
dugc la P gam.

Khéi lugng chat A nguyén chat c6 trong mau la: m = P.F (g). Do d6,
ham luong % (kl/ kl) cia A trong mau thi 1a:

P.F
%A (KI/KT) = T 100

— Gid st ldy VmL mau chit can xac dinh A, khéi lugng dang can thu
duge 1a P gam. Khi d6, ham lugng % (k1/ k1) ctia A trong mau thi 1a:

PF
%A =, 100

Cac nong d6 khac dude tinh hodc suy luan tuong tu.
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3.2. Trong phuong phap bay hoi
Viéc tinh don gian hon.
Thi du: Khi xac dinh ham 4m:

2

% am-= _b><100

Trong d6:
a: khoi lugng mau truée khi say
b: khéi lugng mau sau khi sy kho

4. CAN PHAN TICH

Trong phan tich khéi lugng, can phan tich duge dung dé cAn mau tht,
bi va bi c6 chiia tua. Trong thuc té c6 cac loai cAn phan tich sau:

4.1. Can co hoc (Mechanical balance)
Hoat dong caa can dua trén nguyén téc don bay.
Céan co hoc c6 hai loai:

— Can co hoc hai quang: C6 hai canh tay don bang nhau. Qua can dé §
ngoal can, khi can moi dat qua can lén dia can. Khi cin 6 vi trl can
bang kh01 lugng qud cAn dit vao dia can chinh 1a khéi lugng ctia vat
can can.

— Can co hoc rnC)t quang: Can c6 qua can dudc dit truc tiép 1én canh tay
don trong can va dudgc thang bang véi d6i trong. Khi dit vat can can
lén dia can, can bang véi doi trong bi pha vg, pha1 nhéc qua can ra
khoéi canh tay don dé lap la1 can bang Khoéi hidng cua cac qua can lay
ra chinh 1a khéi lugng cua vat can dit trén dia cdn. Can c6 hoc mot
quang c6 gédn thém bo khuéch dai quang hoc nén thuong duge goi la
can dién.

4.2. Can dién tu (Electronic balance)

Hoat dong cua can dua trén luc dién tu dé gitt can & vi tr1 can bang
ban dau. Dong dién cin dé duy tri hic nay ty lé véi khoi hidng cua vat can
khi can. Qua trinh hoat ddng ctia cAn nhu sau:

— Khi khong 6 vat can trén dia cén, lyc dién tu cua hé théng giti can 6
vi tri can bang: diém 0 ban dau.

— Khi ddt vat can 1én dia cén, d1em 0 ban d4u bi dich chuyén va gti tin
hiéu té6i dong dién kiém tra dé tao ra dong dlen hleu chinh (dong dién
h1eu chinh nay chay trong cuon day gan vao dia cua di ia can, tao ra
mot tu tru’dng Tu truong cua cudn day chiu tuong tac cua mot nam
cham vinh ctiu dat dudi dia can) can thist dé thist lap lai hé thong vé
vi tri ban dau ty le v6i khoi lugng cua vat can dit trén dia cAn.
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Céac yéu t6 anh hudng dén can dién
tu: cac btc xa dién tu tai noi dit can, tu
tinh ctia vat can, bui ban & khe giiia cuén
day va nam cham, ... Do d6, khi st dung _
can dién ti phail quan tam téi cac thong
s6 cua moi truong xung quanh nhu nhiét
do, ap suét khi quyén, do 4m, ludng khi,

. va cac yéu t6 khac nhu su thay déi
dién thé& ctia ngudn dién, dién trudng, ti B oo
truong, tinh dién va ban chit cia mau do
vé tif tinh va kha ning nhiém tu.

Hinh 2.1. Can phan tich dién t&

4.3. Tiéu chuin co ban cta can phan tich

— Do ding: La miic dd sat gan cua cac gia tri doc dugc véi gia tri thuc
cua qua can chuan.

— Do tin: Can cho s6 do nhu nhau khi dit vat can & bat ct vi tri nao trén
dia céan.

— Do nhay dat yéu cau khi can.

— Tinh tuyén tinh: La su léch duong hay am cua gia tri doc dudc véi gia
tri thuc dat trén can.

. N X v . A R P A - A R A~
Dinh ky moéi nidm hai lan kiém tra cic tiéu chi trén dé dam bao két
s v
qua kiém nghiém.

5. MOT VAI THi DU AP DUNG PINH LUGNG BANG PHUONG PHAP
KHOI LUONG

5.1. Pinh lugng Clorid
Phuong trinh phan ung:
Cho thtta dung dich AgNO, vao dung dich CI can xac dinh sé c6 phan tng:
AgNO, + ClI' = AgCl + NO,
Loc 14y két tta AgCl, riia ta, sdy dén khoi lugng khong d6i, cAn trén

can phan tich. Tw khéi lugng tia thu duge tinh ra ham lugng clorid trong
mau.

Taa AgCl khéng bén, dé ra anh sang bi phan huy thanh Ag (ldc dau
tiia hod tim sau den dan) vi vay khéng nén dé tua lau & 4nh sang khuyéch
tan hoic ti€p xuc truc ti€p v6i anh sang, to6t nhat nén boc coc dung tua
bing to gidy den. O 130 °C tiia AgCl bi phan huy va mat clor, do d6 khi s&y
khong dé nhiét d6 cao vugt qua 130 °C.
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Ky thudt tién hanh:

Dung pipet 14y mot thé tich chinh x4c dung dich mau sao cho lugng
Cl' khoang 0,15g cho vao céc 250 mL, thém nuéc cdt dén khoang 70 mL,
thém ti€p 15 mL HNO, 2N. Dat céc vao ndi dun cach thuy. Dung diia
thuy tinh vita khudy manh, vita cho tit ti khoang 50 mL AgNO, 0,1N
(thita khoang 10% so véi lugng Cl). Pun cach thuay tiép 1gid. Sau d6 dé
yén 6 chd to1 ti 3-5 gid. LAY ra thi xem da tua hoan toan chua bang cach
thém 1mL AgNO, 0,1N vao dung dich trong & trén tua, néu khong cé tua
thém 1a da ttia hoan toan (néu chua tia hoan toan phai lam dong tac két
tua thém).

L4y 1 phéu loc x6p s6 3 hay s6 4 ria bang dung dich HNO, loang,
néng (2-3ml HNO, 2N), sau d6 riia lai bang nuéc néong va dem say 6 130 °C
dén khéi lugng khéng déi.

Lip phéu loc x6p vao binh hit chan khong va loc tia. Pau tién rét
phan nudc trong theo diia thuy tinh vao phéu, rta tua vai ladn bang dung
dich HNO, lodng, néng, sau d6 chuyén hét tta vao phéu, ria tiép tiia bang
HNO, lodng, néng cudi cung bang nudc cat.

Pem sdy tta cung phéu x6p & 120 °C trong 2 gid, dé ngudi trong binh
hit 4m, roi dem cAn trén can phan tich. S4y, lap lai dén khi ¢6 khéi lugng
khong d6i. Lap cong thiic va tinh két qua.

5.2. Pinh lugng Na,SO,
Khi thém dung dich BaCl, du vao dung dich mau thi, sé c6 két tiia BaSO,;:
Na,S0, + BaCl, = BaSO,J + 2NaCl

Loc 18y két tiia BaSO,, rita, sdy va nung tiia dén khéi lugng khong déi.
T khoi lugng dang cAn BaSO, thu dugc tinh ra ham lugng Na,SO, trong
mau thu.

Vi BaSO, c6 tan mot it trong dung dich acid dic, cho nén chi két tta &
moi truong acid nhe, khéng nung tta 6 nhiét do > 800 °C vi 6 1400 °C taa
BaSO, bi phan huy theo phuong trinh:

BasO, — % ,Ba0+S0,

Ky thudt tién hanh:

Lay chinh x4c mot lugng mau thi sao cho lugng sulfat khoang 0,15 -
0,20g cho vao coéc 250 mL, thém nudc cho thanh khoang 80 mL, thém
0,5 mL HCI déc. Dat 1én bép (c6 16t ludi amidng). Pun s6i. Viia khudy vira
cho tt tit dung dich BaCl, 0,5N dén khi du khoang 10% so véi lugng sulfat
dem dinh lugng. Pun s6i thém vai phit. Dé 14ng, kiém tra xem tda hoan toan

145



chua. Pun cach thuy 1 gio (thinh thoang khudy déu). Dé ling. Gan nudc
trong ¢ trén tua qua mot phéu loc c6 gidy loc khong tro (gidy bang xanh).
Riia gan tua vai lan bang nuéc cét, sau d6 chuyén hoan toan tua sang
phéu. Ruia ti€p 2 1an trén phéu bang dung dich NH,NO,1%.

Dé gidy loc c6 tua chay hét nude, dem ca phéu va gidy sy ¢ 100 °C
dén khi gidy con hoi 4m (khoang 15 - 20 phut). Nhéc gidy loc c¢6 tta ra khoi
phéu, gap lai theo hinh chép va dit vao chén nung da nung dén khéi luong
khong d6i. Pat chén nghiéng & bép dién va d6t cho gidy loc chay thanh
than (khong cho chay thanh ngon liia). Dem chén nung c6 ttia nung J 600 —
700 °C trong khoang 30 phut. L&y chén nung ra dé ngudi trong binh hut
4m, sau d6 can trén can phan tich. Nung lap lai cho dén khi khéi lugng
khong déi. Lap cong thiic va tinh két qua.

BAI TAP (BAI 2)

2.1. Hay néu noi dung va phan loai cia phuong phap phan tich khéi
lugng.

2.2. Thé nao 1a dang tta ? Dang can ? Thi du.

2.3. Trinh bay cac dong tac co ban trong phan tich khéi lugng.

2.4. Thé nao 1a thia s6 chuyén F. Cach tinh két qua trong phuong
phap két tua.

2.5. Tai sao khi két tia phai dun néng dung dich ? Cho thtta thuéc thii ?
Khudy déu ?

2.6. Anh (chi) hay phan tich dé chi ra wu nhudc diém ctia phuong phéap
phan tich khéi lugng.

2.7. Mot chdt can xac dinh theo phuong phap khéi lugng c6 thé cé
nhiéu dang can khéic nhau, nén chon dang nao. Vi sao?

2.8. Hoa tan 1,1245 g mAiu c6 chiia sit, sau d6 dem két tiia hoan toan
bang dung dich NaOH du. Loc,rtia két tua sau d6 dem say kho roi
nung ¢ nhiét d6 800 °C dén khoéi lugng khéng déi, thu duge 0,3412
gam. Hay gidi thich (viét phuong trinh phan {ing) va tinh %Fe c6
trong mau dem phan tich.

2.9. Hoa tan 1,053 g mau phan tich chi gom CaCl, va Ca(NO,),, sau dé
cho két ttia hoan toan béng acid oxalic du. Loc, ria két tia sau d6
sdy réi nung kho thu dude 0,3872 g CaO. Hay giadi thich (viét
phuong trinh phan tng) va tinh % méi chat trong hén hop trén.
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Bai 3

PHUONG PHAP DINH LUONG THE TiCH

MUC TIEU

1. Trinh bay duoc néi dung ciia phuong phdp phdn tich thé tich. Néu dvdc cdch
xdc dinh diém tuong duong.

2. Kétén duoge bon loai phuong phdp chudn dé chinh va ba ky thudt chudn dg.

3. Trinh bay dudc qui tdc chung va cdch tinh két qud dinh luong theo néng dé
duong luong.

4. Trinh bay dvdc cdch s dung va cdch hiéu chinh dung tich cdc dung cu do thé
tich .

1. NOI DUNG CUA PHUONG PHAP PHAN TiCH THE TiCH

» Phuong phap phén tich thé tich 1a phuong phap xac dinh ham lugng
cac chat dua vao thé tich dung dich thudc thi da biét ndéng d6 chinh
xac (trong phén tich goi 1a dung dich chuén) thém ti buret vao dung
dich ch&t cin xac dinh (d€ trong binh nén) cho dén khi ching phan
ting viia du v6i nhau theo phan ting hoa hoc:

R+X=P+Q
Tw thé tich thudc thi R c6 néng d6 da biét va lugng mau

(c6 chiia chat X), xac dinh duge ham lugng cua chat X. R

» Sy thém tu td thudc thi R (6 trén buret) vao chit X (6
du6i binh nén) goi 13 su chuin d6 (trong thuc t& ciing c6 A X
khi dung dich can dinh luong X dudc rét vao buret, dung -
dich R dé & duéi binh nén).

» Thoi diém lugng thudc thi R cho vao da dé phan tng via hét véi toan
b6 chét xac dinh X goi 1a diém tuong duong. Dé xac dinh diém tuong
duong trong chudn d6 thé tich ngudi ta st dung mét trong cic chat
tham gia phan tng ho#c thém vao chidt phu cé thé giy ra cac hién
tugng quan sat duge (vi du su d6i mau, su xuat hién két tta...) xay ra
6 1an can diém tuong duong goi 1a chat chi thi.
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Trong thuc t&, ching ta thuong ding chuén do khi chét chi thi thay
ddi tin hiéu (461 mau, gy tua,...) va dugc goi 1a diém két thdc chudn
d6 (hay diém ding chuén do - diém cudi). Diém két thic thudng khong
trung véi diém tuong duong va gy ra sai s6 chuan do. Sai s chudn do
thuong do hai yéu t6: do st dung chat chi thi khong thich hop (sai s6
chi thi) va do k§ thuat chuéin d6 (st dung pipet, buret khong tét,...). Vi
vay khi chuén d6 phai luu § dé gidm sai s6 t6i muc thap nhat.

2. YEU CAU POI VOI MOT PHAN UNG DUNG TRONG PHAN TiCH
THE TICH

Céc phan tng chuin d6 dung trong phan tich thé tich phai thod man

cac yéu cau sau:

Phan ing phai xay ra hoan toan (théng thudng chat can xac dinh con
lai c6 néng d6 < 10° M) theo ding hé s6 hop thic cia phuong trinh
phan tng.

Phan ting phai c¢6 tinh chon loc cao: chi x4y ra gitia thudc thi va chat
cin xac dinh, khéng c6 phan tng phu.

Phan tng xay ra phai da nhanh, néu cham viéc xac dinh diém tuong
duong sé kém chinh xac.

Phai chon dudc chét chi thi xac dinh dude chinh xac diém tuong duong.

3. PHAN LOAI CAC PHUONG PHAP THE TiCH

Théong thuong dua trén cd sé phan tng chuin d6 dé phan loai cac

phuong phap phén tich thé tich. Trong pham vi chuong trinh nay ching to6i
trinh bay bon phuong phap sau:

3.1. Phuong phap acid-base (phuong phap trung hoa)

Phan ting dinh lugng 14 phan tGng trao d6i proton hay phan tng acid

base. Thi du: Dinh lugng dung dich CH,COOH bang dung dich NaOH

CH,COOH + NaOH = CH,COONa + H,0

3.2. Phuong phap oxy hoa khu

Phan tng dinh lugng 14 phan tng trao d6i dién ti gitta moét chat oxy

hoa va mot chat khi.
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Thi du: Pinh lugng FeSO, bang KMnO,:
10FeSO, + 2KMnO, + 8H,SO, = 5Fe,(S0,),+ 2MnSO, + K,SO, + 8H,0
(khtt) (oxh)



3.3. Phuong phap két taa

Dua vao phan tng tao thanh chat két tua (chat it tan) gitia thuéc thu
va chat can xac dinh.

Thi du: Pinh lugng dung dich NaCl bang dung dich AgNO,
NaCl + AgNO, = AgCly + NaNO,

3.4. Phuong phap tao phic
Duia vao phan ting tao thanh phiic chat gitia thudc thii va chat can xac dinh.
Thi du: Dinh lugng dung dich Mg*" bang complexon (HY®)
Mg® + HY* — MgY> + H*

4. CAC KY THUAT CHUAN PO

4.1. Pinh lugng truc ti€p (chuin d6 thing)

D6 1a truong hgp cho thudc thi va chat can dinh lugng phan tng truc
tiép v6i nhau via du.

Thi du: D& dinh lugng mét dung dich NaCl ngudi ta nhé dung dich
chuén do6 AgNO, vao dung dich NaCl dén khi ch&t chi thi chuyén mau.
4.2. Pinh lugng ngugce (chuin dé thira tri)

Thi du: Dé dinh lugng clorid, truée hét ta cho AgNO, du dé tia hoan
toan AgCl

AgNO, du + NaCl - AgCll + NaNO,
Sau d6 chudn do6 AgNO, con thita baing KSCN
AgNO,con lai + KSCN —» AgSCN + KNO,
Biét dugc lugng AgNO, thiia, tinh duge lugng AgNO, da tac dung véi
NaCl tic 1a biét duge lugng NaCl.
4.3. Pinh lugng thé (chuin d6 thé)

Thi du: Dinh lugng K,Cr,0, bang cach cho K,Cr,0, tac dung véi KI
du trong méi trudng acid dé giai phéng 1 lugng tuong duong iod.

K,Cr,0, + 6KI + 7H,SO, = 31, + Cr,(S0,), + 4K,SO, + 7H,0
DPinh lugng I, giai phéng bang Na,S,0,
I, + 2Na,S,0, = 2Nal + Na,S,0,

Trong thi du nay, viéc dinh lugng K,Cr,0, dugc thay thé& bing dinh
lugng 1od.
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5. CACH SU DUNG MOT SO DUNG CU DUNG TRONG PHUGNG PHAP
THE TiCH

Trong nhiing phuong phap phan tich thé tich, ngoai nhiing dung cu
thuy tinh thong thuong nhu 6ng dong, pipet chia nhiéu vach dudc st dung
khi cAn 14y mét thé tich dung dich khong can chinh xac, ta con dung mét s6
dung cu thuy tinh chinh x4c nhu buret, pipet, binh dinh mtc. D€ tranh sai
s0, ta cAn biét cac quy tac st dung loai dung cu nay.

5.1. S dung buret

Buret 14 nhiing éng thuy tinh chia d6 (chia vach) dung dé do lugng
chinh xac dung dich da cho chay tit 6ng d6 ra. Buret chia vach téi 1/ 10 hay
1/ 20mL, ¢6 loai chia t6i 1/50 hay 1/100mL, thuong dung trong vi phéan tich
va ban phéan tich (hinh 4.1)

Truée khi dung can phai kiém tra tinh trang cia buret:

— Khoa buret can kin va tron. Néu khoa hé hay rit
thi phai boi mot 16p mong vaselin 1én khoa
(tranh béi vao 16 khoa).

— Buret cin phai kho va sach. Truéc khi dung can
rua sach buret, chd y ria sao cho trén thanh
buret khong con vét md. Trong khi riia khong bit
miéng buret bang ngén tay vi khi d6 buret sé lai
bi md lam ban. Buret sach thi khi d6 day chat
16ng chay qua éng ti tit khong dinh lai moét giot
nao trén thanh éng.

— Né&u buret con uét ma can dinh lugng ngay,
ngudi ta trang buret hai l1an bang 1 1it dung dich
dinh lugng. Dung dich nay d6 qua phéu dat &
trén miéng buret, sau d6 nhic phéu ra dé tranh
dung dich con sé6t 6 phéu chay xuéng lam sai két
qua dinh lugng. Phai dudi hét bot khi & phan
duéi buret gdn khoa. Muén vay mé khoa va cho
chat 1ong chay manh qua buret. Néu bot van con
thi nhing dau nhd cua buret vao dung dich, mé
kho4 rdi hit ngude dung dich 1én.

Hinh 4.1. Buret

— BAt diu dinh luong, ta d6 dung dich lén qua vach s 0 cta buret: tay
trai md khoa cho dung dich chay tu ti t6i khi phan duéi (néu dung
dich khéng mau), phan trén (néu dung dich sAm mau) cia mit khum
ti€p xtc véi vach s6 0. Khi doc phai dé méit cung chiéu cao véi mét
khum va dé buret that thang dé tranh sai s6. Khi chuén d6 xong ciing
doc theo cach da noi 6 trén (hinh 4.2).
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— Muén nhin mit khum rd hon thi dé sau buret mdét miéng bia tréng
ntia dudi bdi den, dai den dé cach dudi mat khum khoang 1 mm, do
phan chi€u mat khum sé hoa den (hinh 4.3). C6 thé dan 1én thanh
phia sau buret mét dai nho dai c6 mau 6 trén nén trang siia. Ta sé
th&y mat khum phéan chia dai d6 tu lai thanh mot diém nhon va ta sé
doc tit diém @6 (hinh 4.4).

U347 b T
—
a\. "".—- T 7
2943 E
c :
2453¢
Hinh 4.2. Doc thé tich trén Hinh 4.3. Dlng bia tréng Hinh 4.4. Buret c6

buret den doc thé tich trén buret  dai mau

— Dung dich chay tu buret khong dude qua nhanh, vi khi chay nhanh
dung dich khong chay xuéng hét, sé dinh 6 thanh éng va két qui sé
khong chinh xac.

— MGbi 14n dinh lugng nhat thiét phai dé muc ngang cua dung dich trong
buret bit dau tit s6 0, ttc 1a ludn ludn chi dung mot phan cta buret.
Khi d6, cac sai s6 do chia vach trén buret sé but nhau t6t nhat.

— Muén két qua duge chinh xac, thé tich dung dich dung dé dinh lugng
khong vugt qua dung tich cua buret va cting khéng qua nho.

— Bao quan: Khi théi khéng dinh lugng niia cAn cho chay hét dung dich,
ria sach buret, day dau buret bing mét nén gidy. P& cho khoa khdi bi
rit, nh&c hin khoa ra khdi 8, lau sach vaselin réi dit khoéa vao 6
nhung c6 16t mot miéng gidy loc.

5.2. St dung pipet

Tuy theo cach chia vach ta phan biét pipet c6 1 vach, c6 2 vach va
nhiing pipet chia thanh nhiéu vach 1/ 10; 1/ 20...(hinh 4.5). Loai 1 vach, 2
vach la loai chinh xac.
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Trude tién phai ria pipet dé loai hét cac chat
ban, md... trang 2 14n bing dung dich dinh lugng,
sau d6 cAm phan trén cua pipet bang ngén tay cai
va ngoén tay gitia, cim sau dau dudi cia pipet vao
trong dung dich (dé néng qua dung dich ¢ thé xdc
lén miéng) hut ti ti cho dén khi méit khum cua
dung dich dang lén trén vach gin 2 cm , bit nhanh
miéng trén clia pipet biang ngén tay tro kho va hé
md mét ty dé dung dich chay xudng rat cham cho
dén khi phan dué6i cia mat khum dén ngang vach
(vach tht 1 néu la pipet c6 2 vach).

Dua ngay pipet vao trong binh nén da chuédn
bi trude, tua dau pipet vao thanh binh, cAm théing
ding pipet roéi dé cho chat 16ng chay ra ti ti cho
dén vach thi 2 d61 véi loai pipet 2 vach hay dén
hét do6i véi loai pipet 1 vach; nhac pipet ra, khong
duge théi giot cudi ciing con dong lai & dau pipet vi
nhu thé sé méc sai s6 thita. P& tranh lam hdng |
thudc tht khong nén nhing thing pipet vao chai
ma rét thudce thi ra coc c6 moé réi méi hit bang
pipet.

Tuyét d6i khong dung pipet dé hit nhiing dung dich acid dic, kiém
d#c, chat doc, chat bay hoi, trong trudng hop nay phai dung buret dé 14y
mot thé tich chinh xac ho#c diung qua bép cao su néi véi pipet dé hit dung
dich 1én.

Hinh 4.5. Pipet

5.3. St dung binh dinh mitc

Binh dinh mtic dung dé pha ché& cac dung dich. P6 1a nhiing binh cau
¢4 dai va hep, c6 vach ngén cé nhiéu loai dung tich khac nhau: 2000; 1000;
500; 250; 200; 100; 50; 25 va 20 mL (hinh 4.6). C6 loai 6 ¢6 ¢6 2 vach dé c6
thé pha lodng nhanh chéng mét thé tich nh&t dinh trong céng tic hang
ngay: vi du 50 va 55 mL; 100 va 110 mL. Binh dinh mtc phai dudgc ria
sach bang nuéc cat trudec khi dung, khong dude riia va trang bang dung
dich dinh lugng hay thudc thi nhu trong trudng hgp buret va pipet.

Khi gép mot chat dé tan, ta cho chat nay vao binh qua mot cai phéu,
thém mét it nuée vao (khong qua nta binh) va lic cdn than. Khi da hoa tan
hét, ta cho nudc t6i dudi vach ngdn mot it, roi dung pipet thém nudc tu tix
cho dén khi day m#t khum cham t6i vach ngan thi théi. Néu 1a chat khé
tan thi phai hoa tan trudc 6 mot céc c6 mo roi méi rét sang binh dinh mitc
(nhé trang sach coc va d6 ca sang binh). Can chid ¥ nhiing diém sau day:

152



— Khéng rét thing dung dich néng, lanh vao
binh dinh mtic, d61 v6i nhiing chat khi pha
téa nhiét (nhu H,SO,) hay thu nhiét phai
pha trudc 6 mot céc c6 moé va dgi cho nhiét do
bang nhiét do trong phong thi nghiém rdi
hay r6t vao binh dinh mtec.

— Khi pha ché& xong phai rét dung dich vao
chai lo ma khong dung binh dinh miic dé
dung dung dich thi, nhat 1a dung dich kiém.

Hinh 4.6. Binh dinh mic

6. HIEU CHINH DUNG TICH CAC DUNG CU PONG PO THE TiCH
CHINH XAC

6.1. Nguyén tac

Dung cu dong do thuong dugc san xuidt véi dung tich nhat dinh o
nhiét d6 nhat dinh, nhung do k§ thuat san xuat, do thoi tiét nén khong
tranh khoi cé sai sét. Vi vy cAn kiém tra dung tich nhiing dung cu dé6
truée khi tién hanh dinh lugng.

Muén kiém tra ta cAn mét dung tich nhét dinh nuée cit da ghi trén
binh dung, thém vao mdt s6 hiéu chinh da tinh sdn & nhiét d6 tuong ting, ta
duge dung tich thuc ctia dung cu. S6 hiéu chinh da tinh s&n dé dya vao mot
loat hiéu chinh sau day:

a/ D& c6 thé suy ra thé tich cua nudc theo khéi lugng nude, nude phai é
nhiét do c6 khéi luong riéng 16n nhat (3,98 °C). Nhung ngudi ta caAn nudc &
nhiét d6 bat ky. Do d6 can tinh s6 hiéu chinh (biéu thi bang A) vé su thay
d6i khoi lugng riéng theo nhiét db.

b/ Thé tich cia nude da can 16n hon thé tich cua cidc qua cAn nhiéu.
Theo nguyén 1y Acsimet cdc qua cAn mat trong lugng it hon nuée. Do d6
phai tinh s6 hiéu chinh B vé su cin trong khong khi.

¢/ Nguoi ta con xét dén do gidn nd cua thuy tinh, cac dung cu thuy
tinh déu khic ngén & nhiét d6 20 °C, néu duéi 20 °C thi thé tich nhé hon,
trén 20 °C thi thé tich 16n hon, bdi vay cAn phai dua vao s6 hiéu chinh C vé
thay d6i dung tich ctia binh theo nhiét do.

Tat ca nhiing s6 hiéu chinh nay déu da dugc tinh truéc (bang 4.1).
6.2. Hiéu chinh dung tich binh dinh mitc

Thi du: Muén hiéu chinh dung tich ctia binh dinh mtic 250 mL, ta rta
va lam kho binh, d:it 1én dia can. Khéi lugng cta binh (m, gam).
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D6 nuée day binh dén vach, sau d6 dung khin lau khé bén ngoai va
dung gidy loc xoay quanh thanh trong c6 binh phia trén vach cho khé, dat
lén dia can xac dinh khoi lugng ctia binh day nuéc (m, gam).

Do d6 khéi lugng nuée bang: m, - m, (g)
Gia su: m, - m, (g) = 249,55 g

L&y nhiét d6 nuéc khi d6 day binh 1a 24 °C. Tra bang ta thdy s6
996,39. S6 d6 chi trong lugng ctia nuée dd trong binh thuay tinh cin trong
khoéng khi ¢ 24 °C ma dung tich ctia né 6 20 °C ding bang 1 lit.

D61 véi thé tich 250 mL, ¢6 trong lugng tuong Gng:
996,39 : 4 = 249,10 g.

Thuc t& khoi lugng tim thay 249,55 g 16n hon tri s6 trén 0,45 g. Nhu
vay thé tich ctia binh néi trén 16n hon 250 mL 1a 0,45 mL tdc 1a bing
250,45 mL.

Bang 4.1. Mot s& hiéu chinh dung cu do thé tich theo nhiét d6

Nhigt H;Utﬁ:;"go‘:e T:I:l;; Z?nh "éH:'ut;:;’nggi T:ér::gs? 1000 -

gaoc | Khoiludng riéng trong dung tich hidu (A+B+C)
: cua n_u:dc tAheo khéng khi cua b_lph i chinh

nhiét do theo nhiét do
A B C A+B+C

15 0,87 1,07 0,13 2,07 997,93
16 1,03 1,07 0,10 2,20 997,80
17 1,20 1,07 0,08 2,35 997,65
18 1,38 1,06 0,05 2,49 997,51
19 1,57 1,06 0,03 2,66 997,34
20 1,77 1,05 0,00 2,82 997,18
21 1,98 1,05 -0,03 3,00 997,00
22 2,20 1,05 - 0,05 3,20 996,80
23 2,43 1,04 -0,08 3,39 996,61
24 2,67 1,04 -0,10 3,61 996,39
25 2,92 1,03 -0,13 3,82 996,18
26 3,18 1,03 -0,15 4,06 995,94
27 3,43 1,03 -0,18 4,30 995,70
28 3,73 1,02 -0,20 4,55 995,45
29 4,02 1,02 -0,23 4,81 995,19
30 4,32 1,01 -0,25 5,08 994,92
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6.3. Hiéu chinh dung tich cta pipet

Do nhiét d6 ctia nuéc cat, 14y day pipet t6i vach ngan, sau d6 lai bd
nuéc d6 ra chén da can trude. Pay nip chén can lai réi dem can trén cin
phan tich. Lam lai thi nghiém it nhat hai 1an va 14y tri s6 trung binh.

Thi du: Khéi luogng 25 mL nuéc hit bang pipet 1a 24,97 g & nhiét do
17 °C. Do @6 dung tich thuc cta pipet 6 20 °C bang tri s6 nay cong thém
1/40 con s6 hiéu chinh 6 17 °C da ghi trén bang, ttc la:

V. = 2497+24_3(’)5_2503 mL

Lén hon dung tich da quy dinh la:
25,03 — 25 =+ 0,03 mL
Ta ciing c6 thé tinh sai s8¢ ctia dung tich pipet nhu d6i véi binh dinh
mtc va cling dua dén két qua + 0,03 mL nhu trén.
6.4. Hiéu chinh dung tich cta buret

Ta rét ti buret dinh hiéu chinh xuéng cac chén can (da can bi trudc)
nhiing thé tich nuéc chia trong khoang tit 0 - 5 mL, 0 - 10 mL cho dén
0- 50 mL, mbi 1an nhu vay ta lai dem can chinh xé4c.

Tuong tu nhu cach hiéu chinh dung tich ctia pipet, ta dua vao cac két
qua khéi lugng nuée thu dude va nhiét do, tim dudge cac dung tich cia né va
lap thanh mot bang hiéu chinh (Bang 4.2), bang nay dung déi chiéu khi st
dung hiéu chinh buret doé.

Bang 4.2. Bang hiéu chinh mét buret 6 21°C

» Khoi lugng nudc , i
Thé tich |—— ng nude (g) Hisu chiinh thes hn Thé tich | Saisd
wmi) | Con | Can | can | W | e | (o)

lan 1 lan 2 lan 3
3 00
0- 5,00 4,96 4,96 4,96 =0,02 4,98 -0,02
200
300
0- 10,00 9,93 9,93 9,93 ——=0,03 9,96 - 0,04
100
3,0015
0- 15,00 14,97 14,97 14,97 +—= 0,045 15,02 + 0,02
1000
3 00
0- 20,00 20,00 20,00 20,00 50 =0,06 20,06 + 0,06
3 00
0-25,00 21,98 21,97 24,075 40 =0,075 25,05 + 0,05
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2. Khdi lugng nuéc > .
Thé tich [—— ng nude (9) Hisw chinh theo ban Thé tich | Saisd
(vmL) | CGan | Can ) Can - ’ thee | (mL)

lan1 | 1an2 | 14n3
3,00.30
0-30,00 | 29,95 | 2995 | 29,95 + =0,09 30,04 | +0,04
1000
3,00.35
0-3500 | 34,92 | 3493 | 34925 + = 0,105 3503 | +0,03
1000
3,00
0-40,00 | 39,90 | 3990 | 39,90 +e =012 40,02 | +0,02
3,00.45
0-45,00 | 11,84 | 11,85 | 44,845 + =035 44,98 | -0,02
1000
3,00
0-50,00 | 49,82 | 49,82 | 49,82 +2= =015 49,97 | -0,03

Thi du: Trong mét dinh lugng dung hét 35 mL. Thé tich thuc sé 1a:
35+ 0,03 = 35,03 mL

7. CACH TiNH KET QUA TRONG PHUOGNG PHAP THE TiCH

7.1. Quy tiac chung

Trong phuong phap thé tich, ta két thic chuin do tai 14n can diém
tuong duong, ¢ d6 s6 duong lugng (hay s6 mili duong lugng) thudc thii bang
s6 duong luong (hay s6 mili duong lugng) chat can xac dinh.
7.2. Tinh két qua theo nong dé duong lugng thudc thi

C6 2 truong hop thuong gap:

a. L4y Vi mL dung dich chat B c6 nong d6 N dem chuén d6 tai diém
két thiic hét V, mL dung dich chat A c¢6 néng do N, ta cé:

VAN, = VpNg
Trong d6, chat B 1a ch4t cAn dinh lugng va chat A 1a dung dich chuén.
T cong thiic trén, ta tinh duge nong dd duong lugng chat can xac dinh

NB — NAVA
Vi
T d6 ta tinh duge P g/ =NRzE; (E; = duong lugng gam chat B)
o= NaVag

B
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Ta ciing c6 thé tinh cac nong do Cy,, C% (kl/ tt) bang cac lién hé da biét.

b. Can a gam chat A hoa tan thanh dung dich réi chuén d6 hét Vi mL
dung dich chat B c6 nong dd Ny, ta co:

21000 =N,V,

A
Trong d6: E, = duong lugng gam chat A

O day, chat A 1a chat gdc tinh khidt va chat B 1a dung dich cAn dinh
lugng. T d6 ta rat ra:
a.1000

E,.V,

Ciing tu d6, ta tinh dudc cac nong dd Cy, P g/L, C % (kl/tt)

Trong trudng hgp ta cAn m gam mot mau thi cAn xac dinh hop chat
tinh khiét va dinh lugng hét V, mL dung dich chuén c6 nong do N,, ta tinh
ham lugng hgp chat tinh khiét B theo C% (kl/ kl):

N,V,E, 100
1000 m
Trong d6: E;= duong lugng gam chat tinh khiét B

C% (kl/kl) =

Nhiing cach tinh trén diy 4p dung khi chudn d6 truc ti€p hay chuin
do thé, con khi chudn d6 ngudc ta tinh nhu sau:

Gia st 14y Vi mL chat can dinh lugng B thém V, mL dung dich chuén
A ¢6 néng do N,, (dung dich chuédn A cho thira), chuéin do chdt A con lai hét
V., mL dung dich chuéin C ¢6 néng d6 N,. Nhu vay, chit A phan ting v6i hai
chat B va C s6 mili duong lugng chdt A phai bang téng s6 mili duong lugng
hai chat B va C:

N,V, = NpVp+ NV

N, = NAVA — Nch
B V,

Khi tinh C% (kl/ kl), cting 1y luan tuong tu, ta co
(N,V, —N.V.)E, 100

C% (kl/ kl) = 0
m

7.3. Tinh két qua theo d6 chuin cua thuéc thi
Ta da biét, @6 chuédn T ctia mot dung dich biéu thi lugng chat d6 tinh
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bang s6 gam chtia trong 1 mL dung dich; c6 hai trudéng hdp:

— Néu c6 m gam mau tht, can xac dinh hop chat tinh khiét va dinh
lugng hét V, mL thuéc tht c6 do chuin T,, luong chit A tham gia
phan tng 1a T,V,. Ta tinh dugc ham lugng hdp chat tinh khiét B theo
C% (kI/ kl):

E,T,V, 100
E, m

C % (kI/ kl) =

Trong dé: - E, = duong lugng gam chat chudn A
- E; = duong lugng gam chat tinh khiét B
—~ Néu 1@1’3: Vi mL mét dung dich va dinh lugng hét V, mL thuéc thi cé
do6 chuan T,; két qua dudc tinh ra P g/ L theo cong thiic:
E,T,V, 1000

Pg/l=
¢ EA VB

7.4. Mot s6 thi du

74.1. Thi du 1: Pé xac dinh nong d6 dung dich NaOH ngusi ta hoa tan
1,2600g H,C,0,.2H,0 vao nuéc va thém nude cho du 500,0 mL dung dich.
Chuén d6 25,00 mL dung dich acid oxalic trén hé&t 12,58 mL NaOH. Tinh
noéng do N ctua dung dich NaOH.
Phuong trinh phan tGng chuén d:
H,C,0, + 2 NaOH = Na,C,0, + 2 H,0
M

EH20204.2H20 = E =63,03

= ﬂ.lOOO =0,0400N

™ 63,03x500

N o = 25’0(1); ;20400 —0,0795N

7.4.2. Thi du 2: Thém 25,00 mL dd AgNO, 0,1248N vao 20,00 mL dung
dich NaCl. Chuan d¢ AgNO, du hét 11,54 mL dung dich KCNS 0,0875N.
Tinh nong d6 P, cua dung dich NaCl.

Phuong trinh phan tGng chuin d:
AgNO, + NaCl = AgCl | + NaNO,
AgNO, + KCNS = AgCNS | + KNO,
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Ap dung: V. N . =V_.N_+V__ N

Ag Ag a “as CNS~ """ CNS~

\ Ve Nuoo = Voo N oo
Do d6 ndng dd Ny,q = —2 28 CNS -~ """ CNS

VNaCl
_ 25x0,1248 -11,54 x0,0875 _ 0.1055N
20
Néng do: P,,=N.E =0,1055 x 58,5 = 6,1717 (g/l)

7.4.3. Thi du 3: Hoa tan 0,2940g K,Cr,0, trong nuéc va pha loang thanh
200,0 mL. Lay 25,00 mL dung dich trén, acid héa bang dung dich H,SO,
2N, thém KI du, chudn d6 I, giai phéng ra hét 10,68 mL Na,S,0,. Tinh
noéng do N cua dung dich Na,S,0,.

Phan tng chuin d:

K,Cr,0,+ 6 KI + 7 H,SO, = 3 I, + Cr,(SO,), + 4 K,SO, + 7 H,0O

2Na,S,0, + I, = Na,S,04 + 2 Nal

Ex oo, = % =49,03

Trong 25,00 mL dung dich dem dinh lugng c6

0,2940

Sop <25 = 0,0367g K,Cr,0;

m x 1000

N Na,S,05 —

]EKQCKZO7 ‘VNaZSQO3
~0,0367 x1000
49,03 x 10,68

=0,0700N

BAI TAP (BAI 3)

3.1. Trinh bay no6i dung ctia phuong phéap phan tich thé tich. Cach xac
dinh diém tuong duong.

3.2. Hay néu yéu ciu d6i véi mot phan tng diung trong phan tich thé tich.

3.3. Trinh bay céc k¥ thuat chuan d6 trong phuong phap phén tich thé
tich.

3.4. Cong dung va cach st dung: buret, pipet, binh dinh miic.
3.5. Trinh bay cich hiéu chinh dung tich: binh dinh mtic, buret, pipet.
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3.6. Nguyén tic chung va cach tinh két qua theo néng d6 duong lugng
ctia thudc thii.

3.7. Trinh bay cach tinh két qua theo d6 chuén cta thé tich.

3.8. Can chinh xac 18,8392g Na,B,0..10H,0 (M = 190,71) hoa tan
thanh 1 1lit dung dich. Sau d6 dung dung dich nay dé dinh lugng
dung dich HCI thay: 24,90 ml dung dich Natri borat tucng tng
25,20 mL HCl. Hay tinh hé s6 hiéu chinh K cta dung dich Natri
borat va nong do duong lugng ctia dung dich HCI.

3.9. Chuén d6 25,00 mL dung dich FeSO, trong méi trudng acid hét
18,75 mL KMnO, 0,0606N. Tinh néng d¢ g/L cua dung dich
FeSO, trén.

3.10. Hoa tan 2,495g K,Cr,0, tinh khiét thanh 1 lit dung dich. Lay
50,00 mL dung dich nay dem chuén d6 (bang cach thém KI du
trong moi truong acid) hét 21,18 mL Na,S,0,. Giai thich va viét
cac phuong trinh phan Ging. Tinh N ctaa Na,S,0..

3.11. Lay 20,00 mL dung dich NaCl can dinh lugng, thém vao 25,00
ml dung dich AgNO, 0,0503 N. Loc, riia két tua, dem dinh lugng
toan bd nude loc va nude ria hét 12,08 mL dung dich KCNS
0,0214 N véi chi thi Fe*. Giai thich va viét cac phuong trinh
phan tng. Tinh % kl/tt ciia dung dich NaCl dem dinh lugng.

3.12. Hoa tan 2,650g Na,CO, goc cho du 500,0 mL dung dich. Lay
20,00 mL dung dich Na,CO, viia pha dem chudn d6 bang dung
dich HC1 hét 25,50 mL (véi chi thi da cam methyl). Tinh néng
d6 N cua dung dich HCI trén.



Bai 4

PHA CAC DUNG DICH CHUAN B0

MUC TIEU

1. Trinh bay duoe dinh nghia dung dich chudn, #ng dung va yéu cdu khi pha ché.

2. Néu va vin dung dugc ba cdch pha dung dich chudn.

3. Biét st dung hé s6 hiéu chinh K va phuong phdp diéu chinh nong dé khi pha ché
dung dich chuén do.

1. KHAI NIEM VE DUNG DICH CHUAN

Dung dich chuén la nhiing dung dich da biét néng do chinh xac,
thuong dung dé x4c dinh néng dé cac dung dich khéc.

Trong phén tich dinh lugng, nong d6 dung dich chuén hay dudc biéu
thi duéi dang nong d6 duong lugng (N) hodc nong d6 mol/L (M).

Khi pha dung dich chuén, cin luu ¥ tinh ch4t héa hoc ctia chit can
pha, dé lua chon diéu kién (dung méi, nhiét d6,..) thich hgp. Thi du
khi pha KMnO, hay Na,S,0, can dung nudc méi dun sbi dé ngudi dé
tranh su phan huy.

Néng d6 dung dich chuédn khi pha khéng dude phép chénh léch vugt
qua + 10% so véi yéu cau (thong thuong chi chénh léch + 3%) va sai s
pha khong duge vugt qua + 0,2%.

Nhiing dung dich chuén khi d€ 1au c6 thé bi thay d8i nong ds, do dé
phai dinh ky x4c dinh lai.

2. CAC CACH PHA DUNG DICH CHUAN

Thudng cé ba cach pha cac dung dich chuén.

2.1. Pha ché tir chdt chuin géc

e A /\‘) A’e . /\‘) A A2 /\‘) A
Tiéu chuaén téi thiéu cua mét chdt chuan géc:
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Mot chat duge dung lam ch&t goc trong phuong phap chuin do cin
dap ting dugc ba yéu cau sau:
— Tinh khiét (tap chat < 0,1%).
— Cé6 thanh phan héa hoc ting ding cong thtic.
— Bén viing (it hoic khong bi phan huy) khi chua pha cling nhu khi da
pha thanh dung dich.

Khi c6 héa chat goc chi viée tinh toan lugng chat cAn pha va can trén
can phan tich (c6 d6 chinh xac + 0,0002g) réi dem hoa tan trong dung moi
(thuong 1a nuéc) vita du thé tich theo yéu cau (dung binh dinh mic). Sau
khi pha xong dudce dung dich c¢6 nong d6 chinh xac.

Dung dich chuén pha tit chat géc, con duge goi 1a dung dich géc.

Khi lugng can va thé tich thuc khéc véi luong cin va thé tich tinh theo
1y thuyét thi st dung hé s6 hiéu chinh K.

K = 2th Vi _ N
ay Vg Ny

Thi du: Pha 100,0 mL dung dich H,C,0, 0,100N t chat géc H,C,0,.2H,0
nhu sau:

— Tinh toan: E, ¢ om0 = % = 63,03

a N
T cong thiic N= = x1000= lugng can acid oxalic can la

3 ~ N.EV 0,1x63,03x100
H20e20 1000 1000
— Pha dung dich: Can chinh xac trén can phan tich 0,6303g
H,C,0,.2H,0 sau d6 dem hoa tan trong nudc cho du 100,0 mL (dung
binh dinh miic). Ta duge dung dich H,C,0, 0,1000N.
Chu y: Néu lugng can khac 0,6303, gid st 1a 0,6408 g khi d6 tinh hé s6

hiéu chinh K = 26404

0,6303

12 0,1000 x K = 0,1016

Néu thé tich pha thuc khac 100,0 mL, gia st la 99,5 mL ldc d6 phai
tinh hé s6 hiéu chinh K thém ca yé&u t& thé tich

g _Mmy YV _ 06404 100
m, V, 06303 995

d6 chinh xac 1a 0,1000 x K= 0,1021N.

= 0,6303g

=1,016 =dung dich pha dudc c6 nong dd chinh xac

=1,021 =+ dung dich pha dudc c6 nong
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— Viéc ap dung hé s6 hiéu chinh K gitp:

Tinh nhanh néng d6 dung dich géc N, = N,,.K

St dung chi dan trong dugc dién: Thudng trong dugc dién sau méi
phép dinh lugng chi r6 1 mL dung dich chuéin A 0,1N tuong tng véi b (g)

. A L. N 1x0 - , )
chat can xac dinh B. Thuc chat la b=—100§>< E;z. Do vay néu phép dinh
lugng hét V,( mL) ta tinh ngay s6 gam chat B c¢6 trong mau 1a V,.b (g) (néu
chat A c6 nong d6 khac 0,1N, khi d6 s6 gam chat B c6 trong mau sé 1a
V,.b.K gam)

2.2. Pha ché tit chat khong phai la chat géc (Pha gian tiép)

Ta cfing tinh toAn nhu pha ti chit géc, nhung khi can, pha khong can
dung can phan tich va binh dinh mtc (chi cAn dung can k§ thuat véi sai s6
+ 0,01g va binh c6 thé tich gan ddng). Dung dich sau khi pha c¢6 néng do6
gan ddng so véi yéu cau, ta phai xac dinh lai néng 6 dung dich nay bing
mot dung dich chudn khac da biét néng d6. Tu d6 biét duge néng do chinh
xac cua dung dich da pha.

Thi du:

Pha 1 lit dung dich NaOH 0,1N

— NaOH la mot héa chat khong théa mén chit goc vi dé hit 4m, dé bi

carbonat héaz... do d6 phai pha gian tiép.

T# cong thic N :%XIOOO — P& pha 100 mL dung dich NaOH 0,1N,

lugng can NaOH can 1a:
N.E.V 0,1x40x1000
=000 = 100 ®

— Cdch pha: Can trén can k§ thuat 4,00g NaOH, cho vao coc va thém it
nude cit lic ria nhanh (d€ loai cacbonat & bén ngoai), sau d6 hoa tan
trong nudc va thém dua khoang 1lit, ta dude dung dich NaOH c6 nong
do gan diung 0,1IN. Xac dinh lai nong do6 dung dich NaOH via pha
bang mot dung dich H,C,0, da biét nong do. Tu d6 xac dinh dude nong
d6 chinh xac cua dung dich NaOH.

VOX ) N 0X

NNaOH = vV
NaOH

Trong do6:
- V,.: Thé tich dung dich acid oxalic da dung (14y bang pipet chinh xac)
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- N,,: nong d6 dung dich acid oxalic da biét.
- Vaaon: Thé tich dung dich NaOH da dung (doc trén buret)

2 N N
Dung dich chuan NaOH pha dugc c6 K = Nth B C’; a;“
It !

Yéu cdu K = 1,000 + (10%), t6t nhat K = 1,000 + (3%)

2.3. Pha tir 6ng chuén (thuc ch4t giéng pha tit chét goc)

Hién nay, dé tao thuan lgi cho ngudi st dung, ngudi ta tinh toan, can
sén mot lugng hoa chit goc cho vao d6 bao géi thich hdp (goi 1a dng chuén)
va ¢6 chi dAn pha cho mot thé tich xac dinh nao d6. Thi du nhén éng chuin
pha HC1 0,1N cta Vién kiém nghiém - Bo y té.

VIEN KIEM NGHIEM - BO Y TH

Ong chuén db Acid hydrocloric
HC10,1N
Pha vua da 1000 mL
S6 SX: Han dung:

Khi pha dung dung cu duc 6ng, hda tan hét lugng héa chat trong nuée
(hodc dung moéi thich hop) cho du thé tich theo chi dan (dung binh dinh
miic) ta sé duge dung dich chuén c6 néng d6 nhu ghi trén nhan.

2.4. Cach diéu chinh néng dé dung dich

Trong thuc t&, khi pha dung dich chudn hay khi dinh ky kiém tra xéac
dinh lai, néu thay néng d6 dung dich dic qua so véi 1y thuyét (K > 1,000 +
(10%) thi phai diéu chinh bang cach pha lodng véi nudc, nguge lai néu dung
dich lodng qua (K < 1,000 — (10%) thi phai diéu chinh béng cach thém hoa
chat can pha. Cach tinh lugng nudc can pha lodng, lugng héa chat can
thém nhu sau:

Thé tich nudc cAn thém tinh theo cong thic:

Vi =(K—-1,000)-Va

Trong do:
Vo' Thé tich nudc cAn thém (mL)
K: Hé s6 hiéu chinh ctia dung dich cin diéu chinh

V,.: Thé tich dung dich d& c6 can diéu chinh
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Thi du: C6 600 mL HCI 0,1N véi K = 1,105. Tinh thé tich nuéc can
thém vao la:

V, = (1,105 - 1,000) x 600 = 63 ( mL)
Lugng hoa chat can thém tinh theo cong thiic:

__(1,000-K)a y
1000

dc

Trong d6:
- m: s6 gam hoa chit can thém vao
- K: hé s6 hiéu chinh ctia dung dich can diéu chinh
- a: s6 gam hoéa chat c6 trong 1 lit dung dich theo 1y thuyét (a = N.E)
- V,.: thé tich dung dich d& c6 cin diéu chinh
) Thi du: C6 800 mL dung dich NaCl 0,1N véi K = 0,978 thi lugng NaCl
can thém vao la: a=N.E =0,1.58,5 = 5,85
m— (1,000-0,978)x5,85
1000

Chu y: Sau khi diéu chinh nhu trén, phai tién hanh chuén d¢ lai dé
x4c dinh chinh x4c hé s6 hiéu chinh K ctia dung dich thu dudgc.

x800=0,1003g

3. PHA MOT SO DUNG DICH CHUAN
3.1. Pha dung dich chuan HC10,1N tit HCI dic

Acid clohydric dac c6 khoi luong riéng d = 1,18; néng do6 38 % thudng
khong dat tiéu chuédn chit géc. Do d6, phai ap dung cich pha gian tiép: pha
gan ding, sau d6 xac dinh lai néng d6 bing mot dung dich chuidn khac cé
tinh base da biét néng do.

Dé pha gan ddng, cAn tinh thé tich HCI dic cin 18y dé pha trong mét
thé tich nao doé.

Thi du: D€ pha 1lit dung dich HCI 0,1N ta tinh nhu sau:
Biét Eyq = My = 36,5
. N.E.V 0,1x36,5x1000

Lugng HCI can: = = = 3,659
1000 1000
- Thé tich HCI dic tuong tng:
Vi =2 100=—>% _L100-8mL
¢ dC 1,18x 38
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Lay 8 mL HCI dic (phai dung qua boép cao su, khéong dude hit) pha
lodng véi nudc cho da khoang 1 lit, dugc dung dich c6 noéng do xap xi 0,1N.
Xac dinh lai néng @6 dung dich HCI pha dugc bang dung dich Na,CO, da
biét néng d6 dua trén phan dng:

Na,CO, + HC1 = NaHCO, + NaCl
NaHCO, + HC1 = CO, + H,0 + NaCl

Tu d6 xac dinh dude néng do chinh xac ctia dung dich HCI
V

_ VNa,co, N Na,CO,

N cl —
" VHCI

Trong do:
- Via,co, | Thé tich dung dich Na,CO, d&a dung (14y bang pipet chinh xac)

- Ny, co, : Nong do dung dich Na,CO, da biét
- V,o : Thé tich HCI da dung (doc trén buret)

3.2. Pha dung dich chuidn KMnO, 0,1N

KMnO, khéng thod mén tiéu chuén ch4t goc vi thuong khéng dat tinh
khiét do c6 1An MnO,. Do vay thudng pha x4p xi, sau d6 dé én dinh vai
ngay, roi xac dinh lai nong d ctia né bang dung dich H,C,0, da biét nong
d6 theo phan ting:

2 KMnO, + 5 H,C,0, + 8 H,S0, = 2 MnSO0, + 10 CO,+ K,SO, + 8 H,0

M
Tu Exmno, = 5" 3161 = tinh toan tuong tu nhu cac vi du trén.

Gia st pha 1lit dung dich KMnO, 0,1N can 3,161g KMnO,.

Cdch pha: Can trén can ky thuat 3,20g KMnO, cho vao coc 250 mL, vi
KMnO, c6 mau tim, thuong 1an MnO, do dé ta thém nuéc va dun néng nhe,
khudy k§, gan (hoidc loc) vao binh dé dam bao KMnO, da tan hét hoan
toan, thém nuéc cho dua khoang 1lit, dudc dung dich c6 néng do6 gan ding
0,1N. Dé 6n dinh 5-7 ngay, sau d6 dem xac dinh lai néng d6 biang dung dich
H,C,0, da biét nong d6. Tu d6 tinh chinh xac néng dd dung dich KMnO,.

_ Vox 'Nox

KMnO, —

N

VKMnO4

Trong do:

- V,,: thé tich dung dich acid oxalic (14y bang pipet chinh xac)
- N,,: ndng d6 acid oxalic

-Vimro, thé tich dung dich KMnO, da dimng (doc trén buret)
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3.3. Pha dung dich chuén I, 0,1N tir I, tinh khiét thang hoa

I, thuong mai thuong 1an clor, brom va nuée, vi vay can phai tinh ché,
loai bd cac tap chat d6 bang cach nhu sau: Nghién nhé I, véi KI va voi song
(theo ty 1& 10 g I, thuong mai + 1 g KI + 2 g vdi séng), sau d6 cho vao coc,
day coc bang moét binh cAu dung nudc lanh, dun néng nhe day céc, I, thiang
hoa s& bam vao mét ngoai ctia day binh ciu day coc. Gat 14y cac tinh thé I,
nay va dem lam khé trong binh hit 4m c6 chita CaCl,. I, thu dude goi 1a I,
tinh khiét thiang hoa, thda mén tiéu chuén chit goc.

Biét E,, = % =126,7

Tinh to4n tuong tu nhu cac vi du trén, gia st dé pha 100 mL dung
dich I, 0,1N ta can 1,267g I,. Vi I, khé tan trong nuéc, do vay khi pha luu y
phai cho du KI (dé tao phtic tan I, + ' === 1,) va ldc dau cho rat it nudc,
sau khi I, tan hét méi thém nuée cho du theo yéu cau.

Cdach pha: Cho vao moét chén can 3,5¢g KI va 5 mL nudc, can trén can
phan tich dugc a, gam. Can trén can ky thuat khoang 1,2 - 1,3g I, tinh
khiét thing hoa vao chén can trén va dem can lai trén can phan tich dugc
a, gam (khéi luong thuc ctua I, sé 1a: a,, = (a, - a,) gam. Lic hén hop cho
tan, chuyén dan hoan toan sang binh dinh mtc 100 mL va thém nuéc cho

g oy - ” ay, Ay,
dén vach. Tinh hé s6 hiéu chinh K=—= . Dung dich I, pha dugc c6
a, L267
nong dd thuc 14 0,1.K (N).

3.4. Pha dung dich complexon III 0,1M tit complexon II tinh khiét

Complexon II (EDTA) 14 acid etylen diamin tetraacetic viét gon 1a H,Y
(c6 M =292,1). Vi H,Y khé6 tan trong nuéc nén muén pha dugc phai thém
NaOH dé thanh complexon III (Na,H,Y) dé tan.

H,Y + 2 NaOH = Na,H,Y + 2 H,0

Complexon II tinh khiét thoa m&n tiéu chuén 1a chat gdc, do d6 pha
truc tiép. Biét EH4Y =M=2921.

Gia st can pha 1lit dung dich complexon III 0,1M, tinh tuong tu cac vi
du trén ta thay can s6 gam H,Y la:
Cy-MV 0,1x292,1x1000 )
a= ;.AOOO il lOOOX =29,219, theo phan ting tinh lugng
NaOH can 8g.

Cdch pha: Can trén can phén tich 29,2100g H,Y cho vao coc 250 mL,
thém 8g NaOH, thém mét it nude, dun nhe cho tan hét, dé ngudi, sau do
chuyén hét vao b1nh dlnh miuc 1 ht thém nudc cho dén vach lic k§. Pudc

167



dung dich complexon III 0,1M. Néu luong can thuc khac 29,21 thi tinh hé
s6 hiéu chinh K.

3.5. Pha dung dich chuin Na,S,0; 0,1N tit Na,S,0,.5H,0

Dung dich Na,S,0,.5H,0 dung trong phan tng chuan do:
2 Na,S,0; + I, = Na,S,0, + 2 Nal
do d6 Ey, 50, su0 =M =248,19
Vi Na,S,0,.5H,0 dé mat nuéc két tinh, nén khong thoa méan yéu ciu

chét gbc, do vay phai pha theo cach gian tiép. Xac dinh lai nong do dung dich
Na,S,0, bang chat goc K,Cr,O, dua trén co sd cia phuong phap thay thé:

K,Cr,0, + 6 KI + 14 HC1 = 3T, + 2 CrCl, + 8 KCI + 7 H,0
(Chinh xac) (Du)
I, giai phong ra dinh lugng véi Na,S,0, theo phan ting chuén d6 trén.
Dung dich Na,S,0, dé theo thoi gian din bi thay d8i néng d6 do anh
hudng caa CO,, cuaa O, trong moi truong theo phan tng:
Na,S,0, + CO, + H,0 = NaHCO, + NaHSO, + S
2 Na,S,0, + 0, = 2 Na,S0, + 25
Vi vay phai pha trong nuéc méi dun séi dé ngudi va thém mot it
Na,CO, dé bao quan. Pinh ky sau 2-3 thang kiém tra lai nong do.
Tinh toan nhu cac thi du trén, gid st pha 1lit dung dich Na,S,0,néng
do 0,1N can:
_NEV

a=——— =2482g
1000

Cdch pha: Can trén can ky thuat 24,82g Na,S,0,.5H,0 hoa tan vao
nudc méi dun sbi dé ngudi, thém mot it Na,CO,, thém nude cho di khoang
1lit trén déu. DE vai ngay 6n dinh, sau d6 xac dinh lai néng do.

Cach xac dinh: cho dung dich Na,S,0, 1én buret.

Can chinh xac trén cadn phan tich khoang 0,1g K,Cr,0, tinh khiét
(chat goc) cho vao binh nén, thém khoang 25 mL nudéc cat, 1g KI, 4 mL HC1
dam dic réi dem dinh lugng bang dung dich Na,S,0, trén. Néng d6 chinh
xac dung dich Na,S,0, dudc tinh theo cong thtc:

a.1000

N Na,S,0; —

K,Cr,0; - VNays,0,
Trong doé:

- a: La s6 gam K,Cr,0, can trén can phan tich
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M _ 49,03

K,Cr0, — 6

- VNa25203 : La thé tich dung dich Na,S,0, da dung (doc trén buret)

BAI TAP
4.1.

4.2.

4.3.
4.4.

4.5.

4.6.

4.7.

4.8.

4.9.

(BAI 4)
Thé nao 1 dung dich chuén, ting dung. Cac yéu cau khi pha dung

dich chuén.

Trinh bay cac cach pha dung dich chuén.

Thé nao 1a hé s6 hiéu chinh. Y nghia.

Trinh bay cach diéu chinh néng d6 dung dich khi dung dich pha
qua dac hoic qua loang.

Trinh bay cach pha dung dich chuan sau: H,C,0, 0,1N; dung dich
NaOH 0,1N; dung dich HCI 0,1N; dung dich KMnO, 0,1N; dung
dich I,0,1N; dung dich complexon III 0,1M.

Tinh s6 gam acid oxalic g6c cAn dé pha 5 lit dung dich c6 néng
do 0,1N

Tinh s6 mL dung dich acid hydrocloric dam dic 37,23% (d = 1,19)
dé pha 500,0 mL dung dich acid 10%.

Tinh s6 mL dung dich amoniac dic 27,33% (d = 0,90) cAn dé pha 2
lit dung dich amoniac 2N.

Tinh s6 g Na,CO, géc dé pha 500 mL dung dich Na,CO, 0,1N.

4.10. Tinh s6 g Na,B,0,.10H,0 géc dé pha 250 mL dung dich Na,B,O0,

0,1N.

4.11. Trinh bay cach pha va tinh lugng chét géc complexon II dé pha

250 mL dung dich complexon III 0,1N.

4.12. Dé pha 250,0 mL dung dich acid oxalic 0,1N ngudi ta cdn chinh

xac 1,728 g H,C,0,.2H,0 hoa tan vao nuéc cho du 250,0 mL.
Tinh hé s6 hiéu chinh K cta dung dich.
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Bai 5

DINH LUONG BANG PHUONG PHAP ACID - BASE

MUC TIEU

1. Trinh bay duoc khdi niém vé acid, base, cdp acid base lién hop, chdt luong tinh,
da acid, da base theo Bronsted va tinh dugc pH cua cdc dung dich nay trong
truong hop riéng le.

2. Trinh bay duoc nguyén tdac chung cia phuong phdp dinh luong acid-base.

3. Chon duoc chdt chi thi, tinh duoc két qud cua sdu truong hop dinh luong
thuong gap trong chudn dé acid-base.

1. MOT SO KHAI NIEM CG BAN

1.1. Pinh nghia acid, base theo Bronsted
Cé onhié\u quan niém vé acid, base nhung ¢ day ching ta dung theo
quan diém cua Bronsted:
— Acid 1a nhiing chat ¢6 kha niang cho prroton.
— Base la nhiing chat c¢6 kha nidng nhan proton.

— Cap acid-base lién hgp: mot acid sau khi cho mot proton thi tré thanh
mot base goi la base lién hgp v6i acid d6. Ta goi acid va base nay la
mot cip acid-base lién hop (viét 1a cdp acid/base). Mot cip acid-base
lién hgp ¢ thé duge biéu dién bing hé thic sau:

Acid (A) == Base(B)+H"

Vidu: Cap HF/F: : HF = F + H"
Cap CH,COOH/CH,COO" : CH,COOH <= CH,COO +H"
Cap NH,"/ NH, : NH,* — NH,+H"
Cap H,S/HS ~ : H,S — HS +H"
Cap HS/ S : HS™ — S+H'
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Nhu vay acid, base c6 thé la nhiing phan ti trung hoa dién
(CH,COOH, HF..)), ion (NH,*, HS"...). Ch4t ludng tinh 1a chat via c6 ca
kha nang cho va vira ¢6 kha niang nhan proton (HS™...).

— Acid da héa tri (da acid) 1a nhiing ch4at c6 kha nang cho nhiéu proton
(vi du H,S).

— Base da héa tri (da base) 1a nhiing chat c6 kha niang nhan nhiéu
proton (vi du CO.*, S%).
1.2. Nuéc va pH
Xem muc 2.2., Bai 1, Phan 1. Ly thuyét phan tich dinh tinh.

1.3. Cuong do cua acid va base

— Dung dich trong nudc cua acid A co:
A+ H,0 =— B+H,0"

Hang s6 K:% = Kk, =K[H,0]=

[8][t1,0°]
4]

dudge goi 1a hing s6 acid cta acid A, né biéu thi cho cudng do caa acid
A vi K, cang 16n, acid phan ly cang nhiéu, acid d6 cang manh.

— Dung dich trong nudc cua base B ta co:
B+HO — A+OH

[AlloH|

[B][H.0]
base cua base B, né biéu thi cho cudng d6 caa base B vi K; cang 16n, base
phan ly cang nhiéu, base d6 cang manh.

Hing s6 K = =K, = K.[HZO]:%O]H_] dudc goi 1a hang s6

— Néu A va B 1a cip acid-base lién hop thi ta cé:
K,.Kyz =[H,0"][OH 1=K, =10".

Do d6, néu K, 16n thi K; bé. Vi vay trong mot cip acid-base lién hop
néu dang acid 14 manh thi dang base sé yéu va ngudc lai.

— P& thuan tién cho viéc tinh toan, ngudi ta thuong diung cach bidu thi:
1.4. Pa acid, da base

Pa acid 14 nhiing acid c¢6 thé cho nhiéu proton. Trong nuéc, phan tu
cua cac da acid phan ly 1an lugt theo nhiéu nac va trong mdi nac cho mot
proton, iing v61 mdt cap acid-base lién hgp.
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Vi du: H,PO, 1a mét da acid.
H,pPO, +H,O +— H,PO,+H,0" c¢6 K,, (4ng véi cap H,PO,/ H,PO,")
H,PO, + H,O <= HPO,/+ H,0" ¢6 K,, (ting véi cap H,PO,/ HPO,>)
HPOS> +H,0 <= PO/ + H,0" c6 K,;(ling cip HPO,*/ PO,*)
Téng cong:
H,PO,+3H,0 <= PO/ +3H,0" viiK,=K,,.K,,.K,,
Tuong tu nhu vay, da base 1a nhiing base ¢6 thé nhan nhiéu proton.
Thi du: CO,* 1a mot da base.
CO.,” +H,0©* <— HCO, +H,0
HCO,+ H,0®* <— H,CO,+ H,0

1.5. Cong thirc tinh [H*] va pH ctia mét s6 dung dich
Thiét lap phuong trinh day dua tinh chinh xac néng d6 H,0* (hay H")
va pH trong cac dung dich s& dudc nghién ctiu 6 cac chuong trinh ning cao,
J day chung ta chi \dua ra cach tinh gdn dung ap dung cho/ nhﬁng\ truong
hop dung dich c6 nong d6 khong qua nhd, véi sai s6 thuc t&€ da phan chap
nhan dudc.
1.5.1. Dung dich acid manh don chicc HA néng dé ban dau C,
Acid manh phan ly hoan toan:
HA + H,0 - H,0" + A” (thuong viét HA > H' + A)
Do do6 [H,O"1=[H1=C,
pH =-1gC,
1.5.2. Dung dich base manh don chitc MOH c6 néng dé Cp
Base manh phéan ly hoan toan:
2H,0 =— H,0"+OH"
MOH + H,0" > M" + 2H,0
MOH —» M" + OH"
107"

Do d6: [OH] = Cy — [H']= [OH I

Vi vay: pH =14 +1gCy
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1.5.3. Dung dich don acid yéu HA cé néng dé C,
Acid yéu HA phan ly khong hoan toan
HA + H,O = A + H,0" (viét gon HA = H'+ A)

Tu K, 2%, coi HA it phan ly nén [HA] = C,
1

Do d6 6 [H,07] = (K,.C, va pH = %pKA ~1eC,
1.5.4. Dung dich don base yéu B c6 néng dé Cp
Base yéu B phan ly khong hoan toan
B+H,0 == A+OH

T K, =%, coi gan dung [B] =

Dodé [OH] =4/K, C, , [H,0] = | CK VapH—7+;pK +;1ch
B

1.5.5. Dung dich cdp acid base lién hop HA/A
Gia st acid HA ¢6 nong d6 C,, base A" lién hdp c6 néng do Cy
Cé can bang: HA + HLO =— A + H,0O"

T K, o] [H,0°]=K,.5% va pH = pK, +1g =2
[HA] Cy C,

pH dung dich nay thay doi khong dang ké khi thém vao mot it acid
manh hodc base manh V1 neu tdng nong do H*, thi A" sé két hop véi H tao
thanh HA ngugc 1a1 néu giam noéng do H*, thi HA sé phan ly thém dé sinh
thém H*. Két qua la sau khi can bang thit lap thi néng do cua H* trong
dung dich sé thay d8i khong dang ké. Trong héa hoc goi nhiing dung dich
nay la dung dich dém, c6 tac dung giii 6n dinh pH cta dung dich.

1.5.6. Dung dich cdc chdt ludng tinh

Day 1a nhiing chat virta c6 kha niang cho va viia c¢6 kha nang nhan
proton, vi du nhu NaHS, NaHCO.,... trong dung dich phén ly thanh cac ion
HS', HCO,'... tuong ting véi cic cap acid-base lién hgp H,S/HS", HS/S* va
H,CO,/HCO,, HCO,/CO.>...

C6 thé chting minh dugc cong thic gan ding: [H+]: K, K, (trong

do Kk, va K, 1a hai gia tri K, lién quan dén can bang cho va nhan proton

. : A . 1 1
cua anion muodi acid) va pH = EpK At EpK A,
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1.5.7. Dung dich da acid hodc da base
— Dung dich da acid c6 nong d6 C,: Déi v6i nhiéu acid thuong nac 1
manh hon cac néc sau nhiéu. Do d6 cé thé tinh gin ding coi nhu don
acid (tinh theo nac 1 manh nhat) c6 néng do C,.
— Dung dich da base c6 nong @6 Cy: Su phan ly ctia cac da base xay ra
ngudc vl su phan ly caa cac da acid.
Thi du: da base Na,CO,: Na,CO, — 2Na* + CO,*. Da base CO,* tham
gia can bang:

CO,” + H,0* = HCO, +H,0 tuong tng K,, caa H,CO,
HCO, + H,0* = H,CO,+ H,0 tuong ting K,, cua H,CO,

Do vay, mdt cach gdn dung ta chi tinh nhu don base (theo base 1
manh nhat) c6 nong d6 Cg. Trong thi du trén tinh theo K,, cia H,CO..

2. DPINH LUGNG BANG PHUONG PHAP ACID-BASE
(Chuén do acid-base)

2.1. Nguyén tac

— Phuong phap chuédn do acid-base 1& phuong phap dinh lugng dua trén
nhiing phan tng trao d6i (cho nhan) proton gitta acid va base (phan
ing trung hoa):

Acid (1) + Base (2) = Base (1) + Acid (2)

Cac phan tng dung trong phuong phap nay phai théa man cic yéu
cAu ctia phan tng dung trong phan tich thé tich.

— Trong qué trinh chuén d6, pH cta dung dich luén bién d6i mot cach tu
tit nhung gan dén diém tuong ducng (thuong khi dinh luong thiu
hoidc thita + 1% hay + 0,1%) c6 su bién d6i dot ngot cua pH (goi 1a
bude nhay pH ctia qué trinh dinh lugng) va ta thu dude mot dung dich
c6 pH nh&t dinh & vung acid, trung tinh hay kiém. pH ¢ diém tuong
duong sé ndm trong buéc nhay pH nay .

— Thudng khi dat dén diém tuong duong khong c6 nhiing bién d6i c6 thé
nhan biét dugc cho nén ngudi ta phai cho thém vao dung dich dinh
lugng nhiing chat goi 1a ch4t chi thi acid-base c¢6 mau sic thay d6i &
lan can diém tuong duong (ndm trong budc nhay pH cta qua trinh
dinh lugng) dé nhan ra diém tuong duong va ta két thic qua trinh
chuén doé.
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2.2. Chat chi thi trong phuong phap acid-base

2.2.1. Khdi niém

ChA4t chi thi trong phuong phap acid-base 1a nhiing chat c6 mau séic
thay d6i theo su bién déi pH ctia dung dich, né dude goi 1a chét chi thi acid
- base hay chat chi thi pH. N6 thuong 14 nhiing chit hiiu c¢d ¢6 tinh acid
yéu hodc base yéu , trong d6 dang dang acid va dang base lién hgp c6 mau
khac nhau phu thudc vao cdu tric phan tu cua ching. Béi vay, cac chat
nay 6 trong dung dich, khi ¢6 su bién déi pH, 1am cdu tric phan ti bién
d6i, dan dén mau thay déi.

Goi dang acid cua chat chi thi 12 HInd, dang base lién hgp v6i né 1a
Ind", trong dung dich c6 can bang sau:
HInd + H,O <= Ind +H,0" (5.1) véi

H,O0" ||Ind -
hay: HInd — Ind + H* K i :[ 3[HIr}cEIi ]

Khi pH thay d6i thi cAn bing (5.1) sé chuyén dich vé phia phai hoic
trai, chat chi thi sé ton tai chu yéu duéi mot trong hai dang lién hop nén
dung dich sé c6 mau cua dang acid (HInd) hay cua dang base (Ind").

Thi du: su d6i mau cia 2 chat chi thi sau day:

+
(CH3)2N© N= N—< >— SO;Na  + H3O+

— Da cam methyl (Heliantin):

N
(CH3)2N:<:>:N—NH—©-SO3Na +H,0 =—=

(Dang acid: mau do) (Dang base: mau vang)
— Phenolphthalein
ROUSH AGUO S
C
“OH ¢ )
.+ SEe—
COO0 H.O OO + H30
(Dang acid: khéng mau) (Dang base: mau héng)

2.2.2. Khodng pH chuyén mau ciia chét chi thi acid - base:

MB&i chét chi thi acid — base thudng c¢6 mot khoang pH d6i mau, ta c6
thé tinh duge khoang pH d6. T can bang (5.1) ta c6: Hang s6 can bdng caa
HInd la:
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H,0" |[ind" . Hind
Khing = [ S[Hl]n[d] ]—P[H3O ]: K Hina [|Ind ]|
[HInd]
hay: H =pK -1 2
ay p PX Hina gIInT] (5.2)
Biéu thtc cho théy ty sd [Ilﬂnfl] quyét dinh mau sic cta chi thi (vi hai
n

dang HInd va Ind c¢6 mau sic khac nhau) va né phu thuéc vao pH cua
dung dich.

Thuc t& thay ring véi da s6 cac chét chi thi, bing mit thuong ngudi ta
chi ¢6 thé phan biét dude su d6i mau khi nong d6 ctia dang nay chénh léch
v6i néng dd & dang kia khodng 10 14n thi ta chi thay dudec mau cia dang cé

noéng do 16n:
Hind| _ L. chét chi thi ¢6 mau dang Ind".
Ind™ 10

[Hind] - chét chi thi ¢6 mau dang HInd.
Ind™

Thay cac ty 1& nay vao (5.2) ta co:
pH = pKy,g 1

hay pKypq—1 < pH < pKjypq+ 1 chinh 14 khoadng pH ctia dung dich ma
ta c6 thé thdy dudc mau ctua chit chi thi thay d6i t& mau cua dang nay
sang mau cua dang kia va dudc goi 1a khoang pH chuyén mau cta chat chi
thi acid-base. Ngudi ta con dung khai niém chi s6 pT ctaa chat chi thi acid -
base dé chi pH tai d6 ch&t chi thi d6i mau rd nhit va ta két thic chudn db.
Ta thuong thay gia tri pT trang véi gia tri pKy;,4 cua chat chi thi.

Tuy nhién, do mét ta c6 thé nhay v6i mau nay méa khéng nhay véi
mau kia, nén ta c6 thé nhan biét su d6i mau cta chét chi thi trong khoang
pH hep hon ttic 1a khi ty s6 nong do ctia cac dang mau nhoé hon 10 1an va
khi d6 gia tri pKy;,, cling khéng nam chinh giita khoang pH déi mau.

2.2.3. Yéu cdu chung déi véi chdt chi thi acid-base
— Tan dugc trong nudc hodc trong con,

— Bén viing trong diéu kién théong thuong (khong bi oxy, khi carbonic,
nhiét d9, ... ciia moi truong 1am anh hudng).

— O ndng d6 nhd (10°—>10"* M) mau d4a phai xuat hién kha s,
— Mau phai chuyén nhanh, rd trong mét khoang pH kha hep,
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— Khoang pH chuyén mau cta chit chi thi phai gan hoic chia gia tri
pH & diém tuong duong cta phan tng chuan dd, it nh&t né phai ndm
trong budc nhay pH ctia phép chuan dd.

Bang 5.1 trinh bay khoang pH d8i mau ctia mét s6 chat chi thi acid-
base hay gap.

Bang 5.1. Mét s6 chi thi acid-base va khoang pH chuy&n mau cla né

Pac N ,
Chi thi Néngdo | Dung tinh e K'::ﬁ;ge: "
' (%) moi chat | Dang Dang mau
chithi | Acid base
Vang alizarin 0,1 Nudc Acid Vang Tim 10,1- 12,0
Thymolphthalein 0,1 Cén 90% Acid Khéng Xanh 9,3-10,5
Phenolphthalein 0,1va1 Cén 90% Acid Khéng Héng 8,0-10,0
Phenolphthalein 0,05 Cén 20% Acid Khéng Héng 74-9,0
D4 trung tinh 0,1 Coén 60% | Base Pé Vang Gach 6,8 - 8,0
D6 phenol 0,1 Coén 20% Acid Vang bo 6,4-8,0
Xanh bromothymol 0,05 Co6n 20% Acid Vang Xanh 6,0-7,6
Quy 1,0 NudGc Acid Po Xanh 5,0-8,0
D6 methyl 0,1va0,2 | Cébn 60% Base Po Vang 42-6,2
Luc bromocrezol 0,02 Con 20% Acid Vang Xanh 40-54
Da cam methyl 0,1 Nudéc Base Héng Vang 3,1-44
Xanh bromophenol 0,1 Nudc Acid Vang Nau 3,0-4,6
Tropeolin 00 0,1 va 0,01 Nudc Base Ps Vang 1,4-3,2
Ghi chi:

— Trong nhiéu trudng hgp ngudi ta diung hdn hop cac chéit chi thi dé
quan sat su d6i mau cta chat chi thi rd hon. C6 thé cing thém vao véi
chat chi thi mot chadt mau khac khong nhay véi su thay d6i pH nhung
chat nay hop v6i mau ctua chat chi thi thanh mot mau dé nhan. Ciing
c6 thé két hop hai chat chi thi c6 pKy,y gin nhau thanh mot mau dé
nhan va ching d6i mau & khoang pH trung gian cta hai chi thi d6.

— Chi thi van nang 14 hén hop gom nhiéu chi thi ma mau séc cia né

thay d6i theo céac gia tri pH khac nhau. Cé nhiéu céng thic dé pha chi
thi van nang, dudi day la mot vi du:

Phenolphthalein 1 phan
D4 methyl 2 phan
Vang methyl 3 phan
Xanh bromothymol 4 phan
Xanh thymol 5 phan
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Hén hgp nay cho mau doé 6 pH =2, da cam 6 pH = 4, vang é pH = 6, luc
6 pH = 8, xanh lam ¢ pH = 10. Ngusi ta thudng dung gidy tdm chat chi thi
van ning. Khi thi ta chi cAn nhd 1 giot dung dich can thi 1én gidy va d6i
chi€u mau trén gidy véi thang mau maiu (da ghi chd pH) dé biét duge pH
cta dung dich. Bang 5.2 trinh bay mot sé chi thi hon hop.

Bang 5.2. Mét s8 chi thi hén hgp

= . . Mau
Chi thi hon hogp 2 thanh phan Tri sd
(Tyle1:1) pT Moi trudng Moi trudng
acid kiém
Da cam methyl 0,1% trong nudc va Indigocacmin .
0,25% trong nuéc 41 Tim Luc
Db methyl 0,1% trong con va .,
y ° g R 5,4 Do tim Luc
Xanh methyl 0,1% trong con )
Dot tinh 0,1% t on V&
o trung tin 6 trong c?n va 7.0 Tim xanh Luc
Xanh methyl 0,1% trong con )
. o . :
Narghthobenz»em 0,1% trong con va Phenolphthalein 89 Héng nhat Tim
0,1% trong con
Xanh thymol 1% trong co6n 50% va Phenolphthalein . .
0,1% trong con 50% 9.0 Vang Tim

2.3. Mot s6 truong hop dinh lugng acid-base

2.3.1. Chudn dé mét acid manh bdng mét base manh
Thi du: Pinh lugng HC1 0,1N bang NaOH 0,1 N.
— Trude khi dinh lugng: Dung dich (6 binh nén) 1a dung dich acid manh,

nén co:

pH = -1gCHC1 = '].g']_()_1 = ]_.

— Khi dinh lugng (truéc tuong duong): cho NaOH ti buret xuéng, c6

phan ting dinh lugng:

NaOH + HC1 = NaCl + H,0

Trong binh phan ting ¢6 mit NaCl, H,O va HCI con chua dinh lugng.
pH cta dung dich chti yéu do phan con lai cia HCI chua dude dinh lugng.

Gia st & thoi diém dinh lugng duge 99,9% thi HCI con 0,1% =

[H+]= %xlo_l =10 pH = 4.

— Tai diém tuong duong: Dung dich ¢6 mét NaCl, H,O 14 cac chat trung

tinh do d6 pH = 7.
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— Sau diém tuong duong: Néu cho tiép NaOH, dung dich ton tai NaCl, H,O,
NaOH du. pH ctia dung dich tinh theo néng d6 base manh NaOH du.

Gia st du 0,1% thi [OH] = Cy,on 40 = (0,1.107")/ 100 =107* = do d6:
pH = 14 +1gCy,0m a = 10.

— Trong chudn d6 nay, ldc dau pH bién d6i rat cham (tu chua dinh
lugng dén khi dinh lugng dude 99,9% pH chi thay d6i tit 1— 4). Nhung
4 1an can diém tuong duong pH bién d8i dot ngdt (khi dinh lugng tiép
tir 99,9% dén 100,1% pH thay d6i 6 don vi tit 4 — 10) va dudc goi 1a
bude nhay pH caa phép chuin do.

— Chon chi thi: Véi sai s6 <+ 0,1% ta thay truong hdp dinh lugng trén cé
thé dung mot trong 3 chi thi sau:

+ Phenolphthalein: Mau chuyén tit khong mau sang héng nhat
+ D6 methyl: Mau chuyén tit d6 sang vang rd
+ Daq cam methyl: Mau chuyén tit héng dé sang vang rd dé nhan ra
diém tuong duong va két thic chuén do.
2.3.2. Chudn dé mét base manh bang mét acid manh

Qua trinh dién ra sé ngudgc lai véi truong hop chuén do acid manh va
base manh.

Buéc nhay pH cta phép chudn d6 sé tit 10 — 4. Do vay véi sai s6 < +
0,1% néu dung chi thi:

— phenolphthalein: mau chuyén tit hong dé sang khong mau,

— @6 methyl: mau chuyén tit vang sang chém d9,

- daq cam methyl: mau c/huyén tu Yéng sang chém héng, dé nhan ra
diém tuong duong va két thic chuan do.

2.3.3. Chudn dé don acid yéu bdng base manh
Thi du: Dinh lugng CH,COOH 0,1N (c6 K, = 1,75. 10~°) bang NaOH 0,1N.
Phuong trinh ctia phan tng chuén do:
CH,COOH + NaOH = CH,COONa + H,0O

— Tai diém tuong duong: Dung dich ¢6 CH,COO", H,O. Tinh pH la caa

base yéu CH,COO" véi nong do bang néng d6 CH,COOH ban dau:
pH:7+%pKA +%lgCB =8,87

Nhu vay pH tuong duong ndm trong viung base.
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(Bang tinh toan véi sai s6 + 0,1%, buéc nhay pH cua phép dinh luong
tlit 7,73 — 10, so v6i trudng hdp dinh lugng acid manh bang base manh ta
thay bi ngan hon va chl yéu ndm trong viung base).

Do vay trong trudng hop nay, chi ¢6 thé dung chi thi phenolphtalein
mau sé chuyén ti khéng mau sang héng dé nhan ra diém tuong duong va
két thic chuén do.

2.3.4. Chudn dé don base yéu bdang acid manh
Thi du: Dinh lugng NH, 0,1N (c6 K, =5,5.107'°) bang HC1 0,1N.
Phuong trinh phan tGng chuén d:
HCl + NH, =NH," + CI
— Tai diém tuong duong: Dung dich c¢6 acid yéu NH,*, CI', H,O. Tinh pH
la ctia dung dich acid yéu NH,* véi néng d6 bang nong do NH, ban dau
pH :%pKA —%lgCA =5,1

Nhu vay, pH tuong duong nam trong viing acid.

(Bang tinh toan véi sai s6 + 0,1%, buéc nhay pH caa phép dinh luong
tw 6,25 — 4, so vi1 truong hgp dinh lugng base manh bang acid manh, ta
th4y buéc nhay ngin hon va chi yéu ndm trong vung acid.

Do vay trong truong hop dinh lugng nay ta dung chi thi 1a d6 methyl
mau sé chuyén ti vang sang dé dé nhan ra diém tuong duong va két thic
su chuan do.

(Cing ¢6 thé dung chi thi da cam metbyl nhung can luu ¥ mau chuyén
ti vang sang ch6m do phai diing ngay chuan do).

Ghi chi: Trong thuc t& phan tich ngudi ta khong ap dung dinh lugng:
— Cac acid qua yéu bang base manbh.
— Céac base qua yéu bang acid manh.
— CAc acid yéu bang base yéu hoic ngugc lai.

S di khong ap dung vi trong cac trudng hop nay tai 1an can diém tuong
duong pH bién d6i qua it (coi nhu khong c6 buée nhay) nén khéng chon duge
chi thi dé€ x4c dinh chinh xac diém tuong duong. Néu thuc hién sé méc sai s6
rat 16n. Khi d6, mudn dinh lugng phai tim cach khéc ho#c chuyén sang dinh
lugng trong méi truong khan (dung méi khong phai 1a H,0).

2.3.5. Chudn d¢ cdc da acid bang base manh

Cac da acid phan ly ting néc, do d6 néu hang s6 phan ly ctia cac néac
cach xa nhau (> 10* 1an) thi c¢6 thé chuén d¢ riéng ting nic, néu khong
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phai dinh lugng toan bd. Néu nédc phan ly ndo qua nhd thi khéong dinh
lugng dudgc.

Thi du 1: Dinh lugng H,C,0, 0,1N (c6 K,, = 5,36.10° va K,, = 5,42.10")
bang NaOH 0,1N:

Dinh lugng toan bd theo phan ting:
H,C,0, + 2NaOH <— Na,(C,0,+ 2H,0
Tai tuong duong, tinh pH cta dung dich da base C,0,>. Ta cb
pH=7+%pKA2+%IgCB =84 (nadm & vung base) do d6 dung chi thi la
phenolphtalein mau chuyén tit khéng mau sang hong.

Thi du 2: Dinh lugng H,PO, 0,1N (c6 K,, = 7,6. 107°, K,, = 6,2. 10°°,
K,; = 4,4. 107?) bang NaOH 0,1N

C6 thé dinh lugng riéng dude ndc 1 va ndc 2. Ndc 3 qua yéu khong
dinh lugng dudc.

Phan tGng chuin do acid 1:
H,PO, + NaOH == NaH,PO, + H,0

C6 pHyp, (12 dung dich NaH,PO,): pHyp, = %pKAl +%pKA2 — 46 nim &
ving acid cho nén c6 thé dung chi thi da cam methyl hodc &6 methyl.
Phan tng chuin do acid 2:
NaH,PO, + NaOH =——= Na,HPO, + H,0

C6 pHyp, (1& dung dich Na,HPO,): pHyp, = %pKAz +%pKA3 =9,6 nam &
ving base cho nén c6 thé dung chi thi phenolphthalein.

2.3.6. Chudn dé cdc da base bang acid manh

Qua trinh chuén do cac da base ngudc lai v6i qua trinh chuén d6 cac
da acid.

Thi du: Chuén d6 Na,CO, 0,1N bing HC1 0,1N.

Trong nuéc: Na,CO, = 2Na* + CO,* vi thé CO,* 1a mot da base tuong
ting véi da acid H,CO, (c6 K,, =3.10 " va K,, = 6.107'").

C6 thé dinh lugng riéng ting base véi sai s6 +1%.
Phan tng chuén d¢ base 1 :
Na,CO,+ HCl = NaHCO, + NaCl
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Co6 pHyp, (cia NaHCO,) 1a: pHyp, = %pKAl +%pKA2 =84 nam 4§ vung

base do d6 c6 thé dung chi thi 1a phenolphtalein mau chuyén tit 6 héng
sang hong nhat (dé tranh sai s6 nhan mau nén dung mét binh mAau c6 chia
NaHCO, va chi thi phenolphtalein dé so sanh, néu khéng dung binh miu
c6 thé sai + 10%).

Phan tng chuén do base 2:
NaHCO, + HCI = H,CO, + NaCl

C6 pHyp, (ctia H,CO,) 1a: pHyp, = %pKAl —%lg C, =38 nidm 6 vung acid

do @6 chon chi thi 1a da cam methyl mau chuyén ti vang sang héng doé.
Duong nhién thé tich HCI 0,1N tiéu thu & néc 1 bing lugng HC1 0,1N

da dung ¢ néc 2.

2.4. Mot s6 ting dung dinh lugng bang phuong phap acid-base

2.4.1. Pha ché cdc dung dich chudn
Nhiing dung dich chuén thudng dung trong phuong phap acid-base:
— Dung dich HC1 va H,SO, dé dinh lugng cac base.
— Dung dich NaOH va KOH dé dinh lugng cac acid.

Ta khéng thé pha nhiing dung dich nay bang cach can chinh xéc vi
ching khong dudc tinh khiét hodc thanh phan khéng that én dinh.

Thi du: H,SO, déc rat dé hit nude, NaOH dé hit nude va thuong chiia
Na,CO, do hap thu CO, ctua khi trdi. Do d6 phai xac dinh néng do duong
lugng cta ching bang nhiing dung dich géc dude pha tit cac chat géc.
Nhiing chit géc c6 uu diém 1a kha bén & ngoai khong khi va trong dung
dich, sau khi tinh ché& né dat yéu cau vé do tinh khiét va c6 thanh phan
ding cong thiic héa hoc. Cac chit goc thuong dung 1a:

— HCI déng phi, acid oxalic dé xac dinh néng d6 duong luong dung dich kiém.
— Natri borat, natri carbonat dé xac dinh néng d6 duong lugng dung
dich acid.
a. Pha dung dich Na,CO, géc
— Diéu ché natri carbonat khan tinh khiét

Natri carbonat thuong c6 1an Cl, SO,*, NaHCO,,... cho nén muén
diéu ché natri carbonat tinh khiét ngudi ta thuong lam nhu sau:

+ Néu c6 Na,CO, khan tinh khiét phan tich thi ta dem nung tiu 30
phut dén 1 gid & 270°C- 300°C. Sau d6 dé ngudi trong binh hut 4m.
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+ Truong hop Na,CO, khong tinh khiét: 14y khoang 30- 35 g NaHCO,
hoa tan trong 300- 350 mL nude, loc. Cé nuéde loc t6i khi xuat hién
tinh thé. D& ngudi, loc 14y tinh thé va rda vai 1an bang nudc cit
ngudi, say kho ta dugc NaHCO, tinh khiét. LAy 10 g NaHCO, nay
cho vao chén sii hay chén bach kim dem nung cach cat giti 6 nhiét
do 270 — 300 °C trong 1 gid, ta c6 phan tng.

2 NaHCO, — Na,CO, + CO, + H,0

Sau d6 dé nguéi trong binh hit 4m (chd § khong dé nhiét d6 > 300°C
vi Na,CO, sé& bi phan huy: Na,CO, + H,O — 2 NaOH + CO,).
— Na,CO, khan dugdc dung lam géc, trudc khi st dung can siy 180- 200 °C

trong 2 gié dé dudi hét nude vi Na,CO, dé hit 4m trong khong khi tao
thanh Na,CO,. 10H,0.

M
Tl Ey, co, = N;2C°3 = 52,997

Ta c6 thé tinh toan pha duge dung dich géc c6 néng dd theo yéu cau.

Thi du: Pha 1 lit dung dich Na,CO; 0,1N ta cian 5,2997 gam Na,CO,
goc pha trong nudc cho du 1 lit.

b. Pha dung dich natri borat
— Tinh ché natri borat:

L4y 23 gam natri borat hoa tan trong 50 mL nuéc néng 60 °C (6 nhiét
d6 cao hon sé tao thanh tinh thé c¢6 Na,B,0.. 5 H,0). Loc dung dich con
néng. Nuée loc @& ngudi va khudy lién tuc sé c6 Na,B,0,. 10H,0 ling
xubng. Loc, ép tinh thé gitia hai to gidy loc, sau d6 dé khé trong khéng khi.
Béo quan trong lo thuy tinh c¢6 nit nham.

— T Na,B,0,.10H,0 dung lam chat goc.

Na,B,0,.10H,0

M
=—————=190,71
2

E \4,8,0, 101,0
Ta tinh lugng cin can thiét dé pha cac dung dich géc c¢6 ndéng dd theo
yéu cau.

Thi du: Dé pha 1 lit dung dich natri borat 0,IN ta can 19,071 gam
Na,B,0.. 10H,0 réi hoa tan (Iic k) trong nudc cho du 1 lit.

Luu §: Vi natri borat it tan trong nuéc nén khi pha phai lic ky va
nhitng dung dich chuén khéng nén c6 néng d6 cao hon 0,25N.
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2.4.2. Mot s6 ing dung dinh lugng trong thuc té
a. Dinh luong dung dich NH,OH (hay NH,)

— NH,OH (hay NH,) 14 m6t base yéu nén dung mot acid manh nhu HCI
dé dinh lugng.

Phuong trinh phan tng:
NH,OH + HC1=NH,CI1 + H,0
(NH, + HCI = NH,Cl)

Chi thi mau 14 d6 methyl chuyén mau tit vang sang d3. Ciing c6 thé
dung chi thi hén hgp Tashiri ( hdon hgp ctia d6 methyl va xanh methylen)
mau sé chuyeén ti luc (vang + xanh) sang mau tim (d6 + xanh).

— Ky thuat tién hanh:
+ Buret: Dung dich HC1

+ Binh nén: 10,00 mL dung dich NH,OH + 3 giot d6 methyl + 1giot
xanh methylen.

+ Nho HCI xudng cho t6i khi chi thi chuyén tit mau luc sang mau tim.
Ghi thé tich HCI da dung.

— Tinh két qua:
Gia st tinh néng do g/L cia dung dich NH, theo cong thiic:
_ Via-Nua
g/l VNH3 NH ;

Bist E, =My, =1703

b. Xdc dinh noéng dé dung dich HCI

Cé6 thé xac dinh dua vao dung dich Na,CO, d& biét néng d6 theo
phuong trinh phan tng:

Na,CO, + HCl = NaHCO, + NaCl (1)
NaHCO, + HCI = H,0 + CO, + NaCl (2)

Néu dung chi thi phenolphtalein thi méi dinh lugng duge 1/2 luong
Na,CO,. Néu dung chi thi da cam methyl thi dinh lugng dudgc toan boé Na,CO, .

Ghi chi: Cé thé xac dinh ndng d6 dung dich HCI dua vao dung dich
natri borat theo phuong trinh phan ting:

Na,B,0, + 2 HCI + 5 H,0 = 4 H,BO, + 2 NaCl
Chi thi mau 12 da cam methyl hay do methyl.
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c. Dinh luong hén hop (NaOH + Na,CO,)

— Dung dich NaOH thuong bi carbonat héa do CO, cua khi trdi, cho nén
thuong phai gidi quyét truong hop dinh lugng dung dich NaOH c¢6 1an
Na,CO..

Dé dinh lugng, ta dung mot dung dich acid manh nhu HCl da biét
noéng do, phan tng dinh lugng nhu sau:

NaOH + HCl = NaCl + H,0 (1)
Na,CO, + HCIl = NaHCO, + NaCl @)
NaHCO, + HC] = CO, + H,0 + NaCl (3)

Khi dung chi thi phenolphtalein thi ldc chuyén mau tucng tGng toan
bd NaOH (phan ting 1) va 1/2 Na,CO; (phan tng 2) da dugc dinh lugng.
Sau d6 thém chi thi da cam methyl vao va ti€p tuc dinh lugng dén chuyén
mau thi s& dinh lugng hét 1/ 2 Na,CO, con lai (phan @ng 3).

— Ky thuat tién hanh:

+ Buret: Dung dich HC1 da biét nong do.

+ Dung dich mau: LAYy mo6t binh nén cho vao dé6 0,15-0,20 g NaCl va
0,20 g NaHCO, tinh khiét, thém khoang 25 mL nudc cit, 2 giot
phenolphthalein (binh 1).

+ Dung dich tht: V mL dung dich hén hgp NaOH va Na,CO, can dinh
lugng, 2 giot phenolphthalein (binh 2).

+ Nho dung dich HCI da biét nong do vao binh 2 chtia dung dich can
dinh lugng cho t6i khi xuat hién mau héng giong nhu & binh dung
dich mau (binh 1) ghi V, mL HCl da dung (chd y thém nuéc vao
binh 1 dé c6 thé tich dung dich tuong duong & binh 2). Thém 2 giot
dung dich da cam methyl vao binh 2 va tiép tuc dinh lugng dén khi
mau chuyén tit vang sang dé cam. Ghi V,mL HCI d& dung (gém ca
lugng V, mLtrong d6.)

— Tinh két qua:

+ Thé tich HC1 phan tng véi 1/2 Na,CO,1a V,- V,

+ Thé tich HCI phan ting toan bo Na,CO, la 2(V,- V)

+ Thé tich HCl phan tng véi NaOH 1a V,- 2(V,- V,) = 2V,-V,

Do d6, gia st tinh % (KL/TT) cac chat sé la:

2V, =V,)Nyq.E
1000.V

%NaOH = NiOH. 1)) (E yuoy =M = 40)
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2(V, =V,).N,.E
1000.V

M
Na2CO5 .100 ( E Na,CO;, — ? = 53)

%Na,CO, =

d. Dinh luong acid octophosphoric (H;,PO )
— Nhu d& néu & phan 2.3.5 ta thdy rang H,PO, c¢6 thé dinh lugng nhu

mot mono acid véi chi thi chuyén mau 6 pH 4,6 va nhu mét di acid
v6i chi thi chuyén mau & pH 9,6; con acid 3 yéu qua khéng dinh
lugng dugc.

Khi dinh lugng nhu mot mono acid thi E = M. Khi dinh lugng nhu

mot diacid thi E =M/ 2.
— Trong thuc t& hay dung chi thi 1 luc bromocresol va phenolphthalein.

Khi 4y ¢ diém tuong duong 1 mau sé chuyén t& mau vang sang mau
luc sang. O diém tuong duong 2 mau sé chuyén ti luc sang sang xanh
roi sang tim (khong dé chuyén sang mau tim sim). Dé d& nhan xét su
chuyén mau, c6 thé 14y 2 dung dich dém 6 pH 4,6 va pH 9,6 dé so
sanh.

Ky thuat tién hanh:

+ Buret: Dung dich NaOH da biét nong do.

+ Binh nén: VmL H,PO, cian dinh luong, 1 giot chi thi luc
bromocresol, 1giot chi thi phenolphthalein.

+ Nhé NaOH xuéng cho dén khi mau chuyén tit vang — luc — luc
sang. Ghi V, mL NaOH da dung. Tiép tuc nhé NaOH xuéng cho dén
khi mau chuyén tit luc sang —» xanh — tim. Ghi V, mL NaOH da
dung (thuong V, ~ 2V)).

BAI TAP (BAI 5)
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5.1. Dinh nghia acid, base, cip acid-base lién hgp, chat ludng tinh, da
acid, da base theo Bronsted.

5.2. Cong thtc tinh [H*] va pH cua cac dung dich:
- Pon acid manh va acid yéu
- Don base manh va base yéu
- Ch4t ludng tinh
- Cap acid-base lién hgp
5.3. Trinh bay nguyén tic ciia phuong phap dinh lugng acid-base.



5.4. Thé nao 1a ch4t chi thi acid-base. Cho biét khoang pH chuyén
mau cua 3 chi thi thong dung: phenolphthalein, dé methyl, da cam
methyl.

5.5. Hay chon chi thi cho céc truong hop dinh lugng sau:
- Dinh lugng acid manh bang base manh
- Dinh lugng base manh bang acid manh
- Dinh lugng acid yéu bang base manh
- Dinh lugng base yéu bang acid manh
- Pinh lugng Na,CO, bang HCI
5.6. Hoa tan 0,1265 g H,C,0,.2H,0 tinh khiét va dem dinh lugng toan

bo hét 25,18 mL NaOH véi chi thi phenolphthalein. Tinh néng d6
N cua dung dich NaOH.

5.7. Tinh pH cta dung dich CH,COOH 0,1N (cho K, =1,75.10")
5.8. Tinh pH cua dung dich CH,COONa 0,1N.

5.9. Dinh lugng 25,00 mL dung dich H,SO, hét 21,72 mL NaOH
0,1012 N. Tinh néng d% g/L ctua dung dich H,SO, trén.

5.10. Chuén do 25,00 mL dung dich H,PO, véi chi thi da cam methyl
hét 13,64 mL NaOH 0,01 N. Tinh néng dd mol/L ctia dung dich
H,PO, trén.

5.11. Chuéin d6 25,00 mL hén hgp (NaOH + Na,CO,) bing dung dich
HC1 0,1 N hét 7,50 mL khi dung phenolphthalein l1am chi thi va
hét 12,50 mL khi ding da cam methyl lam chi thi. Tinh néng d%
mol/l ctia tiing chat trong hén hop trén.

5.12. Lay 20,00 mL dung dich amoniac dem dinh lugng bang dung
dich HCI hét 25,20 mL. Tinh néng d¢ P, cia dung dich amoniac
trén. Biét rang khi dinh lugng 10,00 mL dung dich Na,CO, 0,1
N véi chi thi da cam methyl hét 12,50 mL HCI trén.

5.13. Biét rang 10,00 mL dung dich CH,COOH dem dinh lugng bang
dung dich NaOH hét 12,60 mL véi chi thi phenolphthalein. Mat
khac dé dinh lugng 10,00 mL acid oxalic 0,1 N véi chi thi
phenolphthalein th4y hét 11,50 mL dung dich NaOH trén. Tinh
noéng do g/L cua dung dich CH,COOH.
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Bai 6

PINH LUONG BANG PHUONG PHAP KET TUA -
DINH LUGNG BANG PHUGNG PHAP TAO PHUC

MUC TIEU
1. Trinh bay duoc khdi niém vé tich sé tan, dé tan va ting dung trong phan tich.

2. Mbé td duoc ky thudt dinh luong bang bac trong phuong phdp Mohr, Fonha,
Faian. Tinh dvoc két qud ciia phép chudn do.

3. Trinh bay dvuoc dinh nghia phitc chdt, hang sé bén viing cia phitc va ¥y nghia.

4. Hiéu va chon dugc chdt chi thi dé dinh luong bang phuong phdp tao phic vdi
complexon. Tinh duoc két qua dinh luong.

1. CHUAN PO KET TUA
1.1. Mot s6 khai niém co ban

1.1.1. Tich sé tan (T):

— Xét hé gom tua A B, tan trong nudc dén bao hoa, c6 cac can bang sau:

Hoa tan: A B { = A_B, véi K=[A,B,]
Phan ly: A B, == mA+nB vl K= %

Téng: A.B. 4 == mA+nB  véi K = K. K,=[A]".[B]" = T 1a mot
hang s6 6 mot nhiét do nhat dinh va dude goi la tich s6 tan.
— Biét tich s6 tan, ta c6 thé biét dude trang thai cAn bing cua mét hé &

mot diéu kién nao d6 dua trén co sd sau:

+ Khi [A]™.[B]*=T ta néi hé dat trang thai cAn bang gitta két tia va
hoa tan.

+ Khi [A]™.[B]"> T hé chua can béang (sé c6 két tia hoac két tia thém
goi la dung dich qua bao hoa.
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+ Khi [A]™.[B]*< T hé chua can bang (sé khong c6 két tiia hodc néu da
c6 két thia sdn thi két tua sé tiép tuc tan ra), goi 1a dung dich chua
bao hoa.

Nhu vay khi biét tich s6 tan c6 thé suy ra diéu kién dé hoa tan két taa

hoic lam tta hoan toan (dé két tua hoan toan thuong cho du thudc thi).

1.1.2. Do tan (S)
— Do tan ciia mot chat 1a néng d6 caa chat d6 trong dung dich bao hoa.

— Nhu vay d6 tan va tich s6 tan 14 nhiing dai luong déc trung cho dung
dich bdo hoa, cho nén ching c¢6 méi quan hé tuong hd nhau, c6 thé
tinh dudgc d6 tan ti tich sé tan va ngudc lai.

— D0 tan cua cac chat trong dung dich nudc nguyén chit:

Gol d0 tan cua tua A_B, trong nudc nguyén chat la S (mol/l). Theo
phuong trinh phén ly:

A B, ! == mA +nB
Ta cé: [A] = mS, [B] = nS. Khi dé:
Ty g =[A]™.[B]"= (mS)™.(nS)" = m™.n" Sm™

T
AmBn
Do vay: S = mH”[—m m oy

— T cong thiic tinh do6 tan S, ta thay néu cac két tua c6 cung dang phan
ly, tiia nao cé tich s6 tan 16n sé c6 dd tan 16n va ngudgc lai. Péng thoi,
néu trong dung dich c6 mét nhiéu chat cung cé6 kha ning tao ra cac
dang két tia khac nhau véi chat can phan tich thi dang tua nao c6
tich s6 tan nhd hon sé dé két tia hon.

1.1.3. lfng dung trong phan tich

Duya trén cd s tich s6 tan hoidc do tan ta c6 thé suy ra diéu kién dé c6
thé két ta hay hoa tan tta. Tu d6 c6 thé 4p dung trong phan tich dé:

— Két tia hoan toan mot chat tit dung dich ta can phai tao cac diéu kién
dé cang lam giam d6 tan caa tua cang tot: thuong dung du thudc thiu
(trtt v6i tia ludng tinh sé lam tan tua xét riéng), lua chon pH thich
hop, tranh cac chat la...

— Mudn hoa tan hoan toan mot tiia khé tan trong nudc, ta phai tim moi
cach dé lam tang do tan cua né: Thudng cé thé tiang nhiét d6, thém
ch4t dién ly, dung acid, dung base, dung chit tao phiic, dung chat oxy
héa thich hop hoéc chuyén tua khé hoa tan thanh tua dé hoa tan.
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— Ung dung cac phan ting két tia dé dinh lugng cac chAt.
1.2. Phuong phap chuan d6 két taa

1.2.1. Nguyén tdc chung

La phuong phap dinh ludng dua trén cic phan ting tao thanh céac chat
két tta (chat it tan).

Yéu cAu ctia phan ting mudn dung dé dinh lugng phai:

— C6 kha niéng két tia hoan toan chat can xac dinh (ta cé tich sd tan
cang nho cang tot).

— Phan tng phai xay ra da nhanh

— C6 tinh chon loc cao (chi cho két ttia véi chat can xac dinh, khong két
tua vdéi cac chat la khac).

— Chon dudc chi thi xac dinh diém tucng duong.

Nhiéu phan ting tao chat két tiia rat nhiéu, song chi c6 rat it phan
tng dugc tng dung trong phép chuin d6 bdi vi:

— Nhiéu phan tng két tia xay ra rat cham, khong thich hdp cho phép
phan tich, nhat 1a véi cac dung dich loang.

— Cac két tua khong c6 thanh phan xac dinh do hién tugng hap phu,
cong két.

— Khong chon dugc chi thi thich hgp.

Vi vay trong thuc t&, dinh lugng bang phuong phap két tua dude st
dung nhiéu nhat la phuong phap bac, trong d6 st dung Ag® (dung dich
AgNO,) dé xac dinh cac halogenid va CNS' (hoéc ngugc lai) dua trén phan
ing:

Ag"+X = AgXl
Trong d6 X 1a halogenid hoiac CNS'.
Ngoai phuong phap dinh lugng bing Ag, con c6 phuong phap dinh
lugng bang thuy ngan (I).
1.2.2. Cac phuong phap (ky thudt) dinh luong bdang bac

Puge goi tén tuy theo céch chon chit chi thi dé nhan ra diém tuong
duong. Thudng c6 3 phuong phap:

a. Phuong phap Mohr

La phuong phap dinh lugng truc tiép Cl' bang Ag® véi chi thi 1a kali
cromat cho tiia nau d6 Ag,CrO, 6 1an can diém tuong duong.
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Phdn #ng chudn do:

Ag'+Cl == AgCl{ trdng v6i Tyuq= 10"
Nhéan ra diém tuong duong:

2 Ag"+Cr0,” = Ag,CrOInau a8 véi T, o, = 2.10712
Diéu kién dp dung:

— Nong do6 chi thi K,CrO, can 2.10* — 2M. T6t nhat nén dung véi néng
do6 10°M — 10° M khi d6 tranh dugc mau vang dam cuaa K,CrO, 1am
khé khén cho viée nhan ra 4+ Ag,CrO,.

— pH moi trudng tot nhat 7 - 10,5 vi néu acid qua sé khong c¢6 VAg,CrO,
(do 2CrO0,> + 2H* =—= Cr,0.*> + H,0 chuyén dich vé phia Cr,0.?).
Néu kiém qué sé c6 tua cua Ag* véi OH
Ag"+OH = AgOH/
2 AgOH! == Ag,0!{+H,0
b. Phuong phdap Fonha (Volhard)

La phuong phap chudn d6 Ag* bang SCN™ véi chi thi 1a Fe®* cho su tao
phiic Fe(CNS)?** mau d4 ¢ 1an can diém tuong duong.

Phdn éng chudn do:
Ag"+ CNS™ == AgCNS ltring v6i Tyons = 1077
Nhéan ra tuong duong:
Fe?* + CNS™ = FeCNS* o v6i B = 107
Diéu kién dp dung:
— Nong @ chi thi thudng dung sao cho [Fe®*] ~ 10*M

— MBbi trudng nén dung méi truong acid manh (thudng dung HNO,) dé
tranh {Fe(OH),, VAg,0 va lam giam hién tugng hap phu.

U ng dung:
— Dinh lugng tryc tiép Ag" v6i CNS

— Pinh lugng gian tiép (theo phuong phap thua trir) Cl, Br, I bing cach
cho du chinh x4c Ag* phan tng véi X (CI, Br, I') can x4c dinh

Agh+X = AgXl
(du chinh xac)

Sau d6 dinh lugng Ag* bang CNS' da biét nong do theo ky thuat truc
tiép néu trén.

191



Chi y:

— Khi dinh lugng Cl' c¢6 hién tugng mau chuyén khong ré rang, mau
khong bén, khi mau bén viing thi qua diém tuong duong nhiéu giy sai
s6 16n. Ly do vi Ty, = 10" > T, ns = 1072 nghia 1a 4 AgCNS bén viing
hon nén ¢6 phan tng:

AgCll + CNS = AgCNS{ + CI
xay ra do d6 lam chuyén dich cdn bang phén ly cta phiic vé phia phai:
FeCNS* =TFe* + CNS

lam mat mau do.

Dé khéc phuc sai s6 nay ta phai loai bé két tua AgCl, rdi sau d6 méi
dinh luong Ag* du & phan nuéc loc. Hodc cho thém vao hé mot dung moi
hiiu co khong tron 1an véi nuéc (nhu benzen, ether, cloroform,...) dé lam
von két tia AgCl trén bé mét phan cach gitia 2 16p nuée - dung méi hiiu co
va do d6 ngin khong cho két tia AgCl tac dung véi CNS'.

— Khi dinh lugng I khong dude cho chi thi Fe® vao dung dich dinh

lugng truée khi cho Ag® du (d€ tranh phan tng Fe® + I > Fe* + 1,

Xay ra).

c. Phuong phap Faian (Fajans):

La phuong phap dung chi thi h4p phu.

Dua trén co sé mot s6 két tua c6 kha ning hap thu trén bé mit tua
mot s6 chat hitu g, lam cho chét hitu co thay déi cu tao va c¢6 su d6i mau
rd rét (thuong c6 mau tham hon).

Thi du: Dung eozin 1a mot acid httu c6 (HE == H" + E") lam chat
chi thi khi dinh lugng I” bing Ag®. Déc tinh ctia eozin la khi E* é trong
dung dich ¢6 mau hong, nhung khi bi hap thu c6 mau tim.

Phdn éng chuén do:

Ag"+ 1 =Agll

Nhéan ra diém tuong duong khi trén bé mat tia xuat hién mau tim.

Sé di nhu vay vi truée diém tuong duong, dung dich du I do dé Agll
hap phu I' (khong hap thu E nén van c6 mau hong). Sau tuong duong du
Ag® thi AgI{ hap phu Ag" (14 ion + nén c6 kha nang hdp thu thém E lam
cho bé mét tia c6 mau tim)

Diéu kién dung:

— C6 ging gitt tha 6 trang thai keo (cho nén c6 trudng hgp cho thém chat
bao vé keo nhu tinh bot, dextrin...)

192



— Chon chat lam chi thi phai khong bi hap phu qua sém.
— Phai chon pH thich hgp vi chi thi thuong 12 acid hoic base hiiu co.

1.2.3. Phuong phdp dinh luong bdng thiy ngan (I)

a. Phuong phdp dinh luong mét sé chdt dva vao dung dich chudn cia mudi
Hg,”* (thuong dung Hg,(NO,),)

Khi cho dung dich Hg,** tac dung véi Cl', Br, I'... sé tao thanh nhiing
taa it tan Hg,Cl,, Hg,Br,, Hg,L,... tuong tu nhu két tia AgX:

Hg,? + 2 CI' =— Hg,CL{

So v6i phuong phap dinh hidng bang bac, phuong phap dinh lugng
bing thuy ngan (I) c6 mot s6 uu diém sau:

— Khoéng can phai dung dén nhiing héa chat c6 bac 1a mot kim loai qui
dét hon so v6i thuy ngan.

— Muéi thtay ngan (I) it tan hon so véi mudi bac tuong tng do d6 khi
dinh lugng Cl bang Hg,?" ta c6 budec nhay ciia dudng biéu dién dinh
lugng dai hon.

— C6 thé dinh luogng truc tiép bing thuy ngan (I) & mdi trudng acid,
trong khi dinh lugng bang bac phai § méi trudng trung tinh.

Tuy vay, phuong phap dinh luong bing thuy ngan (I) c6 nhudc diém la
mudi thuy ngan ddc. Do d6 khi lam viéc phai hét stic than trong.

b. Chi thi dung trong phuong phdp dinh luong bang Hg,?*
— Sdt sulfocyanid Fe(CNS):

Trong quéa trinh dinh luogng, khi dén diém tuong duong dung dich sé
mat mau do Hg,”" du sé phan ting:

3Hg,** + 2Fe(CNS), = 3Hg,(CNS), + Fe®*
— Diphenylcacbazon:
Nhéan ra diém tucng duong do tao véi Hg,*" tia c6 mau xanh.

1.2.4. Mét s6 ing dung thuc té
a. Cdc dung dich chudn

Céac dung dich chuén hay dung 1la NaCl 0,05 N, AgNO, 0,05 N va
KCNS 0,05 N. Nhiing dung dich nay dugc tinh toan pha tu NaCl, AgNO,,
KCNS. Ca 3 chit nay c6 thé duge tinh ché dé dat tiéu chuén chit goc nhu
sau (Ey,q =M = 58,5; Ej,no3 = M = 169,87; Egons = M = 97,18):

— Tinh ché NaCl: Pha dung dich NaCl bdo hoa khoang (36g/100 mL).
Loc, 18y nudéc loc, sau d6 thém HCI dac vao dé két tta hét NaCl. Loc

193



14y NaCl. Pem rtia bang nudc cit, sau dé sdy kho 6 270 °C, tan thanh
bot va nung tiép 6 500 - 600 °C trong 10 nung dén khéi lugng khong
d61, thu duge NaCl tinh khiét.

Tinh ché AgNO,: Hoa tan AgNO, trong nuéc (ti 1& 100g AgNO, cho 45
mL nuéc). Loc qua phéu loc thuy tinh (khéng dung gidy loc). Lay tinh
thé AgNO, sdy kho ¢ 100 °C, sau d6 sdy thém 6 220 - 250 °C khoang 15
phut (khéng dude sy qua 250 °C dé tranh AgNO, bi phan huy mét
phan thanh AgNO,). AgNO, thu dugc khong hdt 4m, nhung phai dé
trong lo mau, tranh anh sang.

Tinh ché KCNS: Hoa tan KCNS trong nuéc (ti 1&é 68,5 g/100 mL nudc).
Thuc hién két tinh lai 2 14n, lam khé trong binh hut 4m & nhiét do
thuong, sau d6 sdy 6 100-150 °C. Cudi cung siy thém ¢ 190 — 200 °C
trong 2 phut. Khi d6 KSCN thu dudc sé tinh khiét va kho, bao quan
can tranh anh sang va cac khéi acid (KCNS coi nhu khéng hut 4m
trong khi quyén c6 d6 4m dudi 45%).

b. Dinh luong NaCl theo phuong phap Mohr

Phdn éng chudn do:

NaCl+ AgNO, = AgClltring + NaNO,
Chi thi 1a K,CrO,: 2 Ag" + CrO,* = Ag,CrO,!nau do
Ky thudt tién hanh:

— Buret: Dung dich Ag* da biét nong dd
— Binh nén: V mL NaCl can dinh lugng

50 mL nuéc cat
1 mL chi thi K,Cr0,5%

Chuéin d6 dén khi xuét hién két tia mau nau do. Ghi thé tich dung

dich AgNO, da dung. Tinh két qua.

Ghi chu:

— Vi méi truong phai trung tinh nén néu dung dich acid phai trung hoa

bing NaHCO, hay CaCO, (dun dudi CO,, dé ngudi).

— Khi pha AgNO, khong dugc cho thém HNO,
— Néu dung dich kiém phai trung hoa bang HNO.,.
c. Pinh luong KCNS bang AgNO,
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Chi thi 1a Fe® :
Fe® + SCN™ = Fe(SCN)** mau do
Ky thudt tién hanh:
— Buret: Dung dich KCNS can dinh lugng
— Binh nén: V mL AgNO, da biét nong d6
2 mL HNO, dic
2 mL phén st amoni 10%
— Chuén d¢ t6i khi xu&t hién mau d4. Ghi thé tich KCNS da dung. Tinh
két qua.
d. Dinh luong NaCl bang AgNO, theo phuong phdp Fonha

Dung AgNO, thita chinh xac da biét nong d6 dé két tta hét NaCl, sau
d6 dinh lugng AgNO, thita bang dung dich KCNS da biét néng d6 véi chi
thi 1a Fe®*. Cac phan ting xay ra:

AgNO, + NaCl= AgClltring + NaNO,

(du chinh xac)

AgNO,du + KCNS = AgCNS!trang + KNO,
Nhén ra tuong ducng khi c6 mau do:

Fe?*+ CNS = FeCNS*" d6
Ky thudt tién hanh:

— Trong binh dinh mtc 100,0 ml: 10,00 mL dung dich NaCl can dinh
lugng + 20,00 mL AgNO, 0,05N + 1 mLL HNO, dac

Thém nuéc cat cho dén vach, lic déu. Dé ling, loc qua 2 1an gidy loc,
nuéc loc phai trong. Sau do:

— Buret: Dung dich KCNS 0,05N
— Binh nén: 50,00 mL nuéc loc 6 trén
5 mL HNO, dic
5 mL chi thi phén sit amoni 10%

— Chuén d6 cho t6i khi xu4t hién mau hong. Ghi thé tich KCNS 0,05N
da dung. Tinh két qua theo phuong phap thua tru.

Ghi chu:

Phuong phap nay chi chinh xac khi néng d6 caia KCNS, AgNO,, NaCl
x4&p xi bang nhau. Vi thé& phai dinh lugng so bé dung dich NaCl nhu sau:
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— Buret: Dung dich KCNS

— Binh nén: 1 mL NaCl + 2 mL AgNO, + 5 giot HNO, déc + 5 giot chi thi
phén sit amoni 10%.

Néu vira nho KCNS xuéng ma c6 mau dd ngay thi ching té thidu
AgNO,, ta phai pha loang NaCl cho c¢6 néng do thich hgp. Néu cho xudng
khoang 1 mL KCNS c6 mau do6 1a dugc.

e. Dinh luong KI bang AgNO, theo phuong phdp Faian
Phdn w#ng chudn do:
AgNO, + KI=Agll+ KNO,

Chi thi 1a natri eozinat: nhan ra diém tuong duong khi trén bé mit
tta xuat hién mau héng tim.

Ky thudt tién hanh:
— Buret: Dung dich AgNO, da biét néng do
— Binh nén:  VmL KI cin dinh lugng
1 mL chi thi eozinat 0,5%
1 mL acid acetic déc
— Chuén d6 t6i khi tia mau héng tim. Ghi thé tich dung dich AgNO, da
dung. Tinh két qua. Cho Ei;=M = 166.

2. CHUAN PO TAO PHUC

2.1. Mot s6 khai niém co ban
Trong phan Phan tich dinh tinh da giéi thiéu vé phtc chat, 6 phan
nay chi nhic lai mot s6 khai niém dung trong dinh lugng.

2.1.1. Dinh nghia

Cau tao cua phtc: gdom mot nguyén ti trung tam (con goi 1a nguyén ti
tao phiic) thuong 1a cac kim loai va phoi ti tao thanh cau noi phtic va dude
viét trong dau [ ], cac ion trai dau véi cAu nodi phtic goi 1a cAu ngoai phtic
viét é ngoai dau [ ].

Thi du: [Ag(NH,),]CI

[Ag(NH.,),]" 1a cAu noi phiic; Cl 14 cAu ngoai phiic.

Néu phoéi ti 1a nhiing phan ti hitu co lién két v6i nguyén ti trung tam
vira bang lién két cong hoéa tri va via bang lién két phéi tri (nhu mét so
nguyén ti O, N, S... con c6 nhiing cép dién ti tu do chua lién két bd ra
dung chung) thi goi 1a hgp ch4it noi phiec.
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Thi du: Complexonat magnesi

HOOC—CH,__ CH7COOH
N-CHzCHzN

OC-CH, ™~ \ ] N CH;COO

Mg
2.1.2. Phén biét phizc chdt vGi mudi thuong, mudéi kép, ion phitc tap

— Muéi thuong, muéi kép khi hoa tan trong nuéc phan ly hoan toan
thanh cac ion (hodc phan ti) don gian.

Thidu: NH,Fe(SO,), .12H,0 - NH," + Fe*" + 2S0,2 + 12H,0

— Phitc chdt khi hoa tan vao nudc chi c¢6 cAu ndi va cdu ngoai phan ly
hoan toan, cAu noéi phtc phan ly khong hoan toan (it phan ly).

Thi du: K,Fe(CN),] - 4K* + [Fe(CN)]*
Fe(CN)*<== Fe** + 6 CN"

2.1.3. D6 bén cuia phicc va y nghia

D6 bén cua phiic chit dude danh gia qua hing sé bén (hing s6 tao
phtic) hodc hang s6 khong bén ctia phan ting tao cau noi phtic.

Thi dy: Véi phitc K,[Fe(CN);] - 3K* + [Fe(CN),]*
Fe(CN),* === Fe* + 6 CN

Fe(CN) " |

Fe J[cN -

o [ len ]
[Fe(CN) |

Ta c6: Hang s6 tao phtic: K, =

P ]

Hang s6 khong bén:

Nhu vay: K,.Ky, = 1

Do d6 vé6i phiic chat néu hing s6 bén (hing sd tao phiic) K, cang 16n
thi phiic cang bén (it phan ly) cang nhé va ngudc lai.

Phiic ch4t ciing phan ly theo tiing néc, ing v6i méi néc 1a c6 cac hing
s6 tuong ting riéng. Thi du véi HgCl, cé:

HgCl, === HgCl’ + Cl V6i Ky, = [HQ[E;; [C]' ]
2
2+ [ -
HgCl' == Hg* + CI véi K, = 119 o]

Hger ]
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Téng HgCl,—— Hg® + 2CI véi K, = Ky Kiy
— Y nghia ctia hang s6 bén K, (hodc hing s6 khong bén K,,):

+ Dua vao K, va cac yéu té khac, c6 thé tinh toan duge ty 1é hodc ndng
do cac cau ti trong dung dich, biét dude chiéu huéng ctia phan ng.

+ Xét dudc su canh tranh tao phtic: Néu trong dung dich c6 mit hai
hoidc nhiéu ch4t c6 kha ning tao thanh cac phtic chat khac nhau thi
sé c6 su canh tranh tao phiic va phtic ndo bén viing hon (K, 16n) sé
chiém uu thé.

2.2. Pinh luong bang phuong phap tao phiic

(Chuén dd phiic chit)

2.2.1. Nguyén tdc chung

— Phuong phap dinh lugng tao phtic 1a phuong phap dinh lugng dua
trén cac phan ting tao phiic.

— Phan tng tao phtic muén dung dé dinh lugng duge phai xay ra nhanh,
hoan toan, hgp thic, chon loc cao, nhay va chon dugc chét chi thi dé
nhén ra diém tuong duong.

Trong nhiéu phan tng tao phiic, chi mét s6 it phan tng dap tng dudc
cac yéu cau trén. Vi vay, thoi gian dau phuong phap nay it dude tng dung
rong rai. Trong s6 rat nhiéu thudc thi vé cd, trong phan tich thé tich
thudng dung hai phuong phap chuén d6 tao phtic sau:

— Phuong phéap bac: Dua trén phan tng tao phtic gitia Ag* va CN-

Ag" + 20N == Ag(CN),

— Phuong phap thiay ngan (II): Dua trén phan ing tao phtic gitia Hg**
v6icacion Cl, Br, I, SCN".

Thi du:

Hg® +2 CI = HgClL,'
Hg** + 4 == Hgl*

Nhung ti nhiing nam 40 cta thé ky 20 tré lai day, sau khi nha héa
hoc G.Schwarzenbach phat hién ra cic chit goi 12 complexon c6 kha ning
tao phiic bén viing v6i nhiéu ion kim loai thi phuong phap nay da dudgc
phat trién nhanh va réng véi mot tén goi riéng 1a phuong phap chuin do
bang complexon.
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2.2.2. Chudn dé tao phiic bdng thuéc thit vé co
a. Phuong phap bac

Trong phuong phap nay ngudi ta chuén d6 dung dich cyanid (CN))
bing dung dich chuén bac nitrat dua trén cé s6 phan @ng tao phic:

Ag"+ 2CN° == Ag(CN), véi (K, =10%")
Luu y: B, =M,» E, =2M

Chon chi thi: C6 thé dung mét trong hai phuong phap sau:

— Phuong phdp Liebig (dung chi thi 1a chinh thuéc tht): Nhan ra diém
tuong duong khi c6 du mot giot dung dich AgNO, sé& cho két tua
Ag[Ag(CN,)] xuit hién.

Ag"+ Ag(CN), == Ag[Ag(CN)]{ v6iT =4.10"

Luu y: Khi chuin do dén gan diém tuong duong nén dinh lugng rat ti
ti vi néu lam nhanh c6 thé lam cho tia xu4t hién sé6m gay sai s6 do toc do
hoa tan cua tua nay rat cham.

— Phuong phap Deniges: Thém vao dung dich dinh lugng amoniac va KI
lam chi thi, khi d6 d&n diém tuong ducng khéng cé tua Ag[Ag(CN),],
ma c6 tua Agl mau vang xuit hién.

Ag'+T == Agll vang v6i Ty, = 10"°
b. Phuong phdp thuy ngéan (I1I)

Mot s6 muéi hoa tan ciia Hg(II) (nhu CN, SCN, CI...) 1a nhiing phtc
ch4t, do d6 c6 thé dung Hg?* dé dinh lugng cac anion nay, theo phuong
trinh téng quat:

Hg*" + 2X° = HgX,
Dung dich chuén thusng dung la Hg(NO,),, Hg(ClO,),, HgSO,.
Thi du 1: C6 thé dinh lugng Cl' bang Hg? theo phan tng:
Hg** + 2Cl" == HgCl,
Nhéan ra diém tuong duong bing mot trong hai chi thi sau:
— Véi chi thi 14 natri nitroprusiat: cho taa tring véi Hg?*
— Véi chi thi 1a diphenylcarbazon: cho két tia mau xanh véi Hg**

Chu y: Néu ham lugng Cl' nhd, phai thém vao dung dich dinh lugng
mot it con dé giam do phan ly cua HgCL,

Thi du 2: C6 thé dinh lugng nhiing mudi Hg? bing dung dich chuin
KSCN véi chi thi 1a Fe*".
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CNS + Hg® —— Hg(CNS),
Nhan ra diém tuong duong khi du CNS' sé ¢6 mau d6 xuét hién.
CNS + Fe** == FeCNS*do
Uu diém cta phuong phap dinh lugng bing Hg?":
— C6 thé dinh lugng thing trong méi trudng acid.

— Nhiéu ion gay tré ngai cho phuong phap dinh lugng bang bac theo
phuong phap két tua (phuong phap Mohr va Fonha) khéng c6 anh
hudng gi khi dinh lugng bang Hg?".

— Hgp chat thuy ngan ré hon hgp chat bac tuong ting.
Tuy nhién phai luén nhé rang mudi thuy ngan rat doéc, do d6 khi dinh
lugng phai hét stic can than.
2.2.3. Chuédn doé bdang complexon

Phuong phap dinh lugng bang complexon la phuong phap chuidn db
dua trén phan tng tao hop chat noi phiic ctia nhiéu ion kim loai v6i mot sd
thudc thi hitu ¢ goi chung 14 complexon.

a. So lugc vé cac complexon

Cac complexon 1a cac acid amin polycarboxylic va cac dan chat cua
ching duge Schwarzenbach nghién ctu ky (1940-1945).

— Complexon I (chelaton I, Trilon A) d6 1a acid nitril triacetic (NTA):

_/ CH,COOH o
NCH,COOH Vit tat 1a H,Y
CH,COOH

Complexon II (chelaton II, trilon B) la acid ethylen diamin tetra
acetic (EDTA):

HOOC—CHz\ / CH,COOH
_ N=CH—CH—NC_ Viét tat 1a H,Y
HOOC—CH; CH,COOH

Complexon III (chelaton, trilon B) 14 muéi dinatri cta EDTA

HOOC—CH,

N  CH,COOH

N_CHZ_CHz_

N Viét tat 1a Na,H,Y
NaOOC—CH, CH,COOH
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b. Su tao phiic cua EDTA vdi cdc ion kim loai
EDTA 1a mot acid da chitc (4 néc):

HY =— H,)Y +H" véi K, = 102°

H,Y =— H,Y*+H' vél K, = 10267
H,Y*<=— HY*+H" vl K, = 10%1°
HY =— Y*+H" v6i K,, = 1010

EDTA it tan trong nuéc, vi vay thuong dung duéi dang muéi Na,H,Y.
Trong phan tich, EDTA va Na,H,Y ngoai sy khic nhau vé do tan va khéi
lugng mol, con lai cac tinh chat héa hoc nhat 1a tinh tao phtic khong c6 su
phan biét nao ca, cho nén thuong van quen goi chung la EDTA.

EDTA c6 kha ning tao phiic v6i hau hét cac ion kim loai (trit cac kim
loai kiém) va tuy theo pH cta dung dich c6 thé biéu dién bing cac phuong
trinh khac nhau (do EDTA ton tai trong dung dich duéi dang H,Y, H,Y,
H,Y*, HY*", Y* phu thuoc vao pH). Nhung du phuong trinh phan ting khéac
nhau xong ¢6 diém chung 14 ty 1é vé mol gitta EDTA va ion kim loai luén 1a
1:1 va gidi phéng ra toan bo H* ¢6 trong thanh phan tén tai cia EDTA.

Thi du phan tng téng quat cta ion kim loai M™ véi EDTA nhu sau:

M™ + H,Y> == MY®™® + 2H" 6 pH 4-6
M™ + HY" — MY"™*+H' 6 pH 7-10
Cu thé: Ca?*+ HY> = (CaY> +H"* GpH9
Zn** + HY?> =— ZnY* + H' dpH 9
APP*+ H,Y> =— AIY +2H" 6 pH 5
Do do, ta c6: Egpra = Mgpra
E,. =M.

No6i chung phan ting tao phtic cang thuan lgi trong méi trudng cang
kiém, nhung ciing c6 khi phai duy tri ¢ méi truong acid (nhu Fe**, Bi**...)
dé tranh hién tugng thiy phén, cac ion tré ngai. Tuy theo d6 bén cta phtc
ma modi ion kim loai tao phitic véi EDTA 6 mot vung pH t61 uu.

Mat khéc, dé ngin su két tua hydroxyd kim loai ta phai diéu chinh
pH hoic thém cac ch4t tao phtic phu, trong su ¢6 mét cua dung dich dém...

c. Chdt chi thi dung trong chudn dé complexon (cdc chi thi kim loai)

Pé xac dinh diém tuong duong trong phuong phép chuidn do
complexon ngudi ta ditng mét s loai chat chi thi khac nhau, trong d6 phé
bién hon ca 1a chat chi thi kim loai. D6 1a nhiing chat hiiu co (c6 tinh acid
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hodc base yéu), c6 khd ning tao véi ion kim loai phiic c6 mau va trong
nhiing diéu kién xac dinh, mau cua phtc d6 khac v6i mau caa chi thi khi
chua tao phic.

Céac chat chi thi thuong dung:
» Pen eriocrom T: C,yH,;0,N,S.

PH OH

A Y

NG,

La mot acid ba néc; nac 1 kha manh (nhém SO,H), ndc 2 va 3 c6 hing
s6 phan ly tuong ting 1a pK, = 6,3 va pK,= 11,5. 0 pH 7-10 chi thi ¢6 mau
xanh, phtic chat véi Mg , Zn*", Pb* ... c6 mau dé.

» Murexid: C;H,OsNy.H,0O (amoni purpurat)

- 0
|| |
/N_ \ /C_ \
o=C C—N—C C=0 | NH
\N— / \C_N/
| ﬁ: ||
H O O H

Thuong ky hiéu 1a H,Ind". Su phan ly nhu sau:
H,nd == H" + H, Ind* == 2H"+ H,Ind*
(D6 tim) (Tim) (Xanh)

O pH = 11 murexid ¢6 mau tim (H,Ind?), tao phtic véi Ca?* cho phtic
mau do (CaH,Ind").

Ca murexid va den eriocrom T déu kém bén trong dung dich nén
thuong khong pha sdn ma dung 6 dang rén (trén 1lan véi NaCl).

*» Ngoai ra con nhiéu chat chi thi khac nhu : acid salicylic, tim
pyrocatechin, da cam xylenol , calmagite...
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d. Cdc ky thudt chuén do bang EDTA
» Chudn do cdc cation kim logi
— Phuong phap dinh lugng thing.

Thi du: Chuin d6 Mg* bang EDTA véi chi thi den eriocrom T ¢ pH 10.
Litc dau trong dung dich c6 mau dé vang do phan ting ciia Mg*" véi chi thi:

Mg® + HInd> < MglInd + H"'
(Do vang)
Khi nho EDTA xuéng, Mg** tu do sé phan ting trudc:
Mg? + HY* = MgY?* + H*

Lic &y mau cta dung dich vAn khong bi bién d6i. Gan diém tuong
duong, ta c6 su canh tranh tao phiic:

HY* + Mglnd™ ~=— MgY* + HInd*
(D6 vang) (Xanh)
Két thic chudn d6 khi mau chuyén tit do vang sang xanh hoan toan.

Ghi chi: Néu tién hanh nguge lai, dé Mg?* § trén buret, binh nén 1a
EDTA va chi thi, khi d6 sé két thuc dinh lugng ¢ thoi diém mau chuyén ti
xanh sang chém dé vang. Thuc t& c¢6 rat nhiéu ion kim loai c¢6 thé dinh
lugng théng bang EDTA.

— Phuong phap thé.

Thi du: Dé dinh lugng Ca?*, ta thém MgY? vao dung dich, vi phic
Ca? v6i EDTA bén viing hon cua Mg?*, cho nén sé c6 canh tranh tao phtic:

Ca® + MgY* = CaY* + Mg*

DPinh lugng Mg?* bi ddy ra bang EDTA theo phuong phap truc tiép &
trén. T d6 tinh ra lugng Ca*".

— Phuong phap thua tru

Ngudi ta dinh lugng bang cach cho EDTA du chinh xac vao dung dich
chiia ion can x4c dinh, khi d6 c6 phan ting:

M™ + HY == MY"?+H"

Sau khi phan tng xong, dinh lugng EDTA du bing dung dich Mg**
hay Zn*" da biét néng do. Tu d6 tinh ra lugng M™*.

Phuong phap nay c6 1¢i trong cac truong hgp:

— Khoéng chon dude chi thi kim loai thich hdp cho ion cidn xac dinh.
Chéng han khéng thé chuin d6 truc tiép Co*, Al** bing EDTA véi chi
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thi den eriocrom T dugc vi chi thi nay tao véi Co*, AlI** cac phitic rat
bén khong bi EDTA pha va.

— Ton can xac dinh nam trong tua (BaSO,, PbSO,...) lam cho phan tng
v6i EDTA x4y ra cham.

/\? A 7 .
» Chuadn dé cac anion:

Phai chuén d6 gian tiép, bang cach két tta anion v6i thudc thi chia
cation thich hop. Pé dinh luong SO,>", ta két tta bing ion Ba®*

Ba®* + SO, = BaSO, {

Sau d6 hodc dinh lugng cation con lai trong nudc loc, nude ria hoic loc
riia tua roi hoa tan tta trong EDTA du:

HY* + BaSO, | == BaY®* + H' + S0,

DPinh lugng EDTA du bang Mg®* hay Zn*".
= Chuén dd cac chat hitu co
Giong nhu dinh lugng cac anion, thuong dung phuong phap gian tiép:
Cho chat hiiu co tdc dung véi ion kim loai tao thanh tia réi dinh lugng
cation con lai trong nuéc loc, nudc riia. Cé thé hoa tan tua trong EDTA du,
dinh lugng EDTA du con lai trong nuéc loc, nuée riia. Vi du dinh lugng
theophylin, két tta né véi Cu®’, hoa tan tua, xac dinh lugng dong cé trong
tua va suy ra ham lugng theophylin. Dinh lugng Aminopyrin, nicotinamid
ta dem két tia ching v6i HgCl,, xac dinh Hg** con du trong nudc loc suy ra
lugng aminopyrin, nicotinamid.
2.2.4. Mot s6 ieng dung dinh luong trong thuc té
a. Dinh luong bang cdc thude thi vé co
= DPinh luong KCN bang AgNO,
Dua trén phan ting tao phic:
AgNO, + 2KCN = K[Ag(CN),] + KNO,
Nhan ra diém tuong duong theo hai phuong phap:
— Phuong phap Liebig: Mot giot AgNO, thiia sé cho két tia trang
Ag* + Ag(CN),” = Ag[Ag(CN),]{ trang.
— Phuong phap Deniges: Thuc hién dinh lugng trong méi trusng NH,OH

v6i KI 1am chi thi. Nhan ra diém tuong duong khi c6 két tiia Agl mau
vang.

Luu y: Tinh két qua Excy = 2Myey
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= Pha va xdc dinh nong dé dung dich Hg(NO,), 0,IN
Thiy ngan (II) nitrat dé hat 4m, do d6 khong dat tiéu chudn chét goc.

X N . 2 M 2
Tinh toan dé pha nong d6 xap xi 0,IN. Luu y E > bé pha 1 lit

Hg(NO3), —

dung dich 0,1N, ta can khoang 17g Hg(NO,),. 0,5H,0, thém 20 mL HNO,
6 N, thém nuée cho du 1 lit (nhé khuay ky).

Xac dinh lai néng d6 Hg(NO,), biang dung dich NaCl 0,1N dua trén
phan tng:

Hg®* + 2CI" = HgCl,

Dung chi thi 12 natri nitroprusiat, khi thiia 1 giot Hg*" sé& c6 két tua
xudt hién:

Hg?* + [Fe(CN),NOJ* = Hg[Fe(CN),NOJ\
b. Pinh lugng bang complexon
» Pha dung dich complexon III chuén

— Néu c6 complexon III tinh khiét: Chi can can chinh xac mdt luong
complexon dem pha trong nudc thanh dung dich véi thé tich xac dinh.
Vi du dé pha 1 lit dung dich complexon IIT 0,1M, c4n chinh xac 37,22
gam complexon III hoa tan trong nuéc cho du 1 1it. Néu complexon III
¢6 bi hut 4m thi dem s&y kho 6 150 °C trude khi can pha.

— Néu khong c6 complexon III tinh khiét thi ta chi pha dude dung dich
c6 nong do xap xi. Sau d6 xac dinh lai nong d6 (xem phan duéi).

= Xdc dinh nong dé dung dich complexon III

— Pha dung dich MgCl, 0,1M: Can 4,032 gam MgO hoa tan trong mot it
nuée HCI dac, thém nudce 1ac déu cho du 1 lit nude.

— Pha dung dich ZnSO, 0,1M: Can 6,538 gam Zn kim loai tinh khiét,
hoa tan trong mét it H,SO, tinh khiét, réi thém nuéc cho du 1 lit.

Ky thudt tién hanh:

Buret: Complexon III

Binh nén:  V mL Mg? c6 nong do da biét
5 mL dung dich dém amoniac
0,1g chi thi Pen ericrom T (da tron v6i NaCl)
20 mL nudc cat

Nhé complexon xudng cho dén khi mau chuyén tit do sang xanh hoan
toan. Ghi thé tich complexon da dung. Tinh két qua.
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Ghi chi: Chi thi den eriocrom T dugc dung duéi dang rdn bao gébm: 1
phan chi thi + 200 phan NaCl tinh khiét dem tron nghién nhd cho déu.

Cach pha dung dich dém amoniac nhu sau: 54 g NH,Cl tinh khiét +
350 mL NH,OH dic + nudc cho du 1 lit.

» Dinh luong Ca’®*
— Bang complexon III trong moi trudng kiém véi chi thi murexid:

Murexid trong méi truong kiém c6 mau tim (H,Ind*"), két hgp véi Ca
tao thanh phiic ¢6 mau dé (CaHInd"). Khi thém complexon vao, & gdn diém
tuong duong c6 phan ting canh tranh tao phtic:

HY? + CaHInd = CaY* + H,Ind*
D9) (Tim)
Ky thudt tién hanh:
Buret: Dung dich complexon da biét néng do
Binh noén: V mL Ca* cin dinh lugng
1 mLL KOH 2N
0,2¢g chi thi Murexit (da tron véi NaCl)

Chudn d6 t6i khi mau chuyén ti d6 sang tim hoan toan. Ghi thé tich
complexon da dung. Tinh két qua.

» Xdc dinh dé ciing ctia nudc

D6 cting toan phan ctia nude 1a téng mudi calci va magnesi tan trong
nude. C6 thé xac dinh d6 cting toan phin bang complexon III véi chi thi 1a
den eriocromT.

Lay mau nuéc can dinh lugng, cho thém chi thi den eriocrom T vao,
chi thi sé tao phtic mau dé vang véi mot phan Mg?** trong mau. Khi nho
EDTA vao, EDTA sé phan ting véi Ca®" tu do, sau d6 véi Mg** tu do (vi phiic
CaY? bén hon phtic MgY?), dén 14n can diém tuong duong EDTA sé pha
phtic cta chi thi v6i Mg**, giai phéng ra chi thi tu do ¢c6 mau xanh.

Ky thudt tién hanh:
Buret: Complexon da biét nong do
Binh nén:  V mL nuéc can xac dinh
2 mL dung dich dém amoniac
0,1 g chi thi Pen eriocrom T (da tréon NaCl)

Chudn d6 dén khi mau d6 chuyén xanh hoan toan. Ghi thé tich
complexon da dung. Tinh két qua.
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— Ghi chi: Do cling toAn phan thudng dude tinh nhu sau:

+ Do cting Pic: Ung véi 1 gam CaO trong 100 lit nude (nude 4 ° rat mém;
nuéc 4 - 8% mém; nudc 8 - 16° nudc viia; nuée 16 - 24 * nuébe cling).

+ D0 cting Phap: Ung v61l 1 gam CaCO, trong 100 lit.
» Dinh luong Fe**

Trong moi truong acid (pH 2- 3) EDTA tac dung véi Fe?" tao thanh mot
phtic chat mau vang nhat FeY ™. Néu dung chi thi 14 acid salicylic hay acid
sulfosalicylic & pH d6 né tac dung véi Fe®* tao thanh phiic c6 mau hong. Tai
diém tuong duong mau héng bién mat va dung dich ¢6 mau vang nhat.

Ky thudt tién hanh:

Buret: Complexon da 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

Chuéin d6 t6i khi chuyén mau ti hong sang vang nhat. Ghi thé tich
dung dich complexon da dung. Tinh két qua.

= DPinh luong Ba’* (theo phuong phap chuin do ngudc)

Cho Ba®" cin dinh lugng, tac dung véi mdt luong du chinh xac EDTA.
Pinh luong EDTA du bang dung dich Mg*'.

Ky thudt tién hanh:
Buret: dung dich Mg*" da biét néng do

Binh nén: 10,00 mL dung dich Ba*" can dinh lugng + chinh xac 20,00
mL complexon da biét néng dd, lic déu. Thém 5 mL dung dich dém
amoniac, 0,1 g chi thi Den eriocrom T (da tron v6i NaCl).

Chuén d6 t6i khi mau chuyén ti xanh sang chém héng. Ghi thé tich
Mg*" da dung. Tinh két qua.

» Pinh luong SO/ (phuong phap gian tiép)
Cho BaCl, du dé két tta hoan toan SO,
Ba® + SO,* = BaSO,{

DPinh lugng Ba?* con lai bing complexon III. Dé quan sat dé dang su
chuyén mau cta chi thi, thém vao dung dich mét lugng Mg?* nh4t dinh va
qua trinh dinh lugng tién hanh hoan toan tuong tu nhu dinh lugng do6 ciing
toan phan cua nudc.
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Ky thudt tién hanh:

Buret: Complexon da biét nong do

Binh nén: V mL dung dich SO,* can dinh lugng, thém 1 mL HCI 2N,
thém 20,00 mL dung dich BaCl, da biét nong do (du chinh xac), dun séi 5
phut. Dé nguéi, loc tiia qua gidy loc bang xanh, ria tda nhiéu 1an (cho hét
Ba®"). Tap trung nudc loc, nude riia vao binh nén khac, thém 5,00 mL dung
dich Mg®" ¢6 nong dd da biét, 5 mL dung dich dém amoniac, 0,1 g chi thi
Den eriocrom T (da tron NaCl).

Chudn d6 dén khi mau chuyén tit &6 sang xanh hoan toan. Ghi thé
tich complexon da dung. Tinh két qua.

BAI TAP (BAI 6)
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6.1.

6.2.
6.3.
6.4.

6.5.

6.6.

6.7.

6.8.

Thé nao 1a tich s6 tan. y nghia ctia né.

Thé nao 1a d6 tan. Y nghia.

Trinh bay nguyén tic chung cta phuong phap két tua.

Nguyén tac, diéu kién, cach tién hanh cta phuong phap dinh
lugng bang bac:

- Theo phuong phap Mohr

- Theo phuong phap Fonha

- Theo phuong phap Faian.

Hay so sanh d¢ tan trong nudc cua tua AgCl (c6 Ty, = 107") véi
ta Ag,CrO, (c6 Ty, o, =2.107%).

Dung dich HC1 c6 pH = 4. Néu thém 1 mL dung dich AgNO, 10"'M
vao 1 lit dung dich HCI trén c6 hoi c6 tua AgCl xuat hién khong?

Lay 20,00 mL dung dich KI dem dinh lugng hét 18,75 mL dung
dich AgNO, theo phuong phap Faian. Mat khac khi dinh lugng
10,00 mL dung dich NaCl 0,05 N hét 9,75 mL AgNO, trén theo
phuong phap Mohr. Tinh néng d6 g/L cua dung dich KI dem dinh
lugng.

Hoa tan 0,1535 g hén hgp gom (KCl + KBr) vao nuéc va dem dinh

lugng toan b hét 15,12 mL dung dich AgNO, 0,1002 N véi chi thi
K,CrO,. Giai thich cach dinh lugng va tinh % tiing chat trong hén hgp.



6.9. Lay 25,00 mL HCI can dinh lugng cho phan tng véi 50,00 mL
AgNO, 0,02018 N. Loc, rta két tia. Dinh ludgng toan bd nudc loc
va nuée rua hét 15,17 mL KCNS 0,05012 N véi chi thi Fe**. Giai
thich cach dinh lugng, tinh pH cua dung dich HC1 dem dinh lugng.

6.10. Dinh nghia phtic chat, cach goi tén phitic chat.

6.11.
6.12.
6.13.
6.14.

6.15.
6.16.

6.17.

6.18.

6.19.

6.20.

Phan biét phtc chat v6i mudi thuong, muéi kép, ion phtc tap.
Hang s6 bén ctia phiic va ¥ nghia.
Nguyén téc chung ctia chudn do6 tao phiic.

Thé nao 1a chi thi mau kim loai? Piéu kién ap dung trong chuin
do bang complexon.

Hay néu cac k¥ thuat chuin d6 bing complexon.

Trinh bay cach xac dinh do cting cia nudc bang phuong phap
complexon.

Chuén d6 50,00 mL dung dich Na,H,Y (c6 mét ctia dung dich
dém amoniac) véi chi thi Pen eriocrom T hét 32,05 mL dung dich
Mg*" 0,045 M. Viét phuong trinh phan tng dinh lugng va tinh
nong do M cta dung dich complexon III trén.

Chuan d6 100,0 mL nudc (c6 mat hé dém amoniac) véi chi thi
Den eriocrom T hét 8,50 mL complexon III 0,01 M. Hay giai
thich cach dinh lugng va tinh do cting theo d6 Diic cua nude dem
dinh lugng.

Lay 10,00 mL dung dich Ba®*" cidn dinh lugng, thém 20,00 mL
dung dich complexon III 0,1 M, dinh lugng complexon du hét 7,50
mL dung dich MgCl, 0,1 M. Tinh néng dd N caa dung dich Ba*.

L4y 10,00 mL dung dich SO,* can dinh lugng, lam két tia bang
20,00 mL dung dich BaCl, 0,1 N. Dun séi, loc va riia két tua. Tap
trung nudc loc va nude rua, thém 5,00 mL dung dich MgCl,
0,12 M va dem dinh lugng bang complexon 0,103 M hét 14,50 mL.
Tinh néng d6 g/L cua dung dich SO,* dem dinh lugng.
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Bai7

PINH LUONG BANG PHUGNG PHAP OXY HOA KHU

MUC TIEU

1. Trinh bay dugc khdi niém vé chdt oxy hod, chdt khiz, cdp oxy héa khi lién hop,
phdn tng oxy héa khi va cdch can bang.

2. Trinh bay duoc nguyén to“gc, diéu kién tng dung, tinh duoc két qud cua cdc
phuong phap dinh luong bang permanganat, iod, bromat va nitrit.

1. MOT SO KHAI NIEM CG BAN

1.1. Pinh nghia

— Chat oxy hoa la chat c6 kha ning nhan electron (dién ti).

— ChAat khi 1a chat ¢6 kha niang cho dién ti.

— Cép oxy héa khii lién hgp: mét chat oxy héa sau khi nhan dién ti dé
tré thanh chat kht va goi 1a chat khi lién hgp véi né. T6 hop cta hai
dang oxy hoéa va khu lién hgp tao thanh cdp oxy héa khu lién hgp
(oxh/kh) va dudgc biéu dién qua cin bing sau:

Oxh + ne == kh

— Phan ting oxy héa kht 14 phan tng trao ddi dién ti giiia cac chat oxy
hoéa va chat khi: chat khi nhuong dién ti va bi oxy héa thanh dang
oxy héa lién hogp, chat oxy héa thu dién ti va bi khi thanh dang khu
lién hgp.

a oxh, + b kh, = ¢ kh, + d oxh,

1.2. Cuong do ciia chat oxy héa va chat khw

— Mot chat cang dé nhan dién tu thi c¢6 tinh oxy héa cang manh, mot
chat cang dé nhuong dién ti thi tinh khii cang cao. Trong mot cip oxy
héa kh lién hop, néu dang oxy héa cang manh thi dang khti lién hop
cua noé c6 tinh khit cang nho va ngudc lai.

— DPé dic trung cho cudng do ctia médt ciap oxy héa khi lién hgp ngudi ta
dung dai luong goi 1a thé oxy héa kht (hodc thé oxy hoa) dugc xac
dinh bang phuong trinh Nec (Nernst). P6i v6i hé don gian:
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oxh + ne = kh

RT, [kh]
E e =E'———
oxh/kh nF n [OXh]

Trong d6:  E: 14 thé oxy héa khii ctia cip oxh/kh (von)
R: 12 hang s6 khi (8,314J.mol*.K?)
T: nhiét do tuyét do1
F: 1a dién tich Faraday (96 500C)
E°: 14 thé oxy héa khtt tiéu chuén cta cip

0 25°C chuyén sang dang logarit thap phan cé:
E_po _ 0059 [kh ]
n [oxh ]
D61 v6i hé téng quat: a oxh + bB +...+ ne S c kh + dC +...
0059 | [kh F.[CT

n ' Joxh FIBT

* Chu y: D61 véi cac cép, trong dé c6 dang la chat két tua (it tan), chat
khi (khi giit ap suat khong d6i) hodc H,O vi ndong dd coi nhu khéng d6i do
d6 khong viét vao phuong trinh Nec.

Thi du:

— Véi cap MnO, /MnO,:
MnO, + 4H*+ 3e = MnO,{ + 2H,0
Thi E _po 2 059 Jr—

M0 o, Tvno; [ T

Cé E=E°-

— V61 cap o/ :
20 >
O, +4H" + 4e<= 2H,0
0, 059 1

Thi Eo% —E°— g [H+] —0,059. Ig[—]
20%

1.3. Can bang phuong trinh phan @ng oxy héa khu

C6 nhiéu cach can bang phan tng oxy héa khu, trong tai liéu nay
ching to61 trinh bay cach can bang sau:
— Trude hét, dé can bang dude phuong trinh phan tng oxy héa khi can
phai biét dude cic chit tham gia phan tng va san phdm cta phan dng
dua trén co sd xét chiéu huéng cua phan tng.
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Chiéu huéng ctia phan tng dudc xac dinh nhu sau: Trong cac diéu
kién nhu nhau néu cip oxy héa khii nao c6 dién thé 16n sé oxy héa dudge cip
oxy héa khu kia nghia 1a phan ting x4y ra gitia chat oxy héa cua cap co
dién thé 16n véi chat khii ctia cdp cé dién thé nhé. (Thong thuong c6 thé
dua vao thé oxy héa khi tiéu chudn E°dé du doan chiéu phan tng).

— Cac buée can bang phuong trinh: 4 budc:

+ Budc 1: Viét cac chat tham gia phan @ing va cac chat tao thanh véi

dang thuc ctia né vao 2 vé cia phuong trinh.

Thi du: Phan ting gitia K,Cr,0, va FeSO, thuc chat 12 phan tng gitia
ion Cr,0,” (vai trd oxy héa) vé6i ion Fe®* (chat khi) tao ra Cr® (dang khi
lién hgp cua Cr,0,*) va Fe?* (dang oxy héa lién hgp cua Fe™).

Ta viét: Cr,0.2+ Fe** > Cr® + Fe™

+ Buéc 2: Can bang hoan chinh cho ting ciép oxy héa khi nghia la

can bing vé trao d6i dién th, caAn bing vé dién tich (téng dién tich
duong bing téng dién tich Am), cAn bing vé s6 nguyén ti.

Véi cap Fe*/Fe?" co: Fe? . e = Fe*

Véi cap Cr,0,%/2Cr** ¢6: Cr,0,>+6e+ 14 H = 2 Cr” +7H,0

Can luu ¥ s6 dién tt trao doi 1a tng véi ca ion phtic tap. Khi cAn bang
cac dién tich duong thidu cé thé 14y H*, cac dién tich am thi€u c6 thé 14y
OH va H,0 dudc thém tuy ¥ vi né ludn cé6 san trong dung dich.

+ Budc 3: Viét phuong trinh ion bang cach tim bdi s6 chung nhoé nhat roi
nhan hé s6 thich hgp véi tiing vé& ctia cac cap, sau d6 cong véi nhau:

6 x Fe? - e = Fe®
1 x Cr,0,>+6e+14H =2 Cr* + 7 H,0
6 Fe** + Cr,0,> + 14 H" =6 Fe’*+ 2 Cr** + 7 H,0

+ Budc 4: Viét phuong trinh phan ti bing cach thém cac ion tham gia
phan ting con thiéu vao 2 vé&€ cua phuong trinh:

6FeSO, + K,Cr,0, + TH,80,=3Fe,(SO,), + Cr,(SO,), + K,S0, + 7TH,0

2. PINH LUGNG BANG PHUONG PHAP OXY HOA KHU
(Chuén do oxy héa khi)

2.1. Nguyén tac

— Phuong phap dinh lugng oxy héa khii 1a phuong phap phan tich dinh
lugng dua trén phan @ng chudn do 1a phan tdng trao ddi electron giita
dung dich chuén chiia chit oxy héa (hoidc khit) véi dung dich cAn phan
tich chtia chat khi (hodc chat oxy hoa).
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— Né&u dung dung dich chuén 14 chit oxy héa ta c6 thé dinh lugng cac
chat kht nhu Na,S,0,, Fe?*, I... Néu dung dung dich chuén la chat
khti c¢6 thé dinh lugng céc chét oxy héa nhu I,, KMnO,, KBrO,... C6
nhiing chat khong c6 tinh oxy héa hoac khit nhung c6 kha ning phan
ting hoan toan véi chit oxy héa hay chat khii (thuong thanh chat két
tua hodc phtic chat) cling c6 thé dinh lugng bang phuong phap oxy héa
theo cach gian tiép.

— Yéu cAu t6i thiéu cho mot phan tng dung trong chuin d6 oxy héa khi
phai la:

+ Phan ting phai da nhay va x4y ra theo chiéu can thiét
+ Phan tng phai x4y ra hoan toan va c6 tinh chon loc cao
+ Phan tng phai xay ra di nhanh

+ Tim dudc cach nhan ra diém tuong duong

— Thuodng cac phan ting oxy héa khi 12 mot qua trinh phtic tap, xay ra
qua nhiéu giai doan trung gian, nén téc do phan ing nhiéu khi khéng
dap tng duge yéu cau dinh lugng, khi d6 dé lam tang t6c d6 phan tng
c6 thé thuc hién mot s§ bién phéap.

+ Tang nhiét d6 vi da s6 phan tng khi ting nhiét do, téc do phan tng
tang theo.

+ Tang nong do cung lam tang téc do phan tng, c6 thé ting ndéng do
bang k§ thuat chudn d6 ngugc (thia tri).

+ Dung chét xdc tac dé lam ting tdc d6 cac phan dng qua cac giai
doan trung gian.

2.2. Chat chi thi trong phuong phap dinh lugng oxy héa khi

Cd ché chuyén mau cta céc chi thi duge chia lam 4 loai, trong d6 2 loai
chinh hay st dung la:

» Loai chdt chi thi la chinh thudc thi
Thi du: Khi dinh lugng Fe?* bang MnO, theo phan tng:
5Fe’* + MnO,  + 8H" = 5Fe* + Mn** + 4H,0

Néu dé MnO, & trén buret, lic dau cho MnO, vao dung dich dinh
lugng ta thdy mau MnO, bi mat do tham gia phan ting dinh lugng. Nhung
khi qua tuong duong, chi cAn du mot lugng rat nhé KMnO, ta thiy c6 mau
héng ctia MnO,. Nhu vay MnO, vita 1a dung dich chuén (thuéc thi) viia
déng vai tro chat chi thi.

Thuc t€& chi thi loai nay nhiéu va cho két qua kha tot.
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= Chdt chi thi tao vdi chdt oxy héa hodc khiz trong phdn ting chudn do
mét mau ddc trung.

Thi du trong phuong phap iot ding chi thi hé tinh bot: khi du I, sé tao
v6i hé tinh bdt moét mau xanh tham.

2.3. Phén loai cac phuong phap oxy hoa khu

Trong phuong phap chuin do acid-base, thudng ta c6 thé thay acid
(hay base) manh nay dé dinh lugng mot base (hay acid) khac. Nhung trong
chuédn dd oxy héa khti, vi dién thé oxy héa khit ctia cac cip rat khac nhau,
mobi cip khi phan tng lai ddi hdi cac diéu kién nhat dinh. Do vay, khong
thé thay thé tuy tién chat oxy hoéa (hoac chat khit) nay bang mét chit oxy
héa (ho#c khti) khac tuong duong vé mét dién thé oxy héa khi. Muén thay
thé& phai xem xét tinh toan téi tat ca cac yéu td, néu thay dap tng du diéu
kién cua phan ting méi dudc phép thuc hién.

Viéc phan loai cac phuong phap chuin d6 oxy héa khit thudng dua
trén cac chat oxy héa dung trong phan tdng chuin d6 va goi tén theo cac
chat oxy héa d6. Thong dung cé6 cac phuong phap sau: Phuong phéap
permanganat, phuong phap iod, phuong phap bromat, phuong phap brom,
phuong phap do dong, phuong phap dicromat, phuong phap nitrit.

2.3.1. Phuong phap dinh lugng bang permanganat
La phuong phap dinh lugng dya vao kha ning oxy héa cua
permanganat d ca trong mdi truong acid, trung tinh, kiém.
Trong moi truong acid manh, MnO, bi khii dén Mn**:
MnO, + 5e + 8H" =Mn*" + 4 H,0
(Mau héng) (Khéng mau)
Thé oxy héa khii tiéu chuén E°= 1,51V
— Trong mdi truong trung tinh, kiém, MnO, bi khii dén MnO,
MnO, + 3e + 2H,0 = MnO, + 40H"
(Mau hong) (Nau)

Thé oxy héa khti tiéu chuédn E°= 0,59 V

Thé oxy héa khii cua cap MnO,/ Mn*(trong méi truong acid) 16n hon
thé oxy héa khii ciia cip MnO,/ MnO,(trong méi truong trung tinh, kiém)
rat nhiéu. Mat khac, san phdm oxy héa trong méi truong acid 1a Mn?*" khéng
mau, trong moi truong trung tinh, kiém la két tia MnO, c6 mau nau. Vi vay
viée xac dinh diém tuong duong trong méi trudng acid dé hon nhiéu. Do d6
trong thuc t& hay dinh lugng cac chat khi bang dung dich KMnO, trong méi
truong acid, v6i chi thi 1a chinh dung dich chudn KMnO,: khi con MnO,
dung dich c¢6 mau hong, khi hét MnO,” dung dich khéng mau.
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2.3.2. Phuong phap dinh luong bdng iod
a. Ddc diém chung ciia phuong phdp:

Co s6 cia phuong phap dinh lugng bang iod 1a dua trén qua trinh oxy

héa khti cua ciap I/ 2T
I, +2e = 2T

Thé oxy héa kht tiéu chudn E° = 0,54 V (6 vao khoang giia ciia bang
thé oxy héa khti tiéu chuén)

— Nhiing chat ¢6 E°< 0,54 V ¢6 kha ning bi oxy héa bdi I, tu do.

— Nhiing chat oxy héa c6 E° > 0,54 V ¢6 kha ning bi kh bai iod.

Do vay, c¢6 thé dinh lugng bang phuong phap iod dé xac dinh cac chat
kht, chat oxy héa va ca acid.

» Xac dinh chat kh:

C6 thé xac dinh truc tiép cac chit khi bang cach cho tac dung véi I,
Nhan ra diém tuong duong dua trén su d6i mau cta dung dich: khi khong
c6 I, dung dich khéng mau, khi ¢6 I, dung dich ¢6 mau vang nhat. (Thuong
dung chi thi 1a hé tinh bot: khi c6 iod du sé tao véi hd tinh bot mot chat co
mau xanh lam).

» Xdc dinh chdt oxy héa:

Thuong dung phuong phap thé: Cho thua KI vao chat oxy héa can
dinh lugng 6 moi truong acid thi phan ting sé giai phéong mot lugng tuong
duong I,. Luong I, nay dudc dinh lugng bang dung dich Na,S,0, da biét
nong d9, ti d6 tinh dudc chat oxy héa cin xac dinh.

» Xdc dinh cdc acid:

Khi 4y dua trén phan tng:

I0* + 5T + 6H" =31, + 3H,0

Phan tng tiéu thu H' va gidi phéng mot lugng tuong duong I,. Dinh
lugng I, nay bing dung dich Na,S,0, da biét ndéng dd ciing c6 thé suy ra
lugng acid tuong tng.

b. Piéu kién tién hanh dinh luong bang iod:

— Phuong phap iod thuong dugc tién hanh 6 diéu kién thuong, nhiét do
thé&p, vi khi nhiét d6 tiang, I, c6 thé bi thing hoa va d6 nhay caa chi
thi ho tinh bot giam.

— Khi dinh lugng truc tiép véi I, khong nén thuc hién trong méi truong
kiém manh va cac mudi carbonat kim loai kiém, bdi vi c6 phan ting
sau xay ra:
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I,+20H =10 +T + H,0
Vi vay thuong chi dinh lugng trong méi truong trung tinh hodc kiém
yéu bang cach cho thém vao dung dich can dinh lugng mot it NaHCO,
(khéng nén cho NH,OH vi c6 thé tao thanh I,N 14 chat dé& gy né).

— Khi chuén d6 I, bang Na,S,0,, cAn phai cho hd tinh bdt vao lic gan
két thuc dinh lugng (ttc 12 khi d6 con it iod trong dung dich, dung
dich c6 mau vang nhat). Néu lam ngudc lai, tinh bdt sé hap phu mot
phan I, va nha I, rdt cham. Mét khéc, tinh bdt con c6 thé khi duge
mot vai chat oxy héa manh. Do d6 dinh lugng sé c6 sai s 16n.

— Khi dinh lugng cac chat oxy héa bang phuong phap iod, cAn phai cho
thita KI dé phan tng gitia KI va chit oxy héa xay ra hoan toan va khi
I, giai phong sé dé dang hoa tan vao dung dich nuéc do phan tng tao
phiic kém bén 1,

L+T=1;

— Hén hop dinh lugng can han ché anh sang chiéu vao vi Anh sang lam

tdng van toc ciia phan ting oxy héa I' thanh I, bdi oxy khong khi:

41 +0,+4H" =21, + 2H,0

2.3.3. Phuong phdp dinh luong bang bromat
Duya trén kha ning oxy héa cua BrO, trong méi trudng acid:
BrO, + 6H" + 6e = Br' + 3 H,0O
Thé oxy hoéa khii tiéu chudan E°= 1,45 V

Phuong phap nay thudng duge ap dung dé dinh lugng cac chat khi
nhu As*", Sb*, hydrazin trong méi truong acid.

Piém tuong duong dudc xac dinh dua vao phan tng sau: BrO, du sé
phan ting v6i Br' c¢6 trong dung dich giai phéng ra Br, tu do c6 mau vang
nhat:

BrO; + 5Br + 6H" = 3Br, + 3H,0

Ciing c¢6 thé dung chi thi mau loai hop chat azo nhu d6 methyl hoic
da cam methyl cho vao binh dinh lugng, dé€n diém tuong duong Br, sé oxy
hoéa chi thi 1am cho chi thi bi phan huy chuyén ti mau dd sang vang (su
chuyén mau nay la khong thuan nghich vi chi thi bi phan huy do dé khi
dinh lugng can phai cdn than khong nhé qué thita BrO,). Cing c6 thé dung
chi thi 12 nhiing acid indigo sunfonic.

2.3.4. Phuong phdp dinh luong bang brom

Duya trén kha ning oxy hoéa cua Br,:
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Br,+2e =— 2Br
Véi thé oxy héa khii tiéu chuén E°= 1,70 V
DPé thu duge dung dich Br, c6 néng dé xac dinh, ta cho mét lugng du
KBr phan ting véi mét lugng xac dinh KBrO, chuén trong moéi trudng acid
theo phuong trinh phan tng:
BrO, + 5Br + 6H" = 3Br, + 3H,0

Sau d6 cho Br, (du chinh xac) phan tng véi chat cdn dinh luong.
Ludgng Br, du dudc xac dinh bang phuong phap iod (thém KI va dinh lugng
I, gidi phéng ra bang Na,S,0.,).

Phuong phap brom thuong dung dé dinh lugng cac hgp chat hiu co vi
cic chat hitu co khi tac dung véi nhiéu chat oxy héa khac thuong kém theo
cac phan ting phu phitic tap khong dung dinh luong duge. Nhung khi phan
tng véi Br, lai rdt phat hop theo dung phuong trinh phan tng, do dé c6 thé
dung dé dinh lugng tét. Trong nganh Dude, phuong phap brom duge dung
dé dinh lugng cac phenol, cresol, benzonaphtol, resorcin, anilin, acid
salicylic, cac sulfamid, acid aminobenzoic...

2.3.5. Phuong phdp nitrit
Trong mdi trudng acid, nitrit phan tdng v6i cac ché phdm cta nhém

amin thom (sulfamid, novocain...) tao thanh hgp chat diazoni:

+
R-NH2 + HONO + HCI] ——> [R-NEN] + 2HL0
cl—

P& nhan ra diém tuong duong cua phan tng nay, c6 thé dung chi thi
theo hai cach:

— Chi thi ngoai: Khi thita nitrit, nitrit sé lam xanh gidy tAm hé tinh bét
c6 iodid, do nitrit oxy héa iodid, giai phéng I, theo phuong trinh:
2NO, + 2I' +4H" = 2NO + I, + 2H,0
— Chi thi néi: Cho thém mot chat chi thi vi du nhu tropeolin OO vao
binh dinh lugng, khi thita nitrit, nitrit sé phan tng véi chi thi tao
thanh dan chat nitroso c6 mau vang nhat.

Phuong phap dinh lugng nitrit thuong tién hanh 6 diéu kién nhiét do
thap (khoang 10 °C) do d6 hay ngam binh dinh lugng trong nuéc da.
2.4. Mot s6 ting dung dinh lugng

Phuong phap chudn dé oxy héa khti 1a mot trong nhiing phuong phap
dugc ting dung kha nhiéu trong thuc té. Mot s6 chat oxy héa, khi hay dung
dé pha ch& dung dich chuén dugc néu trong hai bang 6.1 va 6.2.
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Bang 6.1. Mot s6 chat oxy hda thudng dung

Chat oxy héa E° (V) Chat goc
KMnO, 1,51 Na,C,0, , As,0O,, H,C,0,.2H,0
KBrO, 1,44 KBrO,

Ce™ 1,44 Na,C,0,, As,Os, H,C,0,.2H,0
K,Cr,0, 1,33 K,Cr,0,

KIO, 1,24 KIO,

1, 0,54 As,0,

NaNO, 0,99 Acid sulfanilic

Bang 6.2. M6t s chat kh(r thudng dung

Chat khu Thé& oxy héa khir tiéu chuan E° (V) | Chat géc
Mudi Mohr 0,77 K,Cr,O,
As,O, 0,57 As,0O,
Na,S,0, 0,09 KIO,, I,, K,Cr,0,
Titan (Ill) 0,10 K,Cr,O,

Duéi day trinh bay mot s6 tng dung cu thé:

2.4.1. Dinh luong FeSO, hay mudéi Mohr (NH),Fe(SO,),.6H,0
Dua trén phan tng chuén d6 bang dung dich KMnO,:
KMnO, + 10FeSO, + 8H,S0O, = 5Fe,(S0,); + 2MnSO, + K,SO, + 8H,0
Ereso, m,0 = M =278,01
E(NH4)2Fe(SO4)2.6H20 =M=392,14
Ky thudt tién hanh:
- Buret: KMnO,
- Binh nén: V mL dung dich Fe** dem dinh lugng
50 mL nuée cat
5 mL H,SO, 50%
- Chuén d6 t6i khi dung dich ¢6 mau héng nhat. Ghi thé tich KMnO,
da dung. T d6 tinh ra két qua.
2.4.2. Pinh luong H,0,
— H,0, vira ¢6 tinh oxy héa vita ¢6 tinh kh:
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+ La chat oxy héa: 0,> + 4H" + 2e = 2H,0
+ La chat khu: 0, -2e =0,
Eio, = % =17,005

Dé6i véi H,0, ngoai cac loai ndng d6 van duge biéu thi théng thudng,
nguoi ta con dung khai niém nong do theo thé tich oxy, duge tinh bing “sé”
lit oxy do 1 lit dung dich H,0, tu phdn huy ra”. Cach tinh nhu sau :

Tu phuong trinh phan huy:
H,0, — H,0 +1/20,

Ta thay 1 mol H,0, phan huy cho ta 1/2 mol O, do d6 1 khéi lugng mol
duong lugng H,0, phan huy sé cho 1/4 mol oxy hay ting véi 22,4/4= 5,6 lit
oxy = néng do theo thé tich oxy = Ny , x5,6 lit oxy

— Khi H,0, dinh lugng bang KMnO, 1a dua trén tinh kht cia né theo
phan tng:
2MnO, + 5H,0, + 6H* = 2Mn** + 50, + 8H,0
Cach dinh lugng giong nhu dinh lugng Fe*".

— Khi H,0, dinh lugng bang phuong phap iod 1a dua trén tinh oxy héa
cua no6 theo cac phan tng dinh lugng sau:

H,0, + 2KI + H,SO, = 2H,0 + I, + K,SO,
I, giai phong ra:
I, + 2 Na,S,0, = Na,S,0, + 2 Nal
Ky thudt tién hanh:
- Buret: Dung dich Na,S,0, da biét néng dd
- Binh n6n: V mL H,0,
5 mL H,S0, 50%
1 g KI
3 giot amoni molypdat 30% (dé kich thich phan tng)

Nhoé Na,S,0, dén khi ¢c6 mau vang nhat, thém ho tinh bot, dinh luong
ti€p dén m&t mau xanh thAm. Ghi thé tich Na,S,0, da dung. Tinh két qua
theo yéu ciu.

2.4.3. Dinh lugng As,0,
— C6 thé dinh lugng As,O, bang dung dich chuén I, theo phuong trinh
phan tng:
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As, O, + 21, + 2H,0 = As,O; +4 HI
Phan ting chudn d6 dugc tién hanh trong moi trusng c6 pH = 8 (bang
cach cho thém NaHCO, vao dung dich dinh lugng).
M

EASZO3 = Z = 49,46

— C6 thé dinh lugng dung dich nay bing phuong phap bromat dua trén
phan ting oxy héa ctia BrO, véi As,O, trong moi trudng acid:
2KBrO, + 3As,0, = 2KBr + 3As,0;

Nhan ra diém tuong duong bing chi thi ¢ methyl: Khi thita 1 giot
KBrO, mau sé& chuyén tit @6 sang vang (do chi thi bi Br, phan huy).

2.4.4. Dinh luong dung dich glucose ddng truong 5%

Glucose dude dinh lugng bing phuong phéap iod theo phucng phap
chuéin d6 ngudc (thita trt): Cho mot lugng I, du chinh x4c vao dung dich
glucose trong méi trudng kiém (dung NaOH) dé oxy héa glucose c6 nhém
chiic —~CHO thanh acid gluconic theo phan ting sau:

I, + 2NaOH = Nal + NalO + H,O (1)
CH,OH(CHOH),-CHO + 10" = CH,OH(CHOH),COOH + T (2)

Sau khi hoan thanh phan tng (2), ta acid héa moéi trusng bang H,SO, dé
can bing (1) chuyén dich vé phia trai, dinh lugng I, du bang dung dich
Na,S,0, da biét nong do. Tu d6 tinh ra két qua, vi du tinh % glucose nhu sau:

Vp N, -V
L L NaZSQOS-NNa2S203 E f

% CcH1206 = CeH,,0 E

v CeH206

Trong d6 : Egy o :% =90,08

f 12 hé s6 pha loang dung dich glucose truéc khi dinh luong.

2.4.5. Pha dung dich chudn KBrO,

KBrO, d& diéu ché thanh chat tinh khiét (thoa mén tiéu chuén chét goc)
bang cach két tinh lai trong nuéc roi say kho 6 150 —180 °C. Do d6 tu KBrO,
tinh khiét ta c6 thé tinh toan dé pha dung dich ¢6 néng d6 theo yéu cau.

Luu y: Eveo, = % = 27,83

Khi khéng c6 KBrO, tinh khiét, c6 thé pha gin dung sau d6 x4c dinh
lai nong do bang chat goc khac (thi du As,O,).
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2.4.6. Dinh lugng sulfathiazol

Sulfathiazol (hay 2-[p. aminophenylsulfamido]- thiazol) c¢6 cong thtc:
C,H,O,S,N, = 255,33

|

P4y 1a mot sulfamid thong dung, c6 thé dinh lugng bing dung dich
NaNO, trong méi trudng acid & nhiét do 10 °C véi chi thi nodi tropeolin 00.
Phuong trinh phan tGng chuén d:

+
NaNO , —3—» HONO

+
H +
R-NH» +HONO ——>R —N=N+2H,0

vl ENaN02 =M=69
Esulfathiazol = M = 2557 33

Trong d6 dung dich chudn NaNO, thudng pha gin ding (do NaNO,
khong dat tiéu chuédn chét goc) sau d6 xac dinh lai nong d6 bang chat goc 1a
acid sulfanilic (E =M = 173,2).

BAI TAP (BAI 7)

7.1. Thé nao 1a chat oxy héa ? Chat khii ? Cap oxy héa khi lién hop?
Phan ting oxy héa kht.

7.2. Hay néu cac budc co ban dé can bang phuong trinh ctia phan tng
oxy hoéa kht.

7.3. Néu nguyén tic chung ctia phuong phap chuén d6 oxy héa khi.
7.4. Hay cho biét 4 loai chi thi dung trong phuong phap oxy héa khi.

7.5. Trinh bay nguyén téc, diéu kién tng dung ctia cac phuong phap
dinh lugng sau:

- Phuong phap permanganat
- Phuong phap iod

- Phuong phap bromat

- Phuong phap nitrit

221



222

7.6.

7.9.

7.8.

7.9.

7.10

7.11.

Thiét 1ap céng thiic ndng do theo thé tich oxy ctia dung dich H,0,
khi dinh lugng theo phuong phap permanganat.

Chuén d6 10,00 mL dung dich H,C,0, 0,05M trong méi trudng
acid hét 9,75 mL KMnO,. Hay viét phuong trinh phan ting chuan
do6 va tinh noéng d6 N ctia dung dich KMnO,.

Chudn d6 10,00 mL dung dich H,0, hét 12,50 mL dung dich
KMnO, 0,1 N. Tinh ndng d6 theo thé tich oxy ctia dung dich H,0,
trén.

Két tia hoan toan Pb* trong mot mau phan tich duéi dang tua
PbCrO,. Sau d6 hoa tan két tua trong acid H,SO, du, thém KI du,
sau d6 dem chuédn d6 hét 23,50 mL dung dich Na,S,0, 0,1025 M.
Hay viét phuong trinh, giai thich cach dinh lugng va tinh s6 g chi
c6 trong mau.

. L4y 10,00 mL dung dich As,O; dem dinh lugng hét 9,85 mL dung

dich I, 0,1 N. Hay viét phuong trinh phan ting dinh lugng va tinh
noéng do g/L cua dung dich As,O, trén.

Lay 10,00 mL dung dich mudi Mohr dem dinh lugng trong moi
truong acid hét 12,25 mL dung dich KMnO,. Biét rang khi dinh
lugng 10,00 mL acid oxalic 0,1 N hét 11,25 mL dung dich KMnO,
trén. Viét phuong trinh phan tng dinh lugng va tinh néng do g/L
cua dung dich mudi Mohr trén.



PHAN IV

THUC HANH PHAN TICH DINH LUONG
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Bail

CAN PHAN TiCH

MUC TIEU
1. Trinh bay duoc mite dé chinh xdc cua can ky thudt, cn phén tich
2. Su dung duoc can ky thudt, can phdan tich.

1. CAN
1.1. Khai niém

Can 1a mot trong nhiing thao tac co ban, quan trong trong phan tich
dinh lugng, néu can khong ding sé dan dén su sai léch rat 16n cua két qua
phéan tich. Trong phong thi nghiém phan tich, thuéng dung can ky thuat va
can phéan tich.

Can ky thuat c6 d6 chinh xac phé bién 1a + 0,01 g, thudng dudc dung
dé xac dinh khéi lugng cta chat khi khong can that chinh xac hoéc ¢ khéi
lugng tuong déi 16n.

Can phan tich c6 do chinh xac phé bién 1a + 0,0001 g, dugc dung dé
xac dinh khéi luong ctia mau thit hodc chat can xac dinh cé do chinh xac
cao hay khéi lugng nho.

Trong thuc té& thuong cé hai loai can:

— Can cd hoc hoat déng dua trén nguyén téc don bay.

— Can dién t hoat dong dua trén luc dién ti dé giit can & vi tri cAn bing.

1.2. M6t s6 nguyeén tic khi can

— Lua chon can va phuong phap can thich hgp tuy theo yéu cau cua
phép phan tich.

— Phai kiém tra trang thai cta can truée khi can, dung vai mém lau
sach bui 6 dia caAn. N&u phat hién sai léch, khéng tu y stia chiia, phai
bao cao can bo huéng dan.

— Véi can phén tich, khong duge cdn vat qua niang (thudng khong qua
200 g) vi nhu vay sé lam hong can.
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— Khoéng dit truc tiép vat can 1én dia can, phai 16t gidy can, dung trong
chén céan,... Khong can vat qua néng hoac qua lanh trén can phan tich
(phai dé vao binh hit 4m trong khoang 20 phit), véi cAn phan tich chi
duge mé hai ctia bén canh, khong dude mé clia gitia dé tranh nhiét, hoi
nudc, khi cia nguoi thd ra.

— Tuyét d61i khong dung cham vao can khi caAn dang chay. Véi can co hoc
chi dat vao hodc 14y qua cin hay vat can ra khi da ham can. Khong
dugdc dung tay béc qua can hodc héa chat ma phai dung kep, thia,...

— Céac chat hiat nuébe, chat 1ong, dic biét 1a cac chit c¢6 hoi thoat ra lam
hoéng can, bat budc phai dung trong chén cin cé6 nip.

— Khi can, dong tac phai nhe nhang, giti sach sé trong va ngoai can.

2. THU'C HANH SU DUNG CAN PHAN TiCH
Kiém tra, chuéin bi cAn: Hop qua can, cat sach, gidy cin, chén can, héa
chat can can.
2.1. S dung can co hoc theo phuong phap can don
— Dit gidy can 1én hai dia can phéan tich, diéu chinh vé vi tri can béng.

— Dt vao dia cAn bén trai mot hodic mot s6 qua can cé khoi lugng bang
m gam héa chat can can (gid st 0,8652 g).

— Thém tu ti héa chat cAn can vao dia cAn bén phai dén khi can thing
bang. Khéi lugng héa chat can duge 1a m = 0,8652 g.

o
T

Qlacan Hba chat

e g

Hinh 1.1. Cach céan trén can co hoc theo phuong phap can don
Ghi chi: C6 thé thuc hién theo ky thuat ngude lai, nhu sau: cho héa
chat vao mot bén dia cin, thém qua can vao dia cdn con lai dén khi can
thang bang.

2.2. S dung can co hoc theo phuong phap can kép Borda
— Dit gidy can 1én hai dia can phan tich, diéu chinh vé vi tri cAn béng.
— Dat vao dia can bén phai mot hodc mot s6 qua can cé khoi luong bang

m g luong hoéa chat can can (gia st 0,8652 g).
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— Cho cat tu tit vao dia can bén trai cho t6i khi cAn thang bang.

— L&y cAc qua can ra khdi dia cAn bén phai, sau dé cho héa chat cAn can
lén dia can bén phai cho t6i khi thang bang. Ta dugdc khéi lugng hoéa
ch4t can duge 1a m = 0,8652 g.

0 O
___...-'—'I"--._‘_ T —

Bi Qua can (mg) Bi Hoa chat)
* @ .

Hinh 1.2. Cach can trén can co hoc theo phuong phap can kép Borda

2.3. St dung can co hoc theo phuong phap cian kép Lomonoxdp

— Can trudc vat hay héa chat can can trén cdn ky thuat dé biét khoi
luong tuong déil (gia su la a gam).

— Dat gidy can 1én hai dia can phan tich, diéu chinh vé vi tri can bing.

— Dat lén dia can bén phai mét s6 qua can cb téng khoi luong 14 P gam
(v6i diéu kién P gam > a gam da xac dinh 6 can ky thuat).

— Cho cat ti tit vao dia can bén trai cho t6i khi can thang béng.

— Cho vat hoidc chat can can (da can thi trén can k§ thuat) vao dia can
bén phai. Rit b6t moét s6 qua can ra cho t6i khi can thing bang (gia su
rit ra m, gam). Ta dude khéi lugng ctia vat hodc héa chat can can 1a m
= (P —-m,) gam.

U
0
ﬁ ‘-._,.--'l"-q.‘-q'

Qua can +
Hoéa chat

, 1w s

Hinh 1.3. Cach céan trén can co hoc theo phuaong phap can kép Momonoxdp

Bi Quia can Bi

2.4. S dung can dién tw
Tuan tht theo huéng dan st dung can tai phong thi nghiém.
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BAI TAP (BAI 1)

228

1.1. Néu dic tinh cd ban cua can k§ thuat va can phan tich.

1.2. Néu mot s6 nguyén tic khi can.

1.3. Cach st dung can cd hoc theo phuong phap can don.

1.4. Cach st dung can cd hoc theo phuong phap can kép Borda.

1.5. Cach st dung can cd hoc theo phuong phap can kép Lomonoxop.
1.6. Cach su dung can dién ti hién c6 cua phong thuyc hanh.



Bai 2

XAC PINH DO AM CUA NATRI CLORID VA
DINH LUGNG NATRI SULFAT

1. DUNG CU - HOA CHAT
— Can phéan tich
— Chén can c6 nidp mai
— Binh hut 4m c6 silicagel khé
— Tu say
— Thia xtc héa chat
— Chén nung
— Lo nung va kep 10 nung
— Dén con hoic bép dién
— Noi cach thuy
— Céc c6 mo, pipet
— Phéu loc
— Daia thuy tinh
— MAu tht natri clorid.
— Dung dich HCI dac
— Dung dich BaCl, 0,5 N
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— Dung dich NH,NO, 1%
— Dung dich bai tap Na,SO, 2%

2. XAC PINH PO AM CUA NATRI CLORID

2.1. Nguyén tac

DPay 1a phuong phap bay hoi gian tiép. Trong Dudc dién goi la "Giam
khéi lugng do sdy khd". Trong d6, ta xac dinh khéi lugng natri clorid truéde
khi s&y va khéi lugng natri clorid sau khi sdy dé suy ra khéi lugng nuée da
bay hoi khi sdy. Tt d6 tinh dude d6 Am (phan tram nuéc) trong miu natri
clorid dem xac dinh.

2.2. Cac budc ti€n hanh

— Bat tu sdy, dé nhiét do 100 — 105 °C. Dgi t6i khi nhiét do trong tu sdy
dat nhiét do da dat.

~ Xt 1y bi:

+

+

Rta sach chén can.

v 2 A N A , g N A g N
Dt chén can sach vao ta sdy, (chi y: mdé ndp va dé nip 6 bén canh
chén can).

S4y 6 nhiét do6 100 — 105 °C trong 30 phuit.

L4y chén can va ndp ra, cho ngay vao binh hut 4m va dé t6i khi
chén cin ngudi téi nhiét d6 phong (khoang 20 phut).

Can dé xac dinh khoi lugng chén can va ndp trén can phan tich.
Thu dudc khoi lugng m,.

Lip lai viéc sdy chén can va nép giéng nhu trén, két qua thu dudc
la m,.

X4ac dinh chénh léch khéi lugng cua hai gia tri m, va m, (m, - m,):
Néu gia tri chénh léch khong qua 0,0005 g thi qua trinh xu ly bi da
hoan thanh. Con néu gia tri chénh léch vugt qua 0,0005 g thi lai
ti€p tuc qua trinh siy chén cin va nép giéng nhu trén cho t6i khi
khéi lugng chénh léch gitia hai ln lién tiép khong qua 0,0005 g.

Gia tri khoi lugng ctia chén can va nip dude 14y vao l4n cin cudi
cung, dudc gia tri m.

— Can trén can phan tich chinh xac khoang 1,00 gam natri clorid (dugc
M gam) vao chén can da duge xt 1y 6 trén.

— DPat chén can c6 chia natri clorid vao ta siy, mé ndp va dé ndp & bén
canh chén can. S4y 6 nhiét do6 100 — 105 °C trong 120 phit.
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Pay nip vao chén can va cho ngay vao binh hiut 4m.
Pé khoang 20 phuit.

Can chén can chiia natri clorid da day nép trén can phan tich. Lip lai
thao tac sy dén khéi lugng khong d6i. Pugc gia tri P gam.

2.3. Tinh két qua

Lugng natri clorid truée khi say: M gam
Lugng nuéc c6 trong mau bi mat di: M - (P — m) gam
Luong nudc c6 trong mau bi mat di tinh theo phan tram la:

M—(P-m)

%H,0 = x100

3. DINH LUQNG NATRI SULFAT BANG PHUONG PHAP KHOI LUQNG

3.1. Nguyén tac

Khi cho dung dich BaCl, du vao dung dich sulfat can dinh lugng sé c6

tua BaSO, theo phan tng :

Na,SO0, + BaCl, = BaSO, { + 2 NaCl

Loc 14y két taa, rta ta, sdy va nung tia dén khéi lugng khong ddi

(cAn trén can phan tich), ti khéi lugng tia thu duge tinh ra ham lugng
sulfat c6 trong mau.

3.2. Cach ti€n hanh

Lay chinh x4c 10,00 mL dung dich bai tap Na,SO, (V mL) cho vao coc
c6 mo dung tich 250 mL, thém khoang 100 mL nudc cit va 0,5 mL
HCI dac.

Dat coéc c6 mod dung dung dich trén l1én dén céon hay bép dién (c6 16t
lu6i amian). Pun so6i.

Khi dung dich sé6i, vita khudy viia cho tit tit khoang 10 mL dung dich
BaCl, 0,5 N.

Dun hoén hop sbi thém vai phiit.

Dé ldng.

Kiém tra xem tiia hoan toan chua bing cach ré vai giot dung dich
BaCl, 0,5 N vao 16p nuéc trong ctia hén hop dung dich trén. Néu van
thay xuat hién tua trang 6 phan tiép giap gitia hai dung dich thi cho
thém dung dich BaCl, 0,5 N dén khi tiia hoan toan. Néu khong thay
xudt hién tua tréang tic la da két tta hoan toan sulfat.
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— Dun cach thuy khoang 1 gis (thinh thodang khuay déu).

— Pé ling.
— Xt 1y bi:

+ Rutia sach chén nung.

+ Dat chén nung sach vao tu siy, sdy 6 nhiét do 100 — 105 °C t6i kho
(khoang 10 phut).

+ Dung kep 10 nung dit chén nung kho vao 10 nung, nung 6 nhiét do
600 — 700 °C trong 25- 30 phut.

+ Dung kep 10 nung 18y chén nung ra dé ngudi trong binh hut 4m téi
nhiét @6 phong (khoang 20 phut).

+ Can dé xac dinh khéi lugng chén nung trén can phén tich. Thu dudc
khoi lugng chén nung.

+ Lap lai thao tac nung dén khi khéi lugng khong déi.

+ Gia tri khéi luong cua chén nung dude 14y vao 1an can cudi cung,
dugc gia tri m.

Ghi chi: Thuc hién viéc xt 1y bi song song véi viéc két tua sulfat.

Gap 1 to giay loc khong tro (bang xanh) lam bon phan va dit 1én phéu loc.
Gan nudc trong & trén tia qua phéu loc c¢6 gidy loc da chuén bi & trén.

Riia tta 3 - 4 14n, méi 1an 15 mL nudc cat va gan nude riia qua phéu trén.
Chuyén hoan toan tia sang phéu.

Rta tiép tua trén phéu bang dung dich NH,NO, 1% hai 14n, mdi 1an
10 mL.

Dé gidy loc c6 tta chay hét nude, dem ca phéu va gidy loc c6 tua sdy &
100°C dén khi gidy con hoi &m (khoang 15 - 20 phit ).

Nhakc gidy loc c6 tia ra khéi phéu, gap lai theo hinh chép va dit vao chén
nung d& nung dén khoéi lugng khong d6i vita 1am & giai doan trén.

Dat chén nghiéng trén bép dién va dot cho gidy loc chay thanh than
(nhung khong cho chay thanh ngon lia).

Pem nung chén nung c6 gidy loc chiia tua 6 khoang 700 °C téi khi gidy

loc dugc tro héa hoan toan (tua trong chén khong con mau den) trong
khoang 25- 30 phut.

— Dung kep 16 nung 18y chén nung cé tta ra dé nguéi trong binh hit 4m

(khoang 20 phut).

— Sau d6, dem can xac dinh khoi lugng trén can phan tich.
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— Lap lai thao tac nung dén khi khéi luong khong d6i thi dude. Ghi khoi
lugng chén nung c6 tua : M gam.
3.3. Tinh két qua
— Khéi lugng tia BaSO, thu duge : (M —m) gam
— Thita s6 chuyén F 1a:
Myaso, 142
M BasO, 233,3

F—

Néng d6 Na,SO, trong mau thi tinh theo phan tram (kl/tt) 1a:

(M-m)

%Na,SO, (Kl/tt) = x Fx100

BAI TAP (BAI 2)
2.1. Néu nguyén téc xac dinh d6 4m cta natri clorid.
2.2. Néu cac budc chinh khi tién hanh xac dinh d6 4m cta natri clorid.
2.3. Thiét 1ap cong thic tinh % nudc (ham 4m) cta natri clorid.
2.4. Néu nguyén tic dinh luong Na,SO, theo phuong phap khéi lugng.
2.5. Néu cac budc chinh khi tién hanh dinh lugng Na,SO,.
2.6. Thiét lap cong thiic tinh ham luong % (kl/ tt) ciia Na,SO,.
2.7. Hay giai thich khai niém “Nung hoéc sdy dén khéi lugng khong doi”.
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Bai 3

THUC HANH SU DUNG CAC DUNG CU PHAN TiCH
DINH LUGNG - PINH LUGNG ACID ACETIC

MUC TIEU

1. Trinh bay duoe dé chinh xdc cua ba loai dung cu chinh xdc hay dung: Buret,
pipet, binh dinh muc.

2. Nhdn biét va thao tdc si dung ding cdc dung cu dong do thé tich.
3. Chudn dé va tinh dudc néng dé dung dich acid acetic.

1. DUNG CU - HOA CHAT
— Can phéan tich
— Buret
— Pipet chinh xac dung tich 10 ml
— Binh dinh mtc dung tich 100 ml
— Binh nén
— Coc c6 mo
— Phéu thuay tinh
— Dung dich chuén d6 natri hydroxyd 0,1 N
— Dung dich bai tap acid acetic nong d6 xap xi 0,1 N
— Dung dich chi thi phenolphthalein.

2. CAC DUNG CU PONG PO THE TiCH
2.1. Cac dung cu do thé tich chinh xac

2.2.1. Buret (hinh 3.1)

La dung cu dung dé do thé tich chinh xac khac nhau cta chét 16ng. N6
thuong 1a nhiing 6ng thay tinh hinh tru (6 dudi c6 khoa dé diéu chinh cho
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dung dich chay ra) chia do chinh xéc t6i 1/10, 1/20, 1/50, 1/100 mL tuy theo
yéu ciu st dung.

Sai s6 tuyét doi cua cac buret thuong 1a + (0,01 - 0,05) mL.

Khoa buret phai kin va tron, néu hd va xit phai b6i mot 16p mong
vaselin (tranh boi vao 16 khoa).

Khi dung, buret phai sach va kho, néu buret con uét muén dung ngay,
phai trang buret hai 1a4n béng mot it dung dich can do.

) A

— |

10
ml —

LR = I (-] LI N O () —

=
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Hinh 3.1. Buret Hinh 3.2. Pipet Hinh 3.3. Binh dinh mdc
Cac ¢d (dung tich) buret hay st dung: buret 50 mL; 25 mL; 10 mL; 5
mL; 2 mL; ...
Cdch s dung:
— Trudc khi dung, kiém tra khéa buret va xt 1y (néu can).

— Dung phéu hoic rét thdng dung dich chuin d6 1én trén buret. Mg
khoa buret dé dung dich chay manh sao cho phan duéi khéa day dung
dich, néu con bot khi thi nhing ngap dau duéi cua buret vao dung
dich va hut ngudge 1én. Cho dung dich 1én qua vach s6 0.

— Diéu chinh khéa buret cho dung dich chay ra ti ti dén ding vach s6 0
va bat dau chuén ds.

— Mot tay diéu chinh khéa buret (dung 3 ngén tay cai, trd, gitia diéu
chinh khéa buret, con 2 ngén kia gap lai), tay kia lac binh nén chtia
dung dich can chuén d9.

2.1.2. Pipet chinh xdc (hinh 3.2)

La dung cu ding dé 14y mot thé tich chinh x4c ctia dung dich can 14y.
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Cé nhiéu loai pipet chinh xéac:
— Loai la 6ng thuy tinh c6 bau (c6 1 vach hoac 2 vach)

— Loai 1a 6ng thuy tinh thing déu va chia d6 chinh xac nhiéu vach téi
1/10, 1/20, 1/50, 1/100 mL... tuy theo yéu cau st dung.

Sai s6 tuyét déi cua cac pipet thuong 1a + (0,01 - 0,05) mL.

Truée khi dung, pipet phai sach va kho, néu con uét mudn dung ngay,
phai trang pipet 2 14n bang mét it dung dich can 14y.

Cac ¢d (dung tich) pipet hay st dung: 100 mL; 50 mL; 25 mL; 20mL;
10 mL; 5 mL; 4 mL; 3 mL; 2 mL; 1 mL.

Cdch stz dung: Khi can 14y dung dich nao d6 bing pipet, c6 thé dung
qua bép hoic hit bing mém. P& ngap dau pipiet trong dung dich can 14y,
hit dung dich 1én tu ti, qua vach trén (d6i véi pipet c6 bau) hodc qua dung
tich can 18y (d6i véi pipet chia vach). Sau dé, dung ngén tay trdé kho bit kin
dau phia trén cta pipet, hoi nghiéng ngén tay tré tao mot khe hé nho dé
dung dich c6 thé chay dugdc va diéu chinh cho dung dich chay ra dén ding
vach. L&y thé tich dung dich cin 14y t pipet trén vao dung cu dung (binh
nén, cde, ...), cing dung ngén trd diéu chinh dé dung dich chay ra ti ti.
Néu st dung pipet c6 bau, mét vach thi khéng duge théi giot cudi ciing con
dong 6 dau pipet.

2.1.3. Binh dinh mic (hinh 3.3)

La dung cu dung dé pha ché cac dung dich v6i mot thé tich chinh xac
nao do.

D6 1a nhiing binh cdu day bang, c6 dai hep, c6 vach ngin véi cac thé
tich chinh xac.

Sai s6 tuyét dé1 cua cic binh nay dat ti + (0,01 - 1) mL tuy theo céc
loai khac nhau.

Binh dinh mtc phai dugc ria sach trudc khi dung bang nudc cat,
khéng dudc ria trang bang dung dich nhu truong hop ctua pipet va buret.

Cac ¢d (dung tich) binh dinh mtc hay st dung: 5mL; 10mL; 20mL;
25mL; 50mL; 100mL; 200mL; 500mL; 1 lit; 2 lit.

Cdch s dung:

Khi dung dé pha dung dich tit héa chét rédn: chuyén héa chat vao binh
qua mot phéu, sau d6 dung nudc cat trang sach phéu. Bé phéu ra. Thém
nude vao binh dinh miic d&n khoang ntia binh. Lic manh dén khi héa chéat
tan hét. Thém nudc vita du té6i vach. Lic déu.

Khi diung dé pha lodng dung dich: chuyén dung dich vao binh. Thém
nuée vao binh dinh mtc dén khoang 2/ 3 binh. Lic k§. Thém nuéc vira du
t6i vach. Lac déu.
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Chu y:
— Khéng duge rét thing dung dich néng hoic lanh vao binh dinh miic.
— Khong dung binh dinh mtc dé dung 1au cac dung dich thi (nh4t 1a d6i
v6i dung dich kiém).
2.2. Cac dung cu do thé tich khéng chinh xac

Ngoai cac dung cu do thé tich chinh xac d& trinh bay & trén, con cé cac
dung cu dong do thé tich khéng chinh xac nhu: céc c6 mod, binh nén, dng
dong, pipet khong chinh xéc, ... Cac dung cu nay dung dé dung hoic 18y cac
thé tich dung dich khéng cin d6 chinh xac cao.

Nhiing dung cu nay cin phai dugc rta sach truéc khi st dung. Tuy
muc dich st dung ma cac dung cu nay cé thé chi riia bang nudc cat, dé kho
hoic trang riia bang cac dung dich sé dude dung ngay trudc khi dung.

Khi chuén d9, cAm binh nén bang 3 ngén tay (ngén cai, ngén tré va
ngoén gitia).

2.3. Thyc hanh nhén biét, thao tac riéng va véi nudc cat

— Quan sat nhan biét cac loai dung cu: buret, pipet cic loai, binh dinh
miic, binh nén, c6c c6 mo, éng dong...

— Rua buret, kiém tra boi tron 6 khéa buret. LAy céc d6 dung dich vao
buret (dung nudc cat), diéu chinh dung dich dén vach 0, cho dung dich
chay xuéng ting dong, tling giot, ntia giot. Chu y khoéng dude cho
dung dich chay hét xuéng qua phan khong chia vach.

— Tap st dung pipet (dung nudc cat).

— Tap cam va lac binh nén (diing nuée cat).

— Tap dong tac chudn d6: phoi hgp lic binh nén va cho dung dich tir
buret xudéng. Yéu cau, lic binh nén xoay tron, nghiéng 10 - 15°, khong
c6 tiéng kéu roéc rach; diéu chinh buret sao cho 14y dugc tiing dong,
ting giot, ntia giot dung dich vao binh nén dang lac 6 dudi.

3. PINH LUQONG DUNG DICH ACID ACETIC
3.1. Nguyén tac

Phép chudn d6 nay la dinh lugng mot acid yéu bing mét kiém manh,
dung chi thi 14 phenolphthalein, két thic dinh lugng khi chi thi chuyén ti
khong mau sang mau hong.

Phuong trinh phan @ing dinh lugng:
CH,COOH + NaOH = CH,COONa + H,0
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3.2. Tién hanh

— Dung phéu rét dung dich (ti céc ¢c6 md) khodang 10 - 15 mL dung dich
NaOH 0,1N lén trén buret dé trang buret (lam 2 l14n). Cho diy dung
dich NaOH 0,1N 1én trén buret va diéu chinh khéa buret dugc dung
dich dén vach 0.

— Dung pipet chinh x4c (c6 bau) dung tich 10 mL 14y 10,00 mL dung
dich CH,COOH can dinh lugng cho vao binh nén sach. Thém vao dé 1
- 2 giot dung dich chi thi phenolphthalein.

Bo6 tri thi nghiém dugc trinh bay 6 hinh 3.4.

Error!

Dung dich NaOH 0,1N

A

. 10,00 mL dung dich CH3COOH
1 - 2 giot dung dich phenolphthalein

Hinh 3.4. B§ tri thi nghiém chudn d6 dung dich CH;COOH bang dung dich NaOH 0,1N

Tién hanh chudn do: Mot tay diéu chinh khoéa buret cho dung dich
NaOH 0,1N tir buret xudng binh nén (Idc ddu nhanh, gan diém tuong
duong cho ti tit tiing giot, ntia giot), tay kia lac binh nén chta dung dich
CH,COOH. Chuén d6 t6i khi dung dich & binh nén chuyén sang mau hong
thi ding lai, ghi thé tich dung dich NaOH 0,1N da dung.

3.3. Tinh két qua

Néng d6 duong lugng (N,) cua dung dich CH,COOH dugc tinh theo
cong thic sau:
_ Vg x Ng

VA

N

A
Trong do:

— V; 14 thé tich dung dich NaOH 0,1N, tinh bang mL d& dung chuén d6

— Nj la néng do duong lugng cia dung dich NaOH (Ny=0,1)

— V, 14 thé tich dung dich CH,COOH, tinh bing mL cin xac dinh néng
d6 (V, = 10,00 mL
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BAI TAP
3.1.

3.2.

3.3.
34.

3.5.

3.6.

3.7.

(BAI 3)

Trinh bay dic diém, tng dung cta ba dung cu dong do thé tich
chinh xac (buret, pipet, binh dinh mic).

Trong ba dung cu: buret, pipet chinh xac, binh dinh mic, loai dung
cu nao dudc hodc khong dude trang bang dung dich can 14y hoac
can pha.

St dung thanh thao dung cu dong do thé tich, dung nuéc cit.

Trinh bay nguyén tic dinh lugng dung dich CH,COOH bang dung
dich NaOH.

Trinh bay cach tién hanh dinh lugng dung dich CH,COOH 0,1N
bang dung dich NaOH 0,1N. Thiét lap cong thic tinh nong d6
duong lugng (N) cua dung dich CH,COOH.

Chon cach tra 16i dung A/ B/ C/ D

Khi chuan do dung dich CH,COOH béng dung dich NaOH véi chi
thi phenolphthalein, mau cta dung dich chuyén tit mau:

A. Hong sang khéng mau  B. Khéng mau sang mau hong
C. Hong sang tim D. Khéng chuyén mau

Tinh néng d§ duong lugng cua dung dich CH,COOH, biét khi
dinh lugng 10,00 mL dung dich CH,COOH hét 10,55 mL dung
dich NaOH 0,1012 N.
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Bai 4

PHA VA XAC DINH NONG PO DUNG DICH
ACID HYDROCHLORIC 0,1N

1. DUNG CU - HOA CHAT
— Can phéan tich
— Buret
— Pipet chinh xac dung tich 10 mL
— Binh nén dung tich 100 mL
— Céc c6 mo
— Phéu thuy tinh
— Diia thuy tinh
— Céc chan dung tich 100 mL
— Dén con hoic bép dién
— Chat gboc natri carbonat
— Dung dich acid hydrochloric dac
— Dung dich chi thi da cam methyl.

2. PHA DUNG DICH ACID HYDROCHLORIC 0,1N
— Acid hydrochloric (HCI) c¢6 khéi lugng phan ti M = 36,46.
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— Acid hydrochloric déc la chat 16ng trong, khéng mau, boc khéi, c6 ty
trong ¢ 20 °C khoang 1,18, nong do HCI tut 35 dén 38% (kl/ kl) @ing véi
nong dd duong lugng khoang 10 — 12 N.

— Acid hydrochloric dic dé bay hoi, thudng khong dat tiéu chuén chat
goc, bdi vay khi pha dung dich HC1 0,1 N tit dung dich HCI dic ta chi
c6 thé pha gan ding. Nong d6 dung dich HCI 0,1 N sau khi pha dudc
xac dinh bing mét dung dich chuén khac c6 tinh base da biét néng ds.
Vi dung dich HC] d#c 1a ch4t 16ng, boc khoéi nén ta tinh thé tinh dung

dich can 14y thay cho khéi lugng. Gia st, dé pha 100 mL dung dich
HCl c6 nong d6 xap xi 0,1N ta tinh nhu sau:

Biét duong luong gam E ctia HCl bang khéi luong phan ti ciia no va
bang 36,46.

S6 gam HCI1 nguyén chat ¢6 trong 100 mL dung dich HC1 0,1N la:

m NxExV 0,1x36,46x100
1000 1000

Do d6, thé tich dung dich HC] dc can 14y la:
m_ 00- 0,3646

V.. .M
Hose =g ¢ 1,18x38
Tién hanh pha dung dich HCL 0,1N:
— Cho vao coc chan khoang 30 - 50 mL nudc cat.

=0,3646 (2)

x100~0,81 (ml)

— Dung pipet chia vach cho khoang 0,8 mL dung dich HCI d#c (dung
qua bop hodc dé dung dich tu mao dan, tuyét d6i khong duge hit) vao
coc chan trén. Thao tac nay dude thuc hién trong tu hot.

— Dung diia thuy tinh khudy déu.
— Thém nudc cat viia dia 100 mL. Khudy déu.

3. NGUYEN TAC DINH LUQNG ACID HYDROCHLORIC

Acid hydrochloric 12 mot acid manh, c¢6 thé dung chat géc l1a natri
carbonat dé xac dinh nong do cua né. Piém tuong duong duge xac dinh dua
vao su chuyén mau cta dung dich ¢6 cho thém chi thi mau thich hgp do ¢6
su thay d6i d6t ngot pH cia dung dich.

Phuong trinh phan tng dinh luong:
Na,CO, + HCl = NaHCO, + NaCl (1)
NaHCO, + HCI = H,0 + CO,T + NaCl @)
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Phan tng 1, pH & diém tuong duong 14 8,4 ndm & ving base do d6 cé
thé dung chi thi 14 phenolphthalein mau chuyén tit d6 hong sang héng
nhat (d€ tranh sai s6 nhan mau nén ding mot binh mau c¢é chita NaHCO,
0,1N va chi thi phenolphthalein dé so sanh, néu khéng dung binh mau cé
thé sai + 10%).

Phan tng 2, pH ¢ diém tuong duong 14 3,8 ndm & ving acid do d6 chon
chi thi 1a da cam methyl mau chuyén tit vang sang hong d9.

Néu dung chi thi phenolphthalein thi méi chuin d¢ hét 1/2 lugng
Na,CO, con néu dung chi thi da cam methyl sé chuian d6 dugc toan b
lugng Na,CO,.

4. PINH LUQNG DUNG DICH ACID HYDROCHLORIC 0,1N

Dung chét goc 1a Na,CO, dé dinh luong dung dich HC] néng d6 x&p xi
0,1N.
4.1. Pha dung dich géc natri carbonat 0,1N

— Na,CO, khan dugc dung lam géc, truée khi st dung can say 180- 200
°C trong 2 gid dé dudi hét nuée vi Na,CO, dé hit 4m trong khong khi
tao thanh Na,CO,. 10H,0.

— Puong lugng gam E ctia Na,CO, bang 1/ 2 khéi lugng phan ti cia né
va bang 52,997.

— Lugng Na,CO, can thiét dé€ pha 100 mL dung dich Na,CO, c¢6 néng d6
chinh xac 0,1N la:

M= NxExV 01x52,997x100
1000 1000
Tién hanh pha 100 mL dung dich Na,CO, 0,1IN nhu sau:

— Can chinh xac khoang 0,53 g chit chuin géc Na,CO, trén can phan
tich cho vao binh dinh miic dung tich 100 mL qua phéu.

=0,52997 (g)

— Trang phéu nhiéu lan bang nuéc cat (khoang 50 mL). B6 phéu ra.
— Léc nhe dé hoa tan hoan toan Na,CO,.
— Thém nuéc viia du dén vach. Lic déu.

Tinh nong doé thuc (N,;) cua dung dich Na,CO, pha duoc:

Moy

N, = x0,1

My

Trong d6:
- mqy 12 khéi lugng, tinh bang g, cia Na,CO, can dudc
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- m,; 14 khéi lugng, tinh bing g, ctia Na,CO, vita di dé pha duge 100,0
mL dung dich Na,CO, néng d6 chinh xac 0,1N (m;, = 0,52997 g).

4.2, Ti€n hanh dinh lugong

— Dung pipet chinh x4c (c6 bau) dung tich 10 mL 14y 10,00 mL dung
dich Na,CO, cho vao binh nén sach. Thém vao d6 2 giot dung dich chi
thi da cam methyl.

— Dung phéu rét dung dich (ti céc ¢c6 md) khoang 10 - 15 mL dung dich
HC1 0,1N 1én trén buret dé trang buret (Iam 2 14n). Cho diy dung dich
HCI 0,1N 1én trén buret va diéu chinh khéa buret dugc dung dich dén
vach 0.

B6 tri thi nghiém dugc trinh bay ¢ hinh 4.1.

Error!

Dung dich HCI 0,1N

A

-——— . 10,00 mL dung dich Na,CO,
2 giot dung dich da cam methyl

Hinh 4.1. B& tri thi nghiém chu&n dé dung dich HCI 0,1N

Tién hanh chudn do: Mot tay diéu chinh khoéa buret cho dung dich
HC1 0,1N ti buret xuéng binh nén (ldc dau nhanh, gan diém tuong duong
cho tir tit titng giot, niia giot), tay kia lic binh nén chita dung dich Na,CO,.
Chudn d6 t6i khi dung dich & binh nén chuyén sang mau héng da cam. Ghi
thé tich dung dich HC1 0,1N d& dung.
4.3. Tinh két qua

Noéng @6 duong luong (N,) ctia dung dich HCI dugc tinh theo cong thiic sau:

N - Vg x Ny
a=—2—FB
Trong do6: Va

- Vg 1a thé tich dung dich Na,CO, 0,1N, tinh bing mL, da dung
(V =10,00 mL)

- N 12 nong d6 duong lugng ctiia dung dich Na,CO,, (N; = Ny,)
-V, 1a thé tich dung dich HCI, tinh bing mL, da dung chuin do.
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BAI TAP (BAI 4)

244

4.1.

4.2,

4.3.

4.4.

4.5.

4.6.

Tinh lugng dung dich HCl dic cAn dé pha va pha ding ky thuat
100ml dung dich HCI1 0,1N.

Pha 100,0 mL dung dich géc Na,CO; 0,1N. Tinh néng dé dung
dich Na,CO,pha dudgc.

Trinh bay nguyén tic dinh lugng dung dich HCI 0,1N bang dung
dich Na,CO, 0,1N.

Trinh bay cach tién hanh dinh lugng dung dich HC1 0,1N bing
dung dich Na,CO, 0,1N. Thiét lap coéng thic tinh néng d6 duong
luong (N) cua dung dich HCIL.

Chon cach tra 16i ding A/ B/ C/ D

Khi chuén d6 Na,CO, bang dung dich HCI véi chi thi da cam
methyl, mau cta dung dich chuyén tit mau:

A. Vang sang do cam B. D6 cam sang khong mau
C. D6 cam sang vang D. Khéng chuyén mau

Tinh néng dd duong lugng ctia dung dich HCI, biét khi dinh lugng
10,00 mL Na,CO, 0,1017 N véi chi thi da cam methyl hét 11,30
mL dung dich HCI.



Bai b

PHA VA XAC PINH NONG PO

DUNG DICH NATRI HYDROXYD 0,1N

MUC TIEU

1.
2.

Trinh bay dude nguyén tdc va phdn wng dinh luong natri hydroxyd.

Tinh dvwoc khéi luong natri hydroxyd dé pha va pha duwoc 100 mL dung dich
natri hydroxyd 0,1 N.

Xdc dinh duoc néng dé dung dich natri hydroxyd 0,1 N.

. DUNG CU - HOA CHAT

Can phéan tich

Can ky thuat

Buret

Pipet chinh xac dung tich 10 mL
Binh nén dung tich 100 mL

Céc ¢6 mo

Phéu thuy tinh

Dtia thuy tinh

Céc chan dung tich 100 mL

Chat goc acid oxalic ngam 2 phan ti nuéc (C,H,0,.2H,0)
Natri hydroxyd

Dung dich chi thi phenolphthalein.

. PHA DUNG DICH NATRI HYDROXYD 0,1N

Natri hydroxyd (NaOH) c6 khéi lugng phan ti M = 40.

— Natri hydroxyd thudng 6 dang cuc hay théi hinh tru mau tring, dé

pd A{)
hut am.
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— Natri hydroxyd dé hut nude va bi carbonat héa do khi CO, ctia khéng
khi vi thé n6é khong théa man yéu cau d6i véi mot chat goc. Ta chi co
thé pha dung dich NaOH néng d6 xap xi 0,1N tit NaOH. Néong d6
dung dich NaOH 0,1N sau khi pha dudc xac dinh biang mét dung dich
chuén khac c6 tinh acid da biét néng do.

— Lugng NaOH cAn thiét dé pha 100 mL dung dich NaOH c6 néng d6
xap x1 0,1N dudc tinh nhu sau:

— Biét duong lugng gam E ctia NaOH biang khéi lugng phan ti ciia né
va bang 40.

NxExV 0,1x40x100

0,40
1000 1000 ®

— 86 gam NaOH can can la: m =

— Truée khi pha dung dich NaOH ta thudng loai phan bi carbonat héa (6
16p ngoai) cia NaOH bang cach rita nhanh NaOH véi mot it nudc cat,
phan carbonat & bén ngoai sé tan ra va bd di, phan NaOH con lai coi
nhu da loai hét Na,CO,. Trong thuc t&, luong caAn NaOH thuong dugc
tinh thém khoang 10 - 20%.

Tién hanh pha dung dich NaOH 0,1N:
— Cho vao coc chan khoang 30 - 50 mL nudc cat.

— Can vao cbc c6 m6 kho khoang 0,45 - 0,50 g NaOH trén can ky thuat.
Thém khoang 5 mL nudc c4t, lic nhe trong 5 - 10 gidy va gan bo ngay
phan nudc.

— Thém khoang 30 mL nuéc va hoa tan NaOH. Chuyén toan bo dung
dich nay sang coc chan. Trang coc c6 md 3 - 4 1an, mdi 1an khoang 10 -
15 mL nuéc. Tap trung nude trang vao coc chan.

— Thém nudc cat via dua 100 mL. Khudy déu.

3. NGUYEN TAC DINH LUQNG NATRI HYDROXYD

Natri hydroxyd 14 mot base manh, c¢6 thé dung chat goc 1a acid oxalic
dé xac dinh néng do cia né. Piém tuong duong dude xac dinh dua vao su
chuyén mau cta dung dich c6 cho thém chi thi mau thich hgp do c6 su thay
d6i dot ngét pH ctia dung dich.

Phuong trinh phan @ing dinh lugng:

H,C,0, + 2NaOH —=  Na,C,0, + 2H,0

Tai tuong duong, pH ctia dung dich 1a 8,4 ndm & vung base do d6 c6
thé dung chi thi 14 phenolphthalein mau chuyén tit khéng mau sang hong
nhat.
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4. PINH LUQNG DUNG DICH NATRI HYDROXYD 0,1N

4.1. Pha dung dich géc acid oxalic 0,IN

Acid oxalic ngdm 2 phan ti nuéc (C,H,0,.2H,0) tinh khiét 1a mot chat

thoa man yéu cau ctia mot chat géc.

Duong lugng gam E caa C,H,0,.2H,0 bang 1/ 2 khéi lugng phan tu

ctia n6 va bang 63,03.

Lugng C,H,0,.2H,0 can thiét dé pha 100 mL dung dich C,H,O, cé

NxExV _ 0,1x63,03x100 —0.6303 (2)
1000 1000

Tién hanh pha 100 mL dung dich C,H,0,0,1 N nhu sau:

Can chinh xac khoang 0,63 g chét chuin géc C,H,0,.2H,0 trén can
phan tich cho vao binh dinh miic dung tich 100 mL qua phéu.

noéng do chinh xac 0,1N la: m =

Trang ph&u nhiéu 1an bang nuée c4t (khoang 50 ml). B4 phéu ra.
Léc nhe dé hoa tan hoan toan C,H,0,.

Thém nuéc vira di dén vach. Lac déu.

Tinh nong doé thuc (N,;) cua dung dich C,H,0, pha dugc:

m
N, =—"x0,1
mLT

Trong do:
- mqy 12 khéi lugng, tinh bang g, caa C,H,0,.2H,0 can dudc
- m;; 14 khéi lugng, tinh bang g, cia C,H,0,.2H,0 vira da dé pha dudc

100,0 mL dung dich C,H,0, néng d6 chinh xac 0,1N (m;; = 0,6303 g).

4.2. Tién hanh dinh luong

Dung phéu rét dung dich (ti céc c6 md) khodng 10 - 15 mL dung dich
NaOH 0,1N lén trén buret dé trang buret (lam 2 14n). Cho diy dung
dich NaOH 0,1N lén trén buret va diéu chinh khéa buret dugc dung
dich dén vach 0.

Dung pipet chinh x4c (c6 bau) dung tich 10 mL 1ay 10,00 mL dung
dich C,H,0, cho vao binh nén sach. Thém vao d6 2 giot dung dich chi
thi phenolphtalein.

Bo6 tri thi nghiém dudgc trinh bay 6 hinh 5.1.

Tién hanh chudn do: Mot tay diéu chinh khoéa buret cho dung dich
NaOH 0,1N t buret xuéng binh nén (Itc ddu nhanh, gan diém tuong
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duong cho tit tir tiing giot, ntia giot), tay kia lac binh nén chtia dung
dich H,C,0,. Chuén d6 t6i khi dung dich & binh nén chuyén tit khéng
mau sang mau héng.

Ghi thé tich dung dich NaOH 0,1N d& dung.

A

Dung dich NaOH 0,1N

~~ "\« 10,00 mL dung dich H,C,0,
2 giot dung dich phenolphthalein

Hinh 5.1. B& tri thi nghiém chu&n dé dung dich NaOH 0,1N

4.3. Tinh két qua

Néng d6 duong lugng (Np) cia dung dich NaOH dudgc tinh theo cong
thic sau:
_ VuxN,

Ng v

B

Trong do:

- Vi 1a thé tich dung dich NaOH, tinh bang mL, da dung chuén d6
- N, 1a nong d6 duong lugng ctia dung dich H,C,0,, (N, = Ny,)

-V, 1a thé tich dung dich H,C,0,, tinh bang ml, (V, = 10,00 mL)

BAI TAP (BAI 5)

5.1. Tinh lugng dung dich NaOH cin dé pha va pha dung ky thuat
100mL dung dich NaOH 0,1 N.

5.2. Pha 100,0 mL dung dich géc H,C,0,0,1 N ti H,C,0,. H,0. Tinh
noéong do dung dich H,C,0,0,1 N pha dugc.

5.3. Trinh bay nguyén téc dinh luong dung dich NaOH 0,1 N bang
dung dich géc H,C,0, 0,1 N.
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5.4. Trinh bay cach tién hanh dinh lugng dung dich NaOH 0,1 N bing
dung dich H,C,0, 0,1 N. Thiét lap cong thiic tinh néng d6 duong
luong (N) cta dung dich NaOH.

5.5. Chon cach tra 16i dung A/ B/ C/ D

Khi chuén d6 H,C,0, bing dung dich NaOH véi chi thi
phenolphthalein, mau cta dung dich chuyén ti mau:

A. Hoéng sang khong mau B. Khong chuyén mau
C. Khong mau sang vang D. Khong mau sang hong

5.6. Tinh nong do duong lugng cua dung dich NaOH, biét khi dinh
lugng 10,00 mL H,C,0, 0,1044 N véi chi thi phenolphthalein hét
10,25 mL dung dich NaOH.
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Bai 6

DINH LUONG NATRI HYDROCARBONAT

MUC TIEU
1. Pha va xdc dinh dudc nong do dung dich acid hydrochloric 1 N.

2. Dinh lwong va tinh dwoc ham luong phdan tram (kl/Rl) cua natri
hydrocarbonat carbonat.

1. DUNG CU - HOA CHAT
— Céan phéan tich
— Buret
— Pipet chinh xac dung tich 10 mL
— Binh nén dung tich 100 mL
— Céc c6 mod
— Chén can
— Phéu thuy tinh
— Daia thay tinh
— Dung dich acid hydrochloric dac
— Chat goc Na,CO,
— Dung dich chi thi da cam methyl

2. PHA VA XAC PINH NONG PO DUNG DICH ACID HYDROCHLORIC 1 N

2.1. Pha dung dich acid hydrochloric 1 N
Tién hanh pha dung dich HC1 1N nhu sau:
— Cho vao coc chan khoang 30 - 50 mL nudc cat.

— Dung pipet chia vach 14y khoang 8 mL dung dich HCI d#c (dung qua
bép hoac dé dung dich tu mao dan, tuyét d6i khong dude hit) va cho
vao coc chan trén. Thao tac nay dudgc thuc hién trong tu hot.

— Dung diia thuy tinh khudy déu.
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— Thém nudc cat viia da 100 ml. Khudy déu.

2.2. Xac dinh néng d6 dung dich acid hydrochloric 1 N

— CAan (trén can phan tich) chinh xac khoang 0,50g chat goc Na,CO, cho
vao binh nén sach. Hoa tan trong khoang 50 mL nuéc. Thém vao d6 2
giot dung dich chi thi da cam methyl.

— Dung phéu rét dung dich (ti cdc ¢6 md) khoang 10 - 15 mL dung dich
HC1 1 N lén trén buret dé trang buret (1am 2 1an). Cho diy dung dich
HC1 1 N 1én trén buret va diéu chinh khéa buret dugc dung dich dén
vach 0.

Tién hanh chudn do: Mot tay diéu chinh khoéa buret cho dung dich
HCI 1N t& buret xudéng binh nén (lic dau nhanh, gdn diém tuong duong
cho tu tit tiing giot, nlia giot), tay kia ldc binh nén chita dung dich Na,CO..
Chuédn d¢ t6i khi dung dich & binh nén chuyén sang mau héng da cam. Pun
so0i 2 phut, dé ngudi rdi chudn d6 ti€p dén mau héng da cam. Ghi thé tich
dung dich HC1 1 N da dung.
2.3. Tinh két qua

Heé s6 hiéu chinh (K) cia dung dich HCI 1N dudc tinh theo cong thtic sau:

K — ax1000
Trong do: ExV
- V 1a thé tich dung dich HCI, tinh bing ml, d& dung chuén d6
- a 1a khéi lugng, tinh bang g, cia Na,CO,
- E 1a duong lugng gam cua Na,CO, (E = 52,997)

3. PINH LUQNG NATRI HYDROCARBONAT

3.1. Tién hanh dinh lugng

— Can chinh x4c khoang 1,50 g natri hydrocarbonat trén can phan tich
cho vao binh nén. Thém khoang 50 mL nudc cit vita méi dun sbi dé
ngudi. Lic dé hoa tan hoan toan natri hydrocarbonat . Thém 2 giot
dung dich chi thi da cam methyl.

— B6 tri thi nghiém dudc trinh bay 6 hinh 6.1.

Tién hanh chudn do: Mot tay diéu chinh khéa buret cho dung dich
HCI 1N t& buret xuéng binh nén (ldc dau nhanh, gdn diém tuong duong
cho ti tit ting giot, ntia giot), tay kia lac binh nén chtia dung dich natri
hydrocarbonat. Chudn d¢ t6i khi dung dich ¢ binh nén chuyén sang mau
héng da cam. Ghi thé tich dung dich HC1 1N d& dung.
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Dung dich HCI 1N

A

Natri hydrocarbonat 1,50 g
<—: 50 mL nudc cat
2 giot dung dich da cam methyl

Hinh 6.1. B§ tri thi nghiém chuén d6 natri hydrocarbonat

3.2. Tinh két qua

Ham lugng phéan tram (k1/ kl) cia natri hydrocarbonat duge tinh theo

cong thic sau:
VxKx0,084%x100

m

C% =

Trong d6:

-V 1a thé tich dung dich HCI 1 N, tinh bang mL, da dung chuén do

- K1a hé s6 hiéu chinh ctia dung dich HC1 1 N

- m 14 khéi lugng, tinh béng g, ciia natri hydrocarbonat can dinh lugng

BAI TAP (BAI 6)
6.1. Pha ding ky thuat 100 mL dung dich géc HC1 1N tit dung dich
HCI dc.

6.2. Trinh bay cach tién hanh dinh lugng natri hydrocarbonat bing
dung dich HCI] 1N.

6.3. Thiét lap cong thtc tinh ham lugng phan tram (kl/kl) ctia natri
hydrocarbonat.

6.4. Tinh hé s8¢ hiéu chinh K ctia dung dich HCl 1N, biét chuén do
0,5012 g chat goc Na,CO, hét 9,60 mL dung dich HC1 1N d4 pha.

6.5. Tinh ham lugng % (kl/ k1) ctia natri hydrocarbonat, biét khi dinh
luong 1,4975 g natri hydrocarbonat véi chi thi da cam methyl hét
17,60 mL dung dich HC1 1N c¢6 hé s6 hiéu chinh K = 1,0012.
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Bai 7

bINH LUCONG NATRI CLORID
BANG PHUGNG PHAP MOHR

1. DUNG CU - HOA CHAT
— Can phéan tich
— Buret
— Pipet chinh xac dung tich 10 mL
— Binh dinh mtc dung tich 100 mL
— Binh nén dung tich 100 mL
— Céc c6 md
— Phéu thuy tinh
— Diia thuy tinh
— Chat goc bac nitrat
— Natri clorid can dinh lugng
— Dung dich chi thi kali cromat 5%.

2. PHA DUNG DICH BAC NITRAT 0,1 N
— Bac nitrat (AgNO,) ¢6 trong lugng phan ti M = 169,9.

— Bac nitrat ¢ dang bot két tinh hodc tinh thé khéng mau, dé tan trong
nudc. Bac nitrat tinh khiét théa méan yéu cau ctia mot chat géc.
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— Duong lugng gam E cua AgNO, bang khéi lugng phan ti ciia nd va
bang 169,9.

— Lugng AgNO, c4n thiét dé pha 100 mL dung dich AgNO, c6 nong d6
chinh x4c 0,1N la:

m= NXExV _01x1699x100 ) coqq (s
1000 1000

Tién hanh pha 100 mL dung dich AgNO, 0,1N nhu sau:

— Can chinh xac khoang 1,70 g chit chuan goc AgNO, trén cdn phan
tich cho vao binh dinh miic dung tich 100 mL qua phéu.

— Trang phéu nhiéu lan bang nuéc cat (khoang 50 mL). B6 phéu ra.
— Léc nhe dé hoa tan hoan toan AgNO,,.
— Thém nuéc viia du dén vach. Lic déu.
Tinh hé s6 hiéu chinh (K) cua dung dich AgNO; pha duoc:
- Mo
my;
Trong do:
— mgy la khoi lugng, tinh bang g, cia AgNO, can dugc
— my; 12 khéi lugng, tinh \béng g, cia AgNO, vita di dé pha duge 100,0
mL dung dich AgNO, nong d6 chinh xac 0,1N (m;; = 1,699 g).
3. NGUYEN TAC PINH LUGNG NATRI CLORID BANG PHUONG PHAP MOHR

La phuong phap dinh ludng truc tiép Cl bang Ag" véi chi thi 1a kali
cromat (K,CrO,). Mot giot Ag* du sé két hgp véi chi thi cho tiia nau do
Ag,Cr0, 6 1an can diém tuong duong.

Phan tng chuén do:
AgNO; +NaCl — AgCl{ + NaNO,

tréng
Nhéan ra diém tuong duong:
AgNO,; + K,CrO, — Ag,CrO, { + 2KNO,

nau do
4. DPINH LUQNG DUNG DICH NATRI CLORID BAN G PHUONG PHAP MOHR
4.1. Ti€n hanh dinh lugng
Lam phan éng:

254



— Dung phéu rét dung dich (ti céc ¢c6 md) khoang 10 - 15 mL dung dich
AgNO, 0,1N lén trén buret dé trang buret (lam 2 l1an). Cho day dung
dich AgNO, 0,1N lén trén buret va diéu chinh khéa buret dugc dung
dich dén vach 0.

— Can chinh x4c khoang 0,10 g NaCl trén can phan tich cho vao binh
nén. Thém khoang 50 mL nude cit. Lic dé hoa tan hoan toan NaCl.
Thém 5 giot dung dich chi thi kali cromat 5%.

B6 tri thi nghiém dugc trinh bay ¢ hinh 7.1.
Error!

A

Dung dich AgNO3 0,1N

——— . Natri clorid 0,10 g
5 giot dung dich kali cromat 5%

Hinh 7.1. B6 tri thi nghiém chudn d6 NaCl béng phuong phap Mohr

Tién hanh chudn do: Mot tay diéu chinh khéa buret cho dung dich
AgNO, 0,1N tit buret xudng binh nén (lic ddu nhanh, gin diém tuong
duong cho tit tir ting giot, ntia giot), tay kia lac binh nén chtia dung dich
NaCl. Chuén d6 t6i khi dung dich ¢ binh nén xudt hién két tia mau nau
d6. Ghi thé tich dung dich AgNO, 0,1N da dung.

4.2. Tinh ké&t qua
Ham luong phan tram (kl/ k1) ciia NaCl dudc tinh theo cong thic sau:

V x K x0,005844 x100
m

Ch =

Trong do6:

- V 1a thé tich dung dich AgNO, 0,1N , tinh bing mL, d& diung chuén do
- K12 hé s6 hiéu chinh ctia dung dich AgNO, 0,1N

- m 12 khoéi lugng, tinh bing g, cia NaCl can dinh lugng
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BAI TAP (BAI 7)
7.1. Pha ding ky thuat 100ml dung dich géc AgNO,0,1N.
7.2. Trinh bay nguyén tic dinh lugng natri clorid theo phuong phap Mohr.
7.3. Trinh bay cach tién hanh dinh ludng natri clorid theo phuong

phap Mohr.
7.4. Thiét 1ap cong thic tinh ham lugng phan tram (klI/kl) cia natri
clorid.

7.5. Tinh hé s6 hiéu chinh K cua dung dich AgNO, 0,1N, biét khi pha
100,00 mL dung dich AgNO, thi dung 1,6851 g AgNO..

7.6. Tinh ham lugng % (kl/ kl) cia NaCl, biét khi dinh lugng 0,1056 g
NaCl theo phuong phap Mohr hét 17,20 mL dung dich AgNO,
0,1N c6 hé s6 hiéu chinh K = 1,0320.
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Bai 8

PINH LUONG NATRI CLORID BANG
PHUONG PHAP FONHARD

MUC TIEU
1. Trinh bay duoc nguyén tdic va phdn wng dinh luong natri clorid theo phuong
phadp Fonhard.

2. Dinh luong duoc dung dich natri clorid 0,9% theo phuong phdp Fonhard va
tinh duoc ham luong phan tram (kl/ tt) cua dung dich natri clorid .

1. DUNG CU - HOA CHAT

Buret

Pipet chinh xac dung tich 10 mL, 25 mL, 50 mL
Binh nén dung tich 100 mL

Binh dinh mtc dung tich 100 mL

Céc c6 mo

6ng dong dung tich 10 mL

Phéu thuy tinh

Dung dich bac nitrat 0,0500 N

Dung dich kali sulfocyanid 0,05N (hodc Dung dich amoni sulfocyanid
0,05 N)

Dung dich natri clorid 0,9% can dinh lugng
Dung dich chi thi phén sit amoni 10%.

2. NGUYEN TAC PINH LUGNG NATRI CLORID BANG PHUONG PHAP
FONHARD

Dung AgNO, thira chinh xac da biét nong d6 dé két tta hét NaCl, sau
dé dinh lugng AgNO, thita bang dung dich KCNS da biét néng do véi
chi thi 1a Fe?. Cac phan ting xay ra:
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AgNO, + NaCl — AgCl{ + NaNO,

(Du chinh xac) (Chinh x4c) Tring
AgNO, + KCNS  =——= AgCNS ! +KNO,
Du) Tring

Nhan ra diém tuong duong khi c6 mau dé:

Fe?* + CNS™ <—= FeCNS*
bo
Chu y:

— MBbi trudng nén dung méi truong acid manh (thudng dung HNO,) dé
tranh {Fe(OH),, VAg,0 va lam giam hién tugng hap phu.

— Khi dinh lugng Clorid bing phuong phap Mohr c6 hién tugng mau
chuyén khong ré rang dat khoat, khong bén, khi mau bén viing thi
qua diém tuong duong nhiéu giy sai s6 16n. P& khéc phuc sai s6 nay
ta phai loai bo két tua AgCl, réi sau d6 méi dinh lugng Ag* du 6 phan
nudéc loc.

3. PINH LUQNG DUNG DICH NATRI CLORID BANG PHUONG PHAP
FONHARD

3.1. Xac dinh néng doé dung dich kali sulfocyanid

— Dung phéu rét dung dich (tit coc ¢6 md) khoang 10 - 15 mL dung dich
KCNS 0,05N lén trén buret dé trang buret (lam 2 1an). Cho day dung
dich KCNS 0,05N 1én trén buret va diéu chinh khéa buret dudc dung
dich dén vach 0.

— Dung pipet chinh x4c 14y 10,00 mL dung dich AgNO, 0,05N cho vao
binh nén sach. Thém vao dé6 2 mL dung dich HNO, dac va 2 mL dung
dich phén st amoni 10%

— Chuén d6 t6i khi dung dich ¢ binh nén xu&t hién mau dd. Ghi thé tich
dung dich KSCN 0,05N da dung.

Néng d6 duong lugng (Ng) cia dung dich KSCN dudc tinh theo cong

thic sau:
_ VuxN,

N
B vV,

Trong d6:

- Vi 1a thé tich dung dich KSCN, tinh bing mL, da dung

- N, 1a nong do duong lugng cta dung dich AgNO,, (N, = 0,0500 N)
-V, 1a thé tich dung dich AgNO, , tinh bing ml, (V, = 10,00 mL)
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3.2. Tién hanh dinh lugng natri clorid
Lam phan ing:

— Dung pipet chinh xac 18y 25,00 mL dung dich natri clorid 0,9% can
dinh lugng cho vao binh dinh miic 100 mL. Thém nuéc viia di dén
vach. Lic déu.

— L&y chinh x4c 10,00 mL dung dich vita pha loang cho vao binh dinh miic
100 mL, thém 25,00 mL AgNO, 0,05 N (bang pipet chinh xac) va 1 mL
dung dich HNO, dic. Lic déu. Thém nudc cit dén vach, lic déu. DE ling,
loc qua 2 14an gidy loc, nuéc loc phai trong. Bé 10 mL dich loc dau.

— L&y chinh xac 50,00 mL dich loc (béng pipet chinh xac) thém 5ml
dung dich HNO, d#c va 5 mL chi thi phén sit amoni 10%.

— Cho day dung dich KCNS 0,05 N 1én trén buret va diéu chinh khoéa
buret dugc dung dich dén vach 0.

B6 tri thi nghiém dugc trinh bay ¢ hinh 8.1.

Error!

Dung dich KCNS 0,05N

A

Dich loc 50,00 mL
- Dung dich HNO; dac 5mL
Dung dich phén sat amoni 10% 5 mL

Hinh 8.1. B6 tri thi nghiém chuan d6 NaCl bang phuong phap Fonhard

Tién hanh chudn do: Mot tay diéu chinh khéa buret cho dung dich
KCNS 0,05N tit buret xuéng binh nén (Ilic ddu nhanh, gan diém tuong
duong cho ti ti tiing giot, ntta giot), tay kia lic binh nén. Chuén d6 téi khi
dung dich & binh nén xuét hién mau héng. Ghi thé tich KCNS 0,05N da
dung.

Ghi chi: Nong @6 cua KCNS, AgNO., NaCl x4p xi bang nhau.

3.3. Tinh két qua

Ham lugng phan tram (kl/tt) cia NaCltrong dung dich can dinh lugng
dugc tinh theo cong thic sau:

(Vg XN, =25V XN ) x 58,44x100

C % _ Ag* SCN~ ><f
1000 x Vcr
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Trong do6:
agt 1a thé tich dung dich AgNO, 0,05N, tinh bing mL, da dung
(V. = 25,00mL)

- N Agt 1& néng d6 duong lugng dung dich AgNO, 0,05N, (N Agt = 0,0500)

- V__ 1a thé tich dung dich KSCN, tinh bing mL, d& dung chuin d6

SCN

- N 14 noéng d6 duong lugng dung dich KSCN, da xac dinh muc 3.1.

SCN™
- V. la thé tich dung dich NaCl, tinh bang mL, da 14y dinh lugng

Cl-
(V. =10,00mL)

ClI-

- f 14 hé s6 pha loang ctia dung dich NaCl 0,9% [f - 1200j
5

BAI TAP (BAI 8)

8.1. Tinh noéng d6 dung dich NH,SCN, biét khi dinh lugng 10,00 mL
dung dich AgNO, 0,0513 N véi chi thi phén sit amoni thi hét
10,30 mL dung dich NH,SCN.

8.2. Trinh bay nguyén tic dinh lugng natri clorid theo phuong phap
Fonhard.

8.3. Trinh bay cach tién hanh dinh lugng natri clorid theo phuong
phap Fonhard. Thiét lap cong thtic tinh ham lugng phan tram
(kl/k]) caa natri clorid.

8.4. Chon cach tra 161 dung A/ B/ C/ D

Khi chuéin 6 Ag* du bang dung dich NH,SCN véi chi thi phén sit
amoni, mau cua dung dich chuyén tit mau:

A. Hong sang khéng mau B. Khong mau sang vang
C. Khéng mau sang héng D. Khéng chuyén mau

8.5. Hay cho biét c¢6 thé thay chi thi phén sit amoni bidng dung dich
mudi sat II trong phép dinh lugng natri clorid theo phuong phap
Fonhard dugc khong? Tai sao?

8.6. Tinh ham luong % (kl/kl) cua NaCl, biét khi dinh lugng 10,00 mL
dung dich NaCl theo phuong phap Fonhard (theo muc 3.2 & trén)
hét 8,25 mL dung dich NH,SCN. Trong d6, néng do dung dich
NH,SCN la 0,0485N va AgNO,1a 0,0502 N.
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Bai 9

PHA VA XAC DINH NONG PO DUNG DICH KALI
PERMANGANAT 0,1N

1. DUNG CU - HOA CHAT
— Can ky thuat
— Buret
— Pipet chinh xac dung tich 10 mL
— Binh nén dung tich 100 mL
— Céc c6 mo
— Phéu thuy tinh
— Daia thay tinh
— Céc chan dung tich 100 mL
- 6ng dong dung tich 10 mL
— Dén cén
— Dung dich géc acid oxalic 0,1000 N
— Dung dich acid sulfuric 50%

2. PHA DUNG DICH KALI PERMANGANAT 0,1 N
— Kali permanganat (KMnO,) c6 khoi lugng phan ti M = 158,05.
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— Kali permanganat § dang tinh thé hinh lang tru hodc bét mau tim
sAm ho#c gan nhu den, c6 anh kim, khéng mui. Tan trong nudc lanh,
dé tan trong nudc soi.

— Kali permanganat khéng thoa man tiéu chuédn chit goc vi KMnO, 1a
ch&t oxy héa manh, dé bi khti tao thanh MnO,. Ta chi c¢6 thé pha dung
dich KMnO, néng d6 xap xi 0,IN ti KMnO,. Néong d6 dung dich
KMnO, 0,1N sau khi pha, dudc xac dinh bing mét dung dich chuén
khac c6 tinh kht da biét néng do.

— Lugng KMnO, can thiét dé pha 100 mL dung dich KMnO, c¢6 néng d6
xap x1 0,1N dudc tinh nhu sau:

+ Biét duong lugng gam E ctia KMnO, bang 1/5 khéi lugng phan tu
cta né va bang 31,61.

NxExV 01x3161x100

1000 1000

+ 86 gam KMnO, can can la: m= =0,3161 (g)

Tién hanh pha dung dich KMnO, 0,1N:

— Can vao cbc ¢6 mo6 kho khoang 0,32 ¢ KMnO, trén can ky thuat.

— Thém khoang 20 mL nuéc cit vao c6c KMnO,.

— Vita dun néng vira khudy trong khoang 5 phut. P& ngudi. Gan phan
dung dich phia trén vao coc chan.

— Lap lai dong tac hoa tan nhu trén 2 — 3 1an niia. Tap trung dich trong
vao coc chan.

— Thém nudc cat vao coc chan viia da 100 mL. Khudy déu.

3. NGUYEN TAC PINH LUONG BANG PERMANGANAT

La phuong phap dinh lugng dya vao kha ning oxy hoéa cua
permanganat.

Permanganat thé hién kha ning oxy hoéa ca trong moéi trudng acid,
trung tinh va kiém, nhung manh nh4t 1a trong méi truong acid. Mit khéc,
san phdm oxy héa trong moéi trudng acid 1a Mn?* khong mau, trong moéi
truong trung tinh, kiém 1a ttia MnO, c6 mau nau. Vi vay, nguoi ta thuong
x4c dinh néng ¢ KMnO, trong méi truong acid.

Phuong trinh phan tng dinh lugng permanganat bang chdt khi la
acid oxalic trong méi trudng acid manh nhu sau:

2KMnO, + 5H,C,0, + 3 H,SO, = 2 MnSO, + 10CO,T + K,SO, + 8 H,0
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Phan ting trao doi dién ti:

5 C,0> - 2e = 2CO0,
2 MnO, + 5e + 8H* = Mn* +4 H,0
(Mau héng) (Khong mau)

Trong thuc t€, ngudi ta hay dinh lugng cac chat khit bang dung dich

KMnO, trong méi trudng acid, véi chi thi 1a chinh dung dich chudn KMnO,,
khi du MnO, dung dich c6 mau héng.

4. PINH LUQNG DUNG DICH KALI PERMANGANAT 0,1N

4.1. Tién hanh dinh lugng

Dung phéu rét dung dich (ti céc c6 md) khodng 10 - 15 mL dung dich
KMnO, 0,1N 1én trén buret dé trang (Iam 2 14n). Cho diy dung dich
KMnO, 0,1N 1én trén buret va diéu chinh khéa buret dugec dung dich
dén vach 0.

Dung pipet chinh x4ac 18y 10,00 mL dung dich C,H,0O, cho vao binh
noén sach. Thém vao d6 5 mL dung dich H,SO, 50% va 50 mL nudc cAt.
Dun néng dung dich trong binh nén dén khoang 70 — 80 °C trén bép
dén con.

Nhéc binh nén ra khéi bép dén coén va tién hanh chuin d6 ngay (Nho
tung giot KMnO, xuéng) cho téi khi c6 mau hong nhat. Ghi thé tich
KMnO, da dung.

B6 tri thi nghiém dugc trinh bay ¢ hinh 9.1.

A

Dung dich KMnO, 0,1N

Dung dich H,C,0, 10,00 mL
4— Dung dich H2SO, 50% 5 mL
Nuéc cat 50 mL

Hinh 9.1. B§ tri thi nghiém chudn d6 dung dich KMnO, 0,1N
Ghi chi: Pun néng téi khi dung dich sti lan tén. Chuén d6 khi dung

dich néng nham tang téc d6 phan tng (Mn?* 1a chat xdc tac cho phan tng,
do d6 ldc dau khi chudn d6 phan ting xay ra cham, sau khi c6 Mn*" tao
thanh, t6c d6 phan tng ting 1én lam KMnO, mat mau nhanh hon ldc ban

dau).
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4.2. Tinh két qua
Noéng d6 duong lugng (Ng) ciia dung dich KMnO, dugc tinh theo cong
thic sau:
~ VaxNy,
V

B

N B
Trong do:

- Vi 1a thé tich dung dich KMnO,, tinh bing mL, d& dung
- N, 1& nong d6 duong lugng cta dung dich H,C,0,, (N, = 0,1000 N)
-V, 1a thé tich dung dich H,C,0,, tinh bang ml, (V, = 10,00 mL)

BAI TAP (BAI 9)
9.1. Pha diung ky thuat 100mL dung dich KMnO, 0,1N.

9.2. Trinh bay nguyén tic dinh lugng dung dich KMnO, 0,1N bang
chat goe H,C,0,.

9.3. Trinh bay cach tién hanh dinh lugng dung dich KMnO, 0,1N bang
dung dich géc H,C,0, 0,1N.

9.3. Thiét lap céng thtic tinh nong d6 duong luong (N) cua dung dich
KMnO, da pha.

9.4. Hay cho biét chi thi ctia phuong phap do kali permanganat. Cach
phat hién diém tuong duong.

9.5. Tinh néng db duong lugng chia dung dich KMnO,, biét khi dinh
lugng 10,00mL dung dich H,C,0, 0,0986 N hét KMnO, hét 9,70 mL.
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Bai 10

DPINH LUONG DUNG DICH NUGC OXY GIA 3%

MUC TIEU
1. Trinh bay duoc nguyén tic va phdn wng dinh luong dung dich nude oxy gia.

2. Dinh luong duoc dung dich nudc oxy gia va tinh duoec ham luong phdn tram
(kl/tt) cua dung dich nwdc oxy gia .

1. DUNG CU - HOA CHAT
— Can ky thuat
— Buret
— Pipet chinh xac dung tich 10 mL
— Binh nén dung tich 100 mL
— Céc c6 md
— Phéu thuy tinh
— Daia thay tinh
- 6ng dong dung tich 25 mL
— Dung dich kali permanganat 0,1 N
— Dung dich natri thiosulfat 0,1000 N
— Dung dich acid sulfuric 10%
— Dung dich kali iodid 10%
— Dung dich chi thi hé tinh b6t

2. XAC PINH NONG PO CUA DUNG DICH KALI PERMANGANAT 0,1 N

O bai 9 da trinh bay cach xac dinh néng dé caa dung dich KMnO,
dung chat kht 1a acid oxalic. Ngoai ra, con c¢6 thé xac dinh néng do cua
KMnO, bang phuong phap do iod. Cho chinh xac mot lugng KMnO, phan
ting v6i mot lugng du KI trong méi truong acid (H,SO,) sé tao thanh mot
lugng tuong duong iod:
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2KMnO, + 10KI + 8H,S0, = 2 MnSO, + 51, + 6K,SO, + 8 H,0
Sau d6 dinh lugng iod gidi phéng ra bang dung dich Na,S,0.:
2 Na,S,0; + I, = 2 Nal + Na,S,0,

Qud trinh chudn d¢ dugc tién hanh cu thé nhu sau:

Dung phéu rét dung dich (ti coc ¢6 md) khoang 10 - 15 mL dung dich
Na,S,0, 0,1N 1én trén buret dé trang buret (1am 2 1an). Cho day dung
dich Na,S,0, 0,1N 1én trén buret va diéu chinh khéa buret duge dung
dich dén vach 0.

Dung pipet chinh x4c 14y 10,00 mL dung dich KMnO, cho vao binh
nén sach. Thém vao dé 10 mL dung dich KI 10% va 10 mL dung dich
H,SO, lodng. Dung dich sé ¢6 mau nau do.

Tién hanh chudn d: Mot tay diéu chinh khéa buret cho dung dich
Na,S,0, 0,1N tit buret xudéng binh nén, tay kia lic binh nén. Chuén do
t61 khi dung dich & binh nén chuyén sang mau vang. Thém vao binh
nén 5 giot chi thi hé tinh bot va nhé dung dich Na,S,0, 0,1N tit buret
xubng téi khi dung dich chuyén sang khéng mau. Ghi thé tich dung
dich Na,S,0, 0,1N da dung (V,).

Song song tién hanh mdt miu trang: Tién hanh nhu trén nhung thay
10,00 mL dung dich KMnO, trong binh nén bing 10,00 mL nuéc cit.
Thé tich dung dich Na,S,0, 0,1N da dung (V,).

Tinh hé sé hiéu chinh (K) ciia dung dich KMnO, 0,1N theo céng thiic sau:

K = (Va = Vo) xN,
V; x0,1

Trong do:

- V; 1a thé tich dung dich KMnO,, tinh bing ml, da dang (V= 10,00 mL)

- N, 1& nong d6 duong lugng ctia dung dich Na,S,0,, (N, = 0,1000 N)

-V, 1a thé tich dung dich Na,S,0,, tinh bang mL, da dung dé chuin
do dung dich KMnO,

- V, 1a thé tich dung dich Na,S,0,, tinh bing mL, da dung dé chuén d¢
mau tring.

3. NGUYEN TAC PINH LUGNG NUGC OXY GIA

DPinh lugng nuéc oxy gia bang permanganat 1a dua vao phan Gng oxy

hoa khu gitia permanganat va nudc oxy gia, trong dé permanganat déng
val tro chat oxy hoéa, con nudc oxy gia déng vai tro 1a chat kh.
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Phuong trinh phan @ing dinh lugng:
2KMnO, + 5H,0, + 3H,SO, = 2MnSO, + 50, + K,SO, + 8H,0
Phan tng trao déi dién tu:
5 0,> - 2e = 0,
2 MnO, + 5e + 8H* Mn** +4H,0
(Mau hing) (Khéng mau)

4. PINH LUGNG DUNG DICH NUGC OXY GIA 3%

4.1. Ti€n hanh dinh lugng

— Dung phéu rét dung dich (ti céc ¢c6 md) khoang 10 - 15 mL dung dich
KMnO, 0,1N 1én trén buret dé trang buret (Iam 2 1an). Cho day dung
dich KMnO, 0,1N lén trén buret va diéu chinh khéa buret dugc dung
dich dén vach 0.

— Dung 6ng dong 18y 20 mL nuéc cat cho vao binh nén sach.

— Dung pipet chinh xac (c6 bau) 14y 1,00 mL dung dich H,O, cho vao
binh nén trén. Thém vao d6 20 mL dung dich H,SO, 10% (14y bang
ong dong).

B6 tri thi nghiém dugc trinh bay 6 hinh 10.1.

Dung dich KMnO, 0,1N

A

Nudc cat 20 mL
<— | Dung dich H,0, 1,00 mL
Dung dich H,SO, 10% 20 mL

Hinh 10.1. B4 tri thi nghiém chuédn dé dung dich nudc oxy gia 3%

Tién hanh chudn dé: Mot tay diéu chinh khoéa buret cho dung dich
KMnO, 0,1N tit buret xuéng binh nén, tay kia 1ic binh nén. Chuén do téi
khi dung dich 6 binh nén chuyén sang mau hong nhat. Ghi thé tich dung
dich KMnO, 0,1N da dung.
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4.2. Tinh két qua

Ham lugng phan tram (kl/ tt) cia dung dich H,0, dugc tinh theo cong

thic sau:

V. xKx0,001701

C% = %100

Trong do:

- V¢ 1a thé tich dung dich KMnO,, tinh bing mL, d& dung chuén do
- K 1a hé s6 hiéu chinh ctia dung dich KMnO, (da xac dinh 6 muc 2)
- V 1a thé tich dung dich H,0,, tinh bang mL, (V = 1,00 mL)

BAI TAP (BAI 10)
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10.1. Trinh bay nguyén téc dinh lugng dung dich nuéc oxy gia bang
dung dich KMnO,.

10.2. Trinh bay cach tién hanh dinh lugng dung dich nuéc oxy gia 3%
bang dung dich KMnO, 0,1N. Thiét 1ap cong thiic tinh ham lugng
phan tram (kl/tt) cia dung dich H,0,.

10.3. M6 t& su chuyén mau cta dung dich trong dinh lugng (binh nén)
trong qua trinh chudn d6 dung dich KMnO, bing phucng phap
do iod ¢ muc 2.

10.4. Tinh hé s6 hiéu chinh K ctia dung dich KMnO, 0,1N. Biét khi
dinh lugng 10,00 mL dung dich KMnO, theo chi dan 6 muc 2 thi
hét 9,75 mL dung dich Na,S,0, 0,1018 N va thé tich Na,S,0,
0,1018 N dung cho mau tréng 14 0,05 mL.

10.5. Trinh bay cach tinh nong d6 dung dich H,O, theo thé tich oxy.

10.6. Tinh ham ludng % (kl/tt) cia dung dich H,0,, biét khi dinh
luong 1,00 mL H,0, thi hét 18,00 mL dung dich KMnO, 0,1N c6
hé s6 hiéu chinh K = 0,9872.



Bai 11

PHA VA XAC DINH NONG PO DUNG DICH
NATRI THIOSULFAT 0,1N

1. DUNG CU - HOA CHAT
— Can phéan tich
— Can ky thuat
— Buret
— Pipet chinh xac dung tich 10 mL
— Binh nén dung tich 100 mL
— Céc c6 md
— Phéu thuy tinh
— Diia thuy tinh
— Céc chan dung tich 100 mL
- 6ng dong dung tich 10 mL
— Chat goc kali dicromat (K,Cr,0.)
— Dung dich acid hydrochloric dac 50 %
— Natri thiosulfat (Na,S,0,)
— Natri carbonat (Na,CO,)
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2. PHA DUNG DICH NATRI THIOSULFAT 0,1N

Tién

Natri thiosulfat (Na,S,0,) thuéng ¢ dang ngam nuéc (Na,S,0,.5H,0)
c6 khoi lugng phan ti M = 248,2.

Natri thiosulfat & dang tinh thé khéng mau, d& tan trong nuéc.

Natri thiosulfat khéng thoa man tiéu chuén chat géc vi Na,S,0,.5H,0
dé mat nudc két tinh nén thanh phan khong ting ding véi cong thic.
Ta chi c6 thé pha dung dich Na,S,0, néng d6 xap xi 0,1N ti Na,S,0..
5H,0. Nong d6 dung dich Na,S,0, 0,1N sau khi pha, dugc xac dinh
bing mét dung dich chuan khac da biét nong da.

Lugng Na,S,0,. 5H,0 can thiét dé pha 100 mL dung dich KMnO, c6
nong dd xap xi 0,1N dudc tinh nhu sau:
+ Biét duong lugng gam E cua Na,S,0,. 5H,0 bang khéi lugng phan
tl cua né va bang 248,2.

+ S6 gam Na,S,0,. 5H,0 cin can la:

m— NxExV 0,1x248,2x100

1000 1000

hanh pha dung dich Na,S;0,0,1N:

Pun sbi khoang 120 mL nudc cit va dé ngudi. Nude cit nay diung dé
pha dung dich Na,S,0,

Can khoang 2,50 g Na,S,0,. 5H,0 trén can ky thuat va chuyén vao
coc chan.

=2,482 (g)

Thém vao coc chan 0,01 g Na,CO, va khodng 50 mL nudc cdt vita dun
so1 dé ngudi 6 trén.
Dung daia thuy tinh khu4y cho cac tinh thé tan hét.

Thém nudc cit vao coc chan vira da 100 mL. Khuay déu.

3. NGUYEN TAC DINH LUQNG THIOSULFAT

La phuong phap dinh lugng dya vao phan ting oxy hoa khu giiia

Na,S,0; va iod, trong d6 NaZS;QO3 déng vai tro chat khi, con iod déng vai
tro 1a chat oxy héa. Iod c6 thé dudgc tao thanh ti phan tng gitia mot chat
oxy hoéa va iodid.
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Phuong trinh phan ing dinh lugng:
2Na,S,0,+ I, = Na,S,0, + 2Nal
Phan ting trao doi dién ti:
2 | S,0,* -2e=8,0
I+ 2e = 2I



Iod dugc tao thanh tit phan tng gitia kali iodid va kali dicromat trong
moi truong acid. Phan ting dién ra nhu sau:

K,Cr,0,+ 6KI+ 14HCI = 31, + 2CrCl,+ 8KC1 + 7H,0

4. DINH LUQNG DUNG DICH NATRI THIOSULFAT 0,1 N

4.1. Tién hanh dinh lugng

— Dung phéu rét dung dich (ti céc c6 md) khoang 10 - 15 mL dung dich
Na,S,0,0,1 N 1én trén buret dé trang buret (1am 2 1an). Cho diy dung
dich Na,S,0, 0,1 N 1én trén buret va diéu chinh khéa buret dugc
dung dich dén vach 0.

— Can chinh x4c khoang 0,10 g K,Cr,0, (dung cAn phan tich) cho vao
binh nén nit mai. Thém vao d6 50 mL nuéc cit. Lic dén tan hoan
toan. Thém vao d6 10 mL dung dich KI 20%, 5 mL dung dich HCI déc.
Pay nut va dé yén chd t6i trong 10 phit. Thém vao binh nén 100 mL
nudc cat.

B6 tri thi nghiém dugc trinh bay 6 hinh 11.1.

Error!

Dung dich Na,S,0; 0,1 N

A

K,Cr,0, 0,10 g hoa tan trong 50 mL nuGc cat
——\e_ + 10 mL dung dich KI 20%
+ 5 mL dung dich HCI dac.

Hinh 11.1. B4 tri thi nghiém chudn d6 dung dich Na,S,0,0,1N

Tién hanh chudn dé: Mot tay diéu chinh khoéa buret cho dung dich
Na,S,0, ti buret xuéng binh nén, tay kia lac binh nén. Chuan d6 t6i khi
dung dich & binh nén chuyén tit mau d6 ndu sang mau vang. Thém 5 giot
dung dich chi thi hé tinh bét vao binh nén va tiép tuc nhd dung dich
Na,S,0, tit buret xuéng téi khi dung dich chuyén tit mau xanh lam thanh
mau xanh luc. Ghi thé tich dung dich Na,S,0, da dung.

4.2. Tinh két qua
Néng d6 duong lugng (Np) cua dung dich Na,S,0, dudc tinh theo cong

thic sau: N_ %1000
ExV
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Trong do6:

-V 1a thé tich dung dich Na,S,0,, tinh bing mL, d& diung chuén d%
- a 1a khoi lugng, tinh béang g, cia K,Cr,0,

- E 1a duong lugng gam cua K,Cr,0, (E = 49,03)

BAI TAP (BAI 11)
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11.1. Pha ding ky thuat 100 mL dung dich Na,S,0;0,1N.

11.2. Hay cho biét diéu kién ctia phuong phap do iod.

11.3. Trinh bay nguyén tic xac dinh noéng d¢ dung dich Na,S,0,bang
chat goc K,Cr,0.,.

11.4. Trinh bay cach tién hanh dinh lugng dung dich Na,S,0, 0,1N
bang chat géc K,Cr,0.. Thiét 1ap cong thiic tinh nong d6 duong
lugng (N) cua dung dich Na,S,0,0,1N da pha.

11.5. M6 ta su chuyén mau cta dung dich trong dinh lugng (binh nén)
trong qua trinh chuén d6 xac dinh néng d6 dung dich Na,S,0, &
muc 4.1.

11.6. Tinh nong dé duong lugng ctia dung dich Na,S,0,, biét khi dinh
lugng 0,1085 g K,Cr,0, hét 21,05 mL dung dich Na,S,0..



Bai 12

DINH LUONG DUNG DICH GLUCOSE 5%

.DUNG CU - HOA CHAT

— Can phéan tich

— Can ky thuat

— Buret

— Pipet chinh xac dung tich 10 mL

— Binh nén nit mai dung tich 100 mL
— Céc c6 md

— Phéu thuy tinh

— Daa thuy tinh

- 6ng dong dung tich 10 mL

— Chat goc iod (1)

— Kali iodid (KI)

— Dung dich natri hydroxyd 2 N

— Dung dich acid sulfuric 4 N

— Dung dich natri thiosulfat 0,1000 N

. PHA DUNG DICH IOD 0,1N

— Tod (I,) thang hoa tinh khiét théa man yéu cau cua mot chat goc.
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— Duong lugng gam E cta I, bang 1/2 khoéi lugng phan ti ctia né va bang

126,7.
— Lugng I, cin thiét dé pha 100 mL dung dich I, ¢6 néng db chinh xéac
0,1N la:
m - NxExV _ 0,1x126,7x100 1,267 (g)
1000 1000

Tién hanh pha 100 mL dung dich I, 0,1N nhu sau:

— Can khoang 3,50 g KI vao chén can c6 nidp mai. Thém vao dé 5 mL
nuée. Khudy cho tan. Day nip. Can chén can trén can phan tich duge
khéi luong a, g.

— Can khoang 1,27 g chat chuén géc I, vao mit kinh dong hé hoéc céc c6 mo.

Chuyén I, vao chén can trén va day nép lai. Sau d6, cAn chén can trén
can phan tich dugc khéi lugng a, g.

_ Khéilugng I, 1a: a, - a,

Dung diia thuy tinh khudy ky dé hoa tan, chuyén dan hoan toan dung
dich nay sang binh dinh mtic dung tich 100 mL qua phéu.

Trang chén cidn va phéu nhiéu lan bang nuée cat (khoang 50 ml). Bo
phéu ra.

Thém nudc vita da dén vach. Lic déu.

Tinh néng do thuc (N,,) ctia dung dich I, pha duoc:

Nth = M x0,1
My

Trong do:

- myy 12 khéi lugng, tinh bang g, ctia I, can duge (my = a, - a,)

- my; 12 khéi lugng, tinh bang g, cta I, vita dt dé pha duge 100,0 mL
dung dich I, néng do6 chinh xac 0,1N (m;; = 1,267 g).
3. NGUYEN TAC PINH LUONG GLUCOSE

Glucose dugc dinh lugng bing phuong phap iod theo phuong phap
chuéin dd ngudc (thita trt): Cho mot lugng I, du chinh xac vao dung dich
glucose trong méi truong kiém dé oxy hoa glucose ¢6 nhém chic —CHO
thanh acid gluconic theo phan tng sau:

I, + 2NaOH = Nal + NalO + H,0 1)
CH,0H(CHOH),CHO + NalIO = CH,OH(CHOH),COOH + Nal  (2)
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Sau khi hoan thanh phan tng (2), acid héa moéi trusng bang H,SO, dé
can bing (1) chuyén dich vé phia trai, dinh lugng I, du bing dung dich
Na,S,0, da biét néng d6 theo phuong trinh phan ting sau:

2Na,S,0,+ I, = Na,S,0, + 2Nal
4. PINH LUQNG DUNG DICH GLUCOSE 5%

4.1. Tién hanh dinh lugng

— L&y chinh x4c 10,00 mL dung dich glucose can dinh lugng cho vao
binh dinh mtic 100 mL. Thém nudc dén vach. Lac déu.

— Dung pipet chinh xac 14y 10,00 mL dung dich glucose da pha loang
cho vao binh nén nat mai. Thém vao dé chinh xac 10,00 mL dung dich
I,. Thém ti tit 4 mL dung dich NaOH 2N. Pay nép. Lic déu. Dé vao
ché t6i 10 phit. Sau d6, thém 5 mL dung dich H,SO, 4 N.

— Dung phéu rét dung dich (tit cdc ¢6 md) khoang 10 - 15 mL dung dich
Na,S,0,0,1 N 1én trén buret dé trang buret (1am 2 14n). Cho ddy dung
dich Na,S,0, 0,1 N 1én trén buret va diéu chinh khéa buret dugc
dung dich dén vach 0.

B6 tri thi nghiém dudgc trinh bay ¢ hinh 12.1.

A

Dung dich Na,S,0; 0,1 N

Dung dich glucose 10,00 mL
Dung dich I, 10,00 mL

7 7 \¢— i Dungdich NaOH 2N 4 mL
Dung dich H,SO, 4N 5 mL

Hinh 12.1. B& tri thi nghiém chuén d6 dung dich glucose

Tién hanh chudn dé: Mot tay diéu chinh khoéa buret cho dung dich
Na,S,0, ti buret xuéng binh nén, tay kia lac binh nén. Chuan d6 t6i khi
dung dich & binh nén chuyén tit mau dé nadu sang mau vang. Thém 5 giot
dung dich chi thi hé tinh bdt vao binh nén va tiép tuc nhd dung dich
Na,S,0, tit buret xuéng t6i khi dung dich chuyén ti& mau xanh lam sang
khong mau. Ghi thé tich dung dich Na,S,0, da dung.
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4.2. Tinh két qua

Ham lugng phan tram (kl/tt) ctia glucose trong dung dich can dinh
lugng dudce tinh theo cong thiic sau:

V, xN, -V x NB)xExloo><
1000x V

cw = f

Trong do:

-V, 1a thé tich dung dich I, 0,1 N, tinh bing mL, d& dung (V, = 10,00mL)
- N, 1a nong d6 duong lugng dung dich I, (N, = N,;) 6 muc 2.

- Vg 1a thé tich dung dich Na,S,0,0,1 N, tinh bang mL, da diung chuén d6
- N 12 néng do duong lugng dung dich Na,S,0,, (N = 0,1000)

- E 12 duong lugng gam cua glucose (E = 90,08)

- V 1a thé tich dung dich glucose 14y dinh lugng (V = 10,00 mL)

- 14 hé s6 pha loang cta dung dich glucose 5% (f =11%0j

BAI TAP (BAI 12)

12.1. Pha ding k§ thuat 100ml dung dich géc I,0,1N.

12.2. Trinh bay nguyén tic dinh lugng dung dich glucose béng phuong
phap do iod.

12.3. Trinh bay cach tién hanh dinh lugng dung dich glucose 5% bang
phuong phap do iod.

12.4. Thiét 1ap cong thiic tinh ham luong phan tram (kl/tt) cta glucose.

12.5. Mb ta su chuyén mau cta dung dich trong dinh lugng (binh nén)

trong qua trinh chuén d6 xac dinh ham lugng dung dich glucose
6 muc 4.1.

12.6. Tinh nong d6 duong lugng ctia dung dich I,, biét da dung 1,2635 g
TIod dé pha thanh vita da 100,0 mL dung dich.
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Bai 13

PHA VA XAC DINH NONG DO DUNG DICH EDTA 0,05M

MUC TIEU
1. Trinh bay duge nguyén tdac va phdn éng dinh luong EDTA.

2. Tinh duoc khéi luong kém dé pha dung dich kém sulfat 0,05 M va pha duoc 100
mL dung dich kém sulfat 0,05 M.

3. Xdc dinh duoc nong dé dung dich EDTA 0,05 M.

1. DUNG CU - HOA CHAT
— Can phan tich
— Buret
— Pipet chinh xac dung tich 10 mL
— Binh nén dung tich 100 mL
— Céc c6 mo
— Phéu thuy tinh
— Daia thay tinh
— Céc chan
— 6ng dong dung tich 10 mL
— Chat goc kém (Zn)
— Dung dich acid sufuric 10%
— Dung dich dém amoniac

— Hon hop chi thi den eriocrom T

2. PHA DUNG DICH COMPLEXON III 0,05M

— Complexon IIT (trilon B) la dinatri dihydro ethylen diamin
tetraacetat. Complexon III thuong 6 dang ngam nudc va c6 cong thic
héa hoc 1a C,,H,,N,0.Na,.2H,0 viét tat 12 EDTA. Complexon III cé
khoi lugng phan ti la 372,2.
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Complexon III & dang tinh thé khéng mau, dé tan trong nudc.

— Complexon III khéng thdéa méan tiéu chudn chit géc vi
C,,H,,N,0,Na,.2H,0 dé mat nudc két tinh nén thanh phan khéng tng
dung véi cong thic. Ta chi ¢ thé pha dung dich EDTA nong d6 x4p xi
0,05M tu C,,H,,N,0,Na,.2H,0. Néng do dung dich EDTA sau khi pha,
dugce x4c dinh bing mét dung dich chuén khac da biét néng dé.

Lugng C,,H,,N,0,Na,.2H,0 can thiét dé pha 100 mL dung dich EDTA
c6 nong do xap xi 0,056M dudc tinh nhu sau:

S6 gam C,,H,,N,0,Na,.2H,0 can can la:

CyxMxV 0,05x372,2x100
1000 1000

Tién hanh pha dung dich EDTA 0,05M:

— Céan khoang 1,86 g C,,H,,N,O.Na,.2H,0 trén can k§ thuat va chuyén
vao coc chan.

=1,861 (g)

— Thém vao coc chan khoang 50 mL nudc cidt va dung diia thuy tinh
khu4y cho cac tinh thé tan hét.

— Thém nudc cat vao coc chan vira da 100 mL. Khudy déu.

3. NGUYEN TAC PINH LUGNG COMPLEXON

Dua vao phan tng tao phitc gitia EDTA va kim loai trong méi trucng
déem pH 9. Lic dau dung dich ¢6 mau d6 vang do phan @ing cua Mg** véi chi
thi (Hind* ):

Zn** + Hind>** =— Znlnd +H'
(Po6 vang)
Khi nho EDTA (HY? ) xudng, Mg** tu do sé phan ting trudc:
Zn* + HY* =— ZnY* + H'

Lic 4y mau cta dung dich vAn khéng bi bién d8i. GAn diém tuong
duong, ta c6 su canh tranh tao phiic:

HY” + Znlnd® === ZnY* + Hind*
(D6 vang) (Xanh)

Két thic chudn do khi mau chuyén tir tim sang xanh tuci hoan toan
(mau cua chi thi 6 dang tu do).
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4. PINH LUQNG DUNG DICH EDTA 0,05 M

4.1. Pha dung dich géc kém sulfat 0,05 M
— Kém hat (Zn) tinh khiét thoa man yéu cau cia mdt chat géc.
— Khéi lugng phan ti lugng caa Zn bang 65,37.
— Lugng Zn can thiét dé pha 100 mL dung dich ZnSO, c¢6 néng do chinh

Cr x MxV
xac 0,05M la: m = M *2XV _0,06x65,37x100 _ 5 59605 (o
1000 1000

Tién hanh pha 100 mL dung dich ZnSO, 0,05 M nhu sau:
— Can chinh xac khoang 0,32 g Zn vao coc c6 mo.

_ Thém vao Zn trong céc khoang 5 mL dung dich H,SO, 10%. Lac cho
tan hoan toan. Thém vao d6 khoang 20 mL nudc cat.

Chuyén dung dich & c6c ¢6 md sang binh dinh mtc dung tich 100 mL
qua phéu.

Trang coc va phéu nhiéu 14n bang nude cat (khoang 50 mL). Bé phéu ra.
— Thém nuéc viia du dén vach. Lic déu.

Tinh néng doé thuc (Cy) cua dung dich ZnSO, pha dugc:

My
CM,th = X0,05

Trong do:

- myy 12 khéi lugng, tinh bang g, clia Zn can dudgc

- m;; 12 khoi lugng, tinh bing g, ctia Zn vira da dé pha duge 100,0 mL
dung dich ZnSO, nong d6 chinh xac 0,05M (m;, = 0,32685 g).
4.2. Tién hanh dinh luong

— LAy chinh xac 10,00 mL dung dich ZnSO, da pha cho vao binh nén
sach. Thém vao d6 5 mL dung dich dém amoniac, khodng 0,1 g hén
hop chi thi den eriocrom T va 30 mL nuéc cat. Lac cho tan hét chi thi.

— Dung phéu rét dung dich (ti céc ¢c6 md) khoang 10 - 15 mL dung dich
EDTA 1én trén buret dé trang buret lam 2 1an). Cho day dung dich
EDTA 1én trén buret va diéu chinh khéa buret dudc dung dich dén
vach 0.

Bo6 tri thi nghiém dugc trinh bay ¢ hinh 13.1.

279



A

Error! Dung dich EDTA 0,05M

10,00 mL dung dich ZnSO, ,
-\ Dung dich d&m amoniac 5 mL ,
Hén hap chi thi den eriocrom T 0,1g Nudc cat 30 mL

Hinh 13.1. B6 tri thi nghiém chudn d6 dung dich EDTA 0,05 M

Tién hanh chudn do: Mot tay diéu chinh khoéa buret cho dung dich
EDTA tu buret xudng binh nén, tay kia lic binh nén. Chudn d¢ té6i khi
dung dich & binh nén chuyén tit mau dé vang sang mau xanh tuci hoan
toan (khéng con anh tim). Ghi thé tich dung dich EDTA da dung.

4.3. Tinh két qua
Nong d§ mol/ L (Cy ) cia dung dich EDTA dugc tinh theo cong thic sau:
Cypx Vg
Trong dé: V.
— V; 1a thé tich dung dich géc ZnSO,, tinh bang mL, (V; = 10,00 mL)
— Cyp 12 nong d6 mol/ L ca dung dich ZnSO,, (Cyp = Cy )
— V, 1a thé tich dung dich EDTA, tinh bing mL, da dung chuén dé.

CM,A =

BAI TAP (BAI 13)
13.1. Pha diang k§ thuat 100 mL dung dich EDTA 0,05M va 100,0 mL
dung dich goc ZnSO, 0,05M.
13.2. Trinh bay nguyén tic dinh lugng bing phuong phap complexon.
13.3. Trinh bay cach tién hanh dinh luong dung dich EDTA 0,05 M
dung dung dich goc ZnSO, 0,05 M.
13.4. Thiét 1ap cong thic tinh néng d6 mol/L (Cy;,) cia dung dich EDTA.

13.5. M6 ta su chuyén mau cta dung dich trong dinh lugng (binh nén)
trong qua trinh chuan d6 xac dinh nong d6 dung dich EDTA 6
muc 4.2.

13.6. Tinh néng do C, cua dung dich EDTA, biét khi chuin d6
10,00 mL dung dich ZnSO, 0,0525 M trong moi trucéng dém
amoniac hét 10,55 mL dung dich EDTA.
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PHAN PHU LUC

Phu luc 1. DUNG CU THONG THUONG BANG SU, THUY TINH VA MOT
SO MAY THONG DUNG DUNG TRONG HOA PHAN TiCH
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Hinh 1. Pipét dién t& Hinh 2. Pipét dinh mc Hinh 3
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Hinh 5. Qué bop cao su Hinh 6. Cac loai 6ng trong dinh mirc
dung dé néi pipét
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Hinh 8. C4c loai binh dinh mic dé pha dung dich Hinh 9. Cac loai bu rét

v U

Hinh 10. 6ng nghiém thudng va éng nghiém cso chia vach

282



Hinh 14. Cac loai binh cau day tron
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Hinh 17. Cac loai phéu loc
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Hinh 18. Cach gép gidy loc nhiéu nép Hinh 19. Cach gap gidy loc phing dé lay
dé 1ay dich loc chét két tha

Hinh 20. Ph&u thdy tinh & tu thé loc
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Hinh 22. Bén con

Hinh 24. Cac loai bép dién

Hinh 25. Cac loai néi dun céch thiy
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Hinh 28. Cac loai kinh Iup thudng
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Hinh 30. CAc loai td hét
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Hinh 33. Cac loai may do pH
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Phu luc 2. DANH PHAP CHAT VO CO THEO DUGC PIEN VIET NAM

2.1. Cac don chat
2.1.1. Nguyén té6

— Doc tén quéc té& da rut gon.

Vi du:
Ar Argon Cd Cadmi I Tod Ni  Nickel
As Arsen Ca Calci Li Lithi N  Nitrogen
Be Beryli Cl Clor Mg Magnesi 0] Oxygen
Bi Bismuth Co Cobalt Mo Molybden P Phosphor
B Bor F Fluor Na  Natri S Sulfur (luu huynh)
(Bang day du xem Dugc dién Viét Nam).
— Hoéc doc tén da hoan toan Viét hoa.
Vidu:
Ag  Bac (Argentum) S Luu huynh (Sulfur)
Pt Bach kim (Platinum) Al Nhom (Aluminium)
Pb Chi (Plumbum) Fe Sat (Ferrum)
Cu DPéng (Cuprum) Sn  Thiéc (Stanium)
Zn  Kém (Zincum) Hg Thuy ngdn (Hydragyrum, Mercurium)
Ni  Kén (Nickel) Au  Vang (Aurum)

2.1.2. Dang thu hinh
Doc theo tén riéng.
Vi du:
Oz6n (O,)
Phosphor dd, phosphor tring.
Than chi, kim cuong

2.2. Cac hgp chat

Luén doc phan mang dién tich duong truée, phan mang dién tich Am sau.
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2.2.1. Oxyd
— Theo quy dinh: Tén nguyén té (s6 oxy héa) oxyd
Vi du:
FeO sat(I) oxyd
Fe,O, sat(III) oxyd
SO,luu huynh(IV) oxyd
Nguyén t6 chi c6 mot trang thai oxy héa thi khong can ghi s6 oxy hoéa.
Vi du:
AlLO, Nhom oxyd
CaO Calci oxyd
Na,O Natri oxyd

— Tén riéng:

CO,, (khi) Carbonic, Anhydrid carbonic
CaO Véi séng

SO, (khi) Sulfurc

SO, Anhydrid sulfuric

— Dung tién t8: Mono (1), di (2), tri (3), tetra (4), penta (5)... dé chi s&
nguyén ti cia méi nguyén to.

Vi du:
CO, Carbon dioxyd
P,O, Diphosphor pentaoxyd
Chu y: F,0 khong phai 1a oxyd thong thuong, viét ding 1a OF, va doc
14 oxygen fluorid, mudi oxygen cua acid HF.

2.2.2. Hydroxyd = H,O + Oxyd

a. Hydroxyd acid: E(OH), 1a cac acid chtia oxy, goi chung la oxoacid, E 1a
nguyén té ¢ muc oxy héa duong cao dé tao tinh acid.

— Doc theo hydroxyd: Tén nguyén to (s6 oxy héa) hydroxyd
Vi du:
coH), 2% H,c0,  Carbon(IV) hydroxyd
S(OH), 2% H,80,  Luwu huynh(VI) hydroxyd
P(OH), B0 H,PO, Phosphor(V) hydroxyd
(cach goi nay it dudc st dung)
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— DPoc theo quy dinh chung:
+ Nguyén t6 chi ¢c6 mot mtc oxy héa (hay mot hoa tri) tao acid:
Acid Tén nguyén t6 + ic

Vi du:
H,BO, acid boric
H,CO, acid carbonic

+ Nguyén t6 c¢6 hai mtc oxy héa (hay hai héa tri) tao acid:
Mitic oxy héa thap: Acid Tén nguyén t6 + o

Miic oxy héa cao: Acid Tén nguyén té + ic

Vi du:
H,PO, acid phosphorc H,PO, acid phosphoric
H,AsO, acid arsend H,AsO, acid arsenic
H,SnO, acid stang H,SnO; acid stanic
+ Nguyén t6 ¢6 ba mitc oxy héa (hay ba hoa tri) tao acid:
Miic oxy hoa thap nhAt: Acid Hypo + Tén nguyén to + o
Miic oxy hoéa cao hon: Acid Tén nguyén t6 + o
Mic oxy hoa cao nhat: Acid Tén nguyén t6 + ic
Vi du:

H,SO, acid hyposulfurc (tén riéng: acid sulfoxylic)
H,S0O, acid sulfuro
H,SO, acid sulfuric

+ Nguyén t6 ¢6 bon miic oxy héa (hay bon héa tri) tao acid:

Miic oxy héa thap nhat: Acid Hypo + Tén nguyén té + o

Miic oxy héa cao hon: Acid Tén nguyén toé + o

Miic oxy héa cao hon nia: Acid Tén nguyén to + ic

Miic oxy héa cao nhAat: Acid Per + Tén nguyén té + ic
Vi du:

HClO acid hypocloro
HCI0, acid cloro
HCIO, acid cloric
HCIO, acid percloric
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Chu y:
1. Tén nguyén t6 tao acid phai doc theo goc tén qudc té.

2. Tiép dau per con dé chi cac chit c6 lién két O-0, nhiéu oxy hon binh
thuong. Vi du:

BaO Bari oxyd — BaO, Bari peroxyd
H,SO, acid sulfuric — H,SO; acid persulfuric
H,O0 Hydro oxyd — H,0, Hydro peroxyd

H
O 9" No—o

_
O~ N0-O-H ;

Ba<cl)
©;

3. O cung mét hoa tri tao acid, néu:

— It nuéc hon: thém tiép dau meta

— Nhiéu nuéec hon: thém tiép dau ortho

Vi du:
HPO, acid metaphosphoric; H,PO, acid orthophosphoric
HAIQO, acid metaaluminic; H,AIO,; acid orthoaluminic

(Theo théi quen, it st dung tiép dau ngit ortho néu acid vira da nuée
dang bén, chdng han, H,PO, chi doc 14 acid phosphoric).

4. Péng da acid 1a nhiing acid ma mdi O* dudc thay thé bdi goc acid
(c6 dién tich tuong ducng) cua chinh acid dé.

DPoc tén dong da acid: dung cac tién t8 di, ¢ri, tetra, penta... &é chi s6
goc acid c6 trong phan ti acid.

Vi du:

H,SO, (acid sulfuric) - H,S0,0* — H,S0,.SO, —» H,S,0, (acid
disulfuric). Néu thay 20* bang hai goéc SO,”, tao H,S,0,, (acid
trisulfuric).... thay tiép cac O* dugc H,S O, ., (acid polysulfuric).

Tuong tu, H,CrO, (acid cromic) - H,CrO0,0* —» H,CrO,CrO, —
H,Cr,0; (acid dicromic)

Hoic H,PO, (acid phosphoric) - H,P0O,.0* - H,PO, HPO,* — H,P,0,
(acid diphosphoric) .... > H_,,P.O,, ., (acid polyphosphoric).

5. Di da acid 14 nhiing acid ma mdi O* dugc thay thé béi géc acid (co6
dién tich tuong duong) cua mot acid khac.
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Poc tén di da acid: Dung céc tién td8 di, tri, tetra, penta... dé chi s6
nguyén tu cua nguyén t6 (mang dudéi O) mdi thay vao trong goc, tén cua
acid ban dau dudgc giii nguyén.

Vi du:

H,CrO, (acid cromic) - H,Cr0,.0* —» H,Cr0,.8* —» H,SCrO, (acid
sulfocromic)

H,SO, (acid sulfuric) —» H,S0,.0* —» H,S0,.8* — H,S,0, (acid
thiosulfuric). Luu huynh (S) con doc 1a thio khi thay thé O trong cic hop
chat khac.

H,CO, (acid carbonic) - H,CS, (acid trithiocarbonic).
b. Hydroxyd base: R(OH),
R 14 nguyén t6 hay mot géc c6 miic oxy héa ducng thap dé tao tinh base.
— Theo quy dinh: Tén nguyén té (s6 oxy héa) hydroxyd

Vi du:

Fe(OH), s&t(II) hydroxyd
Cr(OH), Crom(III) hydroxyd
NaOH Natri hydroxyd
Ca(OH), Calci hydroxyd
NH,OH Amoni hydroxyd

— Tén riéng: NaOH xut; KOH potat; NH,OH dung dich amoniac.
2.2.8. Muéi ciia oxoacid
— Quy dinh: Tén cation(s6 oxy héa) tén géc acid
Acid c6 dudi 0 — goc acid c6 dudi it
Acid c6 dudi ic — gbc acid c6 dudi at

va gili nguyén cac tiép dau cua acid (néu cé) & gbc acid.

Vi du:
NaClO Natri hypoclorit Co,(S0,), Cobalt(III) sulfat
Ca(ClO,), Calci clorit Na,S,0, Natri thiosulfat
KClO, Kali clorat KNO, Kali nitrit
NH,IO, Amoni iodat NaNO, Natri nitrat
Mg(Cl0,), Magnesi perclorat K,CrO, Kali cromat
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Fe(BrO,), Sat(III) perbromat K,Cr,0, Kali dicromat
KMnO, Kali permanganat K;AsO, Kali arsenit
Na,AsO, Natri arsenat
— Néu acid tao nhiéu muéi, c6 thé doc theo cac cach truyén théng.

Vi du:

NaHCO, Natri hydrocarbonat hoac Natri bicarbonat

KH,PO, Kali dihydrophosphat hodc Monokali phosphat

K,HPO, Kali monohydrophosphat hoéc Dikali phosphat

K,PO, Kali phosphat hoac Trikali phosphat
— Muséi base: nhém OH™ doc 1a hydroxy
Vi du:
Bi(OH),NO, Bismuth dihydroxy nitrat
Néu cac nhém OH mat nude, cation tao thanh mang dudi —yl.

Vi du:

-H,0

Bi(OH),NO; —y BiONO; Bismuthyl nitrat

-H,0

Sb(OH),C1 —y SbOCI1 Stibyl clorid (Antimonyl clorid)

~2H,0

V(OH),NO; 3 VO,NO; Vanadyl nitrat

(VO,),S0O, Vanadyl sulfat

-H,0

C(OH),Cl, —y COCI,; Carbonyl clorid (Phosgen)

~H,0

N(OH),Cl —s NOCI Nitrosyl clorid

—2H,0

U(OH),(CH;CO0), — UO,(CH;COO0), Uranyl acetat
NaZn(UO,),(CH,CO0O), Kém natri uranyl acetat
2.2.4. Acid khéng cé oxy va mudi cua chiing

— Theo quy dinh: Acid hydro + tén nguyén t6 hodc tén nhém géc + ic
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Vi du:
HF acid hydrofluoric  H,S acid hydrosulfuric
(dang ngan: acid hydrosulfic)
HCl acid hydrocloric HCN acid hydrocyanic
HBr acid hydrobromic HSCN acid hydrosulfocyanic
HI acid hydroiodic H.N acid hydronitrogenic
(dang ngén: acid hydronitric)
— Mudi: Tén cation (s6 oxy hoa) tén nguyén té hodc tén nhém géc + id

(Chu y: B4 tiép dau hydro, chi gii tén nguyén t6 hodc tén nhém goc
tao acid va thém duoi id).

Vi du:
FeCl, Sat(I1I) clorid Ca(CN), Calci cyanid
Na,S Natri sulfid (NH,),S Amoni sulfid
KSCN  Kali sulfocyanid OF, Oxygen fluorid

AIN Nhoém nitrid

— Néu céc acid 6 dang khi, doc tén nhu mot muéi ciia cation H*.

Vi du:
HCl Hydro clorid
H,S Hydro sulfid
HCN Hydro cyanid

Chi y: Pting nham natri clorid (NaCl) véi natri clorit (NaClO,); hoéc
Natri sulfid (Na,S) v61 Natri sulfit (Na,SO,)...

2.2.5. Phitc chdt vé co

Van theo nguyeén tic ion duong doc truée, ion Am doc sau.
a) Phize cation (cdu néi la ion duong):
Trinh tu doc: [cAu néi] cdu ngoai

[cAu ndi]: tén ion trung tdm (s6 oxy hoa) + s6 phoi ti + tén phoi ti + o
cau ngoai: Tén anion

Chii gidi:
— Cac thanh phan trong ciu ndéi dudgc viét lién nhau. Chi c6 mot chd
trong duy nhat gitia cation (cAu noi) va anion (cau ngoai).
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— 86 phéi ti duge chi ra nhd cac tién t6: mono (1), it dung/ di (2)/tri
(3)/tetra (4)/penta (5)/hexa (6)/...

— Céc phoéi ti trong cAu ndi sdp xép theo van alphabet, phéi ti trung
hoa viét trudc phéi ti anion.

— Tén cac phoi ti: néu 14 anion duéi id thi bd dudi id thay bang o; cac
anion khac thém o.

Vi du:
F Fluoro CN  Cyano
Cl'  Cloro CO,> Carbonato
Br  Bromo SO,*  Sulfato
I' Todo NO,  Nitrito
Mot s6 ngoai 1é ho#c c6 tén riéng:
NH, Amino CO  Carbonyl
OH  Hydroxo NO  Nitrosyl

H,0 Aquo (hay aqua)

— Tén ion trung tdm doc trudc phoi ti va kém theo s6 La Ma dé chi s6
oxy hoa (trong ddu ngodc don).

Vi du:
[Cu(H,0),]SO, Déng(Il)tetraaquo sulfat
[Co(NH,),CL,]C1 Cobalt(Ill)diaminodicloro clorid
[Ag(NH,),]Br Bacdiamino bromid
[Cr(H,0)4](NO,); Crom(III)hexaaquo nitrat
b. Phiic anion (cdu néi la ion ém)
Trinh tu doc: Cdu ngoai [cdu néi]
Cau ngoai: Tén ion duong
[CAu ndi]: S6 phéi tir + tén phéi tir + tén ion trung tim + at (s6 oxy héa)

Cach doc va viét thanh phan cta cdu noi giong nhu phiic cation phia
trén; riéng ion trung tAm doc sau cuing c6 thém duéi at va s6 oxy héa (trong
dau ngoic don).

Vi du:
K,[Fe(CN),] Kali hexacyanoferat(Il) (tén riéng: kali ferocyanid)
K;[Fe(CN),] Kali hexacyanoferat(III) (tén riéng: kali fericyanid)
K,[Hgl,] Kali tetraiodomercurat(ll)
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(NH,),[Co(NH,),Cl,] Amoni diaminotetraclorocobaltat(II)
c. Phizc hén hop:
Doc theo cac quy dinh chung da néu trén.
Vi du:
[Co(NH,)4][FeCl,]; Cobalt(Ill)hexaamino tetracloroferat(III)
d. Phuc khong mang dién tich:

Doc nhu phiic anion nhung ion trung tAm khong thém dudi at va sd oxy
héa. Cac thanh phan cta phtic dude viét lién nhau thanh mot ti khong c6 chd
trong.

Vi du:
[Pt(NH,),Cl,] Diaminodicloroplatin
[Co(NH,),Cl;] Triaminotriclorocobalt
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Phu luc 3. BANG NGUYEN TU LUGNG CAC NGUYEN TO

Theo tai liéu cta Lién doan quéc t& vé héa hoc thuan tuy va ting dung
xudt ban nam 1989 (Pure App.Chem.1991,63,978.)

Tén nguyén to Ky hiéu Nguyén tir sd Nguyén tir lugng
Argon Ar 18 39,948
Arsen As 33 74,9216
Bac (Argentum) Ag 47 107,8682
Bari Ba 56 137,327
Beryli Be 4 9,0122
Bismuth Bi 83 208,9804
Bor B 5 10,811
Brom Br 35 79,904
Cadmi Cd 48 112,411
Cesi Cs 55 132,9054
Calci Ca 20 40,078
Carbon C 6 12,011
Ceri Ce 58 140,115
Chi (Plumbum) Pb 82 207,2
Clor Cl 17 35,4527
Crom Cr 24 51,9961
Cobalt Co 27 58,9332
Dong (Cuprum) Cu 29 63,546
Dysprosi Dy 66 162,50
Erbi Er 68 167,26
Europi Eu 63 151,965
Flour F 9 18,9984
Gadolini Gd 64 157,25
Gali Ga 31 69,723
Germani Ge 32 72,61
Hafni Hf 72 178,49
Heli He 2 4,0026
Holmi Ho 67 163,9303
Hydrogen H 1 1,0079
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Tén nguyén té Ky hiéu Nguyén tir s6 Nguyén tir lugng
Indi In 49 114,82
lod I 53 126,9045
Iridi Ir 77 192,22
Kali K 19 39,0983
Kém (Zincum) Zn 30 65,39
Krypton Kr 36 83,80
Lanthan La 57 138,9055
Lithi Li 3 6,941
Luteti Lu 71 174,967
Luu huynh (Sulfur) S 16 32,066
Magnesi Mg 12 24,3050
Mangan Mn 25 54,9381
Molybden Mo 42 95,94
Natri Na 11 22,9898
Neodymi Nd 60 144,24
Neo Ne 10 20,1797
Nhém (Aluminium) Al 13 26,9815
Nickel (Niccolum) Ni 28 58,6934
Niobi Nb 41 92,9064
Nitrogen N 7 14,0067
Osmi Os 76 190,2
Oxygen 0] 8 15,9994
Paladi Pd 46 106,42
Phosphor P 15 30,9738
Platin Pt 78 195,08
Prasodymi Pr 59 140,9077
Rheni Re 75 186,207
Rhodi Rh 45 102,9055
Rubidi Rb 37 85,4678
Rutheni Ru 44 101,07
Samairri Sm 62 150,36
Sét (Iron) Fe 26 55,847
Scandi Sc 21 44 9559
Selen Se 34 78,96
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Tén nguyén té Ky hiéu Nguyén tir s6 Nguyén tir lugng
Silic (Silicium) Si 14 28,0855
Stibi (Stibium) Sb 51 121,757
Stronti Sr 38 87,62
Tantal Ta 73 180,9479
Techneti Tc 43 (97)
Telur Te 52 127,60
Terbi Tb 65 158,9253
Thali Tl 81 204,3833
Thiéc (Stanium) Sn 50 118,70
Thori Th 90 232,0381
Thuli Tm 69 168,9342
Thly ngan (Hydragyrum) Hg 80 200,59
Titan Ti 22 47,88
uran u 92 238,0289
Vanadi 23 50,9415
Vang (Aurum) Au 79 196,9665
Wolfram W 74 183,85
Xenon Xe 54 131,29
Yterbi Yb 70 173,04
Ytri Y 39 88,9059
Zirconi Zn 40 91,224

300




Phu luc 4. HANG SO PIEN LY CUA CAC ACID VA BASE

* ACID K, K, K,
Acetic 1,75.10°°
Arsenic 6,0. 1072 1,05. 1077 3,0.107"
Benzoic 6,14.10°°
Boric 5,83.107"°
Carbonic 4.45.107 4,7.107"
Cloracetic 1,36. 1073
Citric 7,45.10™* 1,73.107° 4,02.1077
Formic 1,77.10*
Fumaric 9,6.10™* 4,1.10°°
lodic 1,7.10™"
Lactic 1,37.10*
Malic 4,0.10™* 8,9.10°°
Maleic 1,2.107? 5,96. 107
Malonic 1,40. 1072 2,01.10°°
Oxalic 5,36.1072 5,42.10°°
Phenic 1,00. 107"
Phosphoric 7,11.107° 6,34. 107 4,2.10"
0-Phthalic 1,12. 107 3,91.10°°
Picric 51.10™"
Pyruvic 3,24.10°°
Salicylic 1,05. 1072
Succinic 6,21.10°° 2,32.10°°
Tartric 9,2.10™* 4,31.107°
Tricloracetic 1,29.10™"

BASE Héng s6 phan ly
Amoniac 1,76.10°°
Anilin 3,94. 10"
1- Butylamin 4,0.10"
Dimethylamin 59.10*
Ethanolamin 3,18.10°
Ethylamin 4,28.10™
Ethylendiamin K,=8,5.107
K,=71.10°
Hydrazin 1,3.10°°
Hydroxylamin 1,07.10°®
Methylamin 48.10*
Piperidin 1,3.10°3
Pyridin 1,7.10°
Trimethylamin 6,25.10°°
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Phy lyc 5. THE OXY HOA KHU CHUAN (E°)

(6 25°C) (k = khi, 1 = 16ng, r = rin)

302

Nguyén té Cap oxy héa khir E° (V)
Ag Ag’ +e = Ag (r) +0,80
As(r) + 3H* + 3e _ AsH, -0,54
As
AsO,* + 2H" +2e =  AsO;*+H,0 + 0,559
Bi** +3¢ == B +0,39
Bi NaBiO, + 4H* + 2e — BiO"+ Na* + 2H,0 +1,8
BIiO* + 2H" +3¢ ==  Bi(N+HO +0,320
Br, (1) +2¢ ==  2Br- +1,07
Br T
BrO,” + 6H" + 6e ~— Br ™+ 3H,0 +1,44
Ce Ce* +e S Ce* +1,71
Cl, (k) +2 == 2CI +1,36
2HCIO + 2H" + 2e — Cl, + 2H,0 +1,63
Cl
CIO, +6H" +56  =——  0,5Cl,+3H,0 +1.47
CIO, + 8H" + 8e == CI+4H,0 +1,35
Cr? +2e == Cr(n) -0,56
CrO, + 2H,0 +3e ——~  Cr(r)+40H 12
Ccr¥ +3e == Cr? - 0,41
Cr
Cr¥ + 3e = Cr(n -0,744
Cr,0,% + 14H" +6e == 2Cr"+7H,0 +1,36
CrO2 + 2H,0 +3e ==  CrO, +40H" - 0,12
Cu? +2e — Cu(r) + 0,337
cu* +e = cCu + 0,153
Cu
2 Cu(OH), + 2 == Cu,0+20H +H,0 ~ 0,09
Cu* +1I +e = Cul(n +0,86
Fe? +2e <— Fe(n - 0,440
Fe®* +e = Fe* +0,771
Fe Fe (OH), (r) +e === Fe(OH), (r) + OH" - 0,65
FeO,? + 4H,0 +3e == Fe(OH), + 50H +0,60




Nguyén té Cap oxy héa khir E° (V)
FeO,” + 8H" + 3e — Fe®* + 4H,0 +1,9
Fe(CN)s> te — Fe(CN)g* +0,36
2H* + 2e = H, + 0,00
H H,0, + 2H" +2¢ === 2HO0 +1,80
2H" +0, +2¢ ==  HO, +0,68
Hg,?* +2e = 2 Hg () +0,788
Hg Hg>* +2¢ == Hg() +0,854
2Hg* +2e S Hg,*" + 0,920
, +26 == 21 +0,536
2HIO +2H* +2e = l, +2H,0 +1,45
HIO + H* + 2e = I +H,0 + 1,00
10, + 6H" +5e @ —= 0,51, + 3H,0 +1,178
10,” + 2CI™ + 6H" +4e = ICl,” + 3H,0 +1,24
Mn?* +2e = Mn (r) -1,180
Mn** +e S Mn?* -1,51
Mn** +2e ES Mn?* +1,57
Mn MnO, (r)+4H"* +2e = Mn2* + 2H,0 +1,23
MnO,” + 8H* + 5e = Mn?* + 4H,0 + 1,51
MnO,” + 4H" + 3e = MnO, + 2H,0 + 1,695
MnO,” +e =  MnO>? +0,564
HNO, + H* +e ==  NO(K) +H,0 +0,99
2HNO, + 6H" +6e = N, (k) + 4H,0 +1,45
NO, + 3H* +2 HNO, + H,0 +0,93
N NO, + 2H* t+e ES NO, + H,0 + 0,81
NO, + 4H* +3e == NO(K) +2H,0 +0,85
2NO, + 12H* +10e =——= N, +6H,0 +1,24
NO, + 7H" + 8e — NH,OH+ 20H" +0,12
Pb?* +2¢ == Pb(n ~ 0,126
Pb
PbO, (r) + 4H* +2e S Pb* + 2H,0 + 1,455
PbSO, (r) +2  — Pb (r) + SO, - 0,350
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Nguyén té Cap oxy héa khir E° (V)
S () +2e — S - 0,55
S (r) + H,0 + 2e =" HS + OH - 0,51
S + 2H" +2¢ = H,S +0,17
S,z +2¢ === 287 - 0,51
S
S,0% +2e SS 25,0, +0,08
SO,2 + 4H" +2e === H,S0,+H,0 +0,60
S,0,% +2e S 250,” +1,1
S,04" +2e === 250, c6 matAg" +1,98
sn* +2¢ ~—  Sn() - 0,136
Sn
Sn* +2e — Sn? + 0,154
Zn* *2 = Zn(n 0,763
Zn
Zn0,> + 2H,0 +2e === Zn(r)+3H,0 1,22
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Phu luc 6. TECH SO TAN CUA MOT SO CHAT IT TAN (4 25°C)

Nguyén to Tén chat Tich sd tan
Ag Bac arsenat 1.107%
Bac bromid 5,2.107"
Bac carbonat 8,1.107"
Bac chlorid 1,82.107"°
Bac cromat 1,1.107"
Bac cyanid 7,2.10™"
Bac iodat 3,0.107®
Bac iodid 8,3.107"
Bac oxalat 3,5.10"
Bac sulfid 6.107%
Al Nhom hydroxyd 2.107%
Ba Bari carbonat 5,1.10°
Bari cromat 1,2.107"°
Bari iodat 1,57.107°
Bari manganat 2,5.107"°
Bari oxalat 2,3.10°°
Bari sulfat 1,3.107"°
Bi Bismutyl clorid 7.107°
Bismutyl hydroxyd 4.107"
Ca Calci carbonat 4,8.107°
Calci fluorid 49. 10"
Calci oxalat 2,3.107°
Calci sulfat 2,6.107°
Fe Sat (1) sulfid 6.107
S4t (I1) hydroxyd 8.107"
S4t (Ill) hydroxyd 4.107
Hg Thay ngan (1) bromid 5,8.107%
Thay ngan (1) clorid 1,3.107"®
Thay ngan (1) iodid 4,5.107%
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Nguyén to Tén chat Tich sd tan
Mg Magnesi amon phosphat 3.10™
Magnesi carbonat 1.107°
Magnesi hydroxyd 1,8.10™"
Magnesi oxalat 8,6.10°
Mn Mangan (Il) hydroxyd 1,9.10"
Mangan (l1) sulfid 3.107"
Pb Chi carbonat 3,3.10™"
Chi clorid 1,6.107°
Chi cromat 1,8.107™
Chi hydroxyd 2,5.107"
Chi iodid 7,1.10°
Chi oxalat 4,8.107"°
Chi sulfat 1,6. 1078
Chi sulfid 7.107%®
Sr Stronti oxalat 5,6.10°°
Stronti sulfat 3,2.107
Zn Kém hydroxyd 1,2.107"
Ké&m oxalat 7,5.107°
Kém sulfid 4,5.10%




7.1. Phoi t v co

Phu luc 7. HANG SO TAO PHUC

Phai tir Cation logK, logK, logK; logK, logK; logK,

NH, Ag’ 3,3 38
Cd* 2,6 2,1 1.4 0,9 -0,3 -1,7
Co* 2,1 1,6 1,0 0,8 0,2 -0,6
Cu* 4,3 3,7 3,0 2,3 -0,5
Ni%* 2,8 2,2 1,7 1,2 0,8 0,0
Zn* 2,4 2,4 2,5 2,1

Br- Ag* AgBr(r) + Br— —»  AgBr,” IgK, =—-4,7

AgBr, + Br - AgBr,” IgK; = 0,7

Hg* 9,0 8,3 1,4 1,3
Pb?* 1,2

cr Ag* AgCI()+CI”  AgCl,” log K, = - 4,7

AgCl, +CI"  AgCL?> log K, = 0,0

Bi** 2,4 2,0 1,4 0,4 0,5
Cd* 1,5 0,4 0,4
Cu* Cu*+2CI" CuCl,” logK,K, = 4,9
Fe* 0,4 0,0
Fe* 1,5 0,6 -1,0
Hg*" 6,7 6,5 0,9 1,0
Pb? 1,6 Pb?* +3CI~  PbCl,  log KKK, = 1,7
Sn? 1,1 0,6 0,0

CN- Ag’ Ag" + 2CN” Ag(CN),” logK K, = 21,1
Cd* 5,5 51 4,6 3,6
Hg*" 18,0 16,7 3,8 3,0
Ni 2 Ni + 4CN"  Ni(CN),” logK,K,K4K, = 22

F Al 6,1 5,0 3,8 2,7 1,6 0,5
Fe * 5,3 4,0 2,8

OH" A3 8,9 AI(OH),(r) + OH  AI(OH),” log K, = 1,0
Cd* 2,3
Cu? 6,5
Fe # 3,9
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Phoi tir Cation logK, logK, IlogK, IlogK, logK; logK;
Fe®* 11,1 10,7
Hg?* 10,3
OH- Ni 2 4,6
Pb* 6,2 Pb(OH),(r)+ OH" Pb(OH), logK,; = -1,3
Zn* 4,4 Zn(OH), (r)+ 20H" Zn(OH)*, log K., = -0,9
- Cd? 2.4 1,6 1,0 1,1
Cu* Cul (r)+ I Cul,” log K, = -3,1
Hg?" 12,9 11,0 3,8 2,3
Pb* 1,3 Pbl(r)+I"  Pbl, log K, ,=—4,7
Pbl,” + I Pbl,> logK,= -3,8
SCN” Ag’ AgSCN(r) + SCN™  Ag(SCN),” logK,, = 7,2
Cd? 1,0 0,7 0,6 1,0
Co® 2,3 0,7 -0,7 0,0
Cu® CuSCN(r)+ SCN" Cu(SCN), log K, =-3,4
Fe® 2,1 1,3
Hg?* log KK, = 17,3 2,7 1,8
Ni2* 1,2 0,5 0,2
7.2. Phéi t& hitu co
Cac compl [MY(M)]
plexonat (IgK,, = [WI[YT])

ion 1gKuy ion 19Ky ion 19Ky

Fe® 25,1 Zn* 16,30 Ca? 10,7

Th* 23,2 Cd? 16,4 Mg?* 8,7

Hg?* 21,8 AP 16,1 Ba* 7.8

Pb?* 18,0 Fe?" 14,3 Ag’ 7.3
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GIAI DPAP BAI TAP

PHAN 1. LY THUYET PHAN TiCH PINH TiNH

Bail
1.1.
1.2.
1.3.
1.4.

1.5.
1.6.
1.8.
1.9.

1.10.
1.11.
1.12.
1.13.
1.14.
1.15.
1.16.
1.17.
1.18.

1-20.

CO; 43 kg C/100 kg CO; 43 g C/100 g CO; 43 dv-'2C/100 dv-'2C)
a)

27,7% Mg; 23,6% P; 48,7% O

a) % H = 7,74%; %C = 92,26% C

b) % H = 7,74%; %C = 92,26% C

¢) % H va %C trong 2 chit 14 nhu nhau, vi ching c6 cung
cong thic thuc nghiém CH.

d) Khé1 lugng phan ti (78 va 26 dv-'2C))
5,42.10*

a) FeS; b) FeS,; c) Fe,S,
a)13,7L: b) 28,0L

a) 0,1251 E/L = 0,1251N:; b) 0,500N

a) 2E; b) 0,5E; ¢) 0,1E

0,600N

375 mL

20 mL

1,59 N

0,584M

a)4; b)3

a) 3,95 g KMnO,; b) 1,59g KI

a) +5; b) +4/3; c) +7; d) +6; e) +5;
f) +6; g) +5; h) +2; 1) C: +4; s: -2;
j) +2,5; k) Cl: -1; S:+1)

a) Lan ludt cac 6 trong ti trai sang phai, tu trén xudng duéi:
2.10°"; 3,3 ; 10,7
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1.21.
1.22.

1.23.
1.24.

1.25.
1.26.
1.27.
1.28.
1.29.

1.30.

1.31.
1.32.
1.33.

1.34.
1.35.

1.36.

Bai 2

310

2-1.
2-2.

3,3.10" ; 9,48 ; 4,52

10° : 10®° 8
10 : 10 2
b) Chi 6 dung dich 2)
a) 3 b) 11 c) 11,3 d) 7
a) pH = 2,46 pOH =11,5
b) pH = 3,11 pOH = 10,8
c) pH =2,05 pOH = 11,95
pH = 13,00
a) [H,0"1=10" ; b) [H,0] =10~
¢) [H;0"] =3,2.107 ; d) [H,0"] =5,5.10"
Taee = 1,0.10™
1,4.10*" M
pH =10,45
5.101°

Topso, = 1,6.10°
Tag,c0, = 9,3.107%2

1,0.10"* M
5.10"°M
Treiory, = 3.107"*

a) 0,35g b) 3,2.10"*g (0,32mg)
a) Ca[ZnF,]* b) [Pt*(NH,),C1]**Cl,
b) Na,[Fe*(CN)]* d) K;[Fe®(CN)¢]*

a) Calci tetrafluorozincat

b) Platin(IV)pentaaminomonocloro clorid
c¢) Natri hexacyanoferat(II)

d) Kali hexacyanoferat(I1I)

a)C b)A ¢B d)B
a)S b)b b dS eb HD gb

c) 0,15g



Bai 3
3.2.
3.3.
3.4.
3.5.

Bai 5
5.3.

Bai 7
7.2.

Bai9
9.2.
9.3.
9.4.
9.5.
9.6.
9.7.

Bai 10

10.2.

10.3.

10.4.

3)

Riéng do tan cua PbCl, ting nhiéu theo nhiét do
PbCl,, vi theo 3-3.

Pé gidm su hoa tan tua clorid, dic biét 1a taa PbCl,

3)

Vi san phdm cta phan dng déu la chit khong tan (S), bay hoi
(NO) ho#c khéng dién ly (HgCl,, H,0) nén can bing chuyén
manh sang phai.

Dung dich cudng thuy tao ra clor nguyén ti oxy héa dé dang
S* trong HgS:

3HC1 + HNO, - 3C1 + NO + 2H,0
va  2Cl+ HgS — S! + HgCl,

1)
Khong ¢, vi khong du dac trung riéng
1)
1)
1)

Vi du Cl, thi I, - HIO, khéng mau; con Br bi oxy héa tiép tao
thém nhiéu Br, c6 mau trong nudc hoic trong cloroform

1) Vi giai phong khi CO, lam duc nuéc véi trong, lai khong
phan tng véi dung dich KMnO, + H,SO, (nhu khi SO,)

3)

1)
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PHAN 3. LY THUYET PHAN TiCH PINH LUGNG

Bai 2
2.8:
2.9:

Bai 3
3.6:
3.7:
3.8:
3.9:

3.10:
3.11:
3.12:

Bai4
4.8:
4.9:

4.10:
4.11:
4.12:

Bai 5
5.6:
5.7:
5.8:
5.9:

5.10:
5.11:
5.12:
5.13:

Baié6
6.7:
6.8:

312

21,22%
15,88% CaCl, va 84,12% Ca(NO,),)

31,52 g

118,2 mL

27,7 mL

2,6500 g

4,768 g

7,302 g H,Y va 2 g NaOH
K=1,083

K = 0,9879 va Ny = 0,0977
6,908 g/L

0,1201N

0,29 %

0,0784 N

0,07969 N

2,78

8,87

4,312 g/LL

0,00546 M

NaOH 0,010 M va Na,CO, 0,02 M
1,836 g NH,

6,576 g/L

0,1025 N
0,698 LL



6.9: 0,1664 ¢
6.10: 4,8718 g/LL
6.11: 42,35 g/L
Bai 7
7.7: 8,30 g/L
7.8: 70,68% KBr va 29,32% KC1
7.9: pH = 2:
7.17: 0,0288 M
7.18: 4,76 d0 Dtc
7.19: 0,125 N
7.20: 8,8186 g SO,*/L

PHAN 4. THUC HANH PHAN TiCH DPINH LUGNG

Bai 3 Bai 8
3.6: B 8.1: 0,0498 N
3.7: 0,1068 N 8.4: C
8.6: 0,2658 %
Bai4 Bai 9
.5 A 9.6: 0,1016 N
6 0,0900 N
Baib Bai 10
D 10. 4: 0,9875
0,1018 N 10.6: 3,02 %
Bai 6 Bai 11
6. 0,9859 11. 6: 0,10561 N
6.5 98,84 %
Bai 7 Bai 12
0,9918 12.6: 0,0997 N
98,23 %
Bai 13
13. 6: 0,0997 N
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10.

11.

12.
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