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LOI GIGI THIEU

Thuc hién mot s6 diéu cua Luat Gido duc, Bo Y t& da ban hanh
chuong trinh khung va chuong trinh gido duc nghé nghiép cho viéc dao tao
trung cdp nganh Y t&. Bo Y t& t6 chiic bién soan tai liéu day — hoc cac mén
cd s6 va chuyén mén theo chuong trinh trén nham ting buéc xay dung bd
sach chuén trong coéng tac dao tao nhan luc y té.

Sach Héa phdn tich (Ly thuyét va thuc hanh) duge bién soan dua trén
chuong trinh gido duc nghé nghiép cia Bo Y té€ bién soan trén co s6 chuong
trinh khung da duge phé duyét. Sach dudc cac nha gido ldu nadm va tam
huyét véi cong tac dao tao bién soan theo phuong cham: Kién thiic co ban,
hé thong; noi dung chinh x4c, khoa hoc; cap nhat cac tién bo khoa hoc, k¥
thuat hién dai va thuc tién Viét Nam. Sach duge ciu tric gom 4 phan bam
sat chuong trinh gido duc v6i nhiing noéi dung co ban nhat vé phan tich
dinh tinh va dinh lugng gitp hoc sinh sau khi hoc c¢6 dudc nhiing kién thtic
cd ban, k¥ ning thuc hanh phéan tich dinh tinh va dinh lugng dé ap dung
trong thuc t& pha ché cac dung dich chuén, thuc hién cic phép chuin do6
thé tich, dinh lugng theo phuong phap khéi lugng thudng gap va tinh duge
két qua cua phép phan tich. Péng thoi qua d6 rén luyén dude tac phong
lam viéc khoa hoc, than trong, chinh xac, trung thuc trong hoat dong nghé
nghiép khi ra trudng. Sach 1a tién dé dé cac gido vién va hoc sinh céc
trudng c6 thé ap dung phuong phap day hoc tich cuc.

Sach Héa phdn tich (Ly thuyét va thuc hanh) da duge Hoi dong
chuyén mén thdm dinh sich va tai liéu day - hoc cia B Y t& thdm dinh
vao ndm 2006. Bo Y t& ban hanh lam tai liéu day - hoc chinh thtic cta
nganh Y té&. Trong thoi gian ti 3 dén 5 nam, sach phai dude chinh ly, bo
sung va cap nhat.

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

Vi lan dau xu4t ban nén con khiém khuyét, chiing t6i mong nhan dude
v kién déng gép cuia ddng nghiép, cac ban sinh vién va cac dbc gia dé 1an
xudt ban lan sau sach dugc hoan thién hon.

VU KHOA HOC VA PAO TAO
BOYTE
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Bail

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

MUC TIEU

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

2. Trinh bay duoc cdc dinh nghia vé ba loai nong dé dung dich: néng dé phdn
trdm, néng dé mol /L, néng dé duong luong va cdch vdn dung dé gidi cdc bai
todn chuyén déi giwa cdc loai néng do dy.

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

4. Néu duoc diéu kién két tia-hoa tan mét chdt dva trén khdi niém tich sétan

5. Chi ra va doc tén dudc cdc thanh phdn cua phic chdt. Gidi thich duoc y nghia
cua hang sé' khong bén hodc hang sé tao phiic ndc va tong cong.

1. CAC PINH LUAT

1.1. Pinh luat bao toan khéi luong

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

S6 lugng cac chit va tinh chit ctia ching cé thé thay déi, nhung khéi
lugng ctia cac chat thi gii nguyén khong d6i truée va sau phan tng. Ngay
ca nhiing bién d6i sinh hoc phtc tap trong cd thé cé lién quan dén nhiéu
phan ting thi khéi lugng van duge bao toan:

CH,0, + 60, — 6CO, + 6H,0
180g glucose + 192g khi oxy — 264g carbon dioxyd + 108g nudc
(372g nguyén liéu truéc phan ting — 372g chit sau bién doi)

* Nho dinh luat bao toan khéi lugng ma ching ta c6 thé can bing cac
phuong trinh héa hoc va tinh dugc khéi lugng cua cac chit tham gia phan
ing va cac chat san pham-theo tudng quan.ty lé thuan khi dua vao phuong
trinh phan tng da can bang.
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1.2. Pinh luat thanh phan khéng d6i

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

ac két qua sau day thu dugc vé thanh phan khéi lugng caa cac nguyén
t6 trong 20,0 g calci carbonat:

Phan tich theo khdi lugng S6 phan khéi lugng Phan tram khai lugng
8,09 calci 0,40 calci 40%
2,49 carbon 0,12 carbon 12%
9,69 oxy 0,48 oxy 48%
20,09 1,00 phan khdi lugng 100% khdi lugng

DPinh luat thanh phan khong d6i cho ta biét rang, calci carbonat tinh
khiét thu duge tit da hoa cuong 6 mot ngon nui, tif san hé ngam duéi bién,
hoéc tu bat ky mot ngudn nao khac, thi van tim thay cung cac loai nguyén
td tao thanh (calci, carbon, oxy) va ciing mot s6 phan tram nhu da cho biét
0 bang trén.

Nhu vay, nho dinh luat thanh phin khong d6i ma mdi hgp chit xac
dinh dudc biéu thi bing mét cong thiic héa hoc nhét dinh.

C6 thé suy ra khéi lugng nguyén t6 tir ty 1é khéi lugng caa né trong
hgp chat:

S6 phan khéi lugng nguyén té
1 phan khoi lugng hop chat

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

Khéi luong nguyén t6 = Khoi luong hop chit x

Cing cin chd § 1a thanh phan khong d6i chi hoan toan ddng cho
nhiing hop chat c6 khéi lugng phan ti nho 6 trang thai khi va léng. 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 dong tit 0,58 dén 1,33; cong
thic ctua sét sulfid ¢6 thé viét Fe, S v6i x dao dong tit 0 dén 0,005; phan ti
glycogen trong cac t& bao gan va cd ¢6 thé gbm 1000 d&n 500000 don vi
glucose; v.v...

1.3. Dinh luat duong lugng

Tu dinh luat thanh phin khong d6i ta thdy ring cac nguyén t6 két
hop véi nhau theo cac ty 1é vé lugng xac dinh nghiém ngat. Do dé6, nguoi ta
dua vao héa hoc khai niém duong luong, tuong tu nhu khai niém khéi
lugng nguyén ti va khoi lugng phan ti.
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1.3.1. Dinh nghia

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

8,0 khéi lugng oxXy dé tao thanh nude (H,0)

35,5 - clor - hydro clorid (HCI)
23,0 - natri - natri hydrid (NaH)
16,0 - Iuu 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
khoi lugng hydro lai tac dung vira dd véi nhau dé tao thanh cac hgp chét
khac. Vi du:

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

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

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

Ngudi ta goi sd phan khéi lugng ma cac nguyén td tac dung via da véi
1,008 phan khéi lugng hydro (va lai tdc dung vita di véi nhau) 1a duong
lugng cua cic nguyén to, ky hiéu 1a E (equivalence), va viét: E; = 1,008; E,
= 8; E,, = 35,5; Eq = 16; v.v.. chd ¥ réng, duong ludng 1a s6 phan khoi lugng
tuong duong gitta cac chit trong phan ting nén cé thé st dung bat ky don vi
khoi lugng 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 t& hay ciia mot hop chat khong nhat thiét phai xuat
phat ti hgp chit cta ching véi hydro. Vi du, dé tim duong lugng cua kém
(Zn) khong thé xudt phat ti phan tng cia kém véi hydro, vi ¢ diéu kién
thuong phan tng nay khéng xay ra. Tuy nhién, thuc nghiém dé dang cho
thay: 32,5 khéi lugng kém tac dung vita du véi 8 khéi lugng oxy (1E,) dé tao
thanh kém oxyd (ZnO), vay, E,, = 32,5. Hoac dé tim duong luong H,SO,
khong thé bang cach cho acid nay tac dung véi hydro hoidc oxy, nhung thuc
nghiém cho biét: 49 khéi lugng H,SO, tac dung vira du véi 32,5 khéi lugng
kém (1E,), vay Ej 0, = 49. Tu day, c6 thé dua ra dinh nghia chung cho

duong lugng:

Duong luong cia mét nguyén té" hay hop chit la sé” phan khoi luong
cua nguyén té hay hop chdt dé két hop hodc thay thé vica du vdi 1,008 phéan
Ehéi luong hydro hodc 8 phan Ehoi luong oxy hode vdi mot duong luong cua
bdt ky chdt nao khdc da biét.
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Trong thuc t& nguoi ta thuong dung duong luong gam, véi quy ude:
Duong lugng gam cia mét chdt la lugng chdt dé duge tinh bang gam
va co tri s6 bang duong luong ctia né.
Nhu vay, E;=1,008¢ ; E,=8¢g ; Ex.=23¢g
E,,=325¢g ; Ej 0,498

1.3.2. Pinh ludgt duong luong cua Dalton

Cdc chdt tdc dung vdi nhau theo cdc khoi luong ty lé vdi duong luong
cua chung.

No6i cach khac: Sé dwong luong ciia cde chdt trong phdn tng phdi bang
nhau.

Pinh luat dugc thé hién qua hé thic don gian:

m, _ E, m, — g

hoic
Mg Eg E, Eg
0 day: m,, my 1a khéi lugng tinh bang gam cua chit A va chit B trong
phan tng

E,, E; 14 duong lugng gam cta chidt A va B

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

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

= — m = — = 5,33
23 35.5 o 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 luong), 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 néng do duong lugng 1a N,. Biét
noéng do duong lugng ctia dung dich kiém B 1 Nj,.

Ap dung dinh luat ducng luogng: sé duong lugng cia cic chit trong
phan tng phai bang nhau, ta cé:

N .
1000 A 1000 " N,

V A — VB N _> VB —_

Phuong trinh trén dudc 4p dung cho tat ca cac phuong phap phéan tich
thé tich (phuong phap aeid=base; phuong phap két tta; phuong phéap phiic
chit; phuong phap oxy hoa - khi).
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1.3.3. Y nghia héa hoc ciua khdi niém duong luong lién quan truc tiép
dén khai niém héa tri ctia cac nguyén t6. Trube day, ngudi ta coi héa tri 1a
kha nang ctia mot nguyén ti cia nguyén t& c6 thé két hop hoac thay thé
bao nhiéu nguyén tu hydro hodc bao nhiéu nguyén ti khac tuong duong.
Nhu vay, duong luong cia mdt nguyén t6 14 s6 don vi khoi lugng (s6 phan
khéi lugng) cia nguyén t6 4y tuong ting véi mot don vi héa tri. Gitia duong
luong (E), héa tri (n) va khéi lugng nguyén ti (A) cia nguyén t6 c6 moi
tuong quan sau:

E = é
n

Vi du, oxy c¢6 héa tri 2, khéi lugng nguyén ti 16, nén:
16

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

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

M6 rong khai niém duong ludng 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 hosc két hgp véi cac hop chat khic trong phan
tng. Ching han, H,PO, = 98. Né&u trong phan tng, phan ti H,PO, chi trao
d6i 1 proton, hgp chit duge xem nhu thé hién héa tri 1, thi EmPO4 =98/1 =
98; néu trao d6i 2 proton, hop chét duge xem nhu thé hién héa tri 2, thi
Ej 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 tGng véi 1 don vi héa tri (ttic duong
lugng cta né) trong truong hop nay la: Ey o, = 98/3 = 32,7.

Cac nha héa hoc hién tai quan niém: héa tri cia mot nguyén t6 1a s6
lién két héa hoc ma mot nguyén ti cla nguyén td dé co thé tao ra dé két
hop v6i cac nguyén ti khac trong phan tu.

Cung véi khai niém hoéa tri, ngudi ta cling dung khai niém s6 oxy héa
cho céc ion hodc cho cac nguyén td trong hop chat. Tuy khéng c6 ¥ nghia
vat ly rdo rang, nhat 12 trong cic phan ti phic tap, nhung s6 oxy héa kha
tién dung cho nhiéu méit thuc hanh héa hoc.
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Chinh vi khai niém héa tri phat trién va mé rong dé gan véi ban chat
nhiéu loai lién két, nén theo d6, khai niém duong lugng ciing can dudc cu
thé cho cac truong hgp (cach tinh duong luong cta cac hop chat duge trinh
bay & muc biéu thi ndng d6 duong lugng dudi day).

2. NHOUNG KHAI NIEM CO BAN

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

Néng d6 1a cach biéu thi thanh phin dinh lugng ctia mét dung dich.
N6 c6 thé biéu thi lugng chdt tan trong mot thé tich x4c dinh cta dung
dich, hodc lugng chat tan trong moét khéi lugng xac dinh ctia dung dich
ho#c cia dung moi. Luong chat tan trong dung dich cang 16n thi néng do
cang 16n va ngudc lai. Bang 1 tém tat cac loai nong d6 thudng dude dung
trong héa hoc va Y- Dugc.

Bang1. Cac loai ndbng do

Loai néng do 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 chét tan trong 1000 mL (= 1 L)
dung dich

S6 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 géip.

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

Vi du: Dung dich KNO,; 10% c6 nghia 1a c6 10 g KNO, trong 100 g
dung dich. Dung dich céc acid dac H,SO,, HNO, va HCIl ban trén thi truéng
c6 ndong d6 tuong ting bang 96%, 65% va 36%.

Béi vi do thé tich dung dich dé dang hon do khéi lugng, nén ngudi ta
thudng ghi khéi luong riéng kém theo cho loai dung dich nay, dé chuyén
d6i ti khoi lugng chat can 14y sang thé tich dung dich cAn dong. Vi du, HC1
36% c6 D = 1,179 g/mT:(520°C):

Dung dich NaCl 9%e ¢6 nghia 14 ¢6 9 ¢'NaCl trong 1000 g dung dich.
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2.1.2. Néng dé %, %o theo khéi lwgng/thé‘)tich (thuong dudc 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 dé mol/L (M)

Mol 14 mét lugng chit chita s6 hat cung kiéu ciu tric (phan tu,
nguyén tu, ion, electron, proton...) bang s6 Avogadro 6,022.10%°. Thudng st
dung 14 mol/L, s6 phan ti gam/L.

Cac dung dich c6 nong d6 mol bang nhau thi chita cung s lugng hat
ch4t tan trong nhiing thé tich dung dich bing nhau (chd y: hat chat tan
phai cung kiéu cqu truc).

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

Dung dich chtta phenobarbital 0,001M va NaCl 0,1M, nghia la 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 c¢6 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 c¢6 1 mol ion Na* (23 g Na*) va 1 mol Cl (35,45 g CI").

Ngudgc lai, dung dich Na,CO, 1M c6 trong 1 lit dung dich cua 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, c 1 phan ti natri carbonat thi dién ly ra 1
ion CO,* va 2 ion Na’.

2.1.4. Néng dé duong luong (N)

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

Khai niém duong ludng 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
¢6 thé néu cac cong thic tinh E trong cac phan tng trao d6i va oxy héa khi
nhu sau:

Khoéi lugng nguyén ti

En guyénto

Hoéa tri

Vidu: Egy = == -8
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Khéi lugng ion

fon | Dién tich ion |

Vidy, E . = 27 = 0
3
96

ESO42’ = 7 - 48

Khéi lugng phan ti acid

acid S6 ion H* dién ly tit mot phan ti acid
4
Vidy E,, -= 36i >~ 3645
98
H,S0, B3 = 49
B = Khoéi lugng phan ti base
base  S5'jon OH dién ly ti mot phan ti base
Vidu: E, ., = ? = 40
_ Khéi lugng phan ti mudi
™| Dign tich ion (duong hodc 4m)| x S& ion (duong hoic Am)
] 342
Vidu: E, 0, = 30 57
Khoi lugng tiéu phan (phén ti, nguyén tu, ion)
EOX(Kh) =

S6 electron nhan (hoic cho) cia mét tiéu phan
dang oxy héa (hoidc dang khti)

O day, Eoxxy 12 duong lugng cta dang oxy héa, hoidc ctia dang khi.
Vi duy, 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 ct theo s6 electron ma mot phan tt KMnO, nhan bang 5 va s6

electron ma mot phan ti FeSO, cho bang 1, ta xac dinh dugc duong lugng
cua chit oxy hoa la:

Eqo, = % - 316

va duong lugng ctia chat Khir 12:



Erso, = 1511,8 = 1518

Vi héa tri cia nguyén to, s6 H" hay OH™ dién ly ctia acid hay base, s6
electron nhan hoic cho cta chit oxy héa hoidc chat khit ¢6 thé thay d6i tuy
theo diéu kién ctia phan ing, nén duong lugng cia mot chat cling c6 nhiing
gia tri bién déi.

Duong lugng la mot dai lugng khong c¢6 thi nguyén. Trong héa hoc
ngudi ta thuong dung:

— Puong lugng gam ctia mot chat 1a khéi lugng cua chdt d6 biéu dién
bang gam va cé tri s6 bang duong lugng ciia 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 nuéc. Thang pH

2.2.1. Su dién ly cua nudc

Nudce 1a dung méi luéng tinh, vita cho va vira nhan proton:

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

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

Mic du sy dién ly ctia nude rat bé, ngudi ta van do dude do dan dién
ctia né va xac dinh duge gia tri ctia hang s6 cidn bing theo dinh luat tac
dung khéi lugng:

H.O"][OH 9
= # = 32410 (6 25°C)
[H,O]
1000
18

Hing s6 K, goi 1a tich sd ion cta nude. Tich s6 nay thay d6i theo
nhiét do.

Vi mo6t ion H;O* va mot ion OH™ duge phan ly tit mot phan ti H,0, do
d6 trong nuéc nguyén-chat:

[H,07 £ [0H] = V10 ¥ "2 10" mol/L

K [H,0]* = 3,24.10"8 ( 22 =K, = [H,0"] [OH] = 1,0.10™
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(Nong d6 nudc nguyén chat = ~ 55,56M, vay ci mdi 555 triéu

phan ti nudc chi c6 1 phan ti dién ly ra cac ion). Dua vao can bang dién ly
cua nudc, nguoi ta dinh nghia dung dich acid, base va trung tinh tuy theo
do6 16n tuong doi gitia [H,0*] va [OH]:

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

Vi K, 1a hing s6 & nhiét do nhat dinh, nén khi biét néng do cia mot
trong hai ion, ta c6 thé tinh dudc nong d6 ion kia.
Vi du: Biét [H,0] cia mot dung dich bang 3,0.10“M. Tinh [OH] va
cho biét dung dich 12 acid, trung tinh hay base?
Giai:
K 10"

[OH] = v = 33x10"M
[H,0] 3,0x10"

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 khén va dai dong trong tinh toan, do dé6
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,0O'] 10
vapOH = -1g[OH7] hodac [OHT] = 107"
Vi K, =[H,0"][OH] = 1,0 x 10" nén ngudi ta ciing hay dung dai lugng:
pK. = -1gK. = -lg([H,0"][OH]) = -1g[H,0"] - 1g[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 giira [H;0'], pH, pOH va [OH].

[H,0'] pH pOH [OH]

10" 15 - — -1 10'

10" 14 — — 0 1 o
10" 13 — — 1 10" S
10" 12 5 g 2 10° 9
10" 11 - e [ 3 10° 2
10" 10 - e 4 10* ol
10° 9 — = 5 10°

10* 8 — © 6 10°

107 7 — 7 107 ------ Trung tinh
10° 6 = — g 10°

10° 54 2 — 9 10” o
10* 44 2 — 10 10" =
10° 34 o — 11 10" -
10” 2 = — 12 10" S
10" 1 — 13 10" ©
1 0— 14 10" o
10' -1 — 15 10"

Chu y: Vi K, phu thudc nhiét @6 nén pK,, pH, pOH cua nuéc nguyén
chdt ciing thay déi 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 | o2 | 1458 | 721
"""""" 5 | 100 | 1400 | 700
"""""" 50 | 566 | 1325 | 662
"""""" 10 | 5130 | 1220 | 615
"""""" 30 | 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 chat chi thi acid-base (con goi 1a chét chi thi
mau). Nguyén 1y do pH bang may sé dé cap J chuyén muc riéng.

Chdt chi thi acid-base la nhitng thude thi ddc biét ¢6 mau sdc thay doi
tuy theo néng dé ion H,0" trong dung dich, ttc 1a tuy theo pH moéi trudng.
Né6i chung, c¢6 thé xem chét chi thi mau 14 mét acid hiiu co yéu ma dang
acid (ky hiéu HInd) c6 mau, goi tat 1a mau acid, khac v6i mau caa dang
base lién hgp véi nél(Tnd>), goi tat 12 mau base. Nhu vay, su thay d6i mau
cua chi thi 1a do su bién déi cadu trite phan i gitia hai dang acid va base.

27



Trong dung dich, su bién d6i gitta hai dang d6 thé hién qua can bang dién
ly phu thudc vao pH:

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

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

Bang 4 cho biét khoang pH chuyén mau cta mot sé chi thi acid - base
thuong gép.

Bang 4. Mau, khoang pH chuyén mau cia moét sé chi thi acid - base hay gap

: Mau ,
Chat chi thi Khoang pH chuyén mau
Acid Base
Da cam Methyl (Heliantin) Héng — Vang 31-44
Quy P46 — Xanh 5,0-28,0
Phenolphthalein Khéng mau — Bd 8,2-10,0
Vang Alizarin Vang — Tim 10,0 -12,0

2.3. Piéu 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 béo 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
(rin) (dung dich)

Lugng M, X, da tan vao dung dich rat it, goi la d6 tan S, dudc coi la
dién ly hoan toan thanh cac ion M™ va X™. Giéng nhu cac hé can bang
khac, d61 v6i dung dich bdo hoa ctiia chdt dang xét ta c6 biéu thic tac dung
khéi lugng:

[Mﬂ+]m [Xm—]n
[Man] (r)

Néng do pha ran 1a hing s6, nén:

[Mn+]m [me]n = K [Man] (69} = VTMmX

n
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Ky hiéu sau cung goi 1a tich s6 tan caa M_X,. Nhu vay:

Tich s6 néng doé cdc ion cua chdt dién ly it tan trong dung dich bdo
hoa, méi néng do duoc luy thia tuong wng 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 cia cidc hgp chat ion. Khi
cac chat dién ly ra cuing 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 d6 tan 6 25°C clia mét s6 hop chat.

Sé ion Cong thirc cation/anion T bo tan (M)

2 MgCO, 1/ 3,5x10% 1,9 x 10
2 [ppso, | Mmoo | 1ex10® | 13x10¢ |
2 |Bacro, | mo | 12x10° | 14x10° |
3 [caom, | w2 | 65x10° | 12x10% |
3 |BaF, | 2 | 1sx10® | 72x10° |
3 |caR, | 1w | 32x10" | 20x10¢ |
3 |agco, | a1 | 11x10% | 87x10° |

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

Mot chat sé két tua khi tich s6 nong dd 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 s
tan thi chat d6 chua két tia, hodc néu da c6 tua thi tua sé tan ra.

Vi du:
Cho biét két tiia c¢6 hinh thanh hay khéng trong cac truong hop sau:
a) Tron 1an 0,100 L Ca(NO,), 0,30 M véi 0,200 L. NaF 0,060 M.
b) Trong nuéc mot dong séong tim thay [Ca®] = [PO,* ] = 1,0 x 10 M.
Choo bidt Ty =8,2x 0" TTg o, = 1,2 x 107,
Gidi:
a) Cac ion ¢6 mat trong hén hgp 1a Ca*, Na*, NO,” va F~. Chi c¢6 CaF,
14 c6 thé két tua theo can bang:
CaF,(r)
Tinh néng d6 mol/L cho cac ion:

S6 mol Ca* dua vao-hon hop = 0,30M Ca* x 0,100L = 0,030 mol Ca*

LN
<

Ca®t + 2F
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0,030 mol
0,J00L + 0,200L
S& 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 + 0,200L

va [Ca*'] 0,10 M Ca*

Trong hén hdp, ta c6 tich s6 néng do cac ion, ky hiéu Q,, la:
Q. = [Ca¥] [F]® = 0,10 x 0,040° = 1,6 x 10* > T, = 3,2 x 10
Vay, két tia CaF, phai dugc tao thanh.
b) Tim Q,, cia Cay(PO,), theo can bang:
Ca,(PO), ) = 3Ca* + 2P0/
va su dung cac di liéu da cho, ta duge:
Q. = [Ca]® [POST? = (1,0 x 109)° (1,0 x 10%)
= 1,0x10* - TTCa3(PO4)2: 1,2 x 10%.

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

2.4. Phan (ing oxy héa - khw

2.4.1. Cac dinh nghia

hoéa,

Phan tng oxy héa - khi 14 phan tng c¢6 su chuyén dich electron giiia
cac chdt phan tng, do d6 1am bién d6i s6 oxy hoéa cla cac nguyén té.

Chat oxy hoéa (phan tl, nguyén tu, ion) 1a chit nhan electron va giam
s6 oxy hoéa, né la chat bi khi.

Chat khti (phan ti, nguyén tu, ion) 14 chat cho electron va ting s6 oxy
ho4, né 1a chat bi oxy hoa.

Theo d6 suy ra: su khii 14 su nhan electron, su oxy hoa 1a su cho di electron.

R4t cAn luu § € khong nham 14n cac thuat ngii: chat oxy hoa, su oxy
ch4t khu, su khu.

Vi du: trong dung dich nudc xay ra phan tng:
Fe + Cu* — Fe*™ + Cu

Ion Cu®** nhan electron (tit Fe) 1a chat oxy héa, s6 oxy héa cia né giam

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

Sat cho electrom 181 14 chat khtt, 567 0%y hoa cua né tang ti 0 dén +2,

no6 bi oxy héa va goi lasu oxy hoa sat.(béi (Cu?).
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2.4.2. S6 oxy héa (S.0)

— S6 oxy héa (con goi 12 mic oxy hoa, trang thai oxy hoa) 1a dién tich
hinh thiic cia nguyén to trong don chit, ion hay hdp chat khi qui uéc
cac cip electron dung chung léch hoan toan vé nguyén t6 c6 do am
dién 16n hon.

Chu ¥ réang, S.O clia nguyén td c6 gia tri dai s6 khac hoéa tri. S.0 c6
thé 14 s6 am, s6 duong hoac bang khong. Trai lai, héa tri tinh theo s&
electron tham gia lién két nén chi c6 gia tri duong.

— 86°S.0 cia mdt nguyén t6 duge 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 cta cac nguyén té trong phan ti = 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 hgp chat.
. Nhom ITA: S.0 = +2 trong tat ca cac hgp chat.
. Hydro: S.O = +1 trong cac hgp chat v6i phi kim

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

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

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

J’_

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 khéac phia duéi nhéom.
Luu y:

S.0 duong cao nhit cia cac nguyén t6 trong cac nhém chinh A bang

s6 thi tu cia nhém (tri O va F).

2.

S.0 Am th&p nh4t cla cac phi kim va mot s6 4 kim bang s6 tht tu

cua nhém tru 8.

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

N A 1 R , . ~ - A . (N A A
3. Vé nguyeén tdc, d& xac dinh 56 oxy hoa cAn phai biét cdu tao phan tu
N A A LN e A A A A “A P R A 2 N .
va do am dién cua cac¢ nguyén 6. Po.Am dién co 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 ti 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 1 x, tim dude S.0 caa né trong S,0,>
qua phuong trinh: (x.2) + (-2.8) =-2 = x = +7. Day la s6 oxy héa gia, vi Luu
huynh 6 nhém VIA, S.O cao nh4t cua né chi 1a +6 phu hdp v6i cong thic
c4u tao:

-0 0-0 O- -0 0-0_ 0O~
s /\S\< hote \2 . ;S .

7 5\ /

90”00 O & Noof Vo

Hon niia, con gip 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 cé gia tri nhu nhau trong cdn bing
phuong trinh ctia phan ting Ox-Kh.

2.4.3. Cian bdng phdn ting oxy héa khit theo phuong phdp S.O duoc
thuc hién theo cdc budc sau:
1. Viét cac chét dau (ch4t phan tGng) va cac san phdm. 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 hoic cin cit vao quy luat bién doi 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 khi cho va sd electron ma mot

phan ti chit oxy héa nhan, tit &6 1ap phuong trinh trao ddi electron dé tim
hé s6 chinh ctia chat khii va chat oxy héa. Tiép vi du trén, thanh lap:

6P —5e — P**
5CI°* +6e — CI*
Chu §: cac hé s6 chinh phai ¢6 mot boi s6 chung nhé nhat biéu thi téng
s electron ma chit khit cho bing téng s6 electron ma chit oxy héa nhan.

4. Dat hé s6 chinh phut hdp vao cac chat khi va chat oxy héa ban dau,
kiém tra s6 nguyén ti ctia mdi nguyén t6 & 2 v& phuong trinh dé can bing
ching nhung chua can chud ¥ 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 dudc:

5HCIO, +6 P =5HCEH 6 H,PO,
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5. Kiém tra s6 nguyén ti H ¢ 2 v& dé tim s6 phan ti nudc tham gia
ho#c tao thanh. Véi vi du dang xét, can 9 phan ti H,0O tham gia phan tng.
Vay:

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

6. Kiém tra lai s6 nguyén td O & 2 v& va tin rang thuc ch4t phuong
trinh da dudc can bang.

Vé6i 6 buée tién hanh nhu trén, moi phuong trinh phan ting oxy héa -
khti viét duéi dang phan ti déu c6 thé duge cdn bing. Tuy nhién, nhiéu
truong hop khong can thuc hién da cac buéc va khi da quen thi chi can
nh4m tinh trén mot 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 bang nhau

2.5. Phiic chat

2.5.1. Dinh nghia

Bén canh cac muér don gidn nhu K,SO,, Al,(SO,);, KI, Hgl,, KCN,
Fe(CN),... con c6 cac mudi kép (goi la phén) nhu: K,SO,.Al,(SO,),.24H,0
(phén chua), (NH,),S0,.FeS0O,.6H,0 (phén sit amoni hay mudi Mohr)...

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

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

Tu lau, ngudi ta cling biét nhiéu hgp chat phtc tap khac c6 thanh
phan giong mudi kép, nhu 2KI.Hgl,, Zn(NO,),.4NH,, nhung trong nuéc
ching dién ly cho nhting ion phic tap, vi du:

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

Zn(NO,),.4NH, — [Zn(NH,),]** + 2NO,, nén phan ti dugc viét:
[Zn(NH;),]J(NO,),.

C4c hop chat kiéu nay duge dit tén 1a phic chit véi dinh nghia:

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

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

— Cac thanh phdan-ctia-phite-chdt-dvde-thé-hién qua so @8, vi du véi
K,[Hgl,], nhu sau:
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Ka[Hgly]

_

CAu ngoai Ion trung tam  Phdi tk
2K") (Hg**) @)
Cau noi
(ion phuc)

— Céach doc tén phiic chit phai tuian theo quy dinh chit ché, duge trinh
bay 6 phan phu luc (cudi gido trinh nay).

— Trong dung dich nuéc, phtic chat dién ly hoan toan thanh cac ion cau
ngoai va cau noi. Vi du:

K,[Hgl,] — 2K* + Hgl >

Sau d6, cau ndi c6 thé dién ly yéu tiing néc ra cic phoi ti tng véi cac
hing sd can bang dién ly, thudng goi 1a hang s6 khéng bén k cua phtc. Vi du:

Hgl,> = Hgl, + T kl:w: 5,0.10°
[Hel,” |
Hgl; = Hgl, + T k2=—[HgIz][fr] =1,6.10"
[Hel, ]
Hgl, = Hgl' + I k3=—[HgI I _ 1,0.10"
[Hel, ]
2+ -
Hgl* = Hg” + I k4=—[Hg ]EI I= 12107
[Hel" ]
Phuong trinh dién ly tong cong :
2+ -14
Hel,> = Hg* + 4T k =0Ty gk, = 9,6.10™
[Hel,” ]

k,, k,, ky, k, 12 hdang s6 khong bén ndc, con k 14 hang s6'khong bén tong
céng. k cang 16n, phiic cang khong bén, va ngudc lai.

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

Hg® + I = Hgl' =
b [Hg ]

Hel' + | —Hal, K, =—[H[Pﬁﬁ]
g

34



[Hgl, ]

Hgl, + T = Hgl,” K,=————
gl, gl; 3 [Hel, 11" ]
2—
Hgl, + I = Hgl* K, =gl
[Hel; ][I"]
Phuong trinh tao phtic tong cong:
[Hel} |

Ho?* + 41 = Hel > =—=°2 -
g Bl [He? 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, phiic chit cang bén, va ngude lai.

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

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

Chu y: D&u ngodc vudng [ ] trong phtic chat dé chi cAu ndi, con trong
cac biéu thiic ciia k hodc K dé chi nong do6 mol/L ctia cac ciu tu.

BAI TAP (BAI 1)

1.1. Carbon monooxyd chtia 43% carbon theo khéi lugng. Hay viét
cong thic héa hoc ctia oxyd 4y va biéu thi ty 1é carbon/oxyd theo
cac don vi kg, g va khoi lugng nguyén tu.

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

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

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

a. Benzen C;H,

b. Acetylen C,H,

c. So sanh két qua tinh a) v6i b) va giai thich

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

1.5. Tinh s6 nguyén tit oxy trong 800 gam CaCO,?
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1.6. Tim cong thtc thuc nghiém cua cac chat c¢6 ty 1& % cua cac nguyén
td 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 ing trung hoa va trong phan
ting oxy héa-kht 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 chit tan.
1.9. Tinh néng do duong luong ctia mdi dung dich sau:
a. 7,88 g HNO, trong méi lit dung dich.
b. 26,5 g Na,CO, trong méi lit dung dich.
1.10. C6 bao nhiéu duong lugng chit 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 luong cua dung dich H,PO, 0,300M
trong phan ing sau:

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

1.12. Tinh thé tich nuéc cdn thém vao 250mL dung dich 1,25 N dé thu
dude dung dich c¢6 nong d6 0,500 N.

1.13. Cin m4y 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 luong 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 bang phuong trinh phan tng sau:
Sn + HCl + HNO, — SnCl, + NO + ...
Va cho biét:
a. 1mol Sn chita may duong ludgng?
b. 1mol HNO, ehtia may duong' liong?



1.17.

1.18.

1.19.

Hay

Can bang phuong trinh phan tng sau:
KMnO, + KI + H,SO, —» K,SO, + MnSO, + I+ ....
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 hgp chat sau:
a) P,O,"; b) C,0,; c) MnO,; d)MnO,*; e) VO,";

f) U0, ; g) ClO, ; h) S,0.,>; 1) CS,; J) S,047;

k) S,Cl,

Can béang 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, + HC1 -»CrCl, + Cl, + KCI + ....

d. Zn + NaNO, + NaOH — Na,Zn0O, + 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, + KCI +...

doc va viét tén tat cad cac chat c6 trong cac phan tng trén theo

Danh phéap ctia Dudc dién Viét Nam.

1.20. a) Dién nhiing gia tri thich hop vao tit ci cic 6 con tréng ctua

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 é nhiing dung dich nao
trong bang trén cé6 két tia Pb(OH),?

Cho biét: TTy, 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 mdi chat sau, gia thiét cac
chit tan la dién ly hoan toan.

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

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

a. HNO, 0,00345 M

b. HC1 0,000775 M

c. NaOH 0,00886 M

Tinh pH cua 500mL dung dich chtia 0,050 mol NaOH.
Tinh [H,0'] & cac dung dich c6 pH bang:

a) 4 b) 7 ¢) 2,50 d) 8,26

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

Tim d6 tan S cia Mg(OH), trong nuéc. Biét Ty, oy, = 1,2.10™"
Dung dich bdo hoa Mg(OH), trong nuéc c¢6 pH bang may?
Bt Tygon, = 1,2.10™",

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

Do tan cua PbSO, trong nudc 1a 0,038 g/L. Tinh T, .

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

Tinh d6 tan cua Fe(OH), trong dung dich nudc c6 pH = 8,0.
Bi6t Ty, o), = 1,0.10%,

X4c dinh d6 tan cua AgCl trong dung dich BaCl, 0,10M.

Biét T,,=1,0.10",

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

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

a. 500mL nuée

b. 500mL dung dich KI 0,10 M

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

Cho bit T, = 1,4:10



1.35.

1.36.
1.37.

1.38.

Biét cac hgp chat phan ti duéi day déu 1a phiic chat:
a. CaF,.ZnF, véi Ca** ¢ cau ngoai.

b. PtCl,.5NH, véi 3Cl & cAu ngoai

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

d. 3KCN.Fe(CN), véi ca 6CN" § cau ndi

Hay viét cong thiic phan ti cua cac hop chat trén duéi dang
phtic chat (cAu ndi dugc dit trong ddu ngoidc vuéng [ ]). Xac dinh
dién tich ctia ion trung tAm va dién tich ctia cau néi.

Doc tén cac phtic chit 6 bai 35.

Viét phuong trinh dién ly va biéu thic cia cac hing s6 khéng
bén néc va tong cong ciia cic phiic sau:

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

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

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

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

c. HgBr" va Hgl" c6 hang s6 tao phtic nac K, 1an lugt biang 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 1a st dung
cac phuong phép phan tich (héa hoc hay vat ly-héa ly) dé cho biét: c6
nhiing nguyen t0, phan ti, nhom nguyén ti trong phan td, hay ion nao
trong mot mau vat can nghién cau.

Giao trinh nay chu yéu 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. Phuwong phap héa hoc: La phuong phap dinh tinh dya trén cac phan
ting héa hoc. Phuong phap nay khéng can 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 - hoa ly La phuong phap phan tich dinh tinh dya
trén cac tinh chat vat 3 hoa 19 ctia mAt vAt ¢An kiém nghiém. Vi du, céc
phuong phap thusng THU V|EN

HUBT
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a. Phuong phdp soi tinh thé: Dung kinh hién vi dé phat hién cac tinh
thé c¢6 mau sic va hinh dang dic trung cia mét hgp chit. Ching han, ion
Na* tao tinh thé hinh mat nhin mau vang luc nhat véi thude thi Streng.

b. Phuong phdp so mau ngon lita: Dot cac hop chat dé bay hoi cta cac
nguyén td trén ngon ltia dén gas khong mau rdi quan sat. Ching han, ngon
Itia stronti cho mau dd 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 ph6 hap thu, huynh quang, cuc phé.

Cac phuong phap vat Iy — héa 1y ¢6 d6 nhay va d6 chinh xac cao,
nhung doi héi trang thiét bi phtc tap.

1.3. Phan tich uét va phan tich kho
a. Phan tich wdt: La phuong phap dinh tinh dugc tién hanh véi cac
dung dich. MAu vat rdn cin kiém nghiém phai dugec hoa tan trong nudc,
trong acid, trong dung dich cuong thuy hay trong cac dung moi hiiu co.
b. Phén tich khoé: Tién hanh phan tich véi cac chat ran hodc véi dung
dich bang dudng 161 khé. Chang han:
— Thi mau ngon ltia: Khi d6t muéi Sr** hodc dung dich chiia ion Sr*,
xuit hién ngon ltia mau do son.
— Diéu ché ngoc mau véi natri borat: ngoc mau lam 14 c6 muéi cobalt,
ngoc mau luc 12 ¢6 mudi crom.

1.4. Phan tich riéng biét va phan tich hé thong

a. Phén tich riéng biét: La xac dinh truc tiép mot ion trong hén hgp nhiéu ion
bing mét phan tng dic hiéu — phan tng chi xay ra véi riéng ion dé. Ta c6 thé
18y ting phan dung dich phan tich dé thu riéng ting ion ma khong cin theo
mét thi tu nhit dinh nao. Ching han, xac dinh Iod (cting & dang ion 1) trong
dung dich bang ho tinh bdt, phan ting dic hiéu cho mau xanh.

Thuc t€&, khong nhiéu ion c6 phan ting that dac hiéu. Do d6, phan tich
riéng biét chi dugc st dung trong su két hop véi phan tich hé thong

b. Phan tich hé théng: La tién hanh xac dinh ion theo mét thi tu nhat dinh.
Truée khi xac dinh mot ion phai loai bd ho#c khoa lai cac ion can tré — 1a cac
ion c6 phan ting véi thudce thi giong nhu ion can tim.

Chang han, ngudi ta thuong dung thuéc tht amoni oxalat (NH,),C,0,
dé xac dinh ion Ca*" qua-phan-ing:

Ca’+ C, 02— 'Cal. B, mau tring

41



Tuy nhién, Ba* cling cho phan tng tuong tu, do d6 truéc hét can phai

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

Ba®* + CrO,>— BaCrO, { mau vang

Dé phan tich hé théng mét hén hop nhiéu ion, ngudi ta thudng diung

cdc thuée thi nhém dé chia cac ion thanh nhiéu nhém, méi nhém cé thé lai
chia thanh cac phin nhém, va cudi cung dudc 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 dé phan tich nhém.

2.

CAC PHAN UNG DUNG TRONG PHAN TiCH PINH TINH

2.1. Cac loai phan tng

a.
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Phan ing 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' = AgClLy
— Phan ting trung hoa. Vi du:
Ba(OH), + 2HCI = BaCl, + 2H,0
— Phan tng tao chat bay hoi. Vi du:
NH,NO, + NaOH = NH," + NaNO, + H,0
— Phan tng oxy-héa kh. Vi du:
2Mn* + 5Pb0, + 4H* = 2MnO, + 5Pb* + 2H,0
— Phan ting tao phitic. Vi du:
Hg*" + 41 = [Hgl,]*

. Phan ttng theo muc dich phdan tich:

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

— Phan tng dic trung hay xac dinh: Nham tim mét ion khi né da dudc
c6 lap hay khi con trong hén hop.

— Phan ting tao diéu-kién.cho-tich.va.xac.dinh, nhu:

+ Phan ting “kh¢a” hay loai ion'ean’ tro.



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

2.2 P nhay va tinh diac hiéu cuia phan Gng

Céac phan ting dung trong phan tich dinh tinh can phai nhanh, nhay,
d#c hiéu, c6 ddu hiéu dé& nhan biét (nhu két tua, tao mau, mau thay doi
trong cac dung méi hay diéu kién phan tng, sinh khi c¢6 dic diém riéng ...),
xay ra hoan toan. Tuy nhién, tuy theo muc dich phan tich ma phan tng
dudgc lua chon chi can dat mot vai yéu cau cu thé, khéng nhat thiét phai cé
du cac dac tinh da néu. Chéng han, khi tach riéng mot ion bing cach két
tia thi phan @ng phai hoan toan. Nhung chi dé dinh tinh ion dé thi khéng
can phai nhu vay.

Hai yéu cGu quan trong doi véi mét phdn wng dinh tinh la dé nhay va
tinh dac hiéu.

2.2.1. D6 nhay ctia phdn ing: La lugng chat toi thiéu cé thé phat hién dugc
bing phan tng d6 trong nhiing diéu kién xac dinh. Cé6 2 cach biéu thi d¢ 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 mot mau dem thi, con
dudc phat hién bing mot phan @ng nao dé.

b. D6 nhay tuong doéi: La nong dd giéi han (hay do pha lodng giéi han),
thuong tinh theo g/mL, con dugc phat hién bing mét phan tng trong diéu
kién xac dinh.

Vi du: Phan tng két tua xac dinh Na* bang thuéc thi Streng trong
éng nghiém c6 d6 nhay tuyét d6i 1a 10 mcg, nghia 1a t6i thiéu phai c¢6 10
mcg Na® trong mot mau dem thi. Mat khac, dé quan sat duge r6 rang trong
éng nghiém thi thé tich dung dich mau dem thu it nh4t 14 0,5 mL. Vi vay,
dd nhay tuong d6i bang 2.10° g (Na*)/mL.

Ciing phan tng d6 nhung thuc hién bing cach soi tinh thé dusi kinh
hién vi, thi thé tich dung dich mAu thi chi can 0,001 mL, theo &6 d6 nhay
tuong doi van la 2.10° g/mL (hay do pha loang 1a 1/50.000 so v6i don vi
néng d6 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, dd nhay phu thuoc cach thuc hién phan tng.
Ngoai ra, do nhay con chiu anh hudng cta cac yéu t6 nhiét do, néng do
thuéc thi, su c6 mat cua cac ion la...

C6 mot s6 cach dé lam ting do nhay cta phan tng. Ching han, dung
dich iod rat loAng trong niibe c6 mau vang-kho nhan biét, nhung khi chiét
iod vao cloroform mau tim xuat hién rat ro rang.
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2.2.2. Tinh ddc hiéu cua phdn &ng: La trong nhiing diéu kién xac dinh, c6
thé dung phan tng (hay thuéc tht) dé dé xac dinh mot chdt khi c¢6 mat cac
ch&t khac. Tinh dic hiéu ciia mot phan tng c6 thé bidu thi bing gia tri:

F_ Luong ion can phat hién

- Luong ion la cing c6 mat

Tat nhién, F cang nho, phan tng cang dic hiéu.

Vi du: KI 14 thudce thi dic hiéu ctaa ion Hg** vi né cho tia mau doé son
Hgl, rat dé nhan ra, du nong d6 Hg* rat nho nam 1an trong nhiéu ion khac.
Hon niia mau d6 dé dang bién mat néu cho du KI do tao thanh phtc
[HgI,]* tan va khong mau.

2.3. Thubc thi trong cac phan wng dinh tinh
a. Yéu cqu cua thuéc thi trong phdan tich: Phai tinh khiét, nhay va déc hiéu.

Do tinh khiét 14 yéu cau quan trong nhat. Cac thudc thi héa hoc xép
theo do tinh khiét tidng dan nhu sau:

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

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

— Loai tinh khiét d€ 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. Thubc thi theo tdc dung phdn tich: gom cac loai

— Thuéc thi nhém: La thudc thi c6 tic dung giong nhau 1én mot nhém
cac ion. Vi du, HC1 1a thuéc thi cia nhém Ag*, Pb**, Hg,*.

— Thudbc thi chon loc: La thudc thi c6 tac dung giéng nhau trén mot sé
ion ma cic ion nay c6 thé thude cac nhém phan tich khac nhau. Ching
han, NH, c6 thé tao phtic tan va khong mau v6i mot s6 ion ¢ nhiéu
nhom phan tich.

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

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

DPé 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, dueng 161 phan tich hé, thong cac cation trong dung
dich da dugc xay dung kha chat ché:ti mot phan dung dich cdn phan tich
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(con goi 1a dung dich ban ddu, dung dich géc) ngudi ta 1an lugt tach ting
nhém, tiing phan nhém, roéi tach riéng ting cation dé xac dinh cac cation cé
mat trong dung dich.

C6 hai dudng 161 chu y&u dé phan tich hé théng cac cation 1a dudng 16
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 kha chit ché, cho két qua chinh xac, phat hién triét dé cac cation ké ca
khi ching ndm trong phtic chét. Tuy nhién, dudng 16i nay c6é nhuge diém
chti yéu la H,S rat doc hai, mui khé chiu va trong qua trinh phan tich
thuong gip cac dung dich keo ctia S rat khoé xt 1y. Vi thé, ngay nay, phuong
phap dung H,S hau nhu khong con duge st dung.

Duong 161 phan tich hé thong cation theo phuong phap acid-base chu
yéu dya trén kha niang 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 cd ban va dudng
161 phan tich t6ng quat. Nhém cation cd ban da tach lai duge phan tich thanh
tiing phan nhém, rdi tiing cation dé nhan biét nhd cac phan tng xac dinh hodc
phan tng véi thudc thi déc hiéu (xem cac so d6 6 cac bai tiép sau).

Bang 6. Su hinh thanh 6 nhém cation theo phuong phap acid-base

Nhém Thuéc thir Cac Cation thudc San pham tao thanh véi thuéc
nhém nhém thr nhém
) | HCl Ag+, Hg,?, Pb?* AgCl, Hg,Cl,, PbCl,
Nho(;n Ba2+ Sr2+
aci I H:SO, lodng | (o oo BaSO,, SrSO,, CaSO,, (PbSO,)
APt Cr**, Zn**
" NaOH du+ | ool g i AIO,, CrO,2, ZnO,>
H,0, A83+: ASS Sn0,%, AsO,*>
, Fe?, Fe¥, Sb* Fe(OH),, Fe(OH),, Sb(OH),
Nhom IV (NaOH) Sb**, Bi**, Mn?* Sb(OH),, Bi(OH),, Mn(OH),
pase Mg™ Mg(OH),
. Cu*, Cd*, Hg* Céc phiic amino
V NH4OH d{_:lC, du COZ+, Ni2+ [Me(NH3)n]Z+ n= 4’ 6
\Y]| Khong cé Na*, K, NH,*
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So dé 5*: So d6 phan tich téng quat 6 nhém cation theo phuong phéap acid-base

Dung dich phéan tich cation

+ HCI 6N
Ly tdm
A 4 A 4
Nhém I: (tda clorid) Nudc ly tam + Nhém VI: (dung dich phan
AgCl, Hg,Cl,, PbCl, H,SO, 2N tich): NH,*, Na*, K*
(Phan tich theo 50 do 1) Lythm  (Phan tich theo so d6 4)
Nhém Il: (tda sulfat) Nudc ly tam
+ NaOH 2N du
BasSO,, CaSO,, (SrSO,) (+ H,0,)

(Phan tich theo sa d6 2)

Ly tam

|

Nhom llI: (nuéce ly tam chta oxoanion)
AlO,, Zn0O,*, (Sn0,%, CrO,*)

:

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

(Phan tich theo so d6 2) Ly tam
A 4 Y
Nudc ly tam Tha HSbO, (hoac Sb,05.H,0)
+ Na,CO, t6i thoang duc Hoa tan bang HCI d&c — Xac dinh Sb:
+ NH,OH d&c - Phan {ng thdy phan
(+ H,0,) - Thuéc thir Caille-Viel
i (Sb%*5* c6 thé x&p nhém IV do tao tda
Ly tam hydroxyd/acid, khéng tao phic amoniacat/

A 4

Nhém IV: (tda hydroxyd)
Fe(OH),,Fe(OH),,
Bi(OH),,MnO,,Mg(OH),

(Phan tich theo s6 d6 3)

hoac x€p riéng
v

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

(Phan tich theo so d6 4)

* 86 thi tu (5) duge ghi tuong Gng viéi sosdd, Htxeong Phan 2. Thuc hanh phan tich
dinh tinh
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4. PHAN TiCH DPINH TINH ANION

Do khong c¢6 thudce thtt nhém that rd rang, nén cing khéng thé phan
chia mot cach chéat ché toan bd cac anion thanh nhiing nhém riéng dé phan
tich hé thong giéng nhu cac cation.

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

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

Vi du, mé6t phan ting két tiia khéng xay ra véi thudc thii nhém AgNO,
+ HNO, 2N, ¢6 nghia la cac anion tuong tng CI', Br, I', SCN" khéng 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 chén 14 dung dich phan tich c6 mot hay nhiéu anion ctia nhém S%,

S0.%, S,0.%, AsO,*.

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

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

Tuy nhién néu dung dich géc dé phan tich, hodc dung dich & diéu kién
tién hanh phan tng dic trung, da c6 du tinh chit cta nude 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 dude quan tAm chi chia thanh 2
nhém:

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

Nhom II: gbm CO,*, SO,*; SO,*; AsO,*; AsO,*; PO,*; CH,COO", SO,
SO,* dugc xac dinh theo phuong phap phan 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 thr theo nhém anion

STT | Thudc thir nhém Nhém anion San pham hoic diu hiéu phan ting
Tao cac khi tuong tng:
, , , 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 PN ng): 0 2
2R | 5,045 NO,; CIO thGi): SO, (mui séc manh): SO, va S:
NO va NO, (mau nau dd, kho thd): Cl,
(mau vang luc, khé thd)
Tao két tia tuong tmg:
AsO,*; AsO,*; CrO%; | Ca,(AsO,), tring; Ca,(AsO,), trang;
BaCl, + CaCl, t 3 4 4 3 3)2 g; 3 4)2 g;
2 | tuong ?ruﬁg (ot | CIO;  MnO,;  SO* | BaCrO, vang; Ba(MnO,), d6; BaSO,
;PO,%; BrO;; 105 F ... | tréng; Ca,(PO,), tring; Ba(BrO,), tring;
Ba(l0,), trdng; CaF,trang;...
Tao két tua tuong tmg:
3 | AgNO; + HNO; 2N SCN; CI; Br; I AgSCN trdng; AgCl trdng; AgBr vang
nhat; Agl vang ro
4 Hén hogp Mg (NH,OH ASO.> PO.* Tao két tda tuong ung:
+ NH,CI + MgCl,) o MgNH,AsO, trdng; MgNH,PO, tréng
Gidi phong |
Cro2; AsO; MnO,; | o Prond e =
5 | KI+H,SO, 2N CIO’; CIOy; BrOy; 10,; | (Nhan biét jod bang mau trong dung
NO.- dich nudc ‘hoac trong cloroform, hoac
z th{r bang ho tinh bot)
. S%;  S0,%;  S,0.%; . e
6 Dung dich I, AsO* Lam mét mau I,
) $?%; S0,%; S,0.%; NO,;
7 Dung dich KMnO, + AsO.*; CI; Br; I; CN; | Lam mat mau KMnO,
H,SO, 2N _
SCN
8 Khéng cé thubc thu NO," CIO,’

nhém

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 bing mot it
nude cdt. N&u 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 tiing

C6 nhiéu phuong phap rira dung cu: ¥iia bing phuong phap cd hoc va
rtia bang phuong phéap héa hoe.




Théng thuong rta bing cach dung chéi 16ng co sat vao thanh dung cu
da ngdm nuéc hodc dung méi thich hop, sau dé trang rta nhiéu lan. D61 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.

P61 véi cac dung cu khong riia sach dude bing chéi long va nude thi
phai dung cac dung dich riia c6 tac dung véi chat ban. Viéc chon dung dich
rua dua vao cac dic diém sau:

— Ban chit dung cu cin rda (14 thuy tinh, g, sit, nhua ...)

— Dung cu bi ban béi chat gi, tinh chit ctia né nhu thé nao (c6 thé tan
trong dung moi gi, ¢6 tinh acid hay base, tinh oxy héa hay kht ...)

Véi cac chit ban 14 mudi vo co hodc hitu co dé tan trong nude thi rua
bang nude xa phong. Vi cac chdt ban 14 ddu md, nhua hoéc cac chét hitu co
khong tan trong nudc thi c¢6 thé dung mot s 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 chit ban di ma khong 1am xude thanh dung cu thay tinh.

Ngoai ra con ¢6 thé dung cac dung dich riia c6 tinh oxy héa khi nhu:

— Hoén hop rta KMnO, 5%: rita sé bé dung cu bang nudc, sau d6 ngam
dung cu vao dung dich KMnO, 5% da acid héa bsi H,SO, va dun néng
nhe. Riia sach cac vét mau nau dd (san phadm phéan hay cta 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.

— Hbn hgp rtia sulfocromic (gom 20 - 30 g K,Cr,0, hoic Na,Cr,0, trong
1 lit acid H,SO, d#c) ¢c6 mau nau doé: dung dé rta cac dung cu bing
thuy tinh, gém st@. Sau khi rtia bang dung dich nay, trang lai dung cu
bing nude cdt roi sdy kho. Hn hgp ria sulfocromic cé thé tai st dung
nhiéu 14n cho dén khi mau nau d6 chuyén thanh mau xanh thAm méi
hét tac dung ria.

Chu y:
Khéng dé hén hgp ria roi trén da hodc quin 4o.

Khi can rta cac loai éng nhd, khéng dudc dung miéng hit ma phai
dung qua boép cao su dé hat dung dich rta hodc c¢6 thé ngdm ca dung cu vao
dung dich rua.

5.2. Cach dun néng

Pé dun néng héa chit, tuy theo nhiét d6 ta c6 thé st dung cac thiét bi
dun néng thich hgp. Trong qua trinh dun khong nén dé dung cu bi thay ddi
nhiét do dot ngot vi dé gay niit vo.
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— Dun chat long:

+ Khi dun chat 16ng dung trong binh cau, cdc thuy tinh phai 16t mot
tdm lu6i amian dé tranh vé. Khong dude dit coc néng nhéc ti bép
xudng mat ban da4 ma phai 16t bang cac vat cé tinh chat cach nhiét
nhu gb, amian....

+ Khi dun chat 16ng trong 6ng nghiém phai dung cidp gb cidp ong
nghiém. Trudc hét dun nhe toan bod 6ng nghiém, sau d6 méi tap
trung dun, vita dun vita lac déu, huéng miéng 6ng nghiém vé phia
khoéng ¢6 ngudi.

— Pun chit rdn: Dung 6ng nghiém khé, khi dun dé éng nghiém nam
nghiéng, ddu cao hon day mot chit. Lic ddu dun déu khip 6ng
nghiém, sau d6é méi tap trung dun ché cé chat ran, huéng miéng éng
nghiém vé phia khong c6 ngudi.

5.3. Loc

Loc 14 phuong phap dé tach chat rin ra khoi ch4t 16ng bang cach cho
hén hop di qua mét mang loc.

C6 nhiéu loai mang loc: gidy loc, bong thuong, bong thuy tinh, bong
amian, phéu day thay tinh x6p.... Viéc lua chon mang loc tuy thudc vao ban
chat dung dich va chat rin cdn tach. Néu chat ran hay dung dich loc pha
huy mang loc loai nao thi khong dung loai ay.

Vi du: acid hoidc kiém dic sé pha huy gidy loc cellulose nén khi loc
phai dung mang loc amian; CrO, c6é 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 phéu loc ¢c6 mang thay tinh x6p.

Tuy thudc vao kich thuéc ciia két tiia dinh loc ma chon loai mang loc
c6 kich thuéc 16 rébng cho phu hgp. Cac loai gidy loc, phéu thuy tinh x6p c6
céc s6 hiéu khac nhau dé chi kich thuéc 16 rong.

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

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

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

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

— CAt gidy loc tron va phéng dé 14y ca phan két tua va dich loc, dung
cho phéu day phing c6 13.

Chu y: Khi g&p gidy loc khéong nén miét tay qua manh vao gidy loc dé&
gay thung gidy khi loc.

Loc dwdi dp sudt thuong bang phéu thiy tinh hinh non:

Giay loc sau khi gap, dit vao phéu phai thap hon miéng phéu tu 3-5
mm. Gidy loc phai dat sat vao thanh ph&u va gin tdm phéu nhat, tranh
hién tugng c6 khoang cach khong khi 1am cho viéc loc cham. Phai thAm uét
gidy loc bang nuédc cit truée khi loc.

Khi loc, cudng phéu can cham vao thanh cdc dé dong chay lién tuc va
loc nhanh hon. Rét cdn than dung dich phia trén két tiia 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 duge dé két taa va dich loc cao qua 3/4 mép gidy loc; két
tua khong cao qua 1/2 chiéu cao gidy loc.
5.4. Ly tam

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

Khi dung may ly tdm cin theo ding nhiing quy téc sau day:
a) Dung cac 6ng c6 kich thuéc, hinh dang nhu nhau
b) Khéng d6 dung dich qua 2/3 dng

¢) Mbi 6ng dung dung dich can ly tAm phai c6 mot 6ng déi trong (dung
nudc) ning tuong ting va dit 2 6ng doi xiing qua truc quay.

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

e) Khi tat may phai giam téc do dan.

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

5.5. Rira két tua

Thuong dung ba cach rua két tia la ria gan, rua ly tAm va rda 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 nudc ria nita
va lap lai dong tac trén nhiéu lan.
5.5.2. Rita ly tam

Tron tua trong éng nghiém véi vai mL nude cat roi dem quay ly tam,
gan bo nudc ly tam. Lip lai vai l1an cho dén khi taa sach.
5.5.3. Riza trén phéu loc

Chuyén toan bd két taa 1én phéu loc, rét nude ria via da ngap taa.
Cho cho dung dich rta chay hét qua phéu loc r6éi méi rét tiép lan khac. Lip
lai dong tac nay nhiéu 1an cho dén khi két tua sach.

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

Dé kiém tra viéc ria da hoan thanh chua, ta 14y vao moét 6ng nghiém
nhd vai giot nudc ria sau khi da rta duge vai lan va thi xem cé con chat
can ruia hay khong.

Viéc chon nudc ria tuy thudc vao do tan cua két tia trong cac dung moi.
Thoéng thuong trong phong thi nghiém hay dung nuéc cit dé ria. Cac két tua
¢6 d6 tan it thay d6i theo nhiét d6 c6 thé dung nudc ria néng. Két tua dé tan
trong nudc thi rta bang nudc ngadm trong da hoic cac dung méi hitu co.

5.6. Thuc hién phan @ing

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

— Két tua 1a tinh thé, néu dem soi kinh hién vi thi tia phai c6 hinh
dang xac dinh.

— Két tua 1a v6 dinh hinh ho#c keo, néu ngay sau phan ting tua khé
ling, duc md ca dung dich.

5.6.2. Soi tinh thé
Bang hai cach:

a) Lam phan ting trong dng 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 tng trén phién kinh: nhd 1 giot dung dich, thém 1 giot
thudc thi bén canh, dang daa thuy tinh'1éi 1ién 2 giot dé phan tng.
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Chu y: Dung dich loang, tinh thé xu&t hién cham nhung ré hinh dang.
Néu loang qua thi ho néng phién kinh dé ting nong d6 chit phan tng.

Dung dich dic qua, tinh thé xu#t 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 ¢ phan nuéc ly tAm khong con xuat hién tua thi
phan ting két tia da hoan toan, néu ngudc lai 1a chua hoan toan.

— Ciing tht 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 thuéc thi hay dung méi vao, néu tua khong tan hét thi dung
diia thuy tinh tron kj hoiac dun néng mot chut.

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

Né&u muén hoa tan chi mot phan tua thi dem quay ly tadm roi gan hay
dung pipet dé tach riéng tua va dung dich.
5.6.5. Thu chdt khi

Chat khi thoat ra c6 thé nhan biét bing mau, mui hodc dung thude thi.
Thudc thi c6 thé tdm vao gidy loc réi dinh vao diu pipet, dau day hoic dung &
day mot 6ng nghiém khéc va nghiéng hay déc nguge dé hiing khi vao.

5.6.6. Thu mau ngon lua

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 thi: dung day Nickel-Crom hoiac day Platin da ria sach (bang
cach nhing vao dung dich HCl dic va dét dé vai lan) nhing vao bot thu
hay dung dich ch4t thi réi dua vao ngon ltia khéng mau cua dén gas.

5.6.7. Thu pH cua méi truong

O cac phan tng dinh tinh trong éng nghiém, thudng dung cac chi thi
mau 14 nhiing chét c¢6 mau sic bién d6i theo pH cta dung dich.
Cdch thu:
— Nhoé 1-2 giot phenolphthalein vao dung dich thi. Néu dung dich
khong mau thi pH < 8; dung dich ¢ mau do thi pH > 10; dung dich ¢6
mau héng canh sen thi pH ='3-10.
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— Nhing gidy quy tim vao dung dich thi hodc tdm uét gidy quy réi ho
vao khi bay ra. Néu gidy quy c6 mau doé thi dung dich thi hodc khi
bay ra tao dung dich c6 pH < 6; néu gidy quy c6 mau xanh thi pH > 8.

— Nho 1 giot dung dich thu lén gidy chi thi van néng?rfii so sanh mau
v6l thang do mau mau (in san trén hop hodc bia) dé xac dinh gia tri
pH (da cho 6 mdi mau mau).

5.6.8. Diéu 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 hoéc
12 dung dich dém vung kiém. T4t nhién, néu dang xac dinh Na* thi
khong dung nhiing chit chiia Na* dé diéu chinh méi trudng.

— Khi méi truong dang kiém ma muén diéu chinh vé méi truong acid
ho#éc trung tinh thi thém dan ting giot dung dich HCl, HNO,,
CH,COOH, NH,Cl, NH,NO, hay cac muéi cua acid manh va base yéu
khac hoéc 1a dung dich dém vung acid.

BAI TAP (BAI 2)
2.1. Chon mot tra 161 ding nhat:
(danh d&u V vao tra 16i ding nhat)

a. Phuong phap hoéa hoc trong phan tich dinh tinh la phuong phap
dua trén:

A. Céc tinh cht vat 1y cia mAu kiém nghiém
B. Do phé h4p thu nguyén ti, phan ti
C. Cac phan ting hoa hoc
D. Soi tinh thé duéi kinh hién vi
b. Phan tich uét 1a phuong phap phan tich dinh tinh tién hanh véi:
A. Dung dich
B. Chit ran
C. Dung dich bang dudng 16i kho
D. Ca dung dich va chat ran
c. Phan tich riéng biét la phéan tich:
A. Xac dinh mot ion bang phan ting dic trung
B. Xac dinh motion bangthuoc thit dic hidu
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C. Xac dinh ion bang thuéc thit nhém
D. Xac dinh m6t nhém ion bang thudc thi dic hiéu
d. Phan tich hé théng 12 phuong phap:

A. Xac dinh ion trong hén hop nhiéu ion bang thudc thii dic hiéu
B. Xac dinh cac ion theo thi tu nhat dinh
C. Xac dinh ion bang thuéc thi nhém

D. Xac dinh ion béng phan ting xac dinh

2.2,

2.3.

24.

2.5.

2.6.

2.7.

2.8.

Phan biét dang (D), sai (S)

(Panh ddu V vao 6 thich hgp) b S
a. Phan tng tach 1a phan tng khéa 1 ion can trd 0
b. Phan tng dé chia céc ion thanh ting nhém nhé [ 0

hosc dé tach riéng 1 ion goi 1a phan tng tach

c. Phan ting xac dinh la phan tng dé tim 1 ion da c6 [ 0
lap hoac con trong hon hgp véi cac ion khac

d. D6 nhay tuyét doi 1a giéi han néng d6 con duge [ 0
phat hién bang mot phan tng

e. Lugng ch&t nho nhat tinh biang mcg trong mot mau [ 0
kiém nghiém con dugc phat hién bang mot phan
ting goi 1a d6 nhay tuyét doi

f. D6 nhay tuong déi 1a néng d6 nho nhat tinh theo [ 0
g/mL con duge phat hién béi mot phan tng

g. D0 nhay cua modt phan tng xac dinh phu thudc [ 0
diéu kién tién hanh

Duong 161 phan tich hé thong cac cation theo phuong phap acid-

base dya trén nguyén tac nao?

K& ra cac thudc thtt nhém va tén cac cation trong nhém phan tich

theo phuong phap acid-base

Vé so do phéan tich téng quat 6 nhém cation theo phuong phéap
acid-base

Ké tén cac thudc thit nhém anion va doc tén cac anion theo méi
thudc thi tuong ting

Phan {ing gitia thuéc thli nhém anion va anion trong nhém thudc
nhiing loai phan ting nao va cho nhiing san pham gi ? Nhan biét
cac san pham ay nhu thé& nao?

Phan chia cac anion thanh 2 nhom (theo giao trinh nay) la dua
trén duong 161 phan tich hé thong? Niia 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 duodc phan ng cia thuédc thi nhém vdi cde cation nhém I.
2. Viét duoc mot s phan ing ddc trung cua cdc cation nhém I.

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

1. TINH CHAT CHUNG

Cac cation nhém nay c6 kha nang tao két tta véi hau hét cac acid (tru
HNO,), nhung chi ¢6 HCI 6N thi tao tua v6i nh6m nay ma khong tao tua
v6i cac cation nhém khéc. Vi thé, HC] chinh 1a thuéc thi dé tdch nhém
cation Ag*, Pb**, Hg,” ra khdi cac cation khAc.

T cac mudl két tia nay, ngudi ta lai tach ching ra va nhan biét tiing
cation nhém I dua vao cac phan ting dic trung cua chung.

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

2.1. V6i HC1 loang
Ag"+ HCIl = Agchrtréng, v6 dink hinh T H*
Hg,” + 2HCl = Hg,Clylying vo dinh ninn + 2H'
(Hg,Cl, con goi la calomel)
Pb* + 2HCL = PbClylying inn e + 2H'

AgCl va Hg,Cl, ¢6 d0 tan it phu thudc vao nhiét do, trong khi d6 tan
ciia mudi PbCl, phu thudc rat nhiéu vao nhiét d6 (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,ClL,
bang nudc néng.

AgCl va dac biét-la-PbCly-tan-dude-trong-HCl dac va cac dung dich
mudi clorid dam dic, nhat la khi dun nong:
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AgCl + 2HCI = H,[AgCl,]
PbCl, + 2HCI = H,[PbCl,]

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

AgCl c6 kha ning tao thanh cac phtic 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 tua AgCl xuat hién tré lai:
[Ag(NH,),]* + 2HNO, = AgCl, + 2NH,NO,

Hg,Cl, chi tan trong HNO, d#c hoic 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
(NH,Hg,)Cl = [NH,Hg]CLy 4, + H"L gen

2.2. V6i KI hay KBr
Ag'+T = Agly
Ag+ + BI'- = AgBI'l, vang nhat

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

Hg22+ + 21 = Hg212¢ vang xanh
Hg,I, + 21 = [Hgl,]* + Hg°
C6 thé nhan biét dude su c6 méit cia Hg,>" nhd két tia mau vang xanh
cua Hg,I, trén nén vang cua cac tia Agl va Pbl,, nhung nong d6 cua Hg,*
phai du 1én.
Pb2* + 2 = PbL,{ .y,
PbI, + 2T = [PbL]*

Tinh thé Pbl, khi dun néng sé tan va lam lanh sé& tao thanh céc tinh
thé 6ng Anh mau vang rit dep. Nhung phan tng nay ciing cAn nong do caa
Pb®* tuong d6i 16n. Khi néng dd nhé thi dung cac thuéc thi khac nhu KI
hay K, CrO, trong méi-trugng acid yéu ho#etrung tinh, hodc Na,S trong
mdi truong kiém.

khéng mau
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2.3. V6i H,SO, loang
Pb2+ + SO42- = PbSO4J, tinh thé tring

PbSO, khong tan trong cac acid loang, nhung tan trong H,SO, dac,
HCI1 dac, NaOH dac, CH,COONH,:

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

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

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

PbSO, + 4CH,COONH, = (NH,),[Pb(CH,CO0),] + (NH,),SO,

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

ching tuong d6i 16n, do tich s tan cia cAc mudi tuong ting khong nho.
2.4. V6i NaOH hay KOH

Ag"+ OH = AgOHy 4y,

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

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

Hg,” + 20H = Hg,0y 4, + H,0
Hg,O tan dugc trong HNO, va CH,COOH dac.
Pb2* + 20H" = Ph(OH),. pins
Pb(OH), + 20H" = PbO,* + 2H,0
Do dé tao thanh plumbit nén cac muéi chi PbSO,, PbCrO,... déu dé
tan trong kiém du.
2.5. V6i NH,OH
_ 2Ag" + 2NH,0H = 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’! 1o + SNH,NO,
- Pb(NO,), + NH,OH = Pb(OH)NO,, + NH,NO,

2.6. Vi Na,CO, hay K,CO,
- 2Ag" + CO,* = Ag,CO,y
_ 9Pb* + CO,* + 20H" = Pb,(OH),CO,,
- Hg,” + CO,>* =Hg,CO,.
Hg,CO, = HgOy + Hgy + €0,
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2.7.V6i K,CrO,
2Ag" + CTO42_ = Ag,CrO,! 4 nau

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

- Hg,** + CrO,* = Hg,CrO, 4
- Pb*" + CrO,* = PbCrO 4,
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 rdt nho, nén phan tng nay thudng duge dung dé tim
Pb**. PbS khéng tan trong HC1, H,SO,, nhung tan trong HNO, loang, néng
hoac trong HNO, dac:

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

2.9. Vi Na,S,0,
- 2Ag" + 5,0, = Ag,S,045 1 ting
Néu du S,0,* thi tao phiic tan:
Ag,S,0, + 35,0, = 2[Ag(S,0,),]*

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

2[Ag(S,0,),]* + H,0 = Ag,S, 4., + SO,* + 2H" + 35,0,*
2[Ag(S,0,),]> + 4H" = Ag,S| 4., + SO,* + 380, + 3S + 2H,0
- Hg,”" + 25,0, = HgSy 4, + Hg + S + SO, + SO,*
- Pb*" + 8,0,* = PbSs:Oqva
PbS,0, + 28,0, /= [Ph(S,0,).]"
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[Pb(S,0,),]" + 2H" = PbS, + 28 + 250, + SO,* + H,0

2.10. Vi Na,HPO,
- 3Ag+ + HPO42- = Ag3PO4¢ vang tuci + H+
Ag,PO, tan trong HNO, va NH,OH:

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

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

NaOH:
Pb, (PO,), + 90H" = 3HPbO, + 2PO,* + 3H,0
Bang 8: Tém tat cac phan (ng dac trung cla cation nhém |
Cation
Thuéc thu
Ag* Pb* Hg,*
AgCly 4 tan trong ' o | H2Cloy yzng, tAC dung véi
HClloang | NH,OH du do tao phic Egr?g'f“éng’ tantrong nUdc | N\ OH  tao  Hg?  +
[Ag(NH;),]* NH,HgCl
HZSO4 IOéng - Pbso4¢ trang HgZSOMr tréng
NaOH hay Pb(OH),y s tan trong
KOH A0 g kism du, tao PbO,* 19204 6o
NH,OH du tao phiic [Ag(NH;),]* Pb(OH),4 trang [Hg,ONH,INO;, + Hg°
K,CO ha Hg,CO, = HgO + Hg +
No.CO, | ACOuL g Pb,(OH),CO4. g co, T
PbCrO ang  tan  tron
K,CrO, Ag,CrO4¢ g5 na kiém dél’i vang g Hg,CrO, 5
A ng'zl«véng xanh néu dU
Kl AGLL ang Egrl]” vang 18N TONG NUOC | 4 i< i s tao thanh:
g Hg|42- + Hgo
HZS AgZSlv den PbS,L den HgSl«den + Hgo¢
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3.SO PO PHAN TiCH

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

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

A\ 4

Taa T, (AgCl, Hg,Cl,, PbCl,) rira bang Nudéc ly tam L,
H,O + HCI 2N. Bun s6i, ly tdm néng (c6 cation cac nhom I, 111, IV, V)

l l

Nudc ly tam L,:

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

* So d6 thuc hanh tuong tGng: xem so 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,);y + K, CrO=s =+

6) Pb(NO,), + Na,S — ... + .-
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3.2.

3.3.

3.4.

3.5.

Hay c4n bang va lua chon mot phan tng dé phat hién ion Ag*
trong dung dich phén tich:

1) Agt+T — Agl

2) AgNO, + H,SO, » Ag,SO, + HNO,

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

Hay giai thich vi sao c6 thé hoa tan PbCl, tit hdn hop AgCl, PbCl,,
Hg,Cl, bang cach dun néng?

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

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



Bai4

CATION NHOM II: Ca*, Ba*

MUC TIEU
1. Trinh bay va gidi thich dugc phdan ting cua thuéce thit nhém vdi cdc cation nhom I1.
2. Viét mét s6 phdn ting ddc trung cua cdc cation nhom I1.

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

1. TINH CHAT CHUNG

Cac cation Ca*, Ba®" dé dang tao két tiia bén viing véi acid H,SO,
lodng, nén acid nay 14 thuéc thtt nhém dé tach cation kim loai kiém thé ra
khdi cac cation khac. Tuy nhién, cac két tiia sulfat nay khé tan ho#c khong
tan trong acid ho#c kiém, nén can chuyén ching thanh tda carbonat. Sau
d6 hoa tan tia carbonat bang CH,COOH réi nhan biét tiing cation nhom II
nhd cac phan ting dic trung cua chung.

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

2.1. Véi H,SO, loang
Ba* + H,S0, = BaSO, { ynh thé tring T 2H"
Sr** + H,S0, = SrSO, 4 inh thé tring T 2H"
Ca® + H,S0, = CaS0, 4 yin, + 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,

2.2. V6i Na,CO; hay K,CO,, (NH,),CO,:
Na,CO, + MeCl, =MeCO, | + 2NaCl
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Cac mudi carbonat nay it tan trong nuéc, nhung tan trong cac acid
HCl, HNO,, CH,COOH:

MeCO, + 2HCI = MeCl, + H,0 + CO,’
Do CO,* két tta dli(jc\nhié\li cation nhém khéac, nén khong diung né dé
tach cac cation kim loai kiém thé ra khoi cac nhom khac.
2.3. V6i K,CrO,
Ba® + Cr0,” = BaCrO, { ynh thé vang
Sr** + CrO,* = SrCrO, J ynn thé vang

Két tua 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 cd s dé tach Ba? ra khéi Pb?".

2.4. V6i amoni oxalat (NH,),C,0,
Me*" + (NH,),C,0, = MeC,0, tinn tné wring 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. Véi Na,HPO,
Me*" + Na,HPO, = MeHPO, ,,4,, + 2Na*
MeHPO, tan trong HCI, HNO, va CH;COOH.

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

. ) Cation
Thuoc thu
Ba® sr* Ca*
- CaSO0O,; .z, tan nhiéu

HZSO4 Ioang Basoﬂ« tréng SrSO4¢ tréng trong I?'IU’(%CQ
NaZCO3 BaCO?:l« tréng SrCO&L tréng CaCO&L tréng
K,CrO,
- M6i trudng trung tinh BaCrO,1 vang SrCrO,4 yang -
- Méi trudng acid BaCrO,1 vang - -
(N H4)ZCZO4 BaC2O4 { tréng SrCZO4 { trang CaCZO4 { tréng
NaZHPO4 BaHPO4 { tréng SrHPO4 { tréng CaHPO4 { tréng
Thd& mau ngon Ira Mau.vang-luc Mau do manh Mau d6 gach
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3.SO PO PHAN TiCH

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

BAI TAP (BAI 4)
4.1. Hay hoan thanh cic 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 ¢6 thé diung Na,CO, béo hoa dé chuyén két
tua BaS0O,, CaSO, thanh két tia BaCO,, CaCO, ?

4.3. Hay giai thich vi sao c¢6 thé dung (NH,),C,0, dé nhan biét su ¢
mit cua ion Ca® trong dung dich?

4.4. Hay giai thich vi sao ¢6 thé dung K,CrO, trong moéi trudng kiém
dé nhan biét su c6 mit cta ion Ba®* trong dung dich?
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Bai5

CATION NHOM lil: AP, Zn?

1. TINH CHAT CHUNG

Cac cation nhém III déu c6 kha niang tao thanh cac mudi tan trong
moi truong kiém du:

Al** + 40H = AlO, + 2H,0
Aluminat
Zn* + 40H = Zn0O,*> + 2H,0
Zincat

Vi vay thudc thi dé tach cation nhém III ra khéi cdec nhém khac 1a
NaOH hoéc KOH du. Sau d6 nhéan biét tiing cation nhém III bing cac phan
ting dic trung ctua ching.

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

2.1. V6i NaOH hay KOH
- AP’ + 30H = Al(OH),, tréng v6 dinh hinh
AI(OH), + OH' = AlO," + 2H,0
Muoén thu dudc két tua AI(OH), thi dung acid yéu:
AlO, + NH," + H,0 = AI(OH),, + NH,
- Zn% + 20H =Zn(0OH),\

Zn(OH), + 20

BHIG VIEN
HUBT
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Muén thu dugc két tta 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* + 4NH,OH = [Zn(NH,),]* + 4H,0

2.3. V6i Na,CO, hay K,CO,
2A1Cl,; + 3Na,CO, + 3H,0 = 2A1(OH),1+ 6 NaCl + 3CO,1
Riéng Zn* tao thanh cac san phadm khac nhau tuy theo nong d6 dung dich:
27nCl, + 2Na,CO, + H,0 = Zn,(OH),CO,, + 4NaCl + CO,»
3ZnCl, + 3Na,CO, + H,0 = Zn,(OH),(CO,),| + 6NaCl + CO,t

2.4. V&i Na,HPO,
AICI, + 2Na,HPO, = AIPO, | .., sine + 3NaCl + NaH,PO,
3ZnCl, + 4Na,HPO, = Zny(PO,), | 1., uing + 6NaCl + 2NaH,PO,

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

2.5. Vé6i H,S:
— Trong moéi truong trung tinh ho#c amoniac thi AI** tao thanh AI(OH),, :
2NH,OH + H,S = (NH)),S + 2H,0
2A1C1, + 3(NH,),S = Al,S,; + 6NH,Cl
AlLS, + 6H,0 = 2A1(OH),y + 3H,S
— Trong mdi trudng trung tinh hodc kiém yéu thi Zn®* tao thanh ZnS, :
Zn* + H,S = ZnS| y4ng vo ainh e T 2H”

ZnS tan trong cac acid v6 cd, nhung khéng tan trong CH,COOH va
NaOH.
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Bang 10: Tom tat cac phan (ing dac trung clia cation nhom Il

Cation
Thuéc thir
AP* Zn*
NaOH du AlO, Zn0,*
NaZCOS Al(OH)3¢keo tréng ZnZ(OH)ZCO?:l«tréng
NH4OH du Al(OH)Sikeo tréng [Zn(NH3)4]2+ tan
NaZH PO4 AIPO4¢ tréng Zn3(PO4)2¢ tréng
H,S trong CH,COOH - ZNSy ysng
(NH,),S trong maéi trudng trung
. 2 LR ~ Al(OH)Sikeo tréng ZnSi trang
tinh hay kiém yéu
- C6 mat vét Cu*, tao

két tia mau tim

(NH,),[Hg(SCN),] - ,
- C6 mat vét Co*, tao
két tha mau luc
o K&t tha son dé
Alizarin-S
o OH O/(AI\O
‘O ) OH
SO3Na
SOsNa
o]
o)
(1/3 cong thic phic)
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3. SO PO PHAN TiCH

So d62*: Sa d6 ly thuyét phan tich Cation nhom 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

v v
Nudc ly tam L,:Al**, Zn** + NaOH 2N du

Tba T, (BaSO,, CaSQ,)

Na,CO, b&o hoa I&c ky, dun ndng, ly
tam. Lap lai 3,4 1an dé chuyén hét tda
T1 thanh tla BaCO,, CaCO,

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

Tda T4 Al (OH), Nuéc ly tam Lg: [Zn(NH,), ]
= Tim AP = Tim Zn*

A 4

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

l

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

N

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

* Sg @6 thuc hanh tuong ting; xem ,sd.do 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 {ing sau:
1) AlCl, + KOHy, — ... +....
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,CIl bdo hoa va
NH,OH dac dé tach riéng AlO, va ZnO,> ?

5.3. Dé nhan biét su c6 mit caa ion Al’* trong dung dich, c6 thé dung
thuéc thii 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 dugc phdn tng ciia thubdce thiz nhém vdi cdc cation nhém IV.
2. Viét duoc mot s phan ing ddc trung cua cdc cation nhém IV.

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

1. TINH CHAT CHUNG

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

Fe’ + 30H = Fe(OH)3 0, a5
Fe?* + 20H" = Fe(OH)ul 1y4ng xann
Mg* + 20H = Mg(OH),, tréng
Bi** + 30H = Bi(OH),,

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

Sau khi tach riéng dugce cac két ttia 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 tua, nén mudn
ching ton tai trong dung dich thi can duy tri pH caa dung dich thap.

Fe** + H,0 = Fe(OH)*" + H*
Fe(OH)** + H,0 = Fe(OH)," + H*
Bi(NO,), + H;0 = BiONOY J,. /I £ ZHNO,
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2.2. V6i NaOH
F63+ + 30H = Fe(OH)Si' nau dé
F82+ + 20H = Fe(OH)Ql« tring xanh

Fe(OH), rat dé bi oxy héa bdi cac tdc 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)Zi tring
Mn2+ + 2OH = Mn(OH)Zi tréng

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

Mg(OH), = Mg* + 20H
l + 2NH,Cl
2NH,OH + 2CI
Mn(OH), d& bi oxy héa dé tao thanh MnO,:
Mn(OH), + H,0, = MnO, | .., 4., + 2H,0
Bi** + 30H" = Bi(OH);! 40,

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

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

2.3. Vi Na,CO,
Mn*" + Na,CO,; = MnCOy | ,,4,, + 2Na*
Fe* + Na,CO, = FeCOyy 4, + 2Na’

Dé lau trong khéng khi 4m FeCO, bi oxy héa dan tao thanh
FeOHCO,.

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

2Fe* 4+ 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

2Mg*" + 2Na,CO, + H,0=MgOH),CO; | 14, + 4Na* + CO,1

2Bi*" + 3Na,CO; + H,0 = 2BiOHCO, | 44,, + 6Na* + COx
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Cac mudi carbonat va muéi carbonat base nay déu tan dudc trong cac
acid, riétng (MgOH),CO, con tan dudc trong mudl 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;i4,, + 6H"
2Fe* + H,S = 2Fe** + 2H" + S,
— Trong méi truong NH,:
Fe** + S* = FeS| 4.,
2Fe® + 3S* = Fe,S,! 4en
Mn*" + S* = MnSy psng nhat

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

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

2.5. Véi Na,HPO,:
4Fe* + 3HPO,> = FeHPO, + Fe,(PO,), | nine + 2H"
Trong moi trudng acid acetic thi chi tao thanh Fe,(PO,),.
Fe’* + 2HPO,* = FePO,, + H,PO,
3Mn2* + 4HPO,* = Mny(PO,),0 ying + 2H,PO,

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

Mn® + HPO + NH,0H = MnNH,PO,; + H,0
Mg + HPO,* = MgHPO,{ 110,

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

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

Khéng mau Mau tim
9Mn(NO,), + 6HNO, + 5Pb0,(r) = 2HMnO, + 5Pb(NO,), + 2H,0
Khoéng mau Mau tim
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2.7. V6i KSCN

Fe?* + 3KSCN = Fe(SCN), 4 45 e + 3K*
Fe(SCN), + 3KSCN = K,[Fe(SCN),]

2.8. V6i K [Fe(CN)gl

3Fe2+ + 2K8[Fe(CN)6] = FeB[Fe(CN)G]Z ixanh tua bin + 6K+

2.9. V6i K, [Fe(CN)¢]

4Fe* + 3K,[Fe(CN),] = Fe,[Fe(CN)g]; 1

tan mau dé mau

xanh ph

s+ 12K"

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

- 2 Cation
Thuoc thu
Fe2+ Fe3+ Mn2+ Mgz+ Bi3+
Fe(OH)ZL trdng xanh» Mn(OH)thrény
NaOH héa nau trong|Fe(OH),i nay héa nau trong | Mg(OH),y ysng Bi(OH)3 yrang
khéng khi khoéng khi
BiOCl, hoac
HZO ) i ) i BiONOZNtréng
Na,CO;  |FeCOy g Fe(OH)CO,, | MnCO,, MI(OHICO | Bi(OH)CO, rong
tréng
MgHPO,, hoac
tron moi | .
NaZHPO4 FeS(PO4)2~Ltréng FePO4~Lvéngnhat MnS(PO4)2ltréng tru’(‘jgg NH4OH B|P04itréng
MgNH,PO,,
Bilsy g, NEU du
Kl - - - - Kl thi tao BI,
mau cam
Fe(SCN);L 4
may DOAC  du
KSCN - SCN' tao phtrc - - -
tan déd mau
[Fe(SCN)e]*
K,[Fe(CN),] Fes[Fe(CN)el. _ ) ) )
xanh tua bin
K4[Fe(CN)6] Fe4[Fe(CN)6]3l
xanh phd
H,S trong
moi  trudng - - - - Bi,S31 den
acid
PbO, trong
moi trudng - - MnO, mau tim - -
acid
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3.SO PO PHAN TiCH

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

Dung dich phan tich + NaCO, bao hoa téi thoang duc réi tan
+ NH,OH d3c. Ly tdm, 13y két tla

A 4

Tda Fe(OH),, Fe(OH);, Mg(OH),, Mn(OH),, Bi(OH),.
+ NH,Cl bao hoa

A 4

A 4

Nudc ly tam L,: Mg?* Tha T,: Fe(OH),, Fe(OH),, Mn(OH),, Bi(OH),
= Tim Mag?* + HNO; 10%, dun séi

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 ing sau:
1) FeCl, + NaOH — ... +....
2) Fe(NO,), + K,[Fe(CN)¢].—-....+....
3) Fe(NO,), # NaOH -» . +...
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4) FeSO, + K;[Fe(CN),] — ... +....

5) Bi(NO,), + Na,S — ... +....

6) Bi(NO,), + 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 caa ion Fe**
trong dung dich khong? Vi sao?

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



Bai 7

CATION NHOM V: Cu®, Hg*

1. TINH CHAT CHUNG

— CAac cation nhém nay cé kha ning tao thanh cac phiic bén viing véi
NH,, CN’, SCN'...

— C4c mudi sulfid cia cac cation nhém nay cé6 dd tan khic nhau phu
thudc vao doé acid cua moi truong.

Do d6 c6 thé dung NH,OH dé tach cac cation nhém V, sau d6 dung
Na,S dé tach riéng tiing cation trong nhém.

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

2.1. Vi NaOH
Cu* + 20H = Cu(OH)s! o 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 phiic
[Cu(NH,),]*".

Hg2+ + OH = [HgOH]+méu d6 gach
[HgOH]" + OH" = Hg(OH),.
Hg(OH), = HgOJrvérg +H,0

THU’ VIEN
HUBT

TAI LIEU PHUC VU THAM KHAO NOI B8O
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2.2. V&i NH,OH
Cu2+ + 4NH4OH = [Cu(NH3)4]2+xanh lam dam
Hg*" + 4NH,0H = [Hg(NH,),]* + 4H,0

+ 4H,0

2.3. Véi H,S hay Na,S
Cu® + H,S = CuSy ,,, + 2H*
Cu* + S*=CuS, 4,

CuS khong tan trong HCIl, H,SO, dac nhung tan trong HNO, theo
phén 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 tng:

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 + 2NaCl + 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
HgC(Cl, + SnCl, + 6NaOH = 2Hg| ,., + Na,SnO, + 4NaC(Cl + 3H,0

2.6. Véi KI
2Cu* +4I = 2Culy 4, + L
Hg*" + 21" = Hglyl 45 cam
Hgl, + 21 = [Hgl,]*

khong mau

2.7. Véi NH,SCN
Cu® + 2NH SCN = Cu(SCN), |, +oNH,*
Hg? + 2NH,SON = Ho(SCN) Y | =% oNH,!
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Néu du NH,SCN:

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

Bang 12: Tom tat cac phan (ing dac trung clia cation nhém V

i ) Cation
Thuéc thu
cu2+ ng+

NaOH Cu(OH), ;oo = CUO 4n HGO 1 ang
NH4OH du [CU(NH3)4]2+xanh lam @am [Hg(NH3)4]2+
H,S trong méi trudng acid CuS HaS
Ho#c Na,S den 9iaen
KCN [Cu(CN),J* [Hg(CN).J*

' Hgl,i45 cam NEU du Kl tao phiic tan
N Cull g + 1 khong mau [Hgl, ]
SnCl,/NaOH HY! gen
NH,SCN CU(SCN),. o.. HY(SCN),y s Néu du NH,SCN

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

3. SO PO PHAN TiCH

So d6 4%: So 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 ing 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 HCIl dac? Nhung khi tron HNO, va HCI theo
ty 1& 1:3 vé thé tich thi lai hoa tan dugc 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*

khoéng? Vi sao?

7.5. C6 thé dung dung dich NH,OH. du, dé phan 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 nhom VI.
2. Gidi thich dudc cdc bude phén tich theo so dé 4 (phan phén tich cation nhém VI).

1. TINH CHAT CHUNG

Mubi cua céc cation nhém nay déu 1a muéi tan, nén thuéc thi chung
ctia nhém khéng c6. Ching ta tim lan lugt tiing ion truc tiép tu dung dich
phan tich (dung dich gbc) nho vao cac phan ing dic trung cua tiing cation
v6i tiing 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,),] 6 méi truong trung tinh:
2K* + Na" + [Co(NO,)¢]*= K,Na[Co(NO,)¢]  inn thé vang
Nhung NH,* ciing cho phan tng tuong tu:
2NH," + Na" + [Co(NO,)]*= (NH,),Na[Co(NO,)e] | tinn 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 thudc thi.

Phan Ging tim K" bi can tré bdéi ion I' va d6 nhay cta 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\ ,;,, + H"
NH," + C,H,(NO,),0H = C,H,(NO,),ONH
Cén loai NH," bangkiém-trude-khi-tim-K*

+ H*

4‘L vang
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2.1.3. Bdng thit 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 uét chuyén thanh xanh,
hoic gidy tAm 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 = [HgI,NH,]I, ..., + 5KI + H,0

\ /

TT Nessler Thuy ngan(II)amidodiiodo iodid

Moét s8 cation kim loai chuyén tiép giy can tré phan tng trén do tao
tia hydroxyd c6 mau hoic pha huy thuéc thi, nén phai loai chiing bang
kiém manh va carbonat hoic khéa ching trong phtc véi kali natri tartrat
(KNaC,H,O,) truéc khi dung thudéc thii Nessler.

2.3. Tim Na*

2.3.1. Bdng thuéc thi: Streng (Kém Uranyl acetat)
Na* + Zn(UO,),(CH,COO), + CHBCOO/' = NaZn(UO,)3(CH;COO0)g! yang 1y

TT Streng

NaZn(UO,),(CH,CO0), c6 tinh thé hinh mat nhan khi soi trén kinh
hién vi.

Cac ion Ag*, Hg,?", Sb* cling tao két tua véi thude thi, nhung tinh thé
hinh kim dai; hoéc loai bd cac ion nay bang kiém manh trudc, réi méi dung
thuéc thiu Streng.

2.3.2. Thi mau ngon lia:

Na® cho mau vang déc trung.

3. SO PO PHAN TiCH
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Sa do 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

Tda den: CuS, HgS + HNO,. Bun néng

\ 4 A 4
Nudc ly tam Tda: HgS + S
= Tim Cu?® = Tim Hg*

* So d6 thuc hanh tuong tGng: 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(NO,)] — ... +....
3) NH,Cl + Hg(NO,), + KI;, — ... +....
4) KCl + C(H,(NO,),OH — ... +....

8.2. Hay giai thich vi sao can cho dung dich kali natri tartrat dic
trude khi cho thudc thit Nessler vao dung dich goc dé nhan biét
ion NH,™?

8.3. C6 thé cho dung dich K,CO, béo hoa va NaOH dic vao dung dich
gbc trude khi nhan biét ion Na* bang thuéc thi Streng? Vi sao?

8.4. C6 thé cho/dung dich Na,CO; bao hoa va KOH dic vao dung dich
goc trude khinhan biét ion K bangthube 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 ng 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. TINH CHAT CHUNG

— Céac anion nhém I tao két tiia véi Ag™ trong moéi truong acid HNO,
loAng. Mudi bac ctia cic anion nhém nay khong tan trong acid HNO,,.
Vi th& AgNO, + HNO, duge goi 1a thudc tht nhém dé tach riéng anion
nhém I ra khéi hén hgp phan tich. Sau d6 dua vao cac phan ting dic
trung cua tung anion dé tach va phat hién ching.

— DE loai cac cation gAy trd ngai khi xac dinh cac anion, cAn chuyén
dung dich phan tich thanh nuéc soda (xem muc 4 Bai 2). Chéng han,
trong nudéc soda thi Hg®" dudc loai bo, nho d6 cac anion Cl, I' dudc giai
phéng khoi HgCl,, Hgl*, Hgl, 1a nhiing hop chat tan nhiéu nhung
dién ly rat kém

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

2.1. Phan @tng cua CI’
- Vé6i Ag™:
CI + AgNO, = AgCl | 1, + NO,
AgCl tan trong NH,OH, KCN, Na,S,0,... dé tao thanh c4c phtc tan.
- V6i Pb**
2C1 + Pb** = PbCl 4 40,
PbCl, tan trong nudc néng va két tta tré lai khi lam lanh.
— Phan tng oxy hoéa:
2CI + PbO, #4H =61, ¥Pb# Y1210
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Nhan biét Cl, sinh ra bang gidy tdm KI va hé tinh bot do:
Cl, + 2KI = 2KCI + 1,
I, 1am xanh hé tinh bot.

2.2. Phan trng cta Br
- Véi Ag™:
Br + AgNO; = AgBr | ;0 nhat T NOy
AgBr tan trong NH,0H, KCN, Na,S,0,... dé tao thanh c4c phc tan.
- V6i Pb**
2Br" + Pb*" = PbBr,J 140,
PbBr, tan trong kiém, CH,COONH, va KBr du:
PbBr, + 2KBr = K,[PbBr,]
— Br'tac dung véi nuée clor hoac nuée 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
- Véi Ag™:
I' + AgNO; = Agl | 5, + NOy

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

- Véi Hg™":
Hg® + 2T = Hgl,! 4 cam
Hgl, + 21 = [Hgl,]*
- Véi Cu*:
2Cu* + 4T = 2Cull 4, + Ltnau sim
(Né&u c6 1an SO,* thi: I, + SO,* + H,0 =T + SO,*> + 2H")
— V6i NaNO, trong moi truong 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,:
2 + Cl, = I, + 2CT
I, tan trong cloroform (dung méi khong oxy) cho dung dich mau tim.
Néu Cl, du sé lam mat mau I, vi:
I, + 5Cl, + 6H,0 = 2HIO, + 10HCI
— Véi Fe™:
2Fe® + 21 = 2Fe™ + 1,
2.4. Phan trng cua SCN-
- V6i Ag™:
Ag" + SCN' = AgSCNy .,
Néu du SCN' thi két ttia tan do tao phiic:
AgSCN + 2SCN- = [Ag(SCN),]*
— Véi Hg*:
Hg> + 2SCN" = Hg(SCN)y i
Néu du SCN' thi két ttia tan do tao phiic:
Hg(SCN), + 2SCN- = [Hg(SCN),]*
Néu c6 mét ion Co** thi sé tao két tia xanh tham:
Co*" + [Hg(SCN),]* = Co[Hg(SCN),] { cann thim
— Véi Fe™:
Fe* + 3SCN" = Fe(SCN),. 5 e
Néu du SCN' thi két ttia tan do tao phtic tan c6 mau dé mau:
Fe(SCN), + 3SCN- = [Fe(SCN),J*

2.5. Phan ting cua S,0,*
- V6i Ag™:
2Ag+ + 82032- = AgQSQO&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,., + Hy,SO,
+ Ag,S,0, tan trong Na,S,0, du do tao thanh phic:
Ag,S,0; + 3 Na,5,0; = 2Na;[Ag(5;0;),]

85



- V6i Ba*":
Ba® + S,0,* = BaS,04! y4n,
Két tia BaS,0, dé tan trong cac acid vo co thong thuong.
— V61 acid v6 co loang:
2H" + 8,0, = S0, + S, + H,0
— V61 dung dich iod:

S,0,* lam m4t mau dung dich iod do né khii I, dén I'. Phan ting nay
con ung dung trong phép phan tich dinh lugng:

I, + 28,0, = 2T + S,0.*
Tetrathionat
3. SO PO PHAN TiCH
So do6 6*: So db 1y thuyét phan tich anion nhém I C1° Br, I, SCN', S,0.*

Dung dich phéan 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
khéng phai kim loai kiém
(bd di hoac dé tim cac cation)

v v
Taa: Anion nhém | Nuéc ly tam:
(Néu tda tir ndu > den la cod S,0,%, vi Anion cac nhém khac
Ag,S,0; > Ag,S) Chia 2 phan (bd di)
J v
Phan 16n taa: Phan nho tda:
+ (NH,),CO3 dun ky = Tim SCN-
v
Tha: AgBr, Agl, AgSCN Nuéc ly tam:

(c6 thé con AgCl),
+ H,SO,2N + Zn hat

[Ag(NH,),]JCI = Tim CI-

v

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

*. S¢ d6 thuc hamh-tuwongtmexem-so-d6-6;)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 ing sau:
1) NaCl+ PbO, + HNO; — ... +....

2) NaBr + ClL, —» ... +....

3) Hg(NO,), + Nal,, —> ... +....

4) Nal + FeCl; — ... +....

5) Nal + NaNO, + H,SO, —» ... +....

6) FeCl, + NaSCN,, — ... +....

Can bing cac phan tng sau va cho biét phan ting nao c¢6 thé dung
dé phat hién ion CI trong dung dich? Vi sao?

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

Can bing cac phan tng sau va cho biét phan tng nao cé 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 tng sau va cho biét phan ting nao c¢6 thé dung
dé phat hién ion I trong dung dich? Vi sao?

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

Can bing cac phan tng sau va cho biét phan ting nao c¢6 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,,+ NH,SCN
3) Ba(SCN), + Na,PO, — Ba,(PO,),, + NaSCN

Can bing cac phan tng sau va cho biét phan ting nao c¢6 thé dung
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 dilng nudc Javel hodc nudc elor via dua dé phat hién T,
sau d6 cho du nuée Javel hosc dunuée clor dé phat hién tiép Br ?

87



Bai 10

ANION NHOM II: cO,%, PO,*, CH,COO:,,
ASO33-, ASO43-, 8032-! SO42-, (32032-)

MUC TIEU

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

2. Gidi thich dudc cdc bude phén tich theo so do 7 dé' tim anion nhém II.

1. PUONG LOI PHAN TiCH NHOM II

— Khong c¢6 thude thit nhém chung cho t4t ca cac anion nhém II. Dé 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 tiép mét ion tit dung
dich géc, vi du dé61 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 thd nhém, vi du hén hgp Mg dé xac dinh AsO,*, PO,*

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

— DE loai cac cation gay roi cho phan tng dic trung hay anh hudng dén
phan dng dic hiéu, can chuyén dung dich phén tich thanh nudc soda
(xem muc 4, Bai 2) trude khi tim anion.

2. CAC PHAN UNG PAC TRUNG CUA ANION NHOM II

2.1. Phan @rng cua CO;*
— Véi Ba™:
Ba® + CO,;* = BaCO4liine
BaCO, tan trong acid v6 co théng thuong.
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- V6i Ag™:
2Ag" + CO,* = Ag,CO4l 4,
Ag,CO; = Ag,014e, + COyt
— V61 acid loang:
2H" + CO,* = H,CO, — CO,r + H,0

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

2.2. Phan @ng caa PO
— Véi thuéc thii amoni molybdat (NH,),MoO,:
PO, + 12(NH,),Mo00, + 12H,0 = (NH,)5[PMo0,,0,]1 yane + 21NH,OH + 30H
— Véi Ag™:
3Ag" + PO = Ag,PO
Ag,PO, tan trong acid v6 co va trong NH,OH.
- V6i Ba*":
3Ba® + 2P0,* = Bay(PO,),. wine
— Véi Mg* (trong hén hop Mg = MgCl, + NH,OH + NH,Cl):
Mg® + NH,OH + PO,* = MgNH,PO,} 1., + OH

4*Lvéng

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

Acid acetic ¢6 thé nhan biét bing mui.

phiic tan, mau d6 *

— V61 rugu:
CH,COO + C,H,OH = CH,COOC,H;
Ester sinh ra ¢6 mui thom déc trung.
2.4. Phan rng cua AsO,*
— V6i H,S trong méi-truong-aeid:

3H,S + 6H! £2As0,%= A58, VIENH,0

vang
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— Véi Na,S,0, trong méi trucng acid:
3Na,S,0, + 6H" + 2As0,” = As, Sy, + 3Na,SO, + 3H,0
— Véi Ag' trong moi truong trung tinh:
3Ag" + AsO.,* = Ag,AsO
— V6i nudce I, trong moi truong trung tinh:
AsO,* + I, + H,0 = AsO* + 21 + 2H*
— Véi Cr,0,* trong mdi truong acid:
Cr,0.* + 8H" + 3As0,” = 3As0,” + 2Cr™*

7 dacam

S‘L vang

+ 4H,0

xanh luc

2.5. Phan ttng caa AsO,>
— Véi Na,S,0, trong moi trucng acid:

3Na,S,0, + 10H" + 2As0,” = As,S,l,u, + 3Na,SO, + 5H,0
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 moéi trucng acid:

AsO,* + 2T + 2H" = AsO,* + I, + H,0
Véi hydro méi sinh trong moi trucng acid:

47n + 4H,S0, + AsO,* = AsH," + 4ZnS0, + 30H + H,0
AsH, sinh ra sé 1am d6i mau HgCl, tAm trén gidy loc:

2AsH; + 3HgCl, = As,Hgs! 144 vang T 6HCI

+ 8H,0

vang

2.6. Phan trng cua SO,*
— Véi Ba™:
Ba* + SO,* = BaSO3 40,
BaSO, tan trong cac acid loang:
BaSO, + 2HCI1 = BaCl, + H,0 + SO,"
— Véi cac acid v6 co loang:
SO.> + 2H* = H,0 + SO,

Khi SO, sinh ra ¢6 thé nhan bigt bing ¢ach lam duc nudc voi trong
hodc lam mat mau thuoéc 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 m&t mau nudc iod:
SO,* + I, + H,0 = S0O,> + 2T + 2H"
— Véi formalin (formaldehyd):
HCHO +S0,* + H,0 - HCH(OH)SO, + OH"
Su xu4t hién cua ion OH- lam do6 phenolphthalein

2.7. Phan ting caa SO,>
— Véi Ba™:
Ba® + SO,” = BaSO,l y4ne
BaSO, khong tan trong cac acid loAng thong thuong.
— Véi Ag™:
2Ag" + S0,* = Ag,S0 4 14ng

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

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

Dung dich phan tich: Anion nhém I

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 CO5% + HNO, (nudc soda): Diéu chinh Taa: carbonat, hydroxyd
dac+TT pH vé kiém nhe cac cation khéng phai kim
amoni molypdat hoac trung tinh bang loai kiém
(d& lanh trong nuéc da) CH,COOH 2N (bd di ho#c dé tim cation)
chia lam 2 phan

; | ]

Mét phan (nudc soda): M6t phan (nuéc soda):
+ Hon hgp Mg Bun nbéng, + Sr(NO;), bdo hoa
Nuéc ly tam L1: Tha T: _Tda T2: Mui Sr* cla
ASO.” > Tim A SOz, SO, AsO;%, PO,*, COZ,
= Tim AsO;* + HCI2N
- Tim SO,>
- Tim SO,>
v

Nuéc 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 + HCl — ... +....

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

1) K,CO, + HCl - KCl1 + H,CO;— ....
2) K,CO, + Na,[Co(NO,)s] - K,Na[Co(NO,)4] + Na,CO,
3) (NH,),CO, + NaOH —» Na,CO, + NH,OH

Can bang cac phan tng sau va cho biét phan tng nao c6 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,COO0)]" + NaCl

Can bang cac phan tng sau va cho biét phan tng nao c¢6 thé
dung d€ phat hién ion SO.> trong dung dich? Vi sao?

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

PHAN TiCH HON HOP CATION VA
ANION TRONG DUNG DICH

MUC TIEU

1. Trinh bay va gidi thich dudc cdc cdch thi so bé déi vdi dung dich géc trude khi
tién hanh phan tich hé théng

2. Néu dugc cdc khia canh can nhdn xét va y nghia cua ching déi vdi két qud phdn
tich cuéi cung.

O day chi trinh bay dai cudng cac bude phan tich khi d& c¢6 dung dich
14 hon hogp cation va anion cin xac dinh.

Qua trinh phéan tich dinh tinh mot dung dich bao gbm 4 phan: Nhan
xét va thii so bo; phan tich anion; phan tich cation; va nhan xét vé két qua
cudil cung

1. NHAN XET VA THU SO BO

Trude khi tién hanh phan tich mot dung dich bao gid cling phai nhan
xét va thi so bd. Két qua nhan xét va thi so bo sé giip du doan vé thanh
phan dung dich, nhd d6 gitp dinh huéng cho phan tich hé théng, nta hé
thong hay phan tich riéng biét. Tuy nhién, khong dude dinh kién vé su c6
mit hay vAng méit v6i mét ion cu thé nao, trit mot vai trudng hgp dic biét.

1.1. Nhan xét nho giac quan

1.1.1. Mau sdc

Dua vao mau cua dung dich c6 thé du kién vé su c6 mét mot s6 cation
va anion (Bang 13).
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Bang 13. Mau cla mét sé cation va anion

Mau dung dich Nhimg ion cé thé co6
Tim MnO,
Lam Cu? (trong nuéc)
Lam tim dam Cu? (trong amoniac)
Pé nau I,
Db da cam Cr,0,%; [ Fe(CN)¢*
Db mau Céc phiic ciia SCN va Fe**
Héng Co* (Trong nudc)
Luc Cr*; Fe* (trong nudc); Co* (trong acid manh)
Vang [Fe(CN)¢]* ; Cr0,*; I, loang; Fe*'

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

1.1.2. Mui

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

1.2. Thit pH ctua dung dich
Dua vao pH ta c6 thé du doan so bo thanh phan caa dung dich.
— Dung dich ¢6 pH acid (Iam do gidy quy hodc cho mau vang véi da cam
methyl) thi:
+ C6 thé chta acid, vi du: HC1, H,SO,, NaHSO,, NH,ClI....
+ Khong c6 mit cac anion bi huy ¢ méi truong acid, vi du: CO,*,
82032-, SOSZ>001
+ Khéng thé dong thdi c6 mit cac ion c6 phan tGng oxy héa khi véi
nhau ¢ méi truong acid, vi du: I v6i NO,, ClO,, AsO,* (gidi phéng
I,)) NO, véi ClO,/ SO,* va S,0.> véi AsO,*/ NO, v6i AsO,*/ Sn**
v6i Hg** hay Fe*/ Cr,0.* va MnO, vé6i I, Fe**, NO,, Sn*"/ v..v..
— Dung dich c6 pH kiém (lam d6 phenolphthalein, hodc lam xanh gidy
quy tim) thi:
C6 thé c6 kibm tu-do- hoic, cac mudl, cho phan tGng kiém, vi du:

NaHCO,; K,CO,; NaOH,C00::).
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— Dung dich c¢6 pH trung tinh thi khong chta acid hay kiém tu do,

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

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

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 dic trung

Bang 14: Mau ngon I(a clia cac cation

Mau ngon Iira Cation c6 mat
Tim K*, Cs*, Rb*
Vang manh Na*
Db manh Sr# Lt
Do gach Ca*
Vang luc Ba?
Luc Cu®, Bi*
Xanh |lo nhat As, Sb, Pb

1.5. Thit mot s6 phan ting

1.51. Thuy phén

Pha loang dan dung dich, hoac nhd vai giot dung dich vao 1mL nuéc
cit. Néu c6 tua tring xudt hién va lai tan khi thém acid thi d6 c6 thé 1a
mubi caa Bi**, Sn*"**, d4c biét 1a cac mudi Sb**°*

1.5.2. Thi véi kiém

Dua vao mau tua tao thanh va kha ning hoa tan ctia né trong kiém
du hay trong amoniac dé du doan su c6 mit ciia mot s6 ion trong dung
dich. Vi du:

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

— Tua xanh lam, den khi dun néng, khong tan trong NaOH du, tan
trong amoniac cho mau xanh lam dam: ion c6 mat 1a Cu*.

— Tha nau do6, khong tan trong NaOH du va Amoniac: ion c¢6 méit 1a Fe®".
v..v.. (Xem cac phaning dictrune va-banet6m tat cAc phan ting J cac
bai 3, 4, 5, 6 va7);
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1.5.3. Thiz v6i NH,OH va (NH,),S

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

— Né&u khéng c6 tua thi chic chdn khong c¢6 mét lugng dang ké caa Mg*,
Al**, Sb* Bi**, Fe**, Fe’*, Sn*"*"...

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

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

1.5.4. Thiz véi (NH,),SO,

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

1.5.5. Thi bang cdc thuée thit nhém d6i véi cation va anion dé du doan
nhém ion hay mét vai ion trong nhém cé thé c6 mit trong dung dich thu
(xem céc thuéc thi nhém 6 cac bai phia truéce).

Ngoai ciac phan ting so bd trén, ngudi ta ciing chon mot vai phan ting
thii so 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 cac cation quan tdm & gido trinh
nay thi hau hét cac anion 12 khong gy trd ngai gi cho phan tich hé
théng cac cation, trt 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 tua phosphat ciia Ba®',Ca®". Trong trudng hop nay can
tim PO,> truéc, sau d6 loai né di bang FeCl, bao hoa, tiép theo méi
phan tich dinh tinh cac cation. Cing con nhiing ly do tuong tu khac
nén néi chung ngudsi ta thuong tién hanh phan tich anion truéc khi
phan tich hé théng cac cation. Khi gép cac anion gy trd ngai (tuong
tu PO,* vira néu), can loai bo ching biing mot mét vai k§ thuat cu thé
ma trong tai liéu nay khong dé cap dén.

— Lay 1mL dung dich phan tich, thém Na,CO, t6i phan ting kiém manh,
néu c6 tua thi nén lam nuéc soda truée khi phan tich anion. Con néu
khoéng c6 tia 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 s6 do 5 va dudc chi dan chi tiét & cac s d6 1, 2, 3 va 4.
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4. NHAN XET KET QUA

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

— Cac ion tim thay c6 thuc su cung ton tai v6i nhau trong dung dich goc
hay khéng. Vi du: khéng thé cung c6 Ba?* va SO,*/ Ag* va Cl/ Fe** va
I'/ Fe** va CO,*/ v.v....

— Ion tim th4y ¢ dang nao trong dung dich. Vi du: dung dich phan tich
c6 pH>>7 thi Al, Zn phai 6 dang AlO,, Zn0.* (cht khong thé 1a Al**,
Zn*").

— D61 chidu két qua véi cac nhan xét va phan tng thi so bo ban dau
xem c6 mau thuan gi khong. Néu khong hdp 1y va con nghi ngo thi
phai phén tich lai cdn than hon.
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PHAN I

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

1. Hoc sinh chi lam thi nghiém sau khi da chudn bi bai, nim dugc
muc tiéu va cach tién hanh cac thi nghiém.

2. Mbi hoc sinh c6 mdt chd lam viéc riéng trong phong thi nghiém
sudt cac bai thuc hanh ctia mén hoc. Hoc sinh chi 1am viéc trong
khu vuc qui dinh cho minh, tranh di lai 16n xon.

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 huéng dan. Bo
dung cu, héa chit dung chung cho ca t6 khéng dude mang vé chd
cua ca nhan.

5. Hoc sinh phai ty minh lam 14y thi nghiém. Trong qua trinh lam
phai theo doi, quan sat hién tugng va ghi l1ay 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.
M&i t6 cti truc nhat 1am sach phong thi nghiém.

7. Sau mdi bai thuc hanh, hoc sinh phai 1am béo céo két qua cho gido
vién huéng dan. Bao cio thi nghiém phai mé ta day du cac thao tac
tién hanh thi nghiém, giai thich cac hién tuong xay ra, viét va can
bang diy du cac phuong trinh phan tng xay ra trong qua 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 chit doc bay hoi phai lam trong ta hut hodc ngoai
troi.
2. Cac chat dé chay, nd phai dit xa ngon lia.

3. Khi dun néng cac dung dich phai nghiéng 6ng nghiém va huéng
miéng 6ng nghiém vé phia khong c6 nguoi.

4. Khong cdi mat vao cic dung dich dang s6i hoic cac chit dang néng
chay dé tranh hoéa chit bin nd vao mét.

A 2,0 2 A X ~ x “ 2 ~ . 2 .

Dé1 véi cac chat dé no, dé ban tach, néu muén quan sat phai deo
- R

kinh bao hiém.

5. Khi pha loang acid sulfuric dic phai rét ti tir acid vao nuéc ma
khong 1lam ngugc lai; khong duge caAm trén tay dung dich dang pha
vi ¢6 toa nhiét manh.

Khoéng duge tu dong di chuyén céac binh 16n chta acid va pha lodng
acid tu binh 16n.

6. Néu lam roi vai thiy ngan thi phai hét lai bing may hit bui hodc
pipet c6 qua bép cao su, dong thdi ridc vao ché thiy ngan roi mot it
luu huynh bot hodc tuéi vao dung dich FeCl, 20% va bao cao cho
can b hudng dan bist dé xu 1y.

7. Muén thi mui cac chit khong dude ngui truc ti€ép ma phai dung
tay vAy hoi chdt d6 d&n mii ting lugng nho.

8. Sau khi lam viéc véi cac chit doc nhu Hg, As, cac mudi cyanid... va
cac dung dich kim loai quy, cAn phai thu vao binh chtia nhat dinh.
9. Khi ¢6 hoa hoan:

— Né&u dam chay nho thi diung bao tai uét dé dap tét.

— Neéu c6 dam chay 16n va lan rong thi bao ctiu hoa (goi dién thoai
s6"114); dung cat va binh ctu hoa sinh CO, dé lam tét hoac han
ché& dam chay. Trong khi d6 phai cach ly ngay cac chat dé chay
va dé né (nhu ether, cac loai cdn, cic binh acid d&c...).

9. Néu bi acid dic hoidc kiém dic roi trén da phai ria ngay bang voi
nuéc chay vai phut. Sau d6 bao ngay cho can bd quan 1y xu ly vét
béng, chdng nhiemkhuan.
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10.

11.

12.

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

Néu bi béng do cic vat néng véi vét bong khong 16n thi ciing dé
duéi voi nude lanh 5-10 phut, sau dé6 tham kho va boi cac thudc
md dugc dung, dau ca...

Néu vét thuong c6 chay mau thi dau tién phai sat khudn bang
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 cadm thay khé thé do trong phong thi nghiém c6 nhiéu hoi
doc thi phai nhanh chéng thoat ra ngoai hanh lang.
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104

VAI QUY PINH VE SU DUNG HOA CHAT

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

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

Dua vao yéu ciu vé do chinh xac cta ting 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 ctia thi nghiém thi 14y lugng héa chat
ding huéng dan cua bai.

Néu thi nghiém chi yéu cau vé mét dinh tinh thi chi 14y lugng héa
chdt t6i thiéu du quan sat duge phan tGng (chit rin chi 18y da mot
16p méng duéi day 6ng nghiém; chat long khong 14y qua 1/5 thé
tich ong nghiém).

Khi xtc, dong héa chat phai dung cac dung cu chuyén dung nhu
thia thuy tinh, thia s, thia nhua, khong duge dung tay dé béc.
Thia xdc héa chit nay khong dude dung dé xdc hoéa chat khac. Néu
thiéu phai dung chung thia, trudc khi 148y sang héa chat khac phai
rua sach thia.

Chi st dung céc lo héa chat c6 nhan ghi r6 rang va cé nit, nap day
kin. Khi 18y hoéa chat, néu cAn dé niat 1én ban thi phai dé ngua,
tranh dé phan c6 dinh héa chét ti€p xdc v6i mit ban thi nghiém.
Sau khi 14y xong héa chat phai day ngay nut, ndp ding cho lo héa
chit 4y.

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

Tuyét d6i khong dung pipet (6ng thuy tinh nhé c6 dau nhon) dé
hit bang mém cac dung dich kiém dic, acid dic, cac chat doc dé
bay hoi, thuy ngin, cdc dung dich dang dun noéng, 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 sé dung cu thong thuong trong
phong thi nghiém héa hoc.

2. Mb ta va thuc hién duoc cac ky thudt da gidi thiéu trong thuc hanh héa phdn
tich dinh tinh.

1. GIGI 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 long
Khi 14y mot lugng héa chat 1ong, thuong dung cac dung cu sau:
— Pipet: Dung dé 14y mét lugng nhé chat 16ng
Pipet dién tu (hinh 1)
Pipet dinh mtc 10, 25 mL (hinh 2)
Pipet dinh mtc ¢6 vach chia 1; 5; 10 mL (hinh 3)
Cac loai gia do pipet (hinh 4)
Qua bép bang cao su dung dé nédi véi pipet (hinh 5)

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

Cac loai 6ng dong dinh miic (hinh 6)

Céc c6 chan dinh miic (hinh 7)

Céc loai binh dinh miic dé pha dung dich (hinh 8)
Cac loai buret (hinh 9)
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1.2. Nhitng dung cu thuong dung dé ti€n hanh cac phan tng

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

Coc ¢6 mo: Dung dé pha ché, hiing, dung. M tao diéu kién rét dung
dich dé dang.

Cac loai coc c6 md (hinh 12)
Kinh can: Dung dé dung chit cAn can
Kinh can, mang can (hinh 13)

Céc loai binh cAu day tron: Dung dé dun néng (bing thuy tinh chiu
nhiét) hodc dé hiing dung chit 16ng (hinh 14)

Binh ciu day bang: Dung dé dung chat 16ng nhu nuée cit (hinh 15)
Binh nén diung dé dung dung dich, chudn d6 dinh lugng (hinh 16)

1.3. Dung cu dé loc rita & Ap suat thuong

Cac loai phé&u loc (hinh 17)

Céach gép gidy loc nhiéu nép dé 14y dich loc (hinh 18)
Céach gép gidy loc phing dé 18y 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 do khong qua 400°C (hinh 22)

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

Bép dién (hinh 24)

Cac loai noi dun cach thuy, nhiét do tu 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 thuong (hinh 28)

1.9. Cac loai kinh hién vi (hinh 29)

1.10. Cac loai tu 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 Phén 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,S0, 10%
- Dtia thuy tinh - BaCl, 0,1M
- Kep gb - AgNO, 5%

- 6ng nghiém céac loai
- 6ng nghiém ly tam
- May ly tam

4. THUC HANH

4.1. N6i dung tén va cong dung cua cac dung cu duge gidi thiéu va trung bay.

4.2. Rta bing chéi 16ng, xa phong, nudc may va nudc cdt mot sd dung cu
thiy tinh ban (6ng nghiém, pipet, chai lo) dat d6 sach.

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

Rua gan BaSO, trong céc trudc roi ria trén phéu loc sau.

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

Chii ¥
Mbi 1an rta chi cho nuéc cat vita di ngap phan két taa
Khi riia két tta cAn chd cho dung dich chay hét mdi thém nuéde cat ria tiép.

Lay mot luong nhoé tiia ngay sau phan ting vao ong nghiém va rua ly
tAm song song véi rua 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 ting cation nhom I dva vao cdc phan tng ddc trung cua ching.

2. Gidi thich cdc hién tuong xdy ra va viét cdc phuong trinh phan wng trong qud
trinh tién hanh thuc nghiém.

1. DUNG CU - HOA CHAT - THUOC THU

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

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

- Dia thuy tinh

- Kep g6
- Ong nghiém cac loai -HNO, 6 N
¢ - - NH,OH ds
- 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 moi trudng acid manh dé két taa hoan toan
nhém I (nhan biét qua trinh két tta da xong khi giot HCI thém vao thanh
ong nghiém thi ¢ chd tiép xuc giiia giot HCl va dung dich phan tich khong
thay xudt hién két tia thém nita). Pun néng nhe dé két tiia vén cuc dé
tach. D& ngudi, ly tAm, tach phan két tta nhém I (goi 1a T,) chta: AgCl,
PbCl,, Hg,Cl, va phan nuéc ly tam (L,) chita cac cation nhém khac.

2.2. Rtia gan 3 1an két tua T, bang nuéc cit c6 pha thém vai giot HCI loang
2N (thém nuéc rua vao T,, lac k¥, ly tAm, gan 14y két tua). Thém vao két tua
da rta 6 trén 1 mL nudc cat; dun dén so1, lue nay PbCl, sé tan ra. Ly tAm gan
14y két tia T, (chiia: AgCl va Hg,Cl)) va ntide 1y tam L, (chiia PbCl,).
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2.3. Thém vao nuéc ly tam L, vai giot thudc thi KI 0,1M, néu thay xuat
hién két tua Pbl, mau vang dam, chiing té c6 chtia Pb**. Dun néng, két taa
lai tan ra, lam lanh duéi voi nuée chay, hodc dé ngudi dan sé thu duge tinh
thé mau vang léng lanh roi xuéng (phan Ging mua vang).

Ho#c 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 tia
xam den (do tao thanh Hg + NH,HgCl), chiing t6 c6 ion Hg,**. Ly tam, 14y
nuéce ly tam, acid héa bing HNO, 6N, néu thay xuét hién két tta trang tré

lai (AgCl) chiing t6 c6 ion Ag".

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

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

A 4

Taa T, (AgCl, Hg,Cl,, PbCl,) rita bang
H,O + HCI 2N. Bun s6i, ly tdm néng

A 4

Nuéc ly tam L,
(cé cation cac nhom 1, 111, IV, V)

A 4

Nudc ly tam L,: Pb?
+ KI 0,1M — Pbl, | vang
+ K,CrO, 5% — PbCrO, J vang
- ¢c6 Pb**

Tda T, (AgCl, Hg,Cl,) + NH,OH dic, l4c ky

!

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

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

MUC TIEU

1. Tim duoc tieng 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 phan ng trong qud
trinh tién hanh thuc nghiém.

2. DUNG CU - HOA CHAT - THUOC THU

Dung cu Hoa chat, thuéc thi
- Pén con - Dung dich phan tich chiia cac cation: Ba**, Ca®, Al*, Zn*
- Dia 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 béo hoa - Con 96°

2. THUC HANH

2.1. Lay 1mL dung dich phéan tich vao éng nghiém sach, thém vao dé6 ting
giot dung dich H,SO, 2N dén khi ngting xuét hién két tiia dé két tta hoan
toan nhém II. Pun so6i nhe dé két tua vén cuc dé tach. P& ngudi, thém vao
dan din rugu ethylic 96° dén khi két tia khong xut hién thém niia, dé két
tia hoan toan Ca*' (chu y cho lugng rugu vita du, néu cho qua du pH caa
dung dich ting 1én sé& lam thuy phan mot s6 cation khac). Khudy déu, ly
tam, tach phan két tia nhém II 14 T, (chtia: BaSO, va CaSO,) va phan
nuéc ly tam L, (chia ¢ac cation nhom TIT AP Zn®).
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2.2. Rita gan két tua T, bang hén hgp H,SO, 2N va C,H,OH: thém nuéc ria
vao T,, lic k¥, ly tAm, gan 14y két tua. Chuyén két tia BaSO, va CaSO,
thanh BaCO, va CaCO,: thém khoang 1 mL Na,CO, bio hoa vao T,, lic ky,
dun néng, ly tdm, gan 18y két tta. Lap lai dong tac nay 3-4 1an dé chuyén
hét BaSO,, CaSO, thanh BaCO,, CaCO.,.

2.2.1. Hoa tan két ttia BaCO,, CaCO, bing CH,COOH 2N: thém d4an tiing
giot CH,COOH dén khi két tia viia tan hét.

Thém K,CrO, 5% vao dung dich dén khi dung dich c¢6 mau vang. Ly
tam thu dugc két tia T, va nuée ly tam L,.

Két tua T, dudc ria sach biang nuée 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 ¢6 BaCrO,, ttic trong dung dich phan tich c6 Ba*".

2.2.2. Phan nuéc ly tdm L,: thém vai giot dung dich (NH,),C,0, 5%, néu
thdy xuét hién két tia mau trang (CaC,0,) va két tta nay khéng tan trong
acid acetic, chting t6 trong dung dich c6 chiia ion Ca*".

2.3. Nuéc ly tam L,: thém vao L, NaOH 2N du dén khi thay xu4t hién két
tua va két tia lai viia tan hét.

Pun s6i nhe dung dich dé c6 can bét. Cho tiép vao vai giot NH,C1 béo
hoa va vai giot NH,OH dac. Lic déu, ly tam tach riéng két tua T, (A1(OH),)
va nuéc 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 moéi trudng acid nhe. Thém ti€p vai giot thudc thi
Alizarin-S thay c6 phtic mau son do, chiing t6 c¢6 ion Al*".

2.3.2. Nudc ly tam L,: thém vao vai giot dung dich Na,S 2% thay xu4t hién
két tua tring (ZnS) chiing to dung dich c6 chta ion Zn?".
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So dd 2: S do6 thuc hanh phan tich Cation nhém II: Ca?*, Ba?* va nhom III: APF*, Zn?*

Dung dich phan tich + H,SO, 2N (tung giot) + C,H,OH.

Bun nhe, ly tam.

v

v

Taa T, (BaSO,, CaS0,)

Nuéc ly tam L,: AP*, Zn?*

, ) +NaOH 2N du
+ Na,CO, bdo hoa lac ky, dun noéng, ly

tam, gan. Lap lai 3, 4 1an dé& chuyén hét

tha T, thanh tia BaCO,, CaCO, loc. \ 4

Dung dich: AIO%, ZnO,%, cd can b6t +
NH,CI bdo hoa + NH,OH d4c (vai giot)
Na,CO, > SrCO, + CaCO,.

Ly tam, rlra két tGa sach

—

+ HCI 2N tan

Tda T4 AI(OH),L

Nudc ly tam Lg: [Zn(NH,),J**

0, <
+ CH,COOONa 6N dén mbi trudng acid nhe. || * N@2S 2% ZnS¥ tréng
+ TT Alizarin-S phc mau dé = c6 AP* = c6 Zn*

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,: BaCrO44 mau vang
(khéng tan trong NaOH 2N)

- c6 Ba*

Nudc ly tam L,: Ca** + (NH,),C,0,
10% CaC,0,4 (khéng tan trong
CH.COOH 2N) =>c6 Ca?*
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Bai4

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

MUC TIEU
1. Tim duoc ting cation nhom IV dva vao cdc phan éng ddc trung ctua ching.

2. Gidi thich cdc hién tuong xdy ra va viét cdc phuong trinh phan wng trong qud
trinh tién hanh thuc nghiém.

1. DUNG CU - HOA CHAT - THUOC THU

Dung cu Hoa chat, thuéc thu
- Pén con - Dung dich phéan tich
chiia cac cation: Fe**, Fe?*, Bi*, Mg*, Mn*"
- Dtia thuy tinh - Na,CO, bao hoa - HNO, déc
- Kep g5 - NH,OH dic - KI0,1M
- Ong nghiém cacloai - NH,CI bio hoa - Thude thit KSCN
- Ong nghiém ly tam -HNO, 10% - Thuéc thi K, [Fe(CN),]
- May ly tam - Na,HPO, 12% - Thuéc 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 ti€p tiing giot dung dich
NH,OH dic 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 b&o hoa dé hoa tan Mg(OH),. Pun nhe, ly tAm, tach phan két
taa T, ( Fe(OH),, Fe(OH),, Bi(OH),, Mn(OH),) va phan nuéc ly tam L,
(chiia Mg™).

3.2. Nuéc ly tam L;: thém vao thuéc thi Na,HPO, 12%, néu thu dudc két

tua mau vang hinh luc lang hoic hinh sao, hinh 14 (MgNH,PO,), chiing to
trong dung dich cé chiia ion Mg*".
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2.3. Hoa tan két tua T, bang HNO, 10%, dun s6i, dung dich sau d6 chia ra
lam 4 phin dé tim Fe*, Fe*, Bi**, Mn?* bang cac phan tng dic trung:

* Tim Fe®: Cho vao thuéc thi K;[Fe(CN)y], néu c6 két tiia mau xanh
Tua bin (Fe;[Fe(CN)4]),, chting t6 dung dich ¢6 chtia ion Fe**.

* Tim Fe®: Cho tac dung véi thuée thiit KSCN du sé tao thanh phic
tan mau dd mau ([Fe(SCN),]*), chiing t6 dung dich c6 chiia ion Fe®".

Hodc c6 thé cho tac dung véi thuse thu K,[Fe(CN),] sé tao phiic két
tiia mau xanh phé Fe,[Fe(CN),]s.

* Tim Bi*": Cho tic dung véi dung dich KI 0,1M du néu thay tao phiic
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,. Pun nhe hén hop, ly tAm, néu thay phan
dung dich c6 mau tim (MnO,), chiing té dung dich c6 chiia ion Mn?*".

Sao dd 3: Sa d6 thuc hanh phan tich Cation nhom IV: Fe?*, Fe®, Bi**, Mn?*, Mg?*

Dung dich phan tich + Na,CO, b&o hoa ti thoang duc roi tan
+ NH,OH d3c. Ly tam, 18y két tda.

v

TlGa Fe(OH),, Fe(OH);, Mg(OH),, Mn(OH),, Bi(OH),
+ NH4Cl bao hoa. Bun nhe, ly tam, tach riéng két ta va nuée ly tam

|
v v

Nuéc ly tam L;: Tda T,: Fe(OH),, Fe(OH),;, Mn(OH),, Bi(OH),
Mg? + Na,HPO, 12% + HNO; 10%, dun séi
— MgNH,PO,{
(hinh lang tru,
hinh sao, hinh 13)

= c6 Mg*

y

Dung dich: Fe?*, Fe®**, Mn?*, Bi**
Chia thanh 4 phan:

' I I !

Xac dinh Fe**:
- TT KSCN phac

Xac dinh Fe?":
+ TT K;[Fe(CN)g]

Xac dinh Bi**:
+ K1 0,1M — phtc

Xac dinh Mn?*:
+ HNO, dac

Fey[Fe(CN)el,+ mau d6 mau [Bil,] mau cam dam | | + PbO, bét, dun i
xanh Tua bin - TT K, [Fe(CN)] (pha loang cho tda — MnO,” mau tim
ke Fe,JFe(CN)g]d Bil, mau den, néu o
c6 Fe xanh ph67 nhiéu B|3+) c6 Mn
= c6 Fe™ ™ co Bi**
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Bai 5

PINH TiNH CATION NHOM V: Cu?, Hg*
VA NHOM VI: Na*, K*, NH,*

MUC TIEU

1. Tim duoc tung cation nhom V va nhom VI dua vao cdc phdan wng 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 con - Dung dich phan tich chta
- Diia théy tinh cac cation: Cu®*, Hg**, Na*, K, NH,*
- Kep g8 . HNO, 6 N - K,CO, bio hoa
. _ o - 3 A
- Ong nghiém céc loai HC1 10% Na,CO, bao hoa
x . . -CH,COOH 2 N - Thuéc thi Garola
- Ong nghiém ly tam
R 5 . 0
_May ly tam HCI dac Na,S 2%
- HNO, dac - K-Na tartrat 50%
- NaOH dac - Thu6c tht Nessler
- NH,OH dic - Thudc thi Streng
- KOH dic - H,0, 10%
-SnCl, 0,5 N

2. THUC HANH

2.1. Tim cation nhém VI trudc bang cac phan tng dic trung

Chia nhé dung dich phan tich vao vai éng nghiém nhd, sau d6 nhan
biét su c6 mit cua tiing cation.
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2.1.1. Cation NH

— Nho vai giot dung dich NaOH dic vao 6ng nghiém, phia trén miéng
6ng nghiém day mau quy tim t4m uét. Pun nhe 6ng nghiém trén dén
con, néu gidy quy chuyén sang mau xanh, chiing t6 trong dung dich c6
NH,*.

— Hoac dung thudc thi Nessler: thém vai giot dung dich kali natri
tartrat 50% vao 6ng nghiém dé tao phic bén véi cic cation khac, sau
d6 nho vai giot thudce thii Nessler, néu thay xuat hién két ta dé nau
(INH,HgL,]I), chiing 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 tia hoan
toan. Pun nhe, ly tdm, bo két tua. Nuéc ly tdm dudc acid héa bang
CH,COOH 2N (néu thay xu4t hién két tua thi gan bo két tia di), thém vao
vai giot thudce thit Streng Zn(UO,),(CH,COO0),, néu thu dugc cic tinh thé
mau vang luc nhat (soi trén kinh hién vi ¢6 hinh mit nhan), ching td 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 tdm, bé két tia. Nuéec ly tdm dudc acid héa bang
CH,COOH 2N (néu thay xu4t hién két tua thi gan bo két tia di), thém vao

vai giot thudc thi Garola Nay[Co(NO,)], néu thdy két tia 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 taa (CuS
va HgS). Dung néng, ly tam, 1ay két tia. hoa tan két tta trong HNO, 6N
thi chi c6 CuS tan, con HgS khong tan. Ly tAm, tich riéng két tia chiia
HgS va nuéc 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 dé tan ngay tao phiic mau xanh
tim, ching t6 trong dung dich c6 ion Cu*".

» K&t tua HgS c6 thé thi bing phan tng sau

- Hoa tan tua trong HCI 10% + H,0, 10%. Néu két tia den tan ra,
chting t6 trong dung dich gdc ban dau c6 ion Hg*".

Thém tiép thudc thi SnCl, 0,5N va NaOH dé#c, néu lai thu duge két
tua Hg mau den cang chiing té trong dung dich c6 ion Hg*".

— Hoac cho két tua tae-dung yvdi cudng.thuy (14y theo ty 1é: 3 giot HC1
dac + 1 giot HNQj; déc), néu két tha tan ra chiing t6 c6 Hg*'.
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Sa do6 4: So d6 phan tich nhém_cation nhém V: Hg?*, Cu?* va nhém VI: NH,*, Na*, K*

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

A 4

Tim NH*:
e« NaOH dac
— NH,d (mui khai)
— lam xanh gidy
quy do t&m uét.
« TT Nessler + K-
Na tactrat 50%
— tha nau do

= cO NH/*

Tim Na™:
+ K,CO, bao hoa + KOH dc,
dén két tla hoan toan. Pun
néng, ly tam, bé két tda.

\
Nudc ly tam:
+ CH,COOH 2N d@én gan trung
tinh (néu ¢ tda thi ly tm, bo di)
+ TT Streng tda vang luc nhat,
hinh mat nhan (soi kinh hién vi)
- co6 Na*

A 4

Tmm K*:

+ Na,CO,; bdo hoa + NaOH
dac, dén két tha hoan
toan. Bun néng, ly tam,
bo két tha.

\2
Nuéc ly tam:

+ CH,COOH 2N dén gan
trung tinh (néu cob tda
thi ly tim, bé di)

+ TT Garola tla vang

-+ coK*

Dung dich phan tich: Hg?*, Cu®*, NH*, Na*, K*
+ Na,S 2% (tuing giot). Bun néng, ly tam lay tla

A 4

Tla den: CuS, HgS. R{ra két ta bang H,SO, 2N
+ HNO, 6N. Pun néng, ly tam, tach riéng phan tla va phan nudc ly tam.

/\.

Nuéc ly tam: Cu?*

+ NH,OH dac — thoang
tla, sau tan, c6 mau
xanh tim dém

- ¢6 Cu?

Tla HgS + S:

¢ 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) — tha tan ra.
- c6 Hg*

117




Bai 6

PHAN TiCH TONG HOP CAC NHOM CATION THEO
PHUONG PHAP ACID - BASE

MUC TIEU
1. Tdch riéng dudc cdc nhom cation bang thudc thi nhém

2. Xdc dinh dugc cdc cation cé mdt trong méi nhém bang cdce so dé phan tich 1,2, 3,
4 da biét.

1. DUNG CU - HOA CHAT - THUOC THU
— Nhucacbai1 2, 3,4, 5

— Dung dich phan tich chtia cation cac nhém
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 mat.
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So dé 5: S dé thuc hanh phan tich tdng hop cac nhém cation

Dung dich phéan tich cation

+ HCI 6N
Ly tdm

A 4

Nhém I: (tda clorid)
AgCl, Hg,Cl,, PbCl,

(Phén tich theo so do 1)

Nuéc ly tam
+ H,S0,2N

Ly tdm

Nhom VI: (dung dich phan
tich): NH,*, Na*, K*

(Phén tich theo so do 4)

A 4

Nhém II: (tda sulfat)
BaSO,, CaSO,, (SrSO,)

(Phén tich theo s do 2)

N

A

Nudc

+ NaOH 2N du
(+H.0,)

ly tdm

Ly tdm

A 4

Nhém lll:
(nuéc ly tdm chira oxoanion)
AIO,", Zn0,”, (Sn0,>", CrO,*)

A4

Két tla

nhém (IV+V)
+HNO; (+H,0,))

(oxyd, hydroxyd

(Phén tich theo so do 2)

Ly tdm

A 4

Nuéc ly tam
+ Na,CO, t6i thoang duc
+ NH,OH dac
(+ H0,)

A 4

Ta HSbO, (

Ly tdm

Hoa tan bang HCI d&c —Xac dinh Sb:
- Phan ng thuy phéan
- Thudc thir Caile - Viel

hoac Sb,0,.H,0)

(Sb*** c6 th

& x&p nhém 1V do tao tla

hydroxyd/acid, khéng tao phtic
amoniacat/ hodc x€p riéng)

|

Nhém IV: (tla hydroxyd)
Fe(OH),, Fe(OH),,
Bi(OH),, MnO,, Mg(OH),

(Ni(NH;), >,

(Phéan tich theo so dé 3)

Nhém V: (nu6c ly tdm chla

Cu(NH,),*", Hg(NH,),*

amoniacat)

Co(NH,),2*, Cd(NH,),?")

(Phan tich theo so do 4)
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Bai7

DINH TiNH ANION NHOM I: CI, Br, I, SCN’, S,0,>

MUC TIEU
1. Xdc dinh duoc tung anion nhém I dua vao cdec phan tng ddc trung cua ching.

2. Gidi thich cdc hién tuong xdy ra va viét cdc phuong trinh phan wng trong qud
trinh tién hanh thuc nghiém.

1. DUNG CU - HOA CHAT - THUOC THU

Dung cu Hoéa chat, thudc thi
- Pén con - Dung dich phéan tich
- Diia thuy tinh chtia cac anion: CI, Br, I', SCN, S,0,*
- Kep gb .HNO, 2N - FeCl, 10%
- Ong nghiém ly tam -H,S0,2N -NaNO, 0,1 N
- Ong nghiém cac loai - NaOH déc - Zn hat
- May ly tam - Na,CO, bao hoa - H6 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 khoéng cé tua thi ngay tir dau khong can 1am nuéc soda).

— Thém vao nudc ly tAm (nuée soda) HNO, 2N va AgNO, 0,1N dén két
tia hoan toan anion nhém I.

— Néu thdy két tta tit mau nau chuyén thanh mau den 1a c¢6 S,0.> trong
dung dich phan tich ban dau

— Ly tam, 1ay két tua va chia [Am 2 phéniphan nhd tia va phan 16n tua
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2.2, Phan nho tia: Hoa tan tta bang H,SO, 2N (Iic k¥, néu van con tua thi
bo di) thém vao dung dich ting giot FeCl; 10%, néu thu dugdc dung dich c6
mau dé mau ([Fe(SCN)¢]*), chiing té dung dich c¢6 chiia ion SCN".

2.3. Phan 16n tua: Thém khoang 1 mL (NH,),CO, bao hoa, lic ky, dun
nhe, ly tdm, tach riéng phan két taa T, (AgBr, Agl, AgSCN) va nuéc ly
tam L, (CI).

2.3.1. Nuée ly tdm L,: Acid héa trd lai bang vai giot HNO, 2N, néu thay
xudt hién két tta trang AgCl, ching t6 dung dich c¢6 ion CI.

2.3.2. Hoa tan két taa T, bang hén hop H,SO, 2N + Zn hat dé giai phong
Br, I, SCN" khoi tua AgBr, Agl, AgSCN. Ly tam, 14y nuéc ly tam. Chia
nudc ly tAm thanh 3 phan dé tim 1an lugt anion:

* Tim I': Nudc ly tdAm tac dung véi NaNO, 0,1M + 2giot ho tinh bot, lac
déu. Néu dung dich thu dudec c6 mau xanh tim, chtng t6 c6 anion I

Hoic tim I bang cach cho nudc ly tdm tac dung véi nuée Javel vira du
(khong qua nhiéu) + cloroform. Lic ky. Néu 16p cloroform & phia dudi cé
mau tim, chiing to ¢6 ion I

* Tim Br: Nudc ly tdm cho tac dung véi 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 dé mau hay hong, chiing té c6 ion SCN".
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Sd do 6. So do 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):
Chira anion nhém | + Cation

I

Tua: carbonat cac cation

Kim loai Kidm va NH.+ khong phéivkim loai kiém
:_mHE% z'ﬁl”lf NG, (bd di hoac dé tim cac cation)
3 g 3
Taa: Anion nhém | Nudc ly tam:
(néu tha tir ndu — den l1a cé Anion cac nhém khac

S,0.%, vi Ag,S,0, —» Ag,S)

Chia

2 phan

(bd di)

A

A

A

A

Phan 16n tda: + (NH,),CO, bdo

hoa. Bun nhe, |

y tam, tach riéng

phan tha va nuée ly tam

Phan nhd tda:
+H,S

(thdr tham do):
02N

+ FeCL, 10% — phtc [Fe(SCN),]*

mau dé ma

u hay hong

- ¢c6 SCN~

A

A

A

A

Tla T,: AgBr, Agl, AgSCN

Nudéc ly

tam L

+ H,SO,2N + Zn hat. Lac déu, dé
vai phat, ly tam, 18y nudc ly tam thu
dudc chia lam 3 phan:

CI" (6 dang [Ag(NH,),ICl)
+ HNO,2N — tda trd lai AgCl
- c6 CI

A

Phan 1:

o Nudc ly tam +NaNO,
0,1M Hb tinh bt — mau
xanh tim =>cé I

e Hodc: Nuéc ly tam +
cloroform + nudc Javel.
L&c k¥, c6 mau
xanh tim & 16p cloroform
(phia dudi)

> col
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Phan 2:
Nuéc ly tam +
cloroform + nuéc
Javel (1ay du). L4c
ky, 16p cloroform
(phia dugi) c6 mau
vang rém
- c6 Br

Phéan 3:
Nuéc ly tam +
FeCl;10% — phirc
[Fe(SCN)y’ "] mau
do mau
= c6 SCN-




Bai 8

PINH TiNH ANION NHOM II: CO,*, CH,COO", PO,
AsO.*, AsO,*, SO,%, SO,2, (S,0,?)

MUC TIEU
1. Xdc dinh duoc ting anion nhom II dva vao cdc phan tng ddc trung cua ching.

2. Gidi thich cdc hién tuong xdy ra va viét cdc phuong trinh phan #ng trong qud
trinh thuc hién cdc budc phdn tich.

1. DUNG CU - HOA CHAT - THUOC THU

Dung cu Hoa chat, thudc thi

- Dén con - Dung dich phén tich chia cac anion:

- Pia thuy tinh C0.*, CH,COO0, PO,*, AsO,*, AsO,*, SO.”, SO,*,

x (S,05%)

- Kep g0

- Ong nghiém cac loai - HC12N, 1N, 0,1N - Hén hgp Mg (MgCl, +

- Ong nghiém Iy tam - HySO, dc NH,Cl1 + NH,OH)

May ly tam - H,S0, 2N - Dung dich I, 5%, 10%

- CH,COOH 2N - Dung dich KMnO, 1%, 5%
- NaOH dic - TT Amoni molypdat
- FeCl, 10% - Na,S 1M
- BaCl, 0,5M - Rugu amylic
- Sr(NO,), bdo hoa - 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 HCI 2N. Néu thay
khi sti bot bay 1én (khinay lam_duc nude yoi trong, khong 1am mat mau
dung dich KMnO + H;SO, ), chiing totrong-dung dich ¢6 chtia anion CO,”.
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2.1.2. Pun nhe dung dich d€ CO, bay hét. Cho thém vai giot HNO, dic va
thudc thit amoni molypdat, ngdm dng nghiém trong nudc da, néu thay xuit
hién két tiia mau vang cua (NH,);[PMo,,0,,], chiing té trong dung dich c6
ion PO .

2.2. Tim CH;COO" ngay tu 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 doé va sau
khi dun néng thdy két tia mau nau (Fe(OH),(CH,COO0)) tach ra,
chiing to trong dung dich ¢6 anion CH,COO'.

— Hoac cho vao dung dich phan tich vai giot rugu amylic hoac ethylic,
xtc tac bang acid H,SO, dac. Pun néng nhe hén hgp, néu c¢6 mui thom
diu chudi cua ester dude tao thanh, chiing t6 trong dung dich c6 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 lam nhu bai 7,
phia truéc). Néu c6 tua thi ly tam, b tua. Lay nudc ly tam (nudc soda).

(Néu lam nuéc soda ma khong c6 tta xudt hién-chiing té6 khong cé
cation gay réi, thi st dung ngay dung dich géc dé phan tich ma khéng can
lam nudc soda ntia).

Nudc ly tAm (nude soda) hodc dung dich goc khong can 1am 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 hgp Mg dén hét két tua. Ly tam.

— Nuéc ly tam L;: thém ting giot I, 5%, néu mat mau vang niu cua L,
chting t6 c6 AsO,*

— Tha T,: thém HCI 2N dén viia tan hét, thém ting giot Na,S 1M, néu
xuit hién tia mau vang ctua As,S; 14 c6 AsO,*
2.3.3. Phan 2: tim S0.%, 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 tiing giot Ba(NO,), bdo hoa dén hét
két tua. 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 tia 1a c6 S,0,*

Taa T,: Thém khoang 0,5:1 mI-ECL2N NAc nhe.
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- Tim SO,*:

+ Hoac bang cach thém 1-2 giot phenolphtalein, trung hoa v6i NaOH
0,1M dén xu4t hién mau d6, lai thém HCl 0,1N dén via di méat
mau d6. Thém vao ting giot formalin 5%, mau do xu4t hién tré lai
14 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 t6 ¢6 SO,* (6 dang SrS0O,). C6 thé tach riéng tiia SrSO, rdi thém vao
HCl 1IN va tung giot BaCl, 0,5M. Néu phan trén cua dung dich xuat hién
taa duc mo (cua BaS0,), cang chiing t6 chic chin c6 SO,*
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Sa d6 7. So doé thuc hanh phan tich cac anion nhém II:
CO,*, CH,00", PO,*", AsO,*", AsO,*, SO,*", SO,*, (S,0,7)

Dung dich phan tich: Anion nhém Il

|

Tim CO,”:
Dung dich phan tich:
+ HCI 2N - CO,
(lam duc nudc voi
trong) — ¢6 CO;>~

Tim PO4’": Dung dich
viia tim CO,* + HNO,
dac + TT amoni
molypdat (d€ lanh trong
nuéc da) — tda vang
- ¢6 PO

I

Tim CH,COO™:

Dung dich phan tich:

« Ho#c béng FeCl;10%
— phic hop mau dé
- ¢6 CH,COO

e Hoac + H,SO, dac
+ rugu amylic — ester
c6 mui dau chuéi

- ¢6 CH,COO ™

Dung dich phan tich
+Na,CO,
(lam nu@c soda)

!

Nudc ly tam (nuéc soda):
Diéu chinh pH vé kiém
nhe ho&c trung tinh bang
CH,COOH2N, chia lam 2
phan: 1 va 2

Tla: carbonat,
hydroxyd cac cation
khong phai kim loai
kiém (bd di hoac dé

tim cation)

!

l

Phan 1 (nudc soda): + H6n hop Mg —
MgNH,ASO, | trdng va MgNH,PO, | tring

Phan 2 (nudc soda):
+ Sr(NO,), bao hoa. Bun néng

A 4

\4

Nudéc ly tam L,:
AsO,>" Tda T
+ Dung dich + HCI 2N vua
1,5% —> mét tan hét + Na,S
mau nau - ASst¢
vang vang
- cH - co
Aso33‘ ASO4

CO,” +HCI 2N
e Tim SO,

dé — c6 SO,

e Tim SO,

BaSO,{ —* c6 SO,*

- Van ¢6 SrSO,4 = ¢6 SO,
- Hoac lay tda + HCI 1N + BaCl, 0,5M —Buc bdi

Taa T,: Mu6i Sr** clia SO,>, SO,*, AsO,”, PO,”,
- Trung hoa bang NaOH 0,1M va HCI 0,1N dén
mat mau phelnolphthalein + Formalin 5% =>mau

- Ho&c dun néng, dan hai suc vao KMnO, 0,5%
+H,S0, 2N — méat mau KMnO, (do SO, T) = ¢6 SO,>

Nuéc ly tam L,: AsO,’", S,0,” . Bun.nong + Ba(NO,), bao hoa. Ly tam. L4y ta BaS,0, +
KMNO, 1% + H,SO, 10% - mat mau KMnO: (66 SOLH Vé c6 3L = ¢6 5,0,
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Bai9

PHAN TiCH HON HOP CATION VA
ANION TRONG DUNG DICH

MUC TIEU

1. DPua ra duogc cdc nhén xét va tién hanh duoc moét s6 cdach thit so b phu hop doi
v0i dung dich can phén tich dé du dodn cation va anion co thé co mat.

2. Thuc hién dudc cdc bude phén tich hé thong dé tim ding cation va anion cé
trong dung dich.

1. DUNG CU - HOA CHAT - THUOC THU

C6 day du cac bd dung cu, héa chat va thudc thi cta 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 buée phan tich nhu sau:

1. Dung \giéc quan dé nhan xét mau séc, mui. Pua ra du doan ban
dau vé cac ion c6 mat.
2. Thuc hién cac phép thii so bd vé
— pH cta dung dich
— Mau ngon lta
T d6, du doan tiép cac ion c6 thé cé mit.
3. Thu mot s6 phan ting, dic biét 14 phan tng cta cac thudc thu
nhom d61 v6i cation va anion
Theo d6, tiép tuc du doan cac ion cb thé c6 trong dung dich phan tich.

4. Tién hanh phan tich hé théng hoic nta hé thong theo cac so do
thuc hanh phéan tich cation (so d6 1, 2,3, va 4) va sd d0 phan tich
anion (so 0 6 va 7).

5. Sau khi c¢6 két luan vé cac cation va anion viia tim dudc ti phan
tich hé théng, can do6i chiéu két luan 4y véi cac két qua thi so bd
ban dau xem 6 gi-mau-thudn. Néu con nghi ngo thi phai tién
hanh phéan tich lai.
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PHAN III

LY THUYET PHAN TiCH BINH LUONG
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Bail

DAI CUONG VE HOA PHAN TiCH DINH LUONG

MUC TIEU
1. Trinh bay duogc vi tri, d6i tuong ciia mon hoc.

2. Néu duoc cdc phuong phdp phdn tich dinh luong, nguyén tdic chung cia cdc
phuong phap hoa hoc ding trong phdn tich dinh luong.

3. Trinh bay dudc cdc logi sai s6 trong phén tich dinh luong va cdch khdc phuc.
Biét cdach ghi dit liéu thuc nghiém theo qui tdc vé chit s6 c6 nghia.

1. POI TUONG CUA PHAN TiCH PINH LUQNG

Phan tich dinh lugng 12 mot mit ctia céng tac phan tich c6 nhiém vu
xac dinh ham lugng (khéi lugng, thanh phan %, s6 mol...) cia mdt nguyén
t&, ion, nhém nguyén té, mot chit (nguyén chit hay hdn hop) 6 thé rén hay
hoa tan trong cac dung dich c6 trong mau thi cin phan tich.

Phan tich dinh lugng dugc tng dung va c6 vi tri quan trong trong
nhiéu nganh khoa hoc: héa hoc, sinh hoc, dia chat, ndéng nghiép, thuc
phém... va dic biét trong nganh Dudgc.

Trong chuong trinh dao tao cia nganh Dudc, phan tich dinh lugng vita
12 mon hoc co s6 viia 12 moén hoc nghiép vu. Hoc tot phan tich dinh lugng
gitp cho viéc hoc va sau nay ra lam t6t cac linh vuc: kiém nghiém thuéc va
m§ phédm, kiém nghiém thuc phdm, xac dinh cac hoat chét trong céc
nguyén liéu, dugc liéu, cac dang bao ché, héa duge, phan tich nudec, xac
dinh chat doc, 1am cac xét nghiém sinh hoa, hd trg déc luc cho viéc nghién
ctiu, tong hop va san xudt thudc...

2. PHAN LOAI CAC PHUGNG PHAP PHAN TIiCH PINH LUQNG

Duya vao ban chat ciac phuong phap st dung trong phan tich dinh
luong c6 thé chia thanh hai nhém phuong phéap.

2.1. Cac phuong phap héa hoc

Dua trén méi lién guan-gitia tinh. chat hoa hoc va thanh phan héa hoc
ctia chat can phan tich. Cac phtiong phap nay chia thanh hai nhém:
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2.1.1. Phuong phdp phan tich khéi luong

Dua vao viéc xac dinh khéi lugng chat can xac dinh da dudc 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 dé: Dua vao viéc xac dinh thé tich mot dung dich
thudc tht c6 nong d6 da biét goi 1a dung dich chuén d6 cho tac dung
v6i ch4t can x4c dinh theo phan ting héa hoc thich hgp. Tuy theo phan
ting héa hoc st dung c6 tén goi cac phuong phap phan tich tuong tng;
cac phuong phap théng dung la: Phuong phap dinh lugng acid-base;
phuong phap dinh lugng oxy héa - khii; phuong phéap tao tia; phuong
phap tao phitc; phuong phap tao cap ion.

— Phuwong phdp thé tich khi: Dua vao viéc do thé tich ctia chat khi duge
sinh ra ti chat thi (nhu CO, giai phéng tit muéi carbonat) hoéc do su
giam thé tich cta hén hgp khi do mét phan da bi hdp 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 chat vat 1y hodc dic tinh héa 1y ctia cac chat. Cac
phuong phap vat 1y va héa 1y thuong chia lam ba nhém 16n:
2.2.1. Cac phuong phdap phan chia (phuong phap tach)

Phuong phap chiét, phuong phap sic ky...

2.2.2. Cac phuong phdap phan tich quang hoc

Phuong phap do d6 khuc xa, phuong phap do niang suit quay cuc,
phuong phap do quang phd hép thu, phuong phap do quang phé phat xa...

2.2.3. Cac phuong phap phan tich dién hoa
Phuong phap do thé, phuong phép cuc phs....

Nhin chung cac phuong phap vat ly va héa 1y ¢6 do nhay va dé chinh
xac cao, thoi gian phan tich nhanh, nhiéu khi c6 thé xac dinh truc tiép chat
can phan tich c6 trong mau phan tich ma khéong phai chiét tach trude. Tuy
nhién doi hoi phai c6 thiét bi, may méc dit tién.

Trong pham vi chuong trinh, hoc phan phan tich dinh lugng chua yé&u
gi6i thiéu cac phuong phap: Phan tich khéi luong, phuong phap phan tich
thé tich véi noi dung cht yéu 1a phuong phap chudn dd: acid-base, oxy héa
- khu, tao tua, tao phiic.
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3. NGUYEN TAC CHUNG CUA CAC PHUGNG PHAP HOA HOC DUNG
TRONG PINH LUQGNG

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 ta, tao mau,
d6i mau...) dé xac dinh ham lugng cta chét can xac dinh trong mau thi.

Pé xac dinh chat X, ta cho chidt 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 phdm
P (hay Q) ctia phan ting ho#c thuéc thi R.

— Néu phdn @ng tao ra két tia: Ta c6 thé tach riéng két tia va dem cén,
tit khéi lugng san pham két tia tinh duge ham lugng chat X.

Thi du:
Pé 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 tia Fe(OH),, riia sach, dem nung khoé:
2 Fe(OH), —~—> Fe,0, + 3 H,0
T khéi lugng Fe,O, tinh ra duge ham lugng FeCl, ¢6 trong mau phan tich.

— Néu phdn tng tao ra chdt khi: Ta c6 thé xac dinh thé tich cta khi duéi
mot ap suat nhat dinh (hoic dung mot chat hap thu khi), tir lugng khi
ta c6 thé tinh dudc ham lugng chét X.

Thi du:

DPé x4c dinh CaCO,, ta cho tac dung véi HCI:
CaCO, + 2 HC1 = CaCl, + CO,T + H,0

Cho khi CO, hap thu vao dung dich Ba(OH), ta xac dinh dugc lugng CO.,;:
CO, + Ba(OH), = BaCO,{ + H,0

Tu d6 ta sé tinh duge ham lugng CaCO, trong mau thii.

— Dua vao luong thuéce thiz R tiéu thu trong phan tng, tinh dudec ham
lugng chat X c6 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. SAI SO TRONG PHAN TiCH DPINH LUGNG HOA HOC

4.1. Mot s6 khai niém

_ Khi phén tich, ngudi ta thuong thuc hién toan bd qui trinh phan tich

(ho#c x4c dinh mot dai lugng nao dé) mot s6 1an trén mau thi va thu
dugc cac két qua tuong ing x,, X,,...X,

X, + X, .o+ X

n
lam két qua ctia phép phan tich.

Gia tri trung binh x= " ]a dang tin ciy hon ca va duge 14y

Gia tri trung binh x thuong khac véi gia tri thuc p ctia dai lugng can
xac dinh, su sai khac dé chinh 14 sai s6 ctia phép phan tich (hoic phép
xac dinh).

— Két qua ctua phép phan tich dugec danh gia & tinh ding (dd dung:
accuracy) va tinh chinh xac (precision).
Tinh ding phan anh su phu hgp gitia két qua thuc nghiém thu dudc
(X) v6i gia tri thuc (u) cia dai lugng can xac dinh.
Tinh chinh xac (d6 lap lai) phan anh su phu hop gifia cac két qua thu
dudge (x,, X,,...X,) trong cac thi nghiém lip lai trong cung diéu kién thuc
nghiém qui dinh cua phép phan tich (cac phép phan tich song song).

— C6 thé biéu thi sai s6 dudi dang sai s6 tuyét d6i va sai sé tuong doi.

+ Sai s6 tuyét d6i e = X - p (gia tri duong 1a sai s thira, gia tri 4m 1a
sai s0 thiéu).

+ Sai s6 tuong d8i XM 100 (%)
X

4.2. Cac loai sai s6

4.2.1. Sai sé thé

Thudng 1a nhiing sai 16n, hau hét do su cdu tha, su nham 14n hoic su
c6 y gian 1an, su truc tric bat ngs (do hong thiét bi, mat dién, mat nudc..)...
Sai s tho c6 thé chi lam héng mot di liéu nhung ciing c6 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 bé cac dii liéu
ngoai lai...

4.2.2. Sai s6'hé théng

— La sai s8¢ do nhiis ngtidn s8¢ ma trén nguyén tic c6 thé xac dinh
dudgc, n6é lam cho cae két quaphan 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 khéng day nip thi két qua cin sé tang din theo thoi
gian vi Na,CO, 14 ch&t hit 4&m manh, sai s6 nay ting theo thdi gian
cAn va bé mit mit ti€p xdc ctia héa chat véi khi quyén.

— Sai s6 hé thong 1am gidm tinh ding ctia két qua phan tich.
Nguyén nhdan 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 ch4t la... (thi du diang cAn khéng ding, cic dung cu do thé tich
khéng chinh xac...). C6 thé khic phuc sai s6 nay béng cach hiéu chinh
lai, thay héa chat thudc thi dat tiéu chuén...

— Sai s6 do ca nhan nguoi lam: Cé thé do chi quan ngudi phan tich gay
ra vi thi€u kinh nghiém, lam viéc thiéu suy nghi, khong cdn than dan
dén cac thao tac khong chuén (c6 thé khic phuc bing cach lam viéc
can than, nghiém tudc, rén luyén k§ nang, chiu khé hoc tap...); c6 thé
do tdm ly ttc la khuynh huéng ctia nguci phan tich khi lip lai thi
nghiém muén chon gia tri pht hgp véi gia tri da do truée, hoic gan véi
gia tri cua ngudi khac.

— Sai s6 do phuong phap: Nguyén nhan nay khé phat hién va la nguyén
nhan quan trong dan dén sai s6 hé théng. Sai s6 phuong phap cé lién
quan véi tinh chat héa hoc ho#c héa 1y cua hé do. Thi du: phan tng
phan tich xay ra khoéng hoan toan hodc c6 phan ting phu xay ra lam
sai léch tinh hgp thtc ctia phan ting chinh... Sai s6 phuong phap cé
lién quan véi thao tac ctia ngudi lam. Trong nhiéu truong hgp néu
thao tac t6t c6 thé lam giam sai s6 phuong phéap va ngude lai. (Thi du
trong phan tich khéi luong, néu rta két tia véi thé tich nuée ria thich
hop sé lam giam su mat tta 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 géc cta né 1a do cac bién d6i nhé khéng
kiém soat dugc (khong phat hién va khong do dugc), nhung nhu’ng
bién d6i nhé nay cé thé két hop véi nhau theo nhiéu cach tao ra sai s6
16n thay dude, 1am anh hudng dén do lap lai cia két qua do va lam
giam d0 chinh xac ctia phép phan tich.

— Sai s6 ngau nhién luén ludén xuidt hién du phép phan tich dugc thuc
hién hét stc cin than va diéu kién thuc nghiém duge giit c6 dinh
nghiém ngit. C6 thé 1am giam sai s6 ngiu nhién bang cach tién hanh
phéan tich cin than, ting s6 thi nghiém va xt 1y cac s6 liéu bing
phuong phap thong ké (theo cac Tuat thong ké ctia 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 tit do truc tié€p hodc tinh
toan gian tiép tit két qua cac phép do phai dudc ghi theo nguyén tic chi
mot chii sd cudl cung l1a con nghi ngd, cic chii s6 con lai 14 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). Né&u can trén can phan tich phai ghi 1a 0,5000g (vi can
phéan tich cho phép sai + 0,0002g).

— L&y 10mL dung dich béng pipet chinh xac phai ghi 1a 10,00mL (vi sai
cho phép + 0,02mL).

* Theo cach ghi trén: Tru cac chii s6 0 dau tién, cac chii sd con lai dudc
goi 12 chii s6 ¢6 nghia. Thi du:

— 0,0531g c¢6 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:
— Néu chii s6 cudi cung la 1-4: bo di
— Néu chii s6 cudi cung l1a 6-9: b6 di va thém 1 vao chii s6 ding trude.
— Néu chii s6 5: 1am tron thanh s chin 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 dd1 tugng ctia phan tich dinh lugng.
1.2. Néu cac phuong phap héa hoc dung trong phan tich dinh lugng.

1.3. Trinh bay nguyén tic chung ctia cac phuong phap héa hoc dung
trong phan tich dinh lugng.

1.4. Giai thich su khac nhau gitia:
- Tinh ding va tinh chinh xac.
- Sai s6 tuyét do61 va sai s6 tuong doi.
- Sai s6 hé thong va sai s6 ngau nhién.

1.5. Hay néu mot s§ bién phap dé khic phuc cac sai s§ thudng gip
trong phan tich.

1.6. Cach ghi diiliéu thue nghiém theo 'qui tdc 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 ciia phuong phdp phén tich khéi luong.
2. Mo td cdc giai doan chinh cua phén tich khoi luong.

3. Tinh duge 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
dudge tach ra khdi cac chat khac (c6 cung trong mau thiu) duéi dang tinh
khiét.

Quaé 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, c6 thé chia
thanh hai phuong phap chinh.

1.1. Phuong phap két tua

Cho thudc tht két tta vao dung dich chta chit can xac dinh dé tao
két tha thich hgp. Loc tach 14y tia ra khoi dung dich, rtia, sdy hodc nung
dén khéi lugng khéng d6i. Tu khéi lugng tia 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 tia cudi cung dem can 1a dang cdn. Dang tia va dang can cé6 thé giong
nhau nhung ciing c6 thé khac nhau.

Thi du:
_ Dinh lugng Na,SO,: cho phan ting két tua véi BaCl,
BaCl, + Na,SO, = BaSO,J + 2 NaCl

(dang tua)

Tach loc 18y két taa, ra; sa¥, Mung kha duoe dang can van 1a BaSO,.

137



— Dinh lugng FeCl,: cho phan ting v6i NaOH du
3 NaOH + FeCl, = Fe(OH),J + 3 NaCl

Tach loc 18y két ta, rua, sy, nung kho dugc dang can 1a Fe,0, (khac
v6i dang tua).
tO
2Fe(OH); ——» Fe,05 y + 3H,0

(Dang tta) (Dang can)
1.2. Phuong phap bay hoi
Trong truong hop nay, mot hay nhiéu hop phan cia mau duge lam cho
bay hoi hay c6 thé chuyén thanh mét ch4t bay hai.
1.2.1. Phuong phdp bay hai truc tiép

— Cho chat bay hoi thu duge hap thu vao mot méi trudng thich hop, réi
tt phan ting khoi luong tinh ra két qua.

Thi du:

Pé xac dinh ham lugng CO, trong mudi carbonat, ta cho mudi d6 phan
tng véi acid dé giai phéng CO,. Khi CO, bay ra dude din qua mét binh
dung Ca(OH), c6 khéi lugng biét truée:

CO, + Ca(OH),= CaCO,4 + H,0
Sau khi CO, bi hap thu, can lai binh, xac dinh duge ham lugng CO.,,.
— Chat can xac dinh dudc can sau khi lam bay hoi mau:
Thi du:

Xac dinh cin khé ctia mau nuée dude thuc hién bang cach cho béc hoi
mot thé tich nuéc xac dinh trong coc da biét khéi lugng. Cén con lai trong
coc duge say kho. Tu khoi lugng ting 1én cua coc ta tinh dude lugng cian kho
clia mau nudc thi.

1.2.2. Phuong phdp bay hoi gidn tiép

0 day, ta xac dinh lugng chat trude khi bay hoi va lugng cdn con lai
sau khi bay hoi dé suy ra khéi lugng chat da bay hoi.

Thi du x4c dinh ham 4m (ham lugng nudc) cia mau thudc, Dude dién
Viét Nam ciing nhu mot s6 nuéc dung phuong phap bay hoi theo cach nay
va goi 1a "gidm khoi luong do sy kho".

— Véi thudc khé bi nhiét phan huy: thuong sy & 100-105°C.

— Véi thude dé bi nhiét-phan huy: lam kho ¢ nhiét do thuong trong binh
hit 4&m c6 P,O,hay H.SO, d:ic, hotactirsdy ap suit gidm & nhiét d6 thap.
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2. NHONG PONG TAC CO BAN CUA PHUONG PHAP PHAN TiCH
KHOI LUGNG

2.1. Hoa tan

Né&u mau phan tich 6 dang dung dich khéng can giai doan nay. Mau
phan tich rdn can phai tim cach chuyén né vao dung dich réi dung thudc
thi thich hgp dé thuc hién phan tng két tua.

Qua trinh hoa tan phu thudc vao nhiéu diéu kién: dung méi, nhiét do,
pH, ban chat ctia chat phan tich... Do vay c6é chat dé hoa tan trong nuéc,
nhung ciling c6 chat chi tan trong dung dich acid, dung dich kiém, hoic tan
khi tao thanh phtc chat, nhiéu chat khé tan hon phai can dén nhiing chat
¢6 tinh oxy hoa khti thich hgp hay chuyén ching thanh mét dang dé& hoa
tan hon. Trong khi hoa tan khong dugc cho thém vao nhiing chit 1am anh
hudng t6i phan ting két tia sau nay.

2.2. Két tua

2.2.1. Chon thuée thit thich hop dé két tia
Thudc thi két tia can dap tng 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 v6i cac chat phu khac).

— Thuéc thi phai dé loai bé khi loc, ria.

2.2.2. Chon diéu kién két tia

— V§i tia tinh thé: Can duy tri diéu kién dé lam cham quéa trinh tao
mAam va tdng cudng qua trinh 16n lén cia mam. Cho nén thudng két
tua trong diéu kién:

+ Dung dich loang, néng.
+ Cho thuéc tht cham, khu4y déu.

+ Lam mudi taa: Dé tua ti€p xic lau v6i dung dich thi cac tua bé sé
tan ra, cac tua 16n sé to 1én.

— Véi tia vo dinh hinh: Can tao ra qua trinh dong tu cac hat keo va
ngin can qua trinh cong két (1a hién tugng ion nay cé thé cing tua véi
ion khiac ma trong-diéu-kién-riéng-réné-khong két tia dudge) do hap
phu, hap luu, tuatheo. Do vay khitiéiihanh két tia thuong phai:
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+ C6 mat cua chat dién ly manh trong dung dich
+ Dun néng dung dich va khudy manh.

+ Két tia ti dung dich dac tua sé it xop va ldng nhanh hon, nhung su
hap phu ch4t ban ciing nhiéu hon. Pé khic phuc, trude khi loc cho
thém nudc néng vao va khudy manh dé giai hap phu cac chat ban.

+ Loc ngay, khong 1am mudi dé tranh hap 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 khéng tro, nghia 12 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 ctaa gidy loc bing mau in trén hop dung hodc
mau bing gidy hay theo ky hiéu tuy nha san xuat, vi du:

— Gifly bang xanh: R4t min, chay cham, dang dé loc tua tinh thé nhd.
— Gidy bang tring, bang vang: Po min vita phai, téc d6 chay trung binh.
— Giély bang d6: L to, chay nhanh, dung dé loc tta v6 dinh hinh.
Can luu ¥ khi nung két tua, gidy loc chay thanh than, than tao thanh
c6 thé khti méot s6 chét.
2.3.2. Phéu xép
Dugc danh s6 1, 2, 3... s6 cang ting, phéu cang min. Khi dung luu §
bao quan 16p x6p (tranh cao sat lam hong 16p xdp).
2.4. Rira tua
2.4.1. Chon dich rva cho thich hgp

Dich riia phai lam gidm d6 tan ctia tua, chéng hién tugng pepti hoéa,
dé loai bo khi say hodc khi nung.

Dich rta cé thé 1a chinh ban than thudc thi, 14 dung dich lodng cuaa
mot chét dién ly, 14 dung dich acid hoic base va ciing ¢6 thé chi 1a nude c4t.

2.4.2. Cdach rua

Vé6i ctiing mét thé tich dich rta téi da cho phép, riia nhiéu lan t6t hon
14 rtia it 1an. Ngudi ta da chiing minh dudc céng thic:

An :AO Vo
MV
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Trong do6:

A,: Lugng ch&t 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 nhd thi A_ cang
bé, do d6 khi riia phai cho dich rua chay kiét méi chéng sach)

n: So61an raa
2.5. Siy va nung

Pay 1a qua trinh chuyén dang taa thanh dang cidn. Dang can phai
tinh khiét, bén viing va c6 thanh phan xac dinh khi tiép xtc véi khong khi,
do vay can phai sy ho#c nung dé loai hét nuée gdy 4m ra khoi két tua.

Gidy loc va tua da rta sach phai dé chay that hét nudc roi méi cdn
than 14y ra khdi phéu, gap lai va dit vao trong chén nung da nung dén
khoi lugng khéng d6i. Néu chén cé nép phai day hd mét chat dé khi 6 161
thoat. Méi dau can dé & nhiét d6 thap dé siy cho khé (khéng dude dé tua va
nuée ban lung tung ra thanh chén). Khi tiia da kho, khong con giot nudec
nao bam ¢ thanh chén thi ting nhiét d6 dé gidy loc chay thanh than (khong
dé gidy loc chay bung thanh ngon ltta). Sau d6, ting nhiét d6 dén nhiét do
thich hop trong thdi gian tit 15-30 phit (hodc hon niia néu cé yéu ciu cu
thé). S4y hodc nung dén khéi luong khong d6i 1a dude (nghia 1a gia tri hai
14n can ké ti€p nhau sai khac < 0,0005g).

2.6. Can

Trude khi cin, cAn dua vat cdn vao binh hut 4m khoang 20 phut dé
dua vé nhiét do phong. DAy 1a giai doan cudi cing nhung rit quan trong dé
xac dinh khoi lugng cta két tua (6 dang can), khi can can hét stic than
trong va tuin thu ding huéng dan st dung.

3. CACH TINH KET QUA TRONG PHAN TiCH KHOI LUONG
3.1. Trong phuong phap két tua

3.1.1. Thita s6 chuyén F

» La ty so gitia khoi lugng mol ctiia chat cAn xac dinh (nhan véi hé s&
tuong tng) va khéi lugng mol ctia dang can. Vé ¥ nghia né cho biét ct
1g dang cin c6 F gam chat xac dinh.

— Thi du 1: Dinh-ligng-Na;SO;~cho-phan-ing két tua véi BaCl,, dang
can la BaSO,
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Na,SO, + BaCl, = BaSO, | +2NaCl

M Na,SO, M BasO,

_ 1'MNaZSO4 _ M Na,S0,

=F
M BaSO, M BaSO,

Thi du 2: Dinh lugng Fe trong dung dich Fe®" bang cach cho két tua
v6i 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 chat c6 nhiéu dang cin, dang cin nao c6 F cang nho, cang tot
vi khi d6 gidm t6i miic thap nhit anh hudng cta cac sai s6 thuc
nghiém dén két qua cudi.

Thi du: Khi dinh lugng crom duéi dang can la Cr,0, thi khi mat 1mg

2xCr x1=%=0,7 mg Cr; nhung néu dang can la

Cr,0, = 152

BaCrO, thi khi mat 1mg két tia chi tuong ting mat Cr_ =52 —02mg
BaCrO, 253,3

két tua sé tuong Ging mat

Cr = dang can BaCrO, tét hon.

3.1.2. Ap dung tinh két quad

— Gia st can a gam mau chat can xac dinh A, khoi lugng dang can thu
dugc la P gam.

Khoéi lugng chat A nguyén chat c6 trong mau la: m = P.F (g). Do d6,
ham lugng % (kl/ kl) ciia A trong mau thi 1:

P.F
%A (KUKl — 7 100

— Gia st lay VmL mAu chit can xac dinh A, khéi lugng dang can thu
duge 1a P gam. Khi d6, ham lugng % (k1/ kl) cia A trong mau thi la:

P.F
YA Lir) = . 100

Cac néng do khac duge tinh hoic suy fudn 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 trude khi say
b: khéi lugng mau sau khi say kho

4. CAN PHAN TICH

Trong phén tich khéi lugng, cAn phan tich duge dung dé cAn mau thi,
bi va bi c6 chiia tua. Trong thuc té c6 cac loai cAn phan tich sau:

4.1. Can co hoc (Mechanical balance)
Hoat déng cua can dua trén nguyén tic don bay.
Can co hoc c6 hai loai:

— Can co hoc hai quang: C6 hai canh tay don bang nhau. Qua can dé 6
ngoai can, khi can mdi dat qua can lén dia can. Khi can 6 vi trl can
bang kh01 lugng qué cAn dit vao dia can chinh 1a khéi lugng cla vat
can can.

— Can co hoc rn@t quang: Can c6 qua can dudc dit truc tiép 1én canh tay
don trong can va dudc thang bang véi d6i trong. Khi dit vat can can
lén dia can, can bang véi doi trong bi pha vé, pha1 nhic qua can ra
khéi canh tay don dé lap lai can bang Khoi lu’ong cua cac qua can lay
ra chinh 1a khéi lugng cua vat can dit trén dia cAn. Can c6 hoc mot
quang c6 gin thém bo khuéch dai quang hoc nén thuong duge goi 1a
can dién.

4.2. Can dién tu (Electronic balance)

Hoat dong cua can dua trén luc dién tu dé giti can 4 vi tr1 can bang
ban dau. Dong dién can dé duy tri hic nay ty 1é v6i khoi hidng cua vat can
khi can. Qua trinh hoat dong cia cAn nhu sau:

— Khi khong 6 vat can trén dia can, lyc dién tu cua hé thong giii can 6
vi tri cAn bang: diém 0 ban dau.

— Khi dét vat can 1én dia cén, dlern 0 ban d4u bi dich chuyén va gti tin
hiéu té61 dong dién kiém tra dé tao ra dong dlen h1eu chinh (dong dién
hleu chinh nay chay trong cuon day gan vao dia cua di ia can, tao ra
mot tu trlidng T truong cua cudn day chiu tuong tac cua mot nam
cham vinh ctiu dat duei.dia can) can thict dé thiet lap lai hé thong vé
vi tri ban dau ty Ie vo1 khoi luong cuavat can dat trén dia can.
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Céac yéu t6 anh hudéng dén can dién
tu: cac btc xa dién ti tai noi dit can, tu
tinh ctia vat can, bui ban & khe gitia cudn
day va nam cham, ... Do d6, khi st dung _
can dién tu phai quan tam t6i cac thong
s6 cua moi truong xung quanh nhu nhiét
dd, ap suét khi quyén, do 4m, ludng khi,

. va cac yéu t6 khac nhu su thay d6i
dién thé& cua ngudn dién, dién trudng, ti B 0ouog
truong, tinh dién va ban chit cia miu do
vé tu tinh va kha nang nhiém tu.

Hinh 2.1. Can phan tich dién t&

4.3. Tiéu chuan co ban cta can phan tich

— Do ding: La mic do sat gin cua céac 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 nio trén
dia can.

— Do nhay dat yéu cau khi can.

Tinh tuyén tinh: La su léch duong hay 4m cua gia tri doc dudc véi gia
tri thuc dat trén can.

Pinh ky méi nam hai 14n kiém tra cac tiéu chi trén dé dam bao két
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 thita dung dich AgNO, vao dung dich CI can x4c dinh sé c6 phan Gng:
AgNO, + ClI' = AgCll + NO,
Loc 14y két tiia AgCl, rta tta, sdy dén khéi lugng khéng doi, cAn trén

can phan tich. Tu 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 (Idc dau
tiia hod tim sau den dan) vi vay khéng nén dé tua lau & anh sang khuyéch
tan hodc tiép xtc truc ti€p v6i aAnh sang, tot nhit nén boc coc dung tua
bing td gidy den. O 130 °C tiia AgCl bi phan huy va mat clor, do d6 khi s&y
khong dé nhiét d6 cao vugtqua 130 C.
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Ky thudt tién hanh:

Dung pipet 18y mot thé tich chinh xac 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. Dit céc vao noi dun cach thuy. Dung dia
thuy tinh vita khudy manh, vita cho tu tit khoang 50 mL AgNO, 0,1N
(thita khoang 10% so véi lugng Cl). Pun cach thuy tiép 1gid. Sau d6 dé
yén ¢ chd toi tu 3-5 gid. LAY ra thi xem d& tia hoan toan chua bang cach
thém 1mL AgNO, 0,1N vao dung dich trong & trén tia, néu khong cé tua
thém 1a da tia hoan toan (néu chua tia hoan toan phai lam dong tac két
tua thém).

L&y 1 phéu loc x6p s6 3 hay sd 4 rua bang dung dich HNO, loang,
néng (2-3ml HNO, 2N), sau d6 rta lai bang nuéc néng va dem say 6 130 °C
dén khéi lugng khéng déi.

Lép phéu loc x6p vao binh hidt chan khong va loc tua. Pau tién rét
phan nudc trong theo diia thuy tinh vao phéu, rta tua vai lan bang dung
dich HNO, lodng, néng, sau d6 chuyén hét tta vao phéu, ria tiép tia 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 phén tich. S4y, lap lai dén khi c6 khéi lugng
khong déi. Lap cong thic va tinh két qua.

5.2. Pinh lugng Na,SO,
Khi thém dung dich BaCl, du vao dung dich mAu thi, sé c6 két ttia BaSO,;:
Na,S0, + BaCl, = BaSO,J + 2NaCl

Loc 18y két ttia BaSO,, riia, sdy va nung tia dén khéi lugng khéong déi.
T khoi lugng dang can BaSO, thu dudc tinh ra ham lugng Na,SO, trong
mau thu.

Vi BaSO, c6 tan mdt it trong dung dich acid dic, cho nén chi két tia &
moi truong acid nhe, khéong nung tua ¢ nhiét do > 800 °C vi 6 1400 °C tua
BaSO, bi phan huy theo phuong trinh:

BasO, — 2% ,Ba0+S0,

Ky thudt tién hanh:

Lay chinh x4c mét lugng mau thi sao cho lugng sulfat khoang 0,15 -
0,20g cho vao coéc 250 mL, thém nuéc cho thanh khoang 80 mL, thém
0,5 mL HCI d&c. Dat 1én bép (c6 16t 1uéi amidng). Pun s6i. Via khudy via
cho ti tit dung dich Ba€l;-0,6N-dén-khi-du-khodng 10% so véi lugng sulfat
dem dinh lugng. Pun sbi thém vaiphiit’ D8 fang, kiém tra xem tia hoan toan
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chua. Pun cach thuy 1 gié (thinh thoang khudy déu). Dé 1dng. Gan nudc
trong ¢ trén tia qua mot phéu loc cé gidy loc khong tro (gidy bang xanh).
Riia gan tua vai l4n bang nudc cét, sau d6 chuyén hoan toan tta sang
phéu. Riia tiép 2 1an trén phéu bang dung dich NH,NO,1%.

Dé gidy loc c6 tua chay hét nude, dem ca phéu va gidy sdy ¢ 100 °C
dén khi gidy con hoi 4m (khoang 15 - 20 phut). Nhéc gidy loc c¢6 tia ra khoi
phéu, gap lai theo hinh chép va dit vao chén nung da nung dén khéi lugng
khong d6i. Dat chén nghiéng & bép dién va dot cho gidy loc chay thanh
than (khong cho chay thanh ngon ltia). PDem chén nung c6 tia nung 6 600 —
700 °C trong khoang 30 phut. L&y chén nung ra dé ngudi trong binh hut
am, sau d6 cAn trén can phan tich. Nung lap lai cho dén khi khéi lugng
khong déi. Lap cong thic va tinh két qua.

BAI TAP (BAI 2)
2.1. Hay néu noi dung va phan loai cia phuong phap phan tich khoi
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 luong.

2.4. Thé nao 1a thiua 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 thua thuéc thi ?
Khudy déu ?

2.6. Anh (chi) hay phan tich dé chi ra vu nhudc diém cta phuong phép
phan tich khéi lugng.

2.7. Mot chét cAn xac dinh theo phuong phap khéi lugng cé thé co
nhiéu dang can khéic nhau, nén chon dang nao. Vi sao?

2.8. Hoa tan 1,1245 g mAu c6 chita sit, sau d6 dem két tta hoan toan
bang dung dich NaOH du. Loc,rtta két tua sau d6 dem say khé roi
nung ¢ nhiét d6 800 °C dén khéi lugng khong d6i, thu dude 0,3412
gam. Hay giai thich (viét phuong trinh phan ting) va tinh %Fe c6
trong mAu dem phéan tich.

2.9. Hoa tan 1,053 g mau phan tich chi gom CaCl, va Ca(NO,),, sau dé
cho két tia hoan toan béng acid oxalic du. Loc, ria két tia sau d6
sdy roéi nung kho thu dudc 0,3872 g CaO. Hay giai thich (viét
phuong trinh phéan ting)wva tinh, %-moi chat trong hon hgp trén.
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Bai 3

PHUONG PHAP DINH LUONG THE TiCH

MUC TIEU

1. Trinh bay duoc néi dung ciia phuong phdp phén tich thé tich. Néu duoc cdch
xdc dinh diém tuong duong.

2. Kétén duoe bon loai phuong phdp chudn do chinh va ba ky thudt chuédn do.

3. Trinh bay dudc qui tdc chung va cdch tinh két qud dinh luong theo néng dé
duong luong.

4. Trinh bay dude cdch st 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 phan tich thé tich 14 phuong phap xac dinh ham lugng
cac chat dua vao thé tich dung dich thudc thi da biét nong d6 chinh
xac (trong phén tich goi 1a dung dich chuén) thém ti buret vao dung
dich ch&t cn x4c dinh (dé trong binh nén) cho dén khi ching phan
ting viia du v6i nhau theo phan ing hoa hoc:

R+X=P+Q
Tw thé tich thude thi R c6 nong d6 da biét va lugng mau

(c6 chiia chat X), xac dinh duge ham lugng cua chat X. R

* Su thém tu tu thudc thi R (6 trén buret) vao chat X (6
duéi binh nén) goi 13 su chuin d6 (trong thuc t& ciing c6 A X
khi dung dich can dinh lugng X dudc rét vao buret, dung -
dich R @& & duéi binh nén).

» Thoi diém lugng thude thi R cho vao da dé phan tng vita hét véi toan
bo chéit xac dinh X goi 1a diém tuong duong. Dé xac dinh diém tuong
duong trong chuin d6 thé tich ngudi ta st dung mét trong cac chit
tham gia phan tGng hodc thém vao chit phu c6 thé giy ra cac hién
tuong quan sat dude (vi du su d6i mau, su xuit hién két ta...) xay ra
& 1an can diém tuongdueng goi la chat chi thi.
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Trong thuc t&, ching ta thuong ding chuin do khi ch4t chi thi thay
d6i tin hiéu (d6i mau, gay tua,...) va dude goi 1a diém két thic chudn
d6 (hay diém ding chuén do - diém cudi). Diém két thuc thudng khong
trung véi diém tuong duong va gy ra sai s6 chuén do. Sai s chuédn do
thuong do hai yéu t6: do st dung chat chi thi khong thich hgp (sai s6
chi thi) va do k§ thuat chuén d6 (st dung pipet, buret khong tét,...). Vi
vay khi chuén d6 phai luu § dé gidm sai s6 t6i mtc thap nhét.

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 mén

cac yéu cau sau:

3.

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 thtc ctia phuong trinh
phan tng.

Phan ting phai c¢6 tinh chon loc cao: chi x4y ra giiia thudc thi va chat
can xac dinh, khong c6 phan ting 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 dudc chinh x4c diém tuong duong.

PHAN LOAI CAC PHUONG PHAP THE TiCH

Théng thuong dua trén cd sé phan tng chuin d6 dé phan loai céc

phuong phap phén tich thé tich. Trong pham vi chuong trinh nay ching t6i
trinh bay bon phuong phap sau:

3.1. Phuong phap acid-base (phuong phap trung hoa)

Phan tng dinh lugng 14 phan tng trao d6i proton hay phan tng acid

base. Thi du: Pinh lugng dung dich CH,COOH bang dung dich NaOH

CH,COOH + NaOH = CH,COONa + H,0

3.2. Phuong phap oxy hoa khw

Phan tdng dinh lugng 1a phan dng trao d6i dién ti gitta moét chit oxy

hoa va mot chat khu.
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Thi du: Pinh lugng FeSO, bang KMnO,:
10FeSO, + 2KMnO, + 8H,SO, = 5Fe,(50,),+ 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 thudc thu
va chat can xac dinh.

Thi du: Pinh lugng dung dich NaCl bang dung dich AgNO,
NaCl + AgNO, = AgCl{ + NaNO,

3.4. Phuong phap tao phtic
Dua vao phan ting tao thanh phiic chat gitia thude 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. Dinh lugng truc ti€p (chuin d6 thing)

D6 1a truong hgp cho thudc thu va chat can dinh lugng phan tng truc
tiép v6i nhau viia du.

Thi du: Pé dinh lugng mét dung dich NaCl ngudi ta nhé dung dich
chuén d6 AgNO, vao dung dich NaCl dén khi chét chi thi chuyén mau.
4.2. Pinh lugng ngudgce (chuin d6 thira tri)

Thi du: Dé dinh lugng clorid, truée hét ta cho AgNO, du dé tta hoan
toan AgCl

AgNO, du + NaCl — AgClJ + NaNO,
Sau d6 chuin do6 AgNO, con thita bang KSCN
AgNO;con lai + KSCN —» AgSCN + KNO,
Biét dugc lugng AgNO, thiia, tinh duge lugng AgNO, da tac dung véi
NaCl ttc 1a biét dugc lugng NaCl.
4.3. Pinh lugng thé (chuin dé thé)

Thi du: Dinh lugng K,Cr,0, bang cach cho K,Cr,0, tac dung véi KI
du trong moéi 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, viée dinh Tuong K,Cr,0, dudc thay thé& bing dinh
lugng iod.
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5. CACH SU DUNG MOT SO DUNG CU DUNG TRONG PHUONG PHAP
THE TiCH

Trong nhiing phuong phap phén tich thé tich, ngoai nhiing dung cu
thuy tinh thong thuong nhu 6ng dong, pipet chia nhiéu vach dudc st dung
khi cin 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. Dé 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 phén tich
va ban phéan tich (hinh 4.1)

Trude 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 bdi vao 16 khoa).

— Buret cian phai kho va sach. Truéc khi dung can
rua sach buret, chd y rta sao cho trén thanh
buret khong con vét md. Trong khi rtia khong bit
miéng buret bing ngén tay vi khi d6 buret sé lai
bi md lam ban. Buret sach thi khi d6 day chéit
10ng chiy qua 6ng ti tit khong dinh lai mot giot
nao trén thanh éng.

— Né&u buret con uét ma can dinh lugng ngay,
ngudi ta trang buret hai 1an bang 1 1it dung dich
dinh lugng. Dung dich nay d6 qua phéu dit &
trén miéng buret, sau d6 nhic phéu ra dé tranh
dung dich con sét d 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. N&u bot van con
thi nhing dau nhd cua buret vao dung dich, mé
khoa réi hut ngude dung dich 1én.

Hinh 4.1. Buret

— B4t diu dinh lugng, ta d6 dung dich lén qua vach s6 0 cta buret: tay
trai md khoa cho dung dich chay tu ti téi khi phan duéi (néu dung
dich khong 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-thing dé tranh sai sd. Khi chudn d6 xong ciing
doc theo cach dz moéi 6 trén)(hinh"'4.9).
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— Muén nhin mit khum rd hon thi dé sau buret mét miéng bia tréng
ntia du6i béi den, dai den dé cach dudi mat khum khoidng 1 mm, do
phan chiéu mit khum sé hoa den (hinh 4.3). C6 thé dan 1én thanh
phia sau buret mot dai nhd dai c6 mau & trén nén trang siia. Ta sé
th4y mat khum phéan chia dai d6 tu lai thanh mét diém nhon va ta sé
doc ti diém d6 (hinh 4.4).

U347 <_b St

PLITE (e
5 .

2453¢

Hinh 4.2. Doc thé tich trén Hinh 4.3. Dung bia tréng Hinh 4.4. Buret c6
buret den doc thé tich trén buret  dai mau

— Dung dich chay tu buret khong dudec qua nhanh, vi khi chay nhanh
dung dich khéng chay xuéng hét, sé dinh & thanh 6ng va két qua sé
khong chinh xac.

— MGbi 14n dinh lugng nhat thiét phai dé miic ngang cua dung dich trong
buret bat dau ti s6 0, ttc 1a ludn ludn chi dung mét phan cta buret.
Khi d6, cac sai s6 do chia vach trén buret sé bu nhau t6t nhat.

— Muén két qua dugde chinh xac, thé tich dung dich dung dé dinh lugng
khéng vugt qua dung tich cua buret va ciing khong quéa nho.

— Bao quan: Khi thoi khéng dinh lugng nita cAn cho chay hét dung dich,
rua sach buret, day dau buret bing mét nén gidy. Dé cho khoa khoi bi
rit, nhéc hin khoa ra khéi 8, lau sach vaselin rdéi dit khéa vao 6
nhung c6 16t mot miéng gidy loc.

5.2. S 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 1an bing dung dich dinh lugng,
sau d6 cAm phén trén cua pipet bang ngén tay cai
va ngoén tay gitia, cAm sau dau duéi cua pipet vao
trong dung dich (dé néng qua dung dich c6 thé xoc
lén miéng) hut ti ti cho dén khi mit khum cua
dung dich dang lén trén vach gan 2 cm , bit nhanh
miéng trén cua pipet bang ngén tay tré kho va hé
md mét ty dé dung dich chay xuéng rat cham cho
dén khi phan duéi cia miat khum dén ngang vach
(vach tht 1 néu 1a pipet c6 2 vach).

-gllt.!:.llll.gu.. .-'-

Dua ngay pipet vao trong binh nén da chuin
bi trude, tua dau pipet vao thanh binh, cAm théing
ding pipet roi dé cho chat 16ng chay ra ti tiu cho
dén vach tha 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 s thuta. P& tranh lam hdng |
thudc thi khong nén nhing thing pipet vao chai
ma rét thuée thi ra coc c6 moé rdoi méi hiut bang
pipet.

Tuyét d6i khong dung pipet dé hit nhiing dung dich acid dic, kiém
dsc, chat doc, chat bay hoi, trong trudng hop nay phai diung buret dé 14y
mot thé tich chinh xac hodc diung qua bép cao su néi véi pipet dé hit dung
dich 1én.

3
&1
:q-

Hinh 4.5. Pipet

5.3. St dung binh dinh mitc

Binh dinh miic dung dé pha ché cac dung dich. D6 1a nhiing binh cau
¢6 dai va hep, c6 vach ngén c6 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 nhat dinh trong céng tic hang
ngay: vi du 50 va 55 mL; 100 va 110 mL. Binh dinh mtc phai dugc ria
sach bang nuéc cat truéec khi dung, khong dudc ria va trang bang dung
dich dinh lugng hay thuéc thi nhu trong trudng hgp buret va pipet.

Khi gdp mot chat dé tan, ta cho chat nay vao binh qua mot cai phéu,
thém mét it nude vao (khoéng qua nta binh) va lic cdn than. Khi da hoa tan
hét, ta cho nudc t6i duéi vach ngdn mot it, réi dung pipet thém nude tir ti
cho dén khi day mit khum cham t6i vach ngan thi théi. Néu 1a chat khé
tan thi phai hoa tan truéc 6 mot coc c6 mo roéi méi rét sang binh dinh mtc
(nhé trang sach coc va do.ca sang binh). Can chi § nhiing diém sau day:
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— Khoéng rét thing dung dich néng, lanh vao
binh dinh mtc, d61 v6i nhiing chit khi pha
téa nhiét (nhu H,SO,) hay thu nhiét phai
pha truéc 6 mot céc c6 moé va dgi cho nhiét do
bing nhiét do trong phong thi nghiém roi
hay r6t vao binh dinh mfc.

— Khi pha ché xong phai rét dung dich vao
chai lo ma khong dung binh dinh mtc dé
dung dung dich tht, nhat 1a dung dich kiém.

Hinh 4.6. Binh dinh mac

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 ¢
nhiét d6 nhat dinh, nhung do k§ thuat san xuat, do thoi tiét nén khong
tranh khoi c6 sai sét. Vi vy cAn kiém tra dung tich nhiing dung cu d6
truéc khi tién hanh dinh lugng.

Muén kiém tra ta cAn mét dung tich nh&t dinh nuée cadt da ghi trén
binh dung, thém vao mot s6 hiéu chinh da tinh san & nhiét do tuong ting, ta
duge dung tich thuc ctia dung cu. S6 hiéu chinh da tinh sdn dé dya vao mot
loat hiéu chinh sau day:

a/ DEé c6 thé suy ra thé tich cua nudc theo khoi lugng nude, nude phai &
nhiét do c6 khéi luogng 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 dé.

b/ Thé tich cta nuée da can 16n hon thé tich cua cic qua cAn nhiéu.
Theo nguyén 1y Acsimet cic qua cAn mat trong lugng it hon nuée. Do d6
phai tinh s6 hiéu chinh B vé su c4n trong khong khi.

¢/ Nguoi ta con xét dén dd 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 dudc tinh truéc (bang 4.1).

6.2. Hiéu chinh dung tich binh dinh mic

Thi du: Muén hiéu-chinh-dung tich-etia-binh dinh miic 250 mL, ta rtua
va lam kho binh, dit 1én dia can. Khélugag ¢ua binh (m, gam).
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D6 nude day binh dén vach, sau d6 dung khén lau khé bén ngoai va
dung gidy loc xoay quanh thanh trong c6 binh phia trén vach cho kho, dat
lén dia can xac dinh khéi lugng caa binh day nuée (m, gam).

Do d6 khéi lugng nuée bang: m, - m, (g)
Gia st: m, - m, (g) = 249,55 g

L&y nhiét d6 nuéc khi d6 diy binh 1a 24 °C. Tra bang ta thdy s6
996,39. S§ d6 chi trong lugng ciia nude dd trong binh thuy tinh cin trong
khoéng khi 6 24 °C ma dung tich cia né 6 20 °C ding bang 1 lit.

D61 v6i thé tich 250 mL, ¢6 trong lugng tucng tGng:
996,39 : 4 = 249,10 g.

Thuc té& khéi lugng tim thay 249,55 g 16n hon tri s6 trén 0,45 g. Nhu
vay thé tich cta binh néi trén 16n hon 250 mL 1a 0,45 mL tic 1a bang
250,45 mL.

Bang 4.1. Mot s6 hiéu chinh dung cu do thé tich theo nhiét

Nhiét Hé?utﬁg;ngéi’e l:lli(:::%l;:f;;nnh Vé!-l;irutﬁ;‘;’ngéi T:éncgs? 1000 —

gsoc | Khoilugngriéng trong dung tich hidu (A+B+C)
: cua nf{dc tﬂheo khéng khi cua b_lflh 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 cua pipet

Do nhiét do cua nuéc cat, 14y day pipet t6i vach ngan, sau dé lai bd
nuéc d6 ra chén da can trudc. Pay ndp chén can lai réi dem can trén can
phan tich. Lam lai thi nghiém it nh4at hai 1an va 14y tri s6 trung binh.

Thi du: Khéi lugng 25 mL nuée hit bang pipet 1a 24,97 g & nhiét do
17 °C. Do d6 dung tich thuc cta pipet ¢ 20 °C bang tri s6 nay cong thém
1/40 con s6 hiéu chinh ¢ 17 °C da ghi trén bang, ttc la:

V. = 2497+24_3(’)5_25o3 mL

Lén hon dung tich da quy dinh la:
25,03 — 25 =+ 0,03 mL
Ta ciing c6 thé tinh sai s6 cta dung tich pipet nhu d6i véi binh dinh
mitc va cling dua dén két qua + 0,03 mL nhu trén.
6.4. Hiéu chinh dung tich cta buret

Ta rét tit buret dinh hiéu chinh xudng cac chén can (da can bi trudc)
nhiing thé tich nudc chta trong khoang tit 0 - 5 mL, 0 - 10 mL cho dén
0- 50 mL, méi 1an nhu vay ta lai dem can chinh xAc.

Tuong tu nhu cach hiéu chinh dung tich ctia pipet, ta dua vao cac két
qua khéi lugng nude thu dude va nhiét do, tim dude cac dung tich cta né va
lap thanh mot bang hiéu chinh (Bang 4.2), bang nay dung d61 chiéu khi st
dung hiéu chinh buret do6.

Bang 4.2. Bang hiéu chinh mot buret 6 21°C

Khai lugng nuéc (g)

Thé tich . ) ) Thé tich | Saisé
(V mL) cja“ Ean Ean Hiéu chinh theo bang thuc (mL)
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 + » =0,075 25,05 +0,05
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2. Khai lugng nuéc > .
Thé tich |—— ong nude (g) 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 | 34,925 + = 0,105 3503 | +0,03
1000
3,00
0-40,00 | 39,90 | 3990 | 39,90 +g =012 40,02 | +0,02
3,00.45
0-4500 | 11,84 | 11,85 | 44,845 + = 0,135 44,98 | -0,02
1000
3,00
0-50,00 | 49,82 | 49,82 | 49,82 +=g =015 49,97 | -0,03

Thi du: Trong mot dinh lugng dung hét 35 mL. Thé tich thuc sé 1a:

35+ 0,03 = 35,03 mL

7. CACH TINH KET QUA TRONG PHUONG PHAP THE TiCH

7.1. Quy tac chung

Trong phucng phap thé tich, ta két thic chuin d6 tai 1an can diém

tuong duong, 6 @6 sd duong lugng (hay s6 mili duong lugng) thudc thi bang
s6 duong lugng (hay s6 mili duong lugng) chat can xac dinh.

7.2. Tinh két qua theo noéng dé duong lugng thudc thi

C6 2 truong hgp thudng gap:
a. Ly Vi mL dung dich chat B ¢6 nong d6 N dem chuén d6 tai diém

két thic hét V, mL dung dich chat A c¢6 néng do N, ta cé:
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VAN, = VpNg
Trong d6, ch4t B 1a ch4t cAn dinh luong va chit A 1a dung dich chuén.
T cong thiic trén, ta tinh duge nong dd duong lugng chit can xac dinh

A
\£
T d6 ta tinh duge P g/ =NRzE; (E; = duong lugng gam chat B)
P obo AvAiE
W




Ta ciing c6 thé tinh cic néng d6 Cy;, C% (kU/ tt) bang cac lién hé da biét.

b. Can a gam chat A hoa tan thanh dung dich réi chuin d6 hét V; 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 géc 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 hop 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% (kI kl):

N,V,E, 100
1000 m
Trong d6: E;= duong lugng gam chat tinh khiét B

C% (kl/kl) =

Nhiing cach tinh trén day ap dung khi chuén d6 truc ti€p hay chuén
d0 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 c6 néng do N, (dung dich chuédn A cho thira), chuin do chat A con lai hét
V., mL dung dich chuén C c¢6 néng d6 N.. Nhu vay, chit A phan tng 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, = NpVpy+ NV,

N. = NAVA — Nch
B V,

Khi tinh C% (kl/ k1), 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, d6 chuan T cua mot, dung-dich biéu thi lugng chat d6 tinh
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bang s6 gam chiia trong 1 mL dung dich; ¢6 hai truéng hop:

— Néu c6 m gam mau thi, cAn xac dinh hgp chit tinh khiét va dinh
lugng hét V, mL thuéc thi c6 do6 chuin T,, lugng chat A tham gia
phan tng 14 T,V,. Ta tinh dugc ham lugng hgp chit tinh khiét B theo
C% (k1/ kl):

E,T,V, 100

E, m

C % (kI/ kl) =

Trong dé: - E, = duong lugng gam chit chudn A
- E; = duong lugng gam chat tinh khiét B
- Néu lé’}qf Vi mL mot dung dich va dinh lugng hét V, mL thuéc thi cé
do 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 néng d6 dung dich NaOH ngudi ta hoa tan
1,2600g H,C,0,.2H,0 vao nuéc va thém nuée cho du 500,0 mL dung dich.
Chuén d6 25,00 mL dung dich acid oxalic trén hét 12,58 mL NaOH. Tinh
noéng do N cua 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)2" 2;30400 —0,0795N

7.4.2. Thi du 2: Thém 25,00 mL dd AgNO, 0,1248N vao 20,00 mL dung
dich NaCl. Chuan do AgNO, du hét 11,54 mL dung dich KCNS 0,0875N.
Tinh nong d6 P, cua dung dich NaCl.

Phuong trinh phan tGng chuén d:
AgNO, + NaCl = AgCl 4 + NaNO,
AgNO;+ RENSIE AgCNS Y + KNO,
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Ap dung: V. ..N o =V, N, +V,N

Ag A CNS CNS ~

N V.. N. - V.. .N_
Do do6 néng dﬁ NNaCl = Ag Ag 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 nudc 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, chuin do I, giai phéng ra hét 10,68 mL Na,S,0,. Tinh
noéng do N ctua dung dich Na,S,0,.

Phan tng chuén do:
K,Cr,0, + 6 KI + 7 H,SO, = 3 I, + Cr,(SO,), + 4 K,SO, + 7 H,0
2Na,S,0, + I, = Na,S,0, + 2 Nal

EKZCr207 = % =49,03

Trong 25,00 mL dung dich dem dinh lugng ¢6

02940 o5 ~ 0,0367g K,Cr,0.
200
m x 1000
Na,S,04 =

EKZCI‘207 ‘\]NaQSZO3
10,0367 x1000
49,03 x 10,68

=0,0700N

BAI TAP (BAI 3)

3.1. Trinh bay néi dung ctia phuong phéap phan tich thé tich. Cach xac
dinh diém tuong duong.

3.2. Hay néu yéu cau déi v6i mot phan ting dung 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 mtec.
3.5. Trinh bay c¢ach hiéu ¢hinh-dung tich: binh dinh mtc, buret, pipet.

159



160

3.6. Nguyén téc chung va cach tinh két qua theo néng dd duong lugng
ctua thudc thi.

3.7. Trinh bay cach tinh két qua theo d6 chuén ctaa thé tich.

3.8. Can chinh xac 18,8392g Na,B,0..10H,O0 (M = 190,71) hoa tan
thanh 1 lit dung dich. Sau d6 dung dung dich nay dé dinh lugng
dung dich HCI thay: 24,90 ml dung dich Natri borat tucng Ging
25,20 mL HCl. Hay tinh hé s6 hiéu chinh K ctia dung dich Natri
borat va nong do6 duong luong ctia dung dich HCl.

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. L&y
50,00 mL dung dich nay dem chuén d6 (bing cach thém KI du
trong moéi truong acid) hét 21,18 mL Na,S,0,. Giai thich va viét
cac phuong trinh phan ting. Tinh N cta 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, rta két tia, dem dinh lugng
toan bd nudec 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 ting. 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 chuén d6 bang dung
dich HC1 hét 25,50 mL (véi chi thi da cam methyl). Tinh néng
dé N cua dung dich HCI trén.



Bai4

PHA CAC DUNG DICH CHUAN B0

MUC TIEU

1. Trinh bay duoe dinh nghia dung dich chudn, ing dung va yéu cdu khi pha ché.
2. Néu va van dung duge ba cdch pha dung dich chudn.

3. Biét st dung hé s6 hiéu chinh K va phuong phdp diéu chinh néng dé khi pha ché
dung dich chuén do.

1. KHAI NIEM VE DUNG DICH CHUAN
* Dung dich chuén 1a nhiing dung dich d& biét ndong d6 chinh xac,
thuong dung dé x4c dinh néng d¢ cac dung dich khéc.

» Trong phén tich dinh lugng, néng d6 dung dich chuin hay dugc biéu
thi duéi dang néng d6 duong luong (N) hoic néng d6 mol/L (M).

» Khi pha dung dich chuén, can luu § tinh ch&t héa hoc cta chét cin
pha, dé lua chon diéu kién (dung moéi, nhiét do,..) thich hop. Thi du
khi pha KMnO, hay Na,S,0, can dung nudc méi dun sbéi dé ngudi dé
tranh su phan huy.

= Nong d¢ dung dich chuan khi pha khéng dudc phép chénh léch vugt
qua + 10% so véi yéu cau (thong thudng chi chénh léch + 3%) va sai s6
pha khong dugc vugt qua + 0,2%.

» Nhiing dung dich chuédn khi dé 1au c6 thé bi thay d6i néng d6, do d6
phai dinh ky xac dinh lai.

2. CAC CACH PHA DUNG DICH CHUAN
Thuong c6 ba cach pha cac dung dich chuén.

2.1. Pha ché tit chat chuén géc

* A A A%e o A? A ~* A s
Tiéu chuén téi thiew cua mot chat chuan géc:
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Mot chat duge dung lam chit goc trong phuong phap chuin do can
dap tng dugc ba yéu cau sau:
— Tinh khiét (tap chat < 0,1%).
— Cé6 thanh phan héa hoc ting ding cong thiic.
— Bén viing (it hoac khong bi phan huy) khi chua pha cling nhu khi da
pha thanh dung dich.

Khi c6 héa chat goc chi viéc 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
(thudng 14 nuéc) via da thé tich theo yéu cAu (diung binh dinh mic). Sau
khi pha xong dudce dung dich c¢6 nong d6 chinh xac.

Dung dich chuéin pha tit chat géc, con dudge goi 1a dung dich géc.

Khi lugng can va thé tich thuc khéac véi luong can va thé tich tinh theo
1y thuyét thi st dung hé s6 hiéu chinh K.

a gy Vg N

K = =
ay -V Ny

Thi du: Pha 100,0 mL dung dich H,C,0, 0,100N tu chat goec H,C,0,.2H,0
nhu sau:

— Tinh toan: E, om0 = % = 63,03

a N
T cong thic N= ﬁx1000:> lugng can acid oxalic can la

a _ N.EV 0,1x63,03x100
HE020 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 dugc dung dich H,C,0, 0,1000N.
Chu y: Néu lugng can khac 0,6303, gia st 1a 0,6408 g khi d6 tinh hé s

hiéu chinh K = 26404

0,6303

12 0,1000 x K= 0,1016

Néu thé tich pha thuc khac 100,0 mL, gia st 1a 99,5 mL ldc d6 phai
tinh hé s6 hiéu chinh K thém ca yé&u td thé tich

g _My Vi 06404 100
m, V, [0,6303 995

do chinh xac la 0,1000 x K=0,1021N:

=0,6303g

=1,016 =+dung dich pha dugdc c6 nong dd chinh xac

=1,021 = dung dich pha dudc c6 nong
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— Viéc 4ap 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 chudn A 0,1N tuong tng véi b (g)

chdt can xac dinh B. Thuc chét 1a b:le,l
1000

xEg. Do vay néu phép dinh

lugng hét V,( mL) ta tinh ngay s6 gam chit B c6 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 ciing tinh todn nhu pha ti chit géc, nhung khi can, pha khong can
dung can phan tich va binh dinh mtic (chi can dung can k§ thuat véi sai s6
+ 0,01g va binh c6 thé tich gan ddng). Dung dich sau khi pha ¢6 néng d6
gan dung so véi yéu cau, ta phai xac dinh lai nong d6 dung dich nay béang
mot dung dich chudn khac da biét néng d6. Tu d6 biét duge néong 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 méan chit goc vi dé hit 4m, dé bi
carbonat héaz... do d6 phai pha gian tiép.

T cong thiic N =%x1000 — D& pha 100 mL dung dich NaOH 0,1N,

luong can NaOH cén 1a:
N.E.V 0,1x40x1000
=000~ 100 ®

— Cdch pha: Can trén can ky thuat 4,00g NaOH, cho vao céc va thém 1t
nude cit 1ic 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 ding 0,1N. X4c dinh lai nong d6 dung dich NaOH viia pha
bing mot dung dich H,C,0, da biét nong do. Tu d6 xac dinh dude nong
do chinh xac cua dung dich NaOH.

VOX ) N 0X

NNaOH = vV
NaOH

Trong do:
- V,.: Thé tich dung dich acid oxalic da<ing 18y bang pipet chinh xac)
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- N,,: nong d6 dung dich acid oxalic da biét.

- Vaaon: Thé tich dung dich NaOH d& dung (doc trén buret)

o N N
Dung dich chuan NaOH pha duge c6 K = Nth - (;“TH
It ’

Yéu cau K = 1,000 + (10%), tot nhat K = 1,000 + (3%)

2.3. Pha tir 6ng chuén (thuc ch4t gidng pha tit chat goc)

Hién nay, dé tao thuan 1oi cho ngudi st dung, ngudi ta tinh toan, can
sdn mot lugng hoa chét géc cho vao d6 bao géi thich hgp (goi 14 6ng chuén)
va c6 chi dn pha cho mét thé tich xac dinh nao d6. Thi du nhan éng chuin
pha HC1 0,1N cta Vién kiém nghiém - Bo y té.

VIEN KIEM NGHIEM - BO Y T

Ong chuén b Acid hydrocloric
HC1 0,1N
Pha vua da 1000 mL
S6 SX: Han dung:

Khi pha dung dung cu duc 6ng, hoa tan hét lugng héa chat trong nude
(hodc dung méi thich hgp) cho dua thé tich theo chi din (dung binh dinh
miic) ta sé duge dung dich chuéin 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 xac
dinh lai, néu thay néng dd dung dich dic qua so véi 1y thuyét (K > 1,000 +
(10%) thi phai diéu chinh béng cach pha loang véi nudc, nguge lai néu dung
dich loang qua (K < 1,000 — (10%) thi phai diéu chinh béng cach thém hoa
chat can pha. Cach tinh lugng nudc cdn pha lodng, luong héa chat can
thém nhu sau:

Thé tich nudc cAn thém tinh theo cong thic:

Viro = (K—=1,000)- Ve

Trong do:
Vio Thé tich nudc cAn thém (mL)
K: Hé sb hiéu chinhretra-dung-dichcAn-diéy chinh

V,.: Thé tich dung dich d& c6 can diéu 'chinh
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Thi du: C6 600 mL HC1 0,1N véi K = 1,105. Tinh thé tich nuéc cAn
thém vao la:

Vg o= (1,105 - 1,000) x 600 = 63 ( mL)
Luong hoa chat caAn thém tinh theo cong thiec:

__(1,000-K)a y
1000

dc

Trong do6:
- m: s6 gam hoa chat can thém vao
- K: hé s6 hiéu chinh ctia dung dich can diéu chinh
- a: s6 gam hoéa chit 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 vaola: a=N.E =0,1.58,5=5,85
m— (1,000-0,978)x 5,85
1000

Chu y: Sau khi diéu chinh nhu trén, phai tién hanh chuén do lai dé
xac dinh chinh xac 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 HCI1 dic

Acid clohydric dic c6 khéi luong riéng d = 1,18; néng do 38 % thudng
khéng dat tiéu chuén chét géc. Do d6, phai ap dung cach pha gian tiép: pha
gan dung, sau dé x4c dinh lai néng do bang mét dung dich chudn khac cé
tinh base da biét nong do.

Dé pha gan ddng, can tinh thé tich HCl dic cin 14y dé pha trong mot
thé tich nao doé.

Thi du: DEé pha 1lit dung dich HCI 0,1N ta tinh nhu sau:
Biét Eyq = My = 36,5
. N.E.V 01x36,5x1000

Lugng HCI can: = = = 3,659
1000 1000
- Thé tich HCI dic tuong tng:
V= 100 092100 =8 mL
& == ¥ 18x38
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Lay 8 mL HCI dac (phai dung qua boép cao su, khéong dugde hut) pha
loang véi nude cho da khodng 1 lit, duge dung dich c6 néng do xap xi 0,1N.
Xac dinh lai néng d6 dung dich HCl pha dugc bang dung dich Na,CO, da
biét néng d6 dua trén phan tng:

Na,CO, + HC1 = NaHCO, + NaCl
NaHCO, + HC1 = CO,, + H,O + NaCl

Tt @6 xac dinh dude néng do chinh xac ctia dung dich HCI
\/

_ VNa,CO, N Na,CO,

N cl —
" VHCI

Trong do:
- Via,co, | Thé tich dung dich Na,CO, da dung (4y bang pipet chinh x4c)

- Ny co, : Nong d6 dung dich Na,CO, da biét
- V.o : Thé tich HCI da dung (doc trén buret)

3.2. Pha dung dich chuian KMnO, 0,1N

KMnO, khéng thoa mén tiéu chuén ch4t goc vi thudng khong dat tinh
khiét do ¢6 1An MnO,. Do vay thudng pha x4p xi, sau d6 dé én dinh vai
ngay, roéi xac dinh lai ndong d6 ciia né bang dung dich H,C,0, da biét nong
do theo phan ting:

2 KMnO, + 5 H,C,0, + 8 H,SO0, = 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 du khoang 1lit, dugc dung dich c6 néng d6 gan ding
0,1N. Dé 6n dinh 5-7 ngay, sau d6 dem xac dinh lai néng d6 bing dung dich
H,C,0, da biét nong d6. Tu d6 tinh chinh xac néng dd dung dich KMnO,.

_ Vox 'Nox

N KMnO, —

VKMnO4

Trong do:

- V,.: thé tich dung dich acid oxalic (14y bing pipet chinh xac)
- N,,: nong do6 acid oxalic

-Vimro, thé tich dung dich KMnQ, dédung (doc trén buret)
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3.3. Pha dung dich chuin I, 0,IN tir I, tinh khiét thang hoa

I, thuong mai thuong 1an clor, brom va nuée, vi vay can phai tinh ché,
loai bo cac tap chat d6 bang cach nhu sau: Nghién nho I, véi KI va voi séng
(theo ty 18 10 g I, thuong mai + 1 g KI + 2 g v6i song), sau dé cho vao coc,
day coc bang moét binh cdu dung nuéc lanh, dun néng nhe day céc, I, thang
hoa sé bam vao mét ngoai ciia day binh cu day coc. Gat 14y cac tinh thé I,
nay va dem lam kho trong binh hit 4m cé chia CaCl,. I, thu dude goi 1a I,
tinh khiét thiang hoa, thda mén tiéu chuin chét géc.

Biét E, = % =126,7

Tinh toan 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, kh6 tan trong nuéc, do vay khi pha luu y
phai cho du KI (dé tao phtic tan I, + I === 1,) va ldc dau cho rat it nudc,
sau khi I, tan h&t méi thém nudc cho du theo yéu cau.

Cdch pha: Cho vao mot chén can 3,5g KI va 5 mL nuéc, can trén can
phan tich dudc 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 dudgc
a, gam (khdéi lugng thuc ctua I, sé la: a,, = (a, - a,) gam. Léc hén hgp cho
tan, chuyén dan hoan toan sang binh dinh mtc 100 mL va thém nudc cho

. o ) ay, ay,
dén vach. Tinh hé s6 hiéu chinh K=—= . Dung dich I, pha dugc c6
a, L267
nong do thuc 1a 0,1.K (N).

3.4. Pha dung dich complexon III 0,1M tit complexon II tinh khié&t

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 thod mé&n tiéu chuén 1a chat géc, do d6 pha
truc tidp. Biét E,,y = 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 1a:
Cy.-MV 0,1x292,1x1000 >
a= ;_"000 i 1000X =29,219, theo phan tng tinh lugng
NaOH can 8g.

Cdch pha: Cén trén.can.phan.tich.29,2100g H,Y cho vao coc 250 mL,
thém 8g NaOH, thém mdt it nuée; dun nhe cho tan hét, dé nguoi, sau do
chuyén hét vao blnh dlnh muc: 1 ht thém nude cho dén Vach lic ky. Pugc
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dung dich complexon III 0,1M. Né&u lugng 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 chuin do:
2 Na,S,0; + I, = Na,S,04 + 2 Nal
do d6 Ey, s 0, su0 =M=248,19
Vi Na,S,0,.5H,0 dé mat nudc két tinh, nén khong thoa man yéu cau

chélt gdc, do vay phai pha theo cach gian tiép. Xac dinh lai nong do dung dich
Na,S,0, bang chat goc K,Cr,0, dua trén co sé cia phuong phap thay thé:

K,Cr,0, + 6 KI + 14 HC1 = 3T, + 2 CrCl, + 8 KC1 + 7 H,0
(Chinh x4c) (Du)
I, giai phéong ra dinh lugng véi Na,S,0, theo phan ting chuén d6 trén.
Dung dich Na,S,0, dé theo thoi gian dan bi thay d6i néng d6 do anh
hudng caa CO,, cua O, trong moi truong theo phan tng:
Na,S,0, + CO, + H,0 = NaHCO, + NaHSO, + S
2 Na,8,0; + 0, = 2 Na,S0, + 28
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 néng do.
Tinh toan nhu céc thi du trén, gia st pha 1lit dung dich Na,S,0,néng
do 0,1N can:
_NEV

a=——— =2482g
1000

Cdach pha: Can trén can ky thuat 24,82g Na,S,0,.5H,0 hoa tan vao
nuée méi dun s6i dé ngudi, thém mot it Na,CO,, thém nude cho di khoang
11it tron déu. D& 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 cin phan tich khoang 0,1g K,Cr,0, tinh khiét
(ch&t goc) cho vao binh nén, thém khodng 25 mL nuéc cat, 1g KI, 4 mL HCl
dam dic réi dem dinh luong bang dung dich Na,S,0, trén. Néng d6 chinh
xac dung dich Na,S,0, dugc tinh theo cong thtc:

a.1000

N Na,S,05

K,Cr,0, - VNays,0,
Trong do:

- a: La s6 gam K,Cy;O- can trén can phan tich
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Ex.cro, = % =49,03g

- VNazSzoa : 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.
4.17.
4.8.

4.9.

(BAI 4)
Thé nao 1a dung dich chuén, ting dung. Cac yéu cau khi pha dung

dich chuén.

Trinh bay cac cach pha dung dich chuén.

Thé nao 14 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 chuén sau: H,C,0, 0,1N; dung dich
NaOH 0,1N; dung dich HCI1 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 ndng
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 gdc dé pha 250 mL dung dich Na,B,0.

0,1N.

4.11. Trinh bay cach pha va tinh lugng chét géc complexon II dé pha

250 mL dung dich complexon IIIT 0,1N.

4.12. Dé pha 250,0 mL dung dich acid oxalic 0,1N nguéi ta cdn chinh

xac 1,728 g H,C,0,.2H,0 hoa tan vao nudc cho du 250,0 mL.
Tinh hé s6 hiéu chinh K cta dung dich.
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Bai 5

DINH LUGONG 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 duoc pH cua cdc dung dich nay trong
truong hop riéng le.

2. Trinh bay duge nguyén tac chung cia phuong phdp dinh luong acid-base.

3. Chon duoc chdt chi thi, tinh duoc két qud ciua sdu truong hop dinh luong
thuwong gap trong chudn dé acid-base.

1. MOT SO KHAI NIEM CO BAN

1.1. Pinh nghia acid, base theo Bronsted

C6 nhiéu quan niém vé acid, base nhung ¢ day ching ta dung theo
quan diém cua Bronsted:

— Acid 1a nhiing chat c6 kha nang cho prroton.
— Base 12 nhiing chat ¢6 kha nang nhan proton.

— Cap acid-base lién hgp: mot acid sau khi cho mot proton thi tré thanh
mot base goi la base lién hgp véi acid dé. Ta goi acid va base nay la
mot cip acid-base lién hop (viét 1a cép acid/base). Mot cdp acid-base
lién hgp ¢6 thé duge biéu dién bing hé thic sau:

Acid (A) <—= Base(B)+H"

Vidu: Céap 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

170



Nhu vay acid, base c6 thé 1a nhiing phan tG trung hoa dién
(CH,COOH, HF..)), ion (NH,*, HS"...). Chat ludng tinh 1a chat viia c6 ca
kha n#éng cho va vita ¢6 kha nidng nhan proton (HS™...).

— Acid da héa tri (da acid) 1a nhiing ch4t 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 nuéc cua acid A c6:
A+ H,0 = B+H,0"

Y _[Bl[H30+] ->

X 3 [1 ;07
Hang s6 K= [A].[HZO] M

[A]
dudc goi 1a hing s6 acid ctia acid A, né biéu thi cho cudng dé caa acid
A vi K, cang 16n, acid phan ly cang nhiéu, acid d6 cang manh.

K,=K[H,0]=

— Dung dich trong nuéc cua base B ta co:
B+H,O — A+OH

M -+ K, = K.[H20]=M duge goi 1a hang s6
[B][H.0] [B]

base cua base B, n6 biéu thi cho cudng d6 cta base B vi K; cang 16n, base
phan ly cang nhiéu, base d6 cang manh.

Hang s6 K=

— Néu A va B 14 cip acid-base lién hgp thi ta cé:
K, Ky =[H,0[OH =K, =10

Do d6, néu K, 16n thi K; bé. Vi vay trong mot cip acid-base lién hop
néu dang acid 12 manh thi dang base sé& y&u va ngudc lai.

— DPé thuan tién cho viéc tinh toan, ngudi ta thudng dung cach biéu thi:
14. Pa acid, da base

Pa acid 14 nhiing acid c6 thé cho nhiéu proton. Trong nudc, phan tu
cua cac da acid phan ly lan lugt theo nhiéu nic va trong mdi nac cho mot
proton, Ging v61 mot cap-acid-basediénhop:
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Vi du: H,PO, 1a mét da acid.
H.,PO, +H,O <+ H,PO,+H,0" c¢6 K,, (tng véi cap H,PO,/ H,PO,")
H,PO,” + H, O <= HPO/+ H,0" ¢6 K,, (Gng véi cip H,PO,/ HPO,*)
HPO2> +H,O0O <= 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 c6 thé nhan nhiéu proton.
Thi du: CO,* 12 mot da base.
CO.,” +H,0®* <— HCO, +H,0
HCO,+ H,0®* <— H,CO,+ H,0

1.5. Cong thiic tinh [H*] va pH ctiia mét s6 dung dich
Thiét 1ap phuong trinh day du tinh chinh xac néng @6 H,O" (hay H")
va pH trong cac dung dich sé& dugc nghién ciiu 6 cac chuong trinh nang cao,
6 day chung ta chi dua ra cach tinh gan ding ap dung cho nhiing trudng
hop dung dich c6 néng do khéng qua nhd, véi sai s6 thuc t& da phan chap
nhan dudec.
1.5.1. Dung dich acid manh don chitc HA néng dé ban dau C,
Acid manh phan ly hoan toan:
HA + H,0 - H,0" + A” (thuong viét HA - H' + A)
Do d6 [H,O'T=[H"]=C,
pH =-1gC,
1.5.2. Dung dich base manh don chitc MOH c6 néng dé Cyp
Base manh phéan ly hoan toan:
2H,0 =— H,0"+OH"
MOH + H,0" > M" + 2H,0
MOH —» M*+ OH

10—14
Cg

Do dé: [OH] = Cy > [H']- [oKr? -

Vi vay: pH="12"+15C;
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1.5.3. Dung dich don acid yéu HA c6 nong dé C,
Acid yéu HA phan ly khong hoan toan
HA + H,0 == A + H,0" (viét gon HA = H' + A)
H,0°J|a|
[HA]
Do d6 c6 [H,07] = \[K,.C, va pH = %pKA —%lgCA

1.5.4. Dung dich don base yéu B c6 néng dé Cy

Tu K, = , col HA it phan ly nén [HA] ~

Base yéu B phan ly khong hoan toan
B+H,0 == A+OH

Tu K, =M, coi gan dung [B] =

K, K

Dodé [OH] =K, .C, , [H,0"] =

1.5.5. Dung dich cdp acid base lién hop HA/A

»vapH= 7+%pKA +%lgCB

Gia st acid HA ¢6 noéng d C,, base A" lién hdp c6 néng do Cy
Cé can bang: HA + HLO =— A + H,0O"

_la o]

Tt K, = = [1,0']=K,. 52 va pH = pK, +1g <2

[HA] 3 Cy C,

pH dung dich nay thay doi khong dang ké khi thém vao mot it acid
manh hoac base manh v1 neu tdng nong do H*, thi A" sé két hop véi H tao
thanh HA ngugc 1;_11 néu giam noéng do H*, thi HA sé phan ly thém dé sinh
thém H*. Ké&t qua la sau khi can bang thit lap thi néng do cua H* trong
dung dich sé thay d6i 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 vita c6 kha ning cho va vira c6 kha niang nhan
proton, vi du nhu NaHS, NaHCO.... trong dung dich phan ly thanh cac ion
HS', HCO, ... tuong ting véi cic cap acid-base lién hdgp H,S/HS', HS/S* va
H,CO,/HCO,, HCO,/CO,>...

C6 thé chiing minh duge cong thic gdn dung: [H+]= K, K, (trong

do Kk, va K, la hai gia tri K, lién quan dén can bang cho va nhan proton

) ) I . 1 1
cua anion mudi acid) va pH = EpK L F §pK Al
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1.5.7. Dung dich da acid hodc da base
— Dung dich da acid c6 noéng d6 C,: D6i véi nhiéu acid thudng nac 1
manh hon cac néc sau nhiéu. Do d6 c6 thé tinh gAn ding coi nhu don
acid (tinh theo nic 1 manh nhat) c6 néng do C,.
— Dung dich da base c6 néng d6 Cgz: Su phan ly ctia cac da base xay ra
ngudc voi su phén ly cia céac 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 ting K,, cua H,CO,
HCO, + H,0* = H,CO,+ H,0 tuong tng K,, cua H,CO,

Do vay, mdt cach gin 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. PINH LUONG BANG PHUONG PHAP ACID-BASE
(Chuén do acid-base)

2.1. Nguyén tac

— Phuong phap chuén do acid-base 1a4 phuong phéap dinh lugng dua trén
nhitng phan tng trao d6i (cho nhan) proton gitia 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 méan cac yéu
cAu clia phan tng dung trong phan tich thé tich.

— Trong qué trinh chuén d6, pH cta dung dich luén bién d6i mot cach tix
t nhung gan dén diém tuong duong (thuong khi dinh luong thiéu
hoidc thita + 1% hay + 0,1%) c¢6 su bién ddi dot ngot caa pH (goi 1a
budc nhay pH cta qua trinh dinh lugng) va ta thu dude mot dung dich
c6 pH nhét 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 nguoi ta phai cho thém vao dung dich dinh
lugng nhiing chét goi 1a ch4t chi thi acid-base ¢6 mau sic thay ddi &
lan can diém tuong duong (ndm trong budc nhay pH ciia qua trinh
dinh lugng) dé nhan ra diém tuong ducng va ta két thdc qua trinh
chuén do.
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2.2. Chat chi thi trong phuong phap acid-base

2.2.1. Khdi niém

Ch4t chi thi trong phucng phap acid-base 1a nhiing ch&t c6 mau sic
thay d6i theo su bién d6i pH cta dung dich, né dude goi 1a chat chi thi acid
- base hay chat chi thi pH. N6 thuong 1a nhiing chat hiiu c¢d ¢6 tinh acid
yéu hoic base yéu , trong d6 dang dang acid va dang base lién hdp c6 mau
khac nhau phu thudc vao cdu tric phan tu ctua ching. B6i vay, cac chat
nay 6 trong dung dich, khi c¢6 su bién d6i pH, 1am cdu trdc phan tid bién
d6i, dAn dén mau thay déi.

Goi dang acid cua chat chi thi 1a HInd, dang base lién hgp véi né la
Ind", trong dung dich c¢6 can bang sau:
HInd + H,O == Ind +H,0" (5.1) véi

H,O" |{Ind ~
hay: HInd — Ind” + H K g :[ S[legrj ]

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 doi mau cta 2 chat chi thi sau day:

+
(CH3)2N© N:‘-N—< :}—SO3Na +HO

— Da cam methyl (Heliantin):

.
(CH3)2N:<:>:N—NH—©-SO3N3 +H,0 =—=

(Dang acid: mau do) (Dang base: mau vang)
— Phenolphthalein
HO\@\ i: _OH Ox i : LOH
C
~OH C )
.+ _—
COO HZO Coo' + H3O
(Dang acid: khéng mau) (Dang base: mau héng)

2.2.2. Khodng pH chuyén mau ctia chdt chi thi acid - base:

M&4i chét chi thi acid — base thudng c¢6 mot khoang pH doi mau, ta cé
thé tinh duge khoang pH d6. T can bang (5.1) ta cé: Hang s6 can bing cua
HInd la:
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~[H,0" J[ind"] 1 [Hind]
KHInd _B[HTd]_’[HSO ]_ KHIndW
hay:  pH=pK,, —lg%% (5.2)

[HInd]
Ind™
dang HInd va Ind c¢6 mau sic khac nhau) va né phu thuéc vao pH cia
dung dich.

Biéu thtc cho thay ty s6 quyét dinh mau sic cta chi thi (vi hai

Thuc t& thay ring véi da s6 cac chét chi thi, bing mAit thudng ngudi ta
chi ¢6 thé phan biét duge su d6i mau khi nong do ctia dang nay chénh léch
v6i néng do ¢ dang kia khoang 10 14n thi ta chi thay dudc mau ctia dang cé
noéng do 16n:

Hind] _ L: ch4t chi thi ¢c6 mau dang Ind".
Ind”| 10
[HInd] _ 10: chat chi thi c6 mau dang HInd.

|Ind’ |
Thay cac ty 1& nay vao (5.2) ta co:
pH = pKyp,g 1

hay pKyq—1 < pH < pKyq+ 1 chinh 14 khoang pH ctia dung dich ma
ta c6 thé thdy dudec mau cta chit chi thi thay d8i tit mau caa dang nay
sang mau cua dang kia va dudc goi 1a khoang pH chuyén mau cta chét 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 nhat va ta két thdc chuén do.
Ta thuong thay gia tri pT trung véi gia tri pKy;,, 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 14 khi ty s6 nong do ctia cac dang mau nho hon 10 1an va
khi d6 gia tri pKy;,y cling khéng nam chinh giita khoang pH déi mau.

2.2.8. Yéu cdu chung déi vé6i chdt chi thi acid-base
— Tan dugc trong nudc hodc trong con,

— Bén viing trong diéu kién thong thuong (khéng bi oxy, khi carbonic,
nhiét d9, ... cia mdi truong lam anh hudng).

— O ndng d6 nhd (10° —10"* M) mau da phai xuat hién kha rd,
— Mau phai chuyén nhanh, 1o trong mot.khoang pH kha hep,
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— Khoang pH chuyén mau cta chét chi thi phai gn hodc chia gii tri
pH & diém tuong duong ctia phan tng chuin dd, it nh&t n6é phai nim
trong buéc nhay pH ctia phép chuén do.

Bang 5.1 trinh bay khoang pH d6i mau ctia mét s6 chat chi thi acid-

base hay gap.

Bang 5.1. Mét s& chi thi acid-base va khodng pH chuyén mau cla né

bac 5 2
Chi thi Néngdo | Dung tinh - Ki?xir;/%r? "
' (%) moi chat | Dang Dang mau
chithi | Acid base
Vang alizarin 0,1 Nuéc Acid Vang Tim 10,1- 12,0
Thymolphthalein 0,1 Con 90% Acid Khéng Xanh 9,3-10,5
Phenolphthalein 0,1va1 Con 90% Acid Khéng Héng 8,0-10,0
Phenolphthalein 0,05 Con 20% Acid Khéng Héng 7,4-9,0
D4 trung tinh 0,1 Con 60% | Base 1516 Vang Gach 6,8-8,0
D4 phenol 0,1 Coén 20% Acid Vang Do 6,4-8,0
Xanh bromothymol 0,05 Con 20% Acid Vang Xanh 6,0-7,6
Quy 1,0 NudGc Acid Do Xanh 5,0-8,0
Db methyl 0,1va0,2 | Coébn 60% Base Do Vang 42-6,2
Luc bromocrezol 0,02 Con 20% Acid Vang Xanh 40-5,4
Da cam methyl 0,1 Nudéc Base Héng Vang 3,1-44
Xanh bromophenol 0,1 Nuéc Acid Vang Nau 3,0-46
Tropeolin 00 0,1 va 0,01 Nudéc Base Do Vang 1,4-3,2
Ghi chi:

— Trong nhiéu trudng hgp ngudi ta ding hdn hop cac chit chi thi dé
quan sat su d6i mau caa chat chi thi ré hon. C6 thé cuing thém vao véi
chat chi thi mot chdt mau khac khong nhay véi su thay d6i pH nhung
chat nay hop v6i mau ctia chat chi thi thanh mot mau dé nhan. Ciing
c6 thé két hop hai chdt chi thi ¢ pKyy, gin nhau thanh mot mau dé
nhan va ching d6i mau 6 khoang pH trung gian cta hai chi thi dé.

— Chi thi van nang 1a hén hop gém nhiéu chi thi ma mau séc ctia né
thay d6i theo cac gia tri pH khac nhau. C6 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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Hdén hgp nay cho mau doé é pH =2, da cam 6 pH = 4, vang é pH = 6, luc
3 pH = 8, xanh lam & pH = 10. Ngudi ta thuong dung gidy t4m chét chi thi
van ning. Khi thi ta chi cAn nhd 1 giot dung dich can tht 1én gidy va déi
chi€u mau trén gidy véi thang mau mau (da ghi chu pH) dé biét duge pH
cua dung dich. Bang 5.2 trinh bay mot s6 chi thi hon hop.

Bang 5.2. M6t s8 chi thi hén hgp

x . . Mau
Chi thi hén hgp 2 thanh phan Trisé
(Tylé1:1) pT Moi trudng Moi trudng
acid kiém
Da cam methyl 0,1% trong nudc va Indigocacmin .
0,25% trong nuéc 4.1 Tim Luc
D6 methyl 0,1% t on ve ,

0 methy o trong conﬁ‘va 5.4 D3 tim Luc
Xanh methyl 0,1% trong con )
D0 trung tinh 0,1% trong con va

ung t ° g R v 7,0 Tim xanh Luc
Xanh methyl 0,1% trong con )
: o PO ;
Nap:hthobenzﬂ‘em 0,1% trong cbn va Phenolphthalein 8.9 Héng nhat Tim
0,1% trong con
Xanh thymol 1% trong cén 50% va Phenolphthalein R .
0,1% trong cén 50% 9.0 Vang Tim

2.3. Mot s6 truong hop dinh lugng acid-base

2.3.1. Chudn dé mét acid manh bdng mot base manh
Thi du: Pinh lugng HC1 0,1N bang NaOH 0,1 N.
— Trudc khi dinh lugng: Dung dich (6 binh nén) 1a dung dich acid manh,
nén co:
pH = -1gCy, = -1g107' = 1.

— Khi dinh lugng (truéc tuong duong): cho NaOH tu buret xuéng, c6
phan ting dinh lugng:

NaOH + HC1 = NaCl + H,O

Trong binh phan Ging c6 mit NaCl, H,O va HCI con chua dinh lugng.
pH cta dung dich chti y&u do phan con lai cia HCl chua dude dinh luong.

Gid séi ¢ thoi diém dinh lugng duge 99,9% thi HCI con 0,1% -
[H]= %xlO’l =105 pH=4.

— Tai diém tuong-duene:-Dung-dich-eé6-m#t-NaCl, H,O 14 cac chit trung
tinh do d6 pH = 7.
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— Sau diém tuong duong: Néu cho tiép NaOH, dung dich tén tai NaCl, H,O,
NaOH du. pH ctia dung dich tinh theo nong d6 base manh NaOH du.

Gia st du 0,1% thi [OH] = Cy.om 0 = (0,1.107")/ 100 =10~* =* do do:
pH = 14 +1gCy,0n o« = 10.

— Trong chuén d6 nay, lic dau pH bién ddi rat cham (t& chua dinh
lugng dén khi dinh lugng dude 99,9% pH chi thay d6i tit 1— 4). Nhung
¢ 1an can diém tuong duong pH bién d6i dot ngdt (khi dinh lugng tiép
ti 99,9% dén 100,1% pH thay d6i 6 don vi tit 4 — 10) va dude goi 1a
budc nhay pH cta phép chudn d9.

— Chon chi thi: Véi sai s6 < + 0,1% ta thay truong hop 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
+ Dq} cam methyl: Mau chuyén tit hdng dé sang vang ré dé nhan ra
diém tuong duong va két thic chuén do.
2.3.2. Chudn dé mét base manh bang mét acid manh

Quaé trinh dién ra sé ngugc lai v6i trudng hop chuén do6 acid manh va
base manh.

Budc nhay pH ctia phép chuan d6 sé tit 10 — 4. Do vay véi sai s6 < +
0,1% néu dung chi thi:

— phenolphthalein: mau chuyén tit hong dé sang khoéng 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 bdang base manh
Thi du: Dinh lugng CH,COOH 0,1N (c6 K, = 1,75. 10~°) bang NaOH 0,1N.
Phuong trinh ctia phan @ng chuén do:
CH,COOH + NaOH = CH,COONa + H,0O
— Tai diém tuong duong: Dung dich ¢6 CH,COO", H,O. Tinh pH la cta
base yéu CH,COO" véi nong do bang nong d6 CH,COOH ban dau:
pH= 7+%pKA +%lgCB =8,87

Nhu vay pH tuong dugng nam trong ving base.
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(Bang tinh toan véi sai s6 + 0,1%, buéc nhay pH cta phép dinh luong
ti 7,73 — 10, so v6i trudng hop dinh lugng acid manh bang base manh ta
thay bi ngén hon va chti yéu nam trong ving base).

Do vay trong trudng hop nay, chi c¢6 thé dung chi thi phenolphtalein
mau sé chuyén tit khong mau sang héng dé nhan ra diém tuong dudng va
két thic chuén do.

2.3.4. Chudn dé don base yéu bang acid manh
Thi du: Pinh 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,0. Tinh pH
la ciia dung dich acid yéu NH,* véi néng d6 bang nong d6 NH, ban dau
pH :%pKA —%1gCA =5,1

Nhu vay, pH tuong duong nam trong vung acid.

(Bang tinh toan véi sai s6 + 0,1%, buéc nhay pH cta phép dinh luong
tu 6,25 — 4, so v61 truong hgp dlnh hidng base manh bang acid manh, ta
thay buéc nhay ngén hon va cht yéu nam trong vung acid.

Do vay trong truong hop dmh) lugng nay ta dung chi thi 1a dé6 methyl
mau sé chuyén ti vang sang d6 dé nhan ra diém tuong duong va két thic
su chuan do.

(Ciing c6 thé dung chi thi da cam metbyl nhung can luu ¥ mau chuyén
ti vang sang chém do phai diing ngay chuan do).

Ghi chu: Trong thuc t& phan tich nguoi ta khong 4p dung dinh lugng:
— Cac acid qua yéu bang base manbh.
— Céac base qué yéu bang acid manh.
— Céc acid yéu bang base yéu hoic ngudgc lai.

Sé di khong 4 ap dung vi trong cac trudng hop nay tai 1an can diém tuong
duong pH bién déi qua it (c01 nhu khong c6 budc nhay) nén khong chon dlidc
chi thi dé xac dinh chmh xac diém tuong duong. Né&u thuc hién sé méc sai s6
rat 16n. Khi d6, muén dinh lugng phai tim cach khéc hodc chuyén sang dinh
lugng trong méi truong khan (dung méi khong phai 1a H,0).

2.3.5. Chudn d¢ cdc da acid bdng base manh

Cac da acid phan.ly-tliing.néc,-do-d6 ‘né'u hang s6 phan ly caa cac néc
cach xa nhau ( > 10* Jan) thi cothé chuén,do riéng tiing nic, néu khong
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phai dinh lugng toan bo. Néu nac phan ly nao qua nhd thi khong 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 tng:
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 (mam 6 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 duge nic 1 va ndc 2. Ndc 3 qua yéu khong
dinh lugng dudc.

Phan tng chuén d¢ acid 1:
H,PO, + NaOH == NaH,PO, +H,0

C6 pHyp, (2 dung dich NaH,PO,): pHyp, = %pKAl +%pKA2 — 46 nim &
ving acid cho nén c6 thé dung chi thi da cam methyl hosic d6 methyl.
Phan tng chuén do acid 2:
NaH,PO, + NaOH =——= Na,HPO, + H,0

o

Co6 pHyp, (1a dung dich Na,HPO,): pHp, = %pKAz +%pKA3 =9,6 nim &
viung base cho nén c6 thé dung chi thi phenolphthalein.

2.3.6. Chudn d¢ cdc da base bing acid manh

Qua trinh chudn do cac da base ngudc lai v6i qué trinh chudn d6 cac
da acid.

Thi du: Chuén d6 Na,CO, 0,1N bing HC1 0,1N.

Trong nuée: Na,CO, = 2Na* + CO,* vi thé CO,” la mot da base tuong
ting v6i da acid H,CO, (c6 K, =3.10 " va K,, = 6.10™").

C6 thé dinh lugng riéng ting base véi sai s6 +1%.
Phan tng chudn do6 base 1 :
Na,CO,+ HCl = NaHCO, + NaCl
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Cé6 pHyp, (cia NaHCO,) la: pHyyp, = %pKAl +%pKA2 =8,4 nam § viung

base do d6 c¢6 thé dung chi thi 1a phenolphtalein mau chuyén tit d6 héng
sang hong nhat (dé tranh sai s6 nhan mau nén ding mét binh mau cé chia
NaHCO, va chi thi phenolphtalein dé so sanh, néu khong dung binh mau
6 thé sai + 10%).

Phan tng chudn do base 2:
NaHCO, + HC1 = H,CO, + NaCl

C6 pHyp, (cua H,CO,) 1a: pHyyp, = %pKAl —%lg C, =38 niam 6 vung acid

do d6 chon chi thi 14 da cam methyl mau chuyén tit vang sang héng do.
Puong nhién thé tich HCI 0,1N tiéu thu ¢ nic 1 bing lugng HC1 0,1N

da dung ¢ néac 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 céc base.
— Dung dich NaOH va KOH dé dinh lugng cac acid.

Ta khéng thé pha nhiing dung dich nay bing cach cin chinh xéc vi
ching khong dudc tinh khiét hoac thanh phan khéng that 6n dinh.

Thi du: H,SO, dac rat dé hit nude, NaOH dé hit nudc va thuong chiia
Na,CO, do hap thu CO, ctua khi trdi. Do d6 phai xac dinh néng do duong
lugng cua ching bang nhiing dung dich géc dudec pha tir cac chdt goc.
Nhiing chit goc c6 uu diém 14 kha bén & ngoai khong khi va trong dung
dich, sau khi tinh ché& né dat yéu cau vé d6 tinh khiét va c6 thanh phan
dung cong thic héa hoc. Cac chat goc thuong dung 1a:

— HCI déng phi, acid oxalic dé xac dinh néng d6 duong lugng dung dich kiém.
— Natri borat, natri carbonat dé xac dinh nong d6 duong lugng dung
dich acid.
a. Pha dung dich Na,CO, géc
— Diéu ché natri carbonat khan tinh khiét

Natri carbonat thuong c6 lan Cl°, SO,>, NaHCO,,... cho nén muén
diéu ché natri carbonat tinh khiét ngudi ta thuong lam nhu sau:

+ Néu c¢6 Na,CO, khan tinh khiét phan tich thi ta dem nung tit 30
phut dén 1 gig’d 270°C- 300°C'Sau'd6'dé ngudi trong binh hit Am.
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+ Truong hop Na,CO, khong tinh khiét: 14y khoang 30- 35 g NaHCO,
hoa tan trong 300- 350 mL nudc, loc. Cé nude loc t6i khi xuét hién
tinh thé. P& ngudi, loc 14y tinh thé va rtia vai 1an bang nudc cat
ngudi, say kho ta dugc NaHCO, tinh khiét. LAy 10 g NaHCO, nay
cho vao chén st hay chén bach kim dem nung cach cat giti 6 nhiét
do6 270 — 300 °C trong 1 gio, ta c6 phan tng.

2 NaHCO, — Na,CO, + CO, + H,0

Sau d6 dé ngudi trong binh hit &m (chu § khong dé nhiét d6 > 300°C
vi Na,CO, sé bi phan huy: Na,CO, + H,O0 — 2 NaOH + CO,).
— Na,CO, khan dudc dung lam géc, trudc khi st dung can siy 180- 200 °C
trong 2 gis dé dudi hét nude vi Na,CO, dé hat &m trong khéng khi tao
thanh Na,CO,. 10H,0.

Na,CO;

Tit Ey, oo, = = 52,997

Ta c6 thé tinh toan pha dude dung dich gbc c6 néng d6 theo yéu cu.
Thi du: Pha 1 lit dung dich Na,CO; 0,1N ta can 5,2997 gam Na,CO,
gbc 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 nudc 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 dé ngudi va khudy lién tuc sé c6 Na,B,0,. 10H,0 ling
xuéng. Loc, ép tinh thé gitia hai to gidy loc, sau d6 dé khé trong khéng khi.
Bao quan trong lo thuy tinh c¢6 nit nham.

— Tu Na,B,0,.10H,0 dung lam chat géc.

M
_ VNa,B,0,.10H,0
ENHZB4O7410H20 =—"—=190,71

Ta tinh lugng cin can thiét dé pha cac dung dich géc c¢6 néng do theo
yéu cau.

Thi du: Dé pha 1 lit dung dich natri borat 0,1N ta can 19,071 gam
Na,B,0.. 10H,O rbi hoa tan (I4c k) trong nudc cho du 1 lit.

Luu §: Vi natri borat it tan trong nuéc nén khi pha phai lic ky va
nhiing dung dich chuén khéng nén c6 néng d6 cao hon 0,25N.
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2.4.2. Mjt s6 itng dung dinh luong trong thuc té
a. Dinh luong dung dich NH,OH (hay NH,)

- NH,OH (hay NH,) 1a m6t base yéu nén dung mdot acid manh nhu HC1
dé dinh lugng.

Phuong trinh phan tng:
NH,OH + HC1=NH,CIl + H,0
(NH, + HCI = NH,C])

Chi thi mau 14 dé methyl chuyén mau tit vang sang d4. Cing c6 thé
dung chi thi hén hgp Tashiri ( hén hop cia dé methyl va xanh methylen)
mau sé chuyén ti luc (vang + xanh) sang mau tim (d6 + xanh).

— Ky thuat tién hanh:
+ Buret: Dung dich HCI

+ Binh nén: 10,00 mL dung dich NH,OH + 3 giot d6 methyl + 1giot
xanh methylen.

+ Nho HCI xuéng cho t6i khi chi thi chuyén ti 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:
_ Ve -Nua

g/l VNH3 "~ NH;
Bi6t Ey, =M, =17.03

b. Xdc dinh nong dé dung dich HCI

C6 thé xac dinh dua vao dung dich Na,CO, da biét ndéng do theo
phuong trinh phan Gng:

Na,CO, + HCl = NaHCO, + NaCl 1)
NaHCO, + HCI = H,0 + CO, + NaCl @)

Néu dung chi thi phenolphtalein thi méi dinh lugng dugec 1/2 luong
Na,CO,. Néu dung chi thi da cam methyl thi dinh lugng dudc toan bo Na,CO, .

Ghi chu: Cé thé x4c dinh ndéng d6 dung dich HCI dya vao dung dich
natri borat theo phuong trinh phan tng:

Na,B,0. + 2 HCI + 5 H,0 = 4 H,BO, + 2 NaCl
Chi thi mau 13 da eam-methyl hay dogethyl.
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c. Dinh luong hén hop (NaOH + Na,CO,)

— Dung dich NaOH thuong bi carbonat héa do CO, cta khi trsi, cho nén
thuong phai giai quyét truong hop dinh lugng dung dich NaOH c6 1an
Na,CO..

Dé dinh luong, ta dung mot dung dich acid manh nhu HCI da biét
néng do, phan ting dinh lugng nhu sau:

NaOH + HCl = NaCl + H,0 (1)
Na,CO, + HCl = NaHCO, + NaCl (2)
NaHCO, + HCl = CO, + H,0 + NaCl (3)

Khi dung chi thi phenolphtalein thi lic chuyén méau tuong tng toan
bo NaOH (phan tng 1) va 1/2 Na,CO, (phan tng 2) da dudc dinh lugng.
Sau d6 thém chi thi da cam methyl vao va tiép tuc dinh lugng dén chuyén
mau thi sé& dinh lugng hét 1/ 2 Na,CO, con lai (phan ting 3).

— Ky thuat tién hanh:

+ Buret: Dung dich HC1 da biét néng do.

+ Dung dich mau: LAy mot binh nén cho vao d6 0,15-0,20 g NaCl va
0,20 g NaHCO, tinh khiét, thém khoang 25 mL nudc cat, 2 giot
phenolphthalein (binh 1).

+ Dung dich thi: V mL dung dich hén hgp NaOH va Na,CO, can dinh
lugng, 2 giot phenolphthalein (binh 2).

+ Nho dung dich HC1 da biét néng do vao binh 2 chtia dung dich can
dinh lugng cho t6i khi xuat hién mau héng giong nhu & binh dung
dich miu (binh 1) ghi V, mL HCl da dung (chd § thém nuéc vao
binh 1 dé c6 thé tich dung dich tucng duong & binh 2). Thém 2 giot
dung dich da cam methyl vao binh 2 va tiép tuc dinh lugng dén khi
mau chuyén ti vang sang d6 cam. Ghi V,mL HCI d& dung (gém ca
lugng V, mLtrong do.)

— Tinh két qua:

+ Thé tich HC] phan tng véi 1/2 Na,C0,1a V, - V,

+ Thé tich HCI phéan ting toan bo Na,CO; 1a 2(V, - V)

+ Thé tich HCI phan ting véi NaOH 1a V,- 2(V, - V) = 2V,-V,

Do d6, gia st tinh % (KL/TT) cac chat sé la:

2V, -V,)N,y.E
1000.V.

%NaOH = NaOH. 1)) (E yuo = M = 40)
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2(V, = V)N Erco M
=0 100 E a,co, = =53
1000.V (Enaco, 2 )

%Na,CO, =

d. Dinh luong acid octophosphoric (H,PO,)
— Nhu d& néu & phan 2.3.5 ta thdy rang H,PO, c6 thé dinh lugng nhu

mot mono acid véi chi thi chuyén mau & pH 4,6 va nhu mét di acid
v6i chi thi chuyén mau & pH 9,6; con acid 3 yéu qua khéng dinh
lugng duge.

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 14 luc bromocresol va phenolphthalein.

Khi 4y & diém tuong duong 1 mau sé chuyén ti mau vang sang mau

luc sang. O diém tuong duong 2 mau sé chuyén ti luc sing sang xanh

roi sang tim (khong dé chuyén sang mau tim sam). Dé d& nhan xét su
chuyén mau, c6 thé 14y 2 dung dich dém & pH 4,6 va pH 9,6 dé so
sanh.

Ky thuat tién hanh:

+ Buret: Dung dich NaOH da biét néng do.

+ Binh nén: VmL H,PO, cin dinh luogng, 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 d&
dung (thuong V, ~ 2V)).

BAI TAP (BAI 5)
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5.1. Dinh nghia acid, base, cip acid-base lién hdp, chat ludng tinh, da
acid, da base theo Bronsted.

5.2. Cong thic tinh [H*] va pH cua cac dung dich:
- DPon acid manh va acid yéu
- Don base manh va base yéu
- Ch4t ludng tinh
- Cap acid-base lién hop
5.3. Trinh bay nguyén tac clialphiiangphap 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, d6 methyl, da cam
methyl.

5.5. Hay chon chi thi cho céc truong hgp dinh lugng sau:
- Pinh lugng acid manh bing base manh
- Pinh lugng base manh bang acid manh
- Pinh lugng acid yé&u bang base manh
- Pinh lugng base yéu bang acid manh
- Pinh lugng Na,CO, bing 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 nong d6
N cua dung dich NaOH.

5.7. Tinh pH cua 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 d6 g/L ctua dung dich H,SO, trén.

5.10. Chuén d6 25,00 mL dung dich H,PO, véi chi thi da cam methyl
hét 13,64 mL NaOH 0,01 N. Tinh néng d6 mol/L cta dung dich
H,PO, trén.

5.11. Chuén d6 25,00 mL hén hgp (NaOH + Na,CO,) bing dung dich
HC1 0,1 N hét 7,50 mL khi dung phenolphthalein lam chi thi va
hét 12,50 mL khi dung da cam methyl 1am chi thi. Tinh nong d6
mol/l ctiia 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, cua 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 bing
dung dich NaOH hét 12,60 mL véi chi thi phenolphthalein. Mt
khac @€ dinh lugng 10,00 mL acid oxalic 0,1 N véi chi thi
phenolphthalein thay hét 11,50 mL dung dich NaOH trén. Tinh
nong do g/L cua dung dich CH,COOH.
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Bai 6

PINH LUONG BANG PHUONG PHAP KET TUA -
DPINH LUONG BANG PHUGNG PHAP TAO PHUC

MUC TIEU
1. Trinh bay dugc khdi niém vé tich sé'tan, do tan va tng dung trong phdn tich.

2. Mb td duoc ky thudt dinh luong bang bac trong phuong phdp Mohr, Fonha,
Faian. Tinh dvdc két qud ciia phép chudn do.

3. Trinh bay duoc dinh nghia phite chdt, hang sé bén viing cia phitc va ¥ nghia.

4. Hiéu va chon duoc chdt chi thi dé dinh luong bang phuong phdp tao phic vdi
complexon. Tinh duoc két qud 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 nuéc d&n bao hoa, c6 cac can bang sau:

Hoa tan: A B I = A_B, véi K=[A,B,]
Phéan ly: A,B, == mA+nB vl K,= %

Téng: A.B. 4 == mA+nB  véi K = K, K,=[A]".[B]" = T 1a mot
hang s6 ¢ mot nhiét do nhat dinh va dudce goi la tich sé tan.
— Biét tich s6 tan, ta c6 thé biét dudc trang thai cAn bing cua mot hé &

mot diéu kién nao d6 dua trén co sé sau:

+ Khi [A]™.[B]*=T ta noéi hé dat trang thai caAn bang giiia két tia va
hoa tan.

+ Khi [A]™.[B]"> T hé chua can béang (sé c6 két tta hoac két tia thém
goi la dung dich gua bao hoa.
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+ Khi [A]™.[B]*< T hé chua can béang (sé khong c6 két tiia hoac néu da
c6 két tiia sdn thi két tha 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 tua

hoic lam tua hoan toan (dé két tiia hoan toan thuong cho du thudc thi).

1.1.2. Do tan (S)
— D6 tan ctia mot chat 1a néng d6 cua chat d6 trong dung dich bao hoa.

— Nhu vay d6 tan va tich s6 tan la nhiing dai lugng dic trung cho dung
dich b&o hoa, cho nén chung c6 méi quan hé tuong hd nhau, c6 thé
tinh dugc do tan ti tich sé tan va ngudc lai.

— D0 tan cua cac chat trong dung dich nuéc nguyén chat:

Goi d0 tan cua tua A_B, trong nudc nguyén chat 1a S (mol/l). Theo
phuong trinh phéan ly:

A, B, J == mA +nB
Ta c6: [A] = mS, [B] = nS. Khi dé:
Ty s =[A]™.[B]"= (mS)".(nS)" = m™.n"S™m

T
AmBﬂ
Do vay: S = mH”/—m mog

— T cong thic tinh do tan S, ta thay néu cac két tia c6 cung dang phan
ly, tiia nao cé tich s6 tan 16n sé c6 do tan 16n va nguge lai. Pong thdi,
néu trong dung dich c6 méat nhiéu chat cing cé6 kha nang tao ra cac
dang két tta khac nhau véi chat can phan tich thi dang tua nao cé
tich s6 tan nho hon sé dé két tua hon.

1.1.3. U’ng dung trong phan tich

Dua trén cd sd tich s6 tan hoidc do tan ta c6 thé suy ra diéu kién dé c6
thé két tua hay hoa tan tta. Tw d6 c6 thé ap dung trong phan tich dé:

— Két tua hoan toan mot chat ti dung dich ta can phai tao cac diéu kién
dé cang lam giam d6 tan cuaa tua cang tot: thudng diung du thudc thi
(trtt véi tua ludng tinh sé lam tan tua xét riéng), lua chon pH thich
hogp, tranh cac chat la...

— Mu6n hoa tan hoan toan mot tiia khé tan trong nudc, ta phai tim moi
cach dé lam tang d6 tan caa né: Thudng cé thé tang nhiét d6, thém
chat dién ly, dungacid; dimg base;ddmgchit tao phtic, dung chat oxy
héa thich hop hoie chuyén tia-kho\hoaltan thanh tta dé hoa tan.
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— Ung dung cac phan ting két tia dé dinh lugng cac chat.
1.2. Phuong phap chuin dé két taa

1.2.1. Nguyén tdc chung

La phuong phap dinh lugng dua trén cic phan Ging tao thanh céac chat
két tua (chat it tan).

Yéu cAu cta phan ting muén dung dé dinh lugng phai:

— C6 kha niéng két tia hoan toan chat can xac dinh (tia cé tich s tan
cang nho cang tot).

— Phan tng phai xay ra du nhanh

— Cé tinh chon loc cao (chi cho két tiia véi chat can xac dinh, khong két
tua véi 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 dude tng dung trong phép chudn d6 bdi vi:

— Nhiéu phan ting két tia xay ra rat cham, khong thich hop cho phép
phan tich, nhat 1a véi cac dung dich loang.

— Cac két tua khong c6 thanh phin xac dinh do hién tugng hap phu,
cong két.

— Khéng chon dudc chi thi thich hgp.

Vi vay trong thuc t&€, dinh lugng bang phucng phap két tua dudc st
dung nhiéu nhat 1a phuong phap bac, trong d6 st dung Ag* (dung dich
AgNO,) dé xac dinh cac halogenid va CNS" (hoiic ngugc lai) dua trén phan
ang:

Ag'+ X = AgXl
Trong d6 X 1a halogenid hoac CNS'.
Ngoai phuong phap dinh lugng bang Ag, con c6 phuong phap dinh
lugng bang thuy ngan (I).
1.2.2. Cac phuong phap (ky thuat) dinh luong bdang bac

Pugc goi tén tuy theo cach chon chit chi thi dé€ nhan ra diém tuong
duong. Thuong c6 3 phuong phap:

a. Phuong phap Mohr

La phuong phap dinh luong tric tiep CI"bing Ag® véi chi thi 1a kali
cromat cho tiia nau do/Ag,Cr0O; ¢ 1an ean’ diem tuong duong.
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Phdn @#ng chuén do:

Ag'+Cl == AgCl trdng v6i T,= 10"
Nhan ra diém tuong duong:

2 Ag"+Cr0,” = Ag,CrOInau a8 véi T, o, = 2.10712
Diéu kién dp dung:

— Nong d6 chi thi K,CrO, can 2.10* — 2M. T6t nhat nén dung véi nong
d6 10°M — 10° M khi d6 tranh dugec mau vang dam cuaa K,CrO, 1am
khé khin cho viéc nhan ra 4 Ag,CrO,.

— pH mbi trudng tot nhat 7 - 10,5 vi néu acid qua sé khong c6 VAg,CrO,
(do 2Cr0,> + 2H* == Cr,0.,> + H,O chuyén dich vé phia Cr,0.?).
Néu kiém qui sé c6 tua cua Ag* véi OH
Ag"+ OH = AgOHJ
2 AgOH! == Ag,0!{+H,0
b. Phuong phap Fonha (Volhard)

La phuong phap chudn d6 Ag* biang SCN™ véi chi thi 1a Fe®* cho su tao
phiic Fe(CNS)?" mau d4 & 1an can diém tuong duong.

Phdn éng chuén do:
Ag"+ CNS <= AgCNS ltring V61 T ygens = 1077
Nhan ra tuong duong:
Fe®* + CNS~ = FeCNS* @6 v6i B = 107
Diéu kién dp dung:
— Nong d6 chi thi thudng dung sao cho [Fe®*] = 10*M

— MBbi trudng nén dung moi trudng acid manh (thudng dung HNO,) dé
tranh {Fe(OH),, {Ag,0 va lam giam hién tugng h&p phu.

lfng dung:
— Dinh lugng truc tiép Ag" v6i CNS

— Pinh lugng gian tiép (theo phuong phap thia trit) Cl, Br, I bang cach
cho du chinh xac Ag® phan tng véi X (Cl, Br, I') can xac dinh

Ag +X == AgX!l
(du chinh xac)

Sau d6 dinh lugns Ag™bing CNSd5 bigt fiong do theo k§ thuit truc
tiép néu trén.
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Chu y:

— Khi dinh lugng Cl c6 hién tugng mau chuyén khéng ré rang, mau
khéng bén, khi mau bén viing thi qua diém tuong dudng nhiéu gay sai
s6 16n. Ly do vi Ty, = 107> Ty cns = 102 nghia 1a I AgCNS bén viing
hon nén c6 phan tng:

AgCl + CNS = AgCNS!{ + Cl
xay ra do d6 lam chuyén dich cdn bang phén ly ctaa phiic vé phia phai:
FeCNS* =Fe*" + CNS

lam mat mau do.

Dé khic phuc sai s6 nay ta phai loai bé két tua AgCl, rdi sau d6 méi
dinh lugng Ag* du 6 phan nuéc loc. Hodc cho thém vao hé méot dung moi
hiiu co khéng tron 1an véi nuéc (nhu benzen, ether, cloroform,...) dé lam
von két tua AgCl trén bé méit phan cach gitia 2 16p nuée - dung méi hitu co
va do d6 ngin khong cho két tta AgCl tac dung véi CNS'.

— Khi dinh lugng I khéng dudgc 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. Phuwong phap Faian (Fajans):

La phuong phap dung chi thi hip phu.

Duya trén co sé mot sd két tta c6 kha ning hap thu trén bé mit taa
mot s6 chat hitu g, lam cho chét hitu co thay déi ciu tao va cé su d6i mau
rd rét (thuong c6 mau tham hon).

Thi du: Dung eozin 1a mot acid httu c6 (HE == H' + E") lam chAit
chi thi khi dinh lugng I” bang Ag®. Pic tinh ctia eozin 1a khi E* § trong
dung dich c6 mau hong, nhung khi bi hap thu c6 mau tim.

Phdn éng chuén do:

Ag"+ 1 =Agll

Nhén ra diém tuong duong khi trén bé mat tia xust hién mau tim.

Sé di nhu vay vi truée diém tuong duong, dung dich du I do d6 Agli
hap phu I' (khéng hap thu E nén van c6 mau hong). Sau tuong duong du
Ag* thi Agly hap phu Ag* (14 ion + nén c6 kha nang hép thu thém E lam
cho bé mit tha c6 mau tim)

Diéu kién dung:

— C68 géng giii tta d trang thai keo (cho nén c6 truong hop cho thém chat
bao vé keo nhu tinh bot, dexdrin. ;)
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— Chon chat lam chi thi phai khong bi hap phu qua sém.
— Phai chon pH thich hgp vi chi thi thuong 14 acid hoc 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 ciia mudi
Hg,”" (thuong dung Hg,(NO,),)

Khi cho dung dich Hg,** tac dung véi CI, Br, I'... sé tao thanh nhiing
tua it tan Hg,Cl,, Hg,Br,, Hg,I,... tuong tu nhu két tiia AgX:

Hg,> + 2 Cl' =— Hg,CL{

So v6i phuong phap dinh hidng bing bac, phuong phap dinh lugng
bing thuy ngan (I) c6 mot s6 uu diém sau:

— Khéng can phai dung dén nhiing héa chit c6 bac 14 mot kim loai qui
dat hon so v6i thuy ngan.

— Mué6i thuy ngan (I) it tan hon so véi muéi bac tuong tng do d6 khi
dinh lugng Cl bang Hg,?* ta c6 budc nhay cta dudng biéu dién dinh
lugng dai hon.

— C6 thé dinh lugng truc tiép bing thuy ngan (I) 8 méi trudng acid,
trong khi dinh lugng bing bac phai ¢ mdi trudng trung tinh.

Tuy vay, phuong phap dinh lugng bang thuy ngan (I) c6 nhude diém 1a
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 qua trinh dinh lugng, khi dén diém tuong duong dung dich sé
mat mau do Hg,”>" du sé phan ting:

3Hg,” + 2Fe(CNS), = 3Hg,(CNS), + Fe**
— Diphenylcacbazon:
Nhén ra diém tuong duong do tao v6i Hg,*" tia c6 mau xanh.

1.2.4. Mét s6 ing dung thuc té
a. Cdc dung dich chudn

Céac dung dich chuin hay dung 14 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; E,,n03 = M = 169,87; Excng = M = 97,18):

— Tinh ché NaCl: Pha-dung dich. NaCl bao hoa khoang (36g/100 mL).
Loc, 18y nuéc lod, sau dé thém HCY dac'vao dé két tta hét NaCl. Loc
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14y NaCl. Pem rtia bang nudc cit, sau dé say khoé ¢ 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 1é 100g AgNO, cho 45
mL nuéc). Loc qua phéu loc thuy tinh (khéng dung gidy loc). Lay tinh
thé AgNO, sdy kho 6 100 °C, sau d6 sdy thém & 220 - 250 °C khoang 15
phit (khéng duge sdy qua 250 °C dé tranh AgNO, bi phan huy mét
phan thanh AgNO,). AgNO, thu dudc khong hit 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, 1am khé trong binh hut 4m 6 nhiét do
thuong, sau d6 sy 6 100-150 °C. Cuéi 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 chuén do:

NaCl+ AgNO, = AgClltring + NaNO,
Chi thi 1la K,CrO,: 2 Ag* + CrO,* = Ag,CrO,!nau do6
K5y 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 xu4t 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,, d& ngudi).

— Khi pha AgNO, khong dude cho thém HNO,
— Néu dung dich kiém phai trung hoa bing 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 do
2 mL HNO, dic
2 mL phén sit amoni 10%
— Chuén d¢ t6i khi xu&t hién mau d6. Ghi thé tich KCNS da dung. Tinh
két qua.
d. Pinh luong NaCl bang AgNO, theo phuong phdp Fonha

Dung AgNO, thita chinh xac da biét néng d6 dé két tiia hét NaCl, sau
d6 dinh lugng AgNO, thita bang dung dich KCNS da biét nong do véi chi
thi 1a Fe?*. Cac phan tng xay ra:

AgNO, + NaCl= AgClltring + NaNO,

(du chinh xac)

AgNO.du + KCNS = AgCNS!tring + KNO,
Nhén ra tuong ducng khi ¢6 mau do:

Fe®*+ CNS = FeCNS** do
K5 thudt tién hanh:

— Trong binh dinh mtic 100,0 ml: 10,00 mL dung dich NaCl cdn dinh
lugng + 20,00 mL AgNO, 0,056N + 1 mLL HNO, dac

Thém nudc cit cho dén vach, lic déu. Dé ling, loc qua 2 1an gidy loc,
nude 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 xuét hién mau hong. Ghi thé tich KCNS 0,05N
da dung. Tinh két qua theo phuong phap thua tru.

Ghi chu:

Phuong phap nay chichinh xac khinéng ds cia KCNS, AgNO,, NaCl
x4p xi bang nhau. Vi thé phai dinhHidny Ho b6 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
pheén sit amoni 10%.

Néu vita nhé KCNS xuéng ma c6 mau dé ngay thi chiing té thiéu
AgNO,, ta phai pha lodng NaCl cho c¢6 néng do thich hgp. Néu cho xudng
khoang 1 mL KCNS c6 mau d6 1a dugec.

e. Dinh luong KI bang AgNO, theo phuong phdp Faian
Phdn @ng chuén do:
AgNO, + KI= Agli+ KNO,

Chi thi 14 natri eozinat: nhan ra diém tucng duong khi trén bé mit
tia xuat hién mau héng tim.

K5 thudt tién hanh:
— Buret: Dung dich AgNO, da biét néong do
— Binhnén:  VmL KI can dinh lugng
1 mL chi thi eozinat 0,5%
1 mL acid acetic déc
— Chuén d6 t6i khi tta mau hong tim. Ghi thé tich dung dich AgNO, da
dung. Tinh két qua. Cho E,;= 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 phic: gdom mot nguyén ti trung taAm (con goi 1a nguyén ti
tao phtic) thuong 1a cac kim loai va phoi ti tao thanh cau néi phtic va dudc
viét trong dau [ ], cac ion trai dau véi cAu ndi phtc goi 1a cAu ngoai phtic
viét ¢ ngoai dau [ ].

Thi du: [Ag(NH,),]CI

[Ag(NH.,),]" 1a cAu ndi phiic; Cl 14 cau ngoai phiic.

Néu phoi ti 1a nhiing phan ti hitu co lién két v6i nguyén ti trung tam
vita bang lién két cong héa tri va via bang lién két phoi tri (nhu mot sé
nguyén ti O, N, S... con-e¢6.nhiing cap dién ti tu do chua lién két bo ra
dung chung) thi goi la’hgp chat ndi phic:
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Thi du: Complexonat magnesi

HOOC—CH,__ CH;COOH
N-CHzCHzN [

OC—CH,~ \ / N CH;yCOO

Mg
2.1.2. Phén biét phize chdt vGi mudi thuong, mudi kép, ion phic tap

— Muéi thuong, muéi kép khi hoa tan trong nuéc phan ly hoan toan
thanh céc ion (hoidc phan ti) don gian.

Thi du: NH,Fe(S0,), .12H,0 — NH," + Fe** + 280,% + 12H,0

— Phitc chdt khi hoa tan vao nudc chi c¢6 cAu ndi va cAu ngoai phan ly
hoan toan, cAu ndi phtic phan ly khéng hoan toan (it phan ly).

Thi du: K,Fe(CN),] - 4K* + [Fe(CN) J*
Fe(CN),"*=== Fe*" + 6 CN'

2.1.3. D6 bén ctia phitc va y nghia

D6 bén ctua phiic chdt dude danh gia qua hing sé bén (hang s6 tao
phiic) hodc hang s6 khong bén ctia phan ting tao cau noi phtic.

Thi du: Véi phiic K,[Fe(CN),] - 3K* + [Fe(CN).]*
Fe(CN)> == Fe* + 6 CN'

Ta c6: Hang s6 tao phiic: K, = [FFeS(fJ]IFéI\?S_]l
e
Hang s6 khong bén: K, = Fe ™ ][CN _f

[Fe(CN) |
Nhu vay: K,.K¢, = 1

Do d6 vé6i phiic chit néu hang s6 bén (hing sb tao phiic) K, cang 16n
thi phtc cang bén (it phan ly) cang nhd va ngudc lai.

Phiic ch4t ciing phan ly theo tiing néc, ing v6i méi néc 1a c¢6 cac hing
s6 tuong ting riéng. Thi du v6i HgCl, cé:

HgCl, === HgCl' + CI V6i Ky, = [Hg[ﬁ'g;I [C]']
2
2+ [ -
HgCl* =— Hg™ +CT Vol K oy = Hg ].CI ]

hgar T
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Téng HgCl,—= Hg® + 2CI véi K, = Koy Ko
— Y nghia cta hing s6 bén K, (ho#c hing s6 khong bén K,,):

+ Dua vao K, va cac yéu t& khac, c6 thé tinh toan dugc ty 1& hodc ndng
do cac cau tu trong dung dich, biét dugc chiéu huéng ctia phan ting.

+ Xét dudc sy canh tranh tao phtic: Néu trong dung dich c6 mit hai
hoac nhiéu chit c6 kha ning tao thanh cic phtic chat khac nhau thi
sé c6 su canh tranh tao phtc va phiic ndo bén viing hon (K, 16n) sé
chiém uu thé.

2.2, Pinh luong bang phuong phap tao phiic

(Chuén do phic chit)

2.2.1. Nguyén tdic chung
— Phuong phap dinh lugng tao phtiic 1a phuong phap dinh lugng dua
trén cac phan ting tao phic.

— Phan tng tao phtc mudn dung dé dinh lugng duge phai xay ra nhanh,
hoan toan, hgp thic, chon loc cao, nhay va chon dugc chét chi thi dé
nhan ra diém tuong duong.

Trong nhiéu phan ting tao phiic, chi mot s6 it phan tng dap Gng dudc
cac yéu cau trén. Vi vay, thoi gian dau phuong phap nay it dude tng dung
rong rai. Trong s6 rit nhiéu thudc thi vé co, trong phan tich thé tich
thudng dung hai phuong phap chuén d6 tao phtc sau:

— Phuong phéap bac: Dua trén phan tng tao phtc gitia Ag® va CN-

Ag"+ 2CN" == Ag(CN),

— Phuong phap thuy ngan (II): Dua trén phan tng tao phtc gitia Hg
v61 cacion Cl, Br, I, SCN".

Thi du:

2+

Hg”* + 2 CI' <= HgClL,"
Hg®* + 41 =— Hgl*

Nhung ti nhiing nam 40 cua thé ky 20 trd lai day, sau khi nha héa
hoc G.Schwarzenbach phat hién ra cac chit goi 12 complexon c6 kha ning
tao phtic bén viing v6i nhiéu ion kim loai thi phuong phap nay da dudgc
phat trién nhanh va réng véi mot tén goi riéng 14 phuong phap chuin d6
bang complexon.
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2.2.2. Chudn dé tao phiic bdang thuéc thit vé co
a. Phuong phap bac

Trong phuong phap nay ngudi ta chuin d6 dung dich cyanid (CN)
bang dung dich chuén bac nitrat dua trén cé sé phan tng tao phtic:

Ag"+ 2CN° == Ag(CN), véi (K, =10%h)
Luu y: EAg+ = MAQH E. =2M_

Chon chi thi: Cé6 thé dung mét trong hai phuong phéap sau:

— Phuwong phdp Liebig (dung chi thi 1a chinh thuéc thi): 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)]{ v6i T =4.10"

Luu y: Khi chuéin d¢ dén gan diém tuong duong nén dinh lugng rat ti
t¥ vi néu lam nhanh c6 thé lam cho tua 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 duong khéng cé taa 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 caa Hg(II) (nhu CN', SCN, CI...) 12 nhiing phtic
chét, do d6 c6 thé dung Hg?* dé dinh lugng cac anion nay, theo phuong
trinh tong quat:

Hg*" + 2X° == HgX,
Dung dich chuén thudng dung la Hg(NO,),, Hg(Cl0,),, HgSO,.
Thi du 1: Cé6 thé dinh lugng Cl' bang Hg* theo phan tng:
Hg®* + 2C1" == HgCl,
Nhan ra diém tuong duong bing mét trong hai chi thi sau:
— Véi chi thi 14 natri nitroprusiat: cho taa trang véi Hg**
— V6i 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 cia 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 do xuét hién.
CNS + Fe?* == FeCNS**do
Uu diém cta phuong phéap 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 hdp chat bac tuong ting.
Tuy nhién phai luén nhé rang mudi thuy ngan rat doéc, do d6 khi dinh
lugng phai hét stc can than.
2.2.3. Chudn do bdang complexon

Phuong phap dinh lugng bang complexon la phuong phap chuin d6
dua trén phan tng tao hop chat noi phiic cia nhiéu ion kim loai v6i mot s
thudc thi hitu ¢ goi chung 1a complexon.

a. So lugc vé cdc 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) @6 la acid nitril triacetic (NTA):

_ CH,COOH o
N-CH,COOH Viét 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 cha EDTA

HOOC—CH,

N  CH,COOH

N_CHZ_CHQ_

NC Viét tat 1a Na,H,Y
NaOOC—CH, GH;COOH
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b. Su tao phiic cua EDTA vdi cdc ion kim loai
EDTA 1a mot acid da chitic (4 néc):

HY =— H,)Y +H" vl K, = 102°

H,Y =— H,Y*+H' véi K, = 102°7
H,Y*==— HY*+H" v6i K,; = 10%'°
HY> =— Y*+H" v6i K,, = 101

EDTA it tan trong nudc, vi vay thuong dung duéi dang muéi Na,H,Y.
Trong phan tich, EDTA va Na,H,Y ngoai su khac nhau vé d6 tan va khoi
lugng mol, con lai cac tinh ch4t hoéa hoc nhat 1a tinh tao phtic khong cé 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 tiy theo pH cta dung dich c6 thé biéu dién bing cic phuong
trinh khac nhau (do EDTA tén tai trong dung dich duéi dang H,Y, H.,Y,
H,Y?", HY*", Y* phu thudc vao pH). Nhung du phuong trinh phan ting khac
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* c¢6 trong thanh phan tén tai cia EDTA.

Thi du phan tng téng quat ciia ion kim loai M™ véi EDTA nhu sau:

M™ + H,Y> == MY®™® + 2H" 3 pH 4-6
M™ + HY — MY"*+H' 6 pH 7-10
Cu thé: Ca*>*+ HY>” == (CaY> +H* GpH 9
Zn** + HY> =— ZnY?* + H" dpH 9
A"+ H)Y> = AlY +2H' 6 pH 5
Do do, ta c6: Egpra = Mgpra
E,. =M, ..

No6i chung phan ting tao phtic cang thuan lgi trong moéi trudng cang
kiém, nhung ciling c6 khi phai duy tri d méi truong acid (nhu Fe®*, Bi*"...)
dé tranh hién tuong thuy phén, cic ion trd ngai. Tuy theo do bén cta phic
ma mdi ion kim loai tao phtc véi EDTA § mot vung pH t61 uu.

Mat khéc, dé ngin su két tua hydroxyd kim loai ta phai diéu chinh
pH hoic thém cac chat tao phtic phu, trong su ¢6 mét cua dung dich dém...

c. Chdt chi thi dung trong chudn do complexon (cdc chi thi kim loai)

Pé xac dinh diém tuong duong trong phuong phap chuidn do
complexon ngudi ta dime-mét-sd-loai-chat-chi-thi khac nhau, trong d6 phé
bién hon ca 1a chat chi thi kim 1625 B6\Jafking chat hitu co (c6 tinh acid
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hoidc base yéu), c6 khd niang tao véi ion kim loai phtic c6 mau va trong
nhiing diéu kién xac dinh, mau cua phtc d6 khac v6i mau cua chi thi khi
chua tao phic.

Céac chat chi thi thuong dung:
» Pen eriocrom T: Cy,0H,;0,N,S.

PH OH

NG,

La mot acid ba néc; nac 1 kha manh (nhém SO,H), ndc 2 va 3 c¢6 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 dd.

» Murexid: C;HyO4Ny.H,O (amoni purpurat)

- 0
| |
/N_ \ /C_ \
0=C C—N—C Cc=0 | NH;
\N— / \C_N/
| ﬁ Il
H O O H

Thuong ky hiéu 1a H,Ind". Sy phin ly nhu sau:
H,Ind == H" + H, Ind* == 2H"+ H,Ind*
(Do tim) (Tim) (Xanh)

O pH = 11 murexid c¢6 mau tim (H;Ind®), tao phtic véi Ca?* cho phic
mau do (CaH,Ind").

Ca murexid va den eriocrom T déu kém bén trong dung dich nén
thuong khong pha s&n ma dung 6 dang ran (tron 1an 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 chudn d6 bang EDTA
» Chudn dé cdc cation kim logi
— Phuong phap dinh lugng thing.

Thi du: Chuan d6 Mg* bing EDTA véi chi thi den eriocrom T ¢ pH 10.
Lic dau trong dung dich c6 mau dé vang do phan @ing ciia Mg®* véi chi thi:

Mg®* + HInd>** <~— Mglnd + H'
(D& vang)

Khi nhé EDTA xuéng, Mg®* tu do sé phan ting trudc:

Mg® + HY® = MgY> + H'
Lic &y mau cua dung dich vAn khong bi bién d6i. GAn diém tuong
duong, ta c6 su canh tranh tao phic:
HY* + MgInd® = MgY” + HInd>
(Do vang) (Xanh)

Két thic chudn d6 khi mau chuyén tit d6 vang sang xanh hoan toan.

Ghi chi: Néu tién hanh ngude 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 rdt nhiéu ion kim loai c¢6 thé dinh
luong thing bang EDTA.

— Phuong phéap thé.

Thi du: Dé dinh lugng Ca?*, ta thém MgY? vao dung dich, vi phic
Ca?" véi EDTA bén viing hon cua Mg?*, cho nén sé c6 canh tranh tao phtc:

Ca® + MgY* = CaY* + Mg*

DPinh lugng Mg?* bi ddy ra bing EDTA theo phuong phép truc tiép 6
trén. Tt 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 xac dinh, khi d6 c6 phan tng:

M™ + HY* = MY"*+H"

Sau khi phan ting xong, dinh lugng EDTA du béng dung dich Mg**
hay Zn*" da biét nong do. Tu d6 tinh ra lugng M™*.

Phuong phap nay c6 1¢i trong cac truong hgp:

— Khong chon duée-chi-thi kim-loai-thich~hgp cho ion can xac dinh.
Chéng han khéng thé chuinrdd truetidp Co?, Al** bing EDTA véi chi
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thi den eriocrom T dugc vi chi thi nay tao véi Co**, Al’* cac phiic rit
bén khong bi EDTA pha va.

— Ton can xac dinh nidm trong tua (BaSO,, PbSO,...) lam cho phan tng
v6i EDTA x4y ra cham.

A? A 7 .
» Chuan dé cdac anion:

Phai chuéin d6 gian tiép, bing cach két ta anion véi thude thi chia
cation thich hgp. P& dinh lugng SO,%, ta két ta bang ion Ba

Ba® + SO, = BaSO, |

Sau dé hoac dinh lugng cation con lai trong nuée loc, nude riia hodc loc
rtia tia roi hoa tan taa trong EDTA du:

HY* + BaSO, { == BaY® + H' + SO,>

DPinh lugng EDTA du bang Mg®* hay Zn*".
= Chuén d¢ cac chat hitu co
Giéng nhu dinh lugng cac anion, thuong dung phuong phap gian tiép:
Cho chat hitu co tdc dung véi ion kim loai tao thanh tia réi dinh lugng
cation con lai trong nuéc loc, nudc riia. C6 thé hoa tan tua trong EDTA du,
dinh lugng EDTA du con lai trong nuéc loc, nuée rtia. Vi du dinh lugng
theophylin, két tua né véi Cu®', hoa tan tua, xac dinh lugng dong c6 trong
tua va suy ra ham lugng theophylin. Pinh lugng Aminopyrin, nicotinamid
ta dem két tiia ching véi HgCl,, xac dinh Hg®* con du trong nudc loc suy ra
lugng aminopyrin, nicotinamid.
2.2.4. Mgt s6 itng dung dinh luong trong thuc té
a. Dinh luong bang cdc thude thit v co
» Pinh luong KCN bang AgNO,
Duya trén phan ting tao phiic:
AgNO, + 2KCN = K[Ag(CN),] + KNO,
Nhan ra diém tuong ducng theo hai phuong phap:
— Phuong phap Liebig: Mot giot AgNO, thiia sé cho két tua trang
Ag* + Ag(CN),” == Ag[Ag(CN),]{ tring.
— Phuong phap Deniges: Thuc hién dinh lugng trong méi truésng NH,OH

v6i KI 1am chi thi. Nhan ra diém tuong duong khi c6 két tta Agl mau
vang.

Luu y: Tinh két qua Egey = 2M gy
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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 chuédn chét goc.
Tinh toan dé pha néng do x&p xi 0,IN. Luu y E, ., :%. Dé pha 1 lit
dung dich 0,1N, ta can khoang 17g Hg(NO,),. 0,5H,0, thém 20 mL HNO,
6 N, thém nuéde cho du 1 lit (nhé khuay ky).

Xac dinh lai néng do Hg(NO,), bing dung dich NaCl 0,1N dua trén
phén tng:

Hg** + 2CI” == HgCl,

Dung chi thi 12 natri nitroprusiat, khi thtta 1 giot Hg*" sé c6 két tua
xudt hién:

Hg?* + [Fe(CN),NO]*> = Hg[Fe(CN).NOJ{
b. Pinh lugng bang complexon
» Pha dung dich complexon III chuén

— Néu c6 complexon IIT tinh khiét: Chi cAn can chinh xac mét lugng
complexon dem pha trong nudc thanh dung dich véi thé tich xac dinh.
Vi du dé pha 1 lit dung dich complexon III 0,1M, can chinh x4c 37,22
gam complexon III hoa tan trong nuéc cho du 1 lit. N&u complexon III
¢6 bi hit 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 mét it
nuée HCI dac, thém nudce 14c déu cho du 1 lit nuée.

— 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 nuée cho du 1 lit.

Ky thudt tién hanh:

Buret: Complexon III

Binh nén:  V mL Mg* c6 néng do da biét
5 mL dung dich dém amoniac
0,1g chi thi DPen ericrom T (da trén v6i NaCl)
20 mL nuéc cat

Nhé complexon xudng.cho.dén khi mau chuyén tit d6 sang xanh hoan
toan. Ghi thé tich complexon da dimngTink két qua.

205



Ghi chi: Chi thi den eriocrom T dugc dung duéi dang ran bao gém: 1
phan chi thi + 200 phan NaCl tinh khiét dem tron nghién nhé 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 phic c¢6 mau dé (CaHInd"). Khi thém complexon vao, & gin diém
tuong duong c6 phan ting canh tranh tao phtic:

HY? + CaHInd = CaY* + H,Ind*"
Do) (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 (d4 tron véi NaCl)

Chuén d6 t6i khi mau chuyén ti d6 sang tim hoan toan. Ghi thé tich
complexon da dung. Tinh két qua.

* Xdc dinh dé cing ctia nudc

D6 cting toan phan cta nude 1a téng mudi calci va magnesi tan trong
nude. C6 thé xac dinh d6 cting toan phan bang complexon III véi chi thi la
den eriocromT.

Lay mau nuéc can dinh lugng, cho thém chi thi den eriocrom T vao,
chi thi sé tao phtic mau dé vang v6i mdt phan Mg®* trong mau. Khi nhd
EDTA vao, EDTA sé phan ting v6i 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
phitic cta chi thi v6i Mg, giai phéng ra chi thi tu do ¢6 mau xanh.

Ky thudt tién hanh:
Buret: Complexon da biét néng do
Binh nén:  V mL nuéc can xac dinh
2 mL dung dich dém amoniac
0,1 g chi thi Pen eriocrom T (d4 tron NaCl)

Chudn d6 dén/Xhi mau @8 chuyén xanh hoan toan. Ghi thé tich
complexon da dung. Tinh két qua.

206



— Ghi chu: D ciing toAn phan thudng dude tinh nhu sau:

+ Do cting Dic: Ung véi 1 gam CaO trong 100 lit nude (nude 4 * rat mém;
nuéc 4 - 8% mém; nude 8§ - 16° nudc viia; nude 16 - 24 ° nuébe cing).

+ D6 cting Phap: ﬁng v6i 1 gam CaCO, trong 100 lit.
* Dinh luong Fe**

Trong mdi truong acid (pH 2- 3) EDTA tac dung v6i Fe?" tao thanh mot
phtic chat mau vang nhat FeY ™. Néu dung chi thi 14 acid salicylic hay acid
sulfosalicylic 6 pH d6 né tac dung véi Fe®* tao thanh phiic c6 mau hong. Tai
diém tuong duong mau hdng bién mat va dung dich c6 mau vang nhat.

Ky thudt tién hanh:

Buret: Complexon da biét néng do

Binh noén: 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 tit hdng sang vang nhat. Ghi thé tich
dung dich complexon da dung. Tinh két qua.

» Dinh luong Ba®* (theo phuong phap chudn d6 ngudgc)

Cho Ba®' can dinh lugng, tac dung véi mot 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 d9, lic déu. Thém 5 mL dung dich dém
amoniac, 0,1 g chi thi Pen eriocrom T (da tron véi NaCl).

Chuéin 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 tua hoan toan SO,
Ba®* + SO,> = BaSO,J

DPinh lugng Ba?* con lai bing complexon III. Pé quan sat dé dang su
chuyén mau cta chi thi, thém vao dung dich mot lugng Mg?* nh4t dinh va
qua trinh dinh lugng tién-hanh hoan toan tuong tu nhu dinh lugng d6 clng
toan phan cua nuéc.
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K5 thudt tién hanh:

Buret: Complexon da biét néng 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 ngudi, loc tia qua gidy loc bang xanh, ria tta nhiéu 1an (cho hét
Ba®"). Tap trung nudc loc, nude riia vao binh nén khéc, thém 5,00 mL dung
dich Mg?* ¢6 néng d6 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)
6.1. Thé nao 1a tich s6 tan. y nghia cua né.
6.2. Thé nao 1a do tan. Y nghia.
6.3. Trinh bay nguyén tic chung cia phuong phap két taa.

6.4. 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.

6.5. Hay so sanh d6 tan trong nudc ctua tua AgCl (c6 Ty, = 107°) véi
tua Ag,CrO, (c6 Ty, 0, =2.1077).

6.6. Dung dich HCI c6 pH = 4. Néu thém 1 mL dung dich AgNO, 10"'M
vao 1 lit dung dich HCI trén c6 hoi c6 tiua AgCl xudt hién khong?

6.7. 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.

6.8. Hoa tan 0,1535 g hén hop géom (KCl + KBr) vao nuéc va dem dinh
lugng toan bd-hét-15,12-mL-dung-dich-AgNO, 0,1002 N véi chi thi
K,CrO,. Giai thich each. dink lwong wa tinh % tiing chat trong hén hgp.
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6.9. Lay 25,00 mL HCI can dinh luong cho phan tng véi 50,00 mL
AgNO, 0,02018 N. Loc, rta két tia. Dinh lugng toan bd nudc loc
va nuéc 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. Phan biét phtic chat véi mudi thuong, mudi kép, ion phiic tap.
6.12. Hing s6 bén cua phtc va y nghia.

6.13. Nguyén téic chung ctia chuan do tao phiic.

6.14. Thé nao 1a chi thi mau kim loai? Diéu kién 4p dung trong chuén
d6 bang complexon.

6.15. Hay néu cac k§ thuat chuén d6 bang complexon.

6.16. Trinh bay cach xac dinh d6 ciing ctia nudc bing phuong phap
complexon.

6.17. Chuan d6 50,00 mL dung dich Na,H,Y (c6 mit cia 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 d6 M cta dung dich complexon III trén.

6.18. Chuan d6 100,0 mL nuéc (c6 mit 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 d6 cting theo d6é Diic cua nuée dem
dinh lugng.

6.19. Lay 10,00 mL dung dich Ba** can 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 dé N caa dung dich Ba*.

6.20. Lay 10,00 mL dung dich SO,* can dinh lugng, lam két tta bing
20,00 mL dung dich BaCl, 0,1 N. Dun séi, loc va riia két tia. Tap
trung nuéc loc va nude ria, 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 ctua 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 @ng oxy héa khit va cdach can bang.

2. Trinh bay duoc nguyén tc“ic, 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 CO BAN

1.1. Pinh nghia

— Ch4t oxy hoa la chat c6 kha nang nhan electron (dién ti).

— Chat khti 1a chat ¢6 kha nang cho dién tu.

— Cé#p oxy héa khti lién hgp: mot chat oxy héa sau khi nhan dién ta dé
trd thanh chdt kht va goi 1a chat kht lién hgp v6i né. T6 hop cta hai
dang oxy hoéa va khu lién hgp tao thanh cip oxy héa khu lién hgp
(oxh/kh) va duge biéu dién qua cAn bing sau:

Oxh + ne == kh

— Phan tng oxy héa kht 1a phan tng trao ddi dién ti giiia cac chit oxy
hoéa va ch4t khi: chit khi nhudng dién ti va bi oxy héa thanh dang
oxy héa lién hop, chat oxy héa thu dién ti va bi khi thanh dang khu
lién hgp.

a oxh; + b kh, = ¢ kh, + d oxh,

1.2. Cudng do6 cua chat oxy héa va chat khi

— Mot chat cang dé nhan dién ti thi c¢6 tinh oxy héa cang manh, mot
chat cang dé nhudng dién ti thi tinh khii cang cao. Trong mot cip oxy
héa khti lién hop, néu dang oxy héa cang manh thi dang khii lién hop
cua noé ¢6 tinh khtt cang nho va ngude lai.

— Dé dic trung cho cudng do ctia mot cap oxy héa khi lién hop ngudi ta
dung dai lugng goi-ta thé oxy hoa,kbii (hodc thé oxy hoa) duge xac
dinh bang phuong trinh Nec (Neérnst).-D6i véi hé don gian:
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oxh + ne == kh
RT, o
[oxh ]
Trong d6:  E: 14 thé& oxy héa khti ctia cip oxh/kh (von)
R: 14 hang s6 khi (8,314J.molL.K?)
T: nhiét d6 tuyét doi
F: 1a dién tich Faraday (96 500C)
E°: 14 thé oxy héa khtt tiéu chuén ctaa cip

0
E oxin = E

0 25°C chuyén sang dang logarit thap phan cé:
E_po _ 0059 [kh ]
n [oxh ]
D6i v6i hé téng quat: a oxh + bB +...+ ne 5 ¢ kh + dC +...
0,059 9 [kh F.[CT
n [oxh T.[B]

* 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 nong dd coi nhu khéng d6i do
d6 khong viét vao phuong trinh Nec.

Thi du:

— Véi cap MnO, /MnO,:
MnO, + 4H* + 3¢ == MnO,} + 2H,0
Thi E _go 0059, 1

M0 o, 3 mno; JHeT

C6 E=E°-

— Véi cap O/ :
20
O, +4H" + 4e<== 2H,0
0, 059 1

Thi Eo% —E°— Ag [H+] 0059Ig[—]
207"

1.3. Can bang phuong trinh phan @ng oxy héa khi

C6 nhiéu cach can bang phan tng oxy héa khi, trong tai liéu nay
ching t61 trinh bay cach can bang sau:
— Trude hét, dé can bang dude phuong trinh phan tng oxy héa khi can
phai biét dugce cac chat tham gia phan.Gng va sdn phdm cua phan tng
dua trén co sd xét chiéu hudng ctia phan ting.
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Chiéu huéng ctia phan tng dugc xac dinh nhu sau: Trong cac diéu
kién nhu nhau néu cip oxy héa khii nao c6 dién thé 16n sé oxy héa dudce cip
oxy héa kht kia nghia la phan ting x4y ra gitia chat oxy héa cua cip co
dién thé 16n véi chat khii ctia cdp cé6 dién thé nho. (Thong thuong cé thé
dua vao thé& oxy héa kht tiéu chudn E° dé du doan chiéu phan dng).

— Cac buée can bang phuong trinh: 4 budc:

+ Budc 1: Viét cac chat tham gia phan Ging va cac chat tao thanh véi

dang thuc ctia né vao 2 vé ctia phuong trinh.

Thi du: Phan ting gitia K,Cr,0, va FeSO, thuc ch4t 12 phan tng gita
ion Cr,0.” (vai tro oxy héa) véi ion Fe** (chat khi) tao ra Cr®* (dang khu
lién hgp caa 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 tiing cép oxy héa khii nghia la

can bing vé trao doi dién td, cAn bang vé dién tich (tdng dién tich
duong bing téng dién tich Am), cAn bing vé s6 nguyén ti.

Véi cap Fe*/Fe* cé: Fe? . e = Fe*

Véi ciap Cr,0,5/2Cr** ¢6: Cr,0,>+6e+ 14 H = 2 Cr” + 7 H,0

CAn luu ¥ s6 dién tt trao doi 1a tng véi ca ion phtic tap. Khi cAn bing
cac dién tich duong thidu c6 thé 14y H*, cac dién tich am thiéu cé thé 18y
OH va H,0 dudc thém tuy ¥ vi né ludn cé 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 cip, sau d6 cong v6i 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

+ Buéc 4: Viét phuong trinh phan ti bang cach thém cac ion tham gia
phan ting con thiéu vao 2 vé& cua phuong trinh:

6FeSO, + K,Cr,0.+ TH,S0,=3Fe,(S0,), + Cr,(SO,), + K,SO, + 7TH,0

2. PINH LUGNG BANG PHUONG PHAP OXY HOA KHU
(Chuén do oxy hoéa khii)

2.1. Nguyén tac
— Phuong phap dinh lugng oxy hoéa khti 1a phuong phap phan tich dinh
lugng dua trén phan ting chuin d6 1a phan ting trao déi electron giiia
dung dich chuén ch@achit oxy, hoa (hodc khii) véi dung dich cAn phan
tich chita chat khit (hode chit oxy hoa).
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— Néu dung dung dich chuén 14 chét oxy héa ta c6 thé dinh lugng cac
chat khi nhu Na,S,0,, Fe?*, I'... Néu dung dung dich chuén la chat
kht c6 thé dinh lugng cac chét oxy héa nhu I,, KMnO,, KBrO,... C6
nhiing chit khong c6 tinh oxy héa hoac khii nhung c¢6 kha ning phan
ting hoan toan véi chit oxy héa hay chat khi (thuong thanh chat két
tua hodc phtc chat) cing c6 thé dinh lugng bang phuong phap oxy hoéa
theo cach gian tiép.

— Yéu cau t6i thiéu cho mot phan @ng dung trong chudn d6 oxy héa khii
phai la:

+ Phan ting phai du nhay va x4y ra theo chiéu can thiét
+ Phan ting phai xay ra hoan toan va c6 tinh chon loc cao
+ Phan tng phai xay ra di nhanh

+ Tim dudgc cach nhan ra diém tuong duong

— Thuong cac phan ting oxy héa khii 12 mot qua trinh phitic tap, xay ra
qua nhiéu giai doan trung gian, nén téc do phan ing nhiéu khi khong
dap tng dude yéu cau dinh lugng, khi d6 dé lam tang toc d6 phan tng
c6 thé thuc hién mot s bién phap.

+ Téang nhiét d6 vi da s6 phan tng khi ting nhiét do, téc do phan ting
tang theo.

+ Tang néng do6 ciing lam tang tdc d6 phan tng, c6 thé tang nong do
bing k§ thuat chuin d6 nguge (thita tri).

+ Dung chét xdc tac dé lam téng téc dd cac phan tGng qua céc giai
doan trung gian.

2.2. Chat chi thi trong phuong phap dinh lugng oxy héa kh

Co 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 thuéc 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 ddu cho MnO, vao dung dich dinh
lugng ta thady mau MnO, bi mat do tham gia phan tng dinh lugng. Nhung
khi qua tuong duong, chi caAn du mot lugng rat nhé KMnO, ta thiy c6 mau
héng cia MnO,. Nhu vay MnO, vita 1a dung dich chuén (thuéc thi) via
déng vai tro chat chi thi.

Thuc té& chi thi loainay nhiéu va cho két qua kha tot.
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» Chdt chi thi tao vdi chdt oxy héa hodc khi trong phdn tng chuin dé
moét mau dac trung.

Thi du trong phuong phap iot diing chi thi hé tinh bot: khi du I, sé tao
v6i ho tinh bot mot mau xanh tham.

2.3. Phan loai cac phuong phap oxy hoa khu

Trong phuong phap chuin d¢ acid-base, thudng ta c6 thé thay acid
(hay base) manh nay dé dinh lugng mot base (hay acid) khac. Nhung trong
chuédn d¢ oxy hoéa khtt, vi dién thé oxy héa khit ctia cac cip rat khac nhau,
modi cap khi phan tng lai doi hdi cac diéu kién nhat dinh. Do vay, khong
thé thay thé tuy tién ch4t oxy héa (hodc chat khit) nay bing mét chat oxy
héa (hoéc khti) khac tuong duong vé méit dién thé oxy héa khii. Muén thay
thé& phai xem xét tinh toan téi tit ca cac yéu td, néu thay dap tng du diéu
kién ctia phan ing méi dugc phép thuc hién.

Viéc phan loai cac phuong phap chuin d6 oxy héa kht thudng dua
trén cac chat oxy héa dung trong phan @ing chuin d6 va goi tén theo cac
chat oxy héa d6. Thong dung cé6 cac phuong phap sau: Phuong phap
permanganat, phuong phap iod, phuong phap bromat, phuong phap brom,
phuong phap do déng, phuong phap dicromat, phuong phap nitrit.

2.3.1. Phuong phap dinh lugng bdng permanganat
La phuong phap dinh lugng dya vao kha ning oxy héa cua
permanganat 4 ca trong mdi truong acid, trung tinh, kiém.
Trong méi truong acid manh, MnO, bi khii dén Mn**":
MnO, + 5e + 8H" =Mn*" + 4 H,0
(Mau héng) (Khéng mau)
Thé oxy héa khii tiéu chudn E°= 1,51V
— Trong méi truong trung tinh, kiém, MnO, bi khii dén MnO,
MnO, + 3e + 2H,0 = MnO, + 40H"
(Mau héng) (Nau)

Thé oxy héa khii tiéu chuéan E°= 0,59 V

Thé oxy héa khii cua cip MnO,/ Mn*(trong méi truong acid) 16n hon
thé oxy héa khii cia ciap MnO,/ MnO,(trong méi trudng trung tinh, kiém)
rat nhiéu. Mat khac, san phdm oxy héa trong mai trudng acid 12 Mn?* khéng
mau, trong mdi 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
trudng acid, v6i chithi-la-chinh-dung-dich-chuan KMnO,: khi con MnO,
dung dich c6 mau hong; khi hét MO | dufig-dich khong mau.
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2.3.2. Phuong phap dinh luong bdng iod
a. Pdc diém chung ciia phuong phdp:

Co s6 cua phuong phap dinh lugng bang iod 14 dua trén qua trinh oxy

hoéa kht cua cap I,/ 2T
I, +2e =— 2T

Thé oxy héa khit tiéu chudn E° = 0,54 V (& vao khoang gitta ctia bang
thé oxy héa khti tiéu chuén)

— Nhiing chat c6 E°< 0,54 V ¢6 kha ning bi oxy héa bdi I, tu do.

— Nhiing chat oxy hoéa c6 E° > 0,54 V ¢6 kha ning bi kh bdi iod.

Do vay, ¢6 thé dinh lugng bing phuong phap iod dé xac dinh cac chat
kht, chit oxy hoa va ca acid.

* Xac dinh chat khu:

C6 thé xac dinh truc tiép cac chit khit bang cach cho tac dung véi L,
Nhan ra diém tuong duong dua trén su d6i mau cta dung dich: khi khéng
¢6 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 ho 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 méi truong acid thi phan ting sé giai phéng mot ludgng tucng
duong I,. Luong I, nay dudc dinh lugng bang dung dich Na,S,0, da biét
nong do, tit d6 tinh dugc chat oxy héa can xac dinh.

» Xdc dinh cdc acid:

Khi 4y dua trén phan tng:

I0* + 5T + 6H* =3 1, + 3H,0

Phan tng tiéu thu H® va gidi phoéng mot lugng tuong duong I,. Dinh
luong I, nay bang dung dich Na,S,0, da biét ndéng do ciing c6 thé suy ra
lugng acid tuong Gng.

b. Diéu 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 tang, I, c6 thé bi thing hoa va dé nhay caa chi
thi ho tinh bot gidm.

— Khi dinh lugng truc tiép véi I, khong nén thuc hién trong méi truong
kiém manh va ede-mudi-earbonat-kim-loai-kiém, bdi vi c6 phan tng
sau xay ra:
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I,+20H =10 +T + H,O
Vi vay thuong chi dinh lugng trong méi truong trung tinh ho#c kiém
yéu bang cach cho thém vao dung dich cdn dinh lugng mét it NaHCO,
(khéng nén cho NH,OH vi c6 thé tao thanh I,N 1a chat d& giy nd).

— Khi chuén d6 I, bing Na,S,0,, cAn phai cho hé tinh bt vao ldc gin
két thic dinh lugng (ttc 1a khi d6 con it iod trong dung dich, dung
dich c¢6 mau vang nhat). Néu lam ngugc lai, tinh bt sé hap phu mot
phan I, va nha I, rdt cham. Mt khéc, tinh bét con c¢6 thé khi duge
mot vai chat oxy héa manh. Do dé dinh lugng sé c6 sai so 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, gidi phéng sé dé dang hoa tan vao dung dich nuéc do phan tng tao
phtic kém bén 1

L+T=1;

— Hbn hop dinh lugng can han ché anh sang chidu vao vi Anh sang lam

tdng van toc cia phan ting oxy héa I' thanh I, bdi oxy khéng khi:

41 + 0, +4H" =21, + 2H,0

2.3.3. Phuong phdp dinh luong bdng bromat
Duya trén kha ning oxy hoéa cua BrO, trong méi trucng acid:
BrO, + 6H" + 6e = Br + 3 H,0O
Thé oxy héa khii tiéu chudn E°= 1,45V

Phuong phap nay thudng dudec 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 véi Br c6 trong dung dich giai phéng ra Br, tu do c6 mau vang
nhat:

BrO; + 5Br + 6H" = 3Br, + 3H,0

Ciing c6 thé dung chi thi mau loai hdp chat azo nhu d6 methyl hodic
da cam methyl cho vao binh dinh lugng, dén diém tuong duong Br, sé oxy
héa chi thi 1am cho chi thi bi phan huy chuyén tit mau d6 sang vang (su
chuyén mau nay la khéng thuan nghich vi chi thi bi phan huy do d6 khi
dinh lugng can phai cin than khong nhé qua thita BrO,). Cing c6 thé dung
chi thi 14 nhiing acid indigo sunfonic.

2.3.4. Phuong phdp dinh luong bang brom

Dua trén kha ning oxy hoa ¢lia Bri;
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Br,+2e —— 2Br
Vi thé oxy héa khii tiéu chuédn E°=1,70 V
Pé thu duge dung dich Br, c6 néng do xac dinh, ta cho mét lugng du
KBr phan ting véi mét lugng xéc dinh KBrO, chuéin trong moéi trudng acid
theo phuong trinh phan tng:
BrO, + 5Br' + 6H" = 3Br, + 3H,0

Sau dé cho Br, (du chinh x4c) phan ting véi chat can dinh lugng.
Lugng Br, du dudc xac dinh bang phuong phap iod (thém KI va dinh luong
I, gidi phéng ra bang Na,S,0.,).

Phuong phap brom thudng dung dé dinh lugng cac hgp chét hitu co vi
cac chit hiitu co khi tac dung véi nhiéu chat oxy héa khac thuong kém theo
cac phan ting phu phtc tap khong dung dinh lugng dudc. Nhung khi phan
tng véi Br, lai rdt phit hop theo dung phuong trinh phan tng, do d6 c6 thé
dung dé dinh lugng tét. Trong nganh Duge, phuong phap brom duge dung
dé dinh lugng cac phenol, cresol, benzonaphtol, resorcin, anilin, acid
salicylic, cac sulfamid, acid aminobenzoic...

2.3.5. Phuong phap nitrit
Trong méi trudng acid, nitrit phan tdng véi cac ché phdm cta nhém

amin thom (sulfamid, novocain...) tao thanh hgp ch4t diazoni:

+
R-NH2 + HONO + HCI ———> [R-NEN] + 2H0
cl

P& nhan ra diém tuong duong cta phan tng nay, cé thé dung chi thi
theo hai cach:

— Chi thi ngoai: Khi thiia nitrit, nitrit sé lam xanh gidy t&m hé tinh bot
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 chit 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 & diéu kién nhiét do
thap (khoang 10 °C) do d6 hay ngam binh dinh lugng trong nudc da.
2.4. Mot s6 ting dung dinh lugng

Phuong phap chuin dé oxy héa khii 14 mot trong nhiing phuong phap
dugc ting dung kha nhiéu trong thuc té. Mot, s6 chat oxy héa, khi hay dung
dé pha ché& dung dich chuén dudgc néu trons hai bang 6.1 va 6.2.
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Bang 6.1. M6t s6 chat oxy hda thudng dung

Chit oxy héa E° (V) Chat goc
KMnO, 1,51 Na,C,0, , As,0s, H,C,0,.2H,0
KBrO, 1,44 KBrO,

Ce™ 1,44 Na,C,0,, As,O,, 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 s6 chat kh{r thuang dung

Chat khu Thé& oxy héa khir tiéu chudn E° (V) | Chat géc
Mudi Mohr 0,77 K,Cr,0,
As,O, 0,57 As,O,
Na,S,0, 0,09 KIO,, I,, K,Cr,0,
Titan (11l) 0,10 K,Cr,0,

Duéi day trinh bay mot s6 tng dung cu thé:

2.4.1. Dinh lugng FeSO, hay mudéi Mohr (NH,Fe(SO,),.6H,0
Dua trén phan tng chuin d6 bing dung dich KMnO,:
KMnO, + 10FeSO, + 8H,S50, = 5Fe,(S0O,); + 2MnSO, + K,SO, + 8H,0
Ereso, m,0 =M =278,01
E(NH4)2Fe(SO4)2.6HZO =M=392,14
K5 thudt tién hanh:
- Buret: KMnO,
- Binh nén: V mL dung dich Fe** dem dinh lugng
50 mL nudc cat
5 mL H,SO, 50%
- Chuén d6 t6i khi dung dich c¢6 mau héng nhat. Ghi thé tich KMnO,
da dung. T d6 tinh ra két qua.
2.4.2. Dinh luong H,0,
- H,0, vira ¢6 tinh oxy hoa vira ¢6 tinh kKhii:
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+ La chat oxy héa: 0,> + 4H" + 2e = 2H,,0
+ La chat khu: 0, -2e=0,
Evo, = % =17,005

D6i véi H,0, ngoai cac loai ndng d6 vAn dude biéu thi théng thudng,
ngudi ta con dung khai niém néng do theo thé tich oxy, dude tinh bang “sé’
lit oxy do 1 lit dung dich H,0, tu phdn huy ra”. Cach tinh nhu sau :

Twu 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 = nong do theo thé tich oxy = Ny , x5,6 lit oxy

— Khi H,0, dinh lugng bang KMnO, 1a dua trén tinh khii ctia né theo
phan tng:
2MnO, + 5H,0, + 6H* = 2Mn** + 50, + 8H,0
Cach dinh lugng gidng nhu dinh lugng Fe*".

— Khi H,0, dinh lugng bang phucng 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 phéng ra:
I, + 2 Na,S,0, = Na,S,0, + 2 Nal
K5 thudt tién hanh:
- Buret: Dung dich Na,S,0, da biét néng do
- Binh n6n: V mL H,0,
5 mL H,S0, 50%
1 g KI
3 giot amoni molypdat 30% (dé kich thich phan tng)

Nhé Na,S,0, dén khi c6 mau vang nhat, thém ho tinh bot, dinh lugng
tiép dén m&t mau xanh thAm. Ghi thé tich Na,S,0, da dung. Tinh két qua
theo yéu cau.

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

EAs203 = I = 49,46

— C6 thé dinh lugng dung dich nay bing phuong phap bromat dua trén
phan ting oxy héa ctia BrO, véi As,0, trong méi 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 ddang truong 5%

Glucose dude dinh lugng bing phuong phéap iod theo phucng phap
chuan d¢ ngudc (thuta 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,0H(CHOH),-CHO + 10" = CH,OH(CHOH),COOH + I (2)

Sau khi hoan thanh phan tng (2), ta acid héa mdi 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:

B Vi Ny, - VNazSz03'NNazszo3 . f
% CeH1206 = v CoHuOs 1()
CeH 1206
Trong d6 : Egy o, :% =90,08

f 1a hé s6 pha loang dung dich glucose truéc khi dinh luong.

2.4.5. Pha dung dich chudn KBrO,

KBrO, dé& diéu ché thanh chat tinh khiét (thoa mén tiéu chuén chit goc)
bang cach két tinh lai trong nuée roi say kho 6 150 —180 °C. Do dé tu KBrO,
tinh khiét ta c6 thé tinh toan dé pha dung dich c6 néng do theo yéu cau.

M

Luu y: Eeo, = ry 27,83

Khi khéong c6 KBrO, tinh khiét, ¢4 thé pha gan ding sau d6 xac dinh
lai nong do6 bang chat gbc khac (thidw As,0.):
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2.4.6. Dinh lugng sulfathiazol

Sulfathiazol (hay 2-[p. aminophenylsulfamido]- thiazol) ¢6 cong thic:
C,H,O,S,N,; = 255,33

N
H2N—©—SOZ—NH—Q

Pay 1a mot sulfamid thong dung, c¢6 thé dinh lugng bang dung dich
NaNO, trong méi trudng acid & nhiét do 10 °C véi chi thi ndi tropeolin 00.
Phuong trinh phan tGing chuén d:

+

NaNO , —3—» HONO

+
H +
R-NH > +HONO —>R —N=N +2H20

vl ENaNOZ =M=69
Esulfathiazol = M = 255’33

Trong d6 dung dich chudn NaNO, thudng pha gin ding (do NaNO,
khong dat tiéu chudn chit géc) sau d6 xac dinh lai néng 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 hgp?
Phan tng oxy héa kht.

7.2. Hay néu céac 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 khii.

7.5. Trinh bay nguyén tic, diéu kién tng dung cta cac phuong phap
dinh lugng sau:

- Phuong phap permanganat
- Phuong phap iod

- Phuong phap bromat

- Phuong phap nitrit
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7.6.

7.9.

7.8.

7.9.

Thiét 1ap céng thic néng d6 theo thé tich oxy cua dung dich H,O,
khi dinh lugng theo phuong phap permanganat.

Chudn db 10,00 mL dung dich H,C,0, 0,05M trong méi trudng
acid hét 9,75 mL KMnO,. Hay viét phuong trinh phan tGng chudn
d6 va tinh nong d6 N ctia dung dich KMnO,.

Chudn d6 10,00 mL dung dich H,O, hét 12,50 mL dung dich
KMnO, 0,1 N. Tinh néng d6 theo thé tich oxy cta dung dich H,O,
trén.

Két tta 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, gidi thich cach dinh lugng va tinh s6 g chi
c6 trong mau.

7.10. Lay 10,00 mL dung dich As,0, dem dinh lugng hét 9,85 mL dung

7.11.

dich I, 0,1 N. Hay viét phuong trinh phan ting dinh lugng va tinh
nong do g/L cua dung dich As,O, trén.

Lay 10,00 mL dung dich mu6i 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 d6 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 dudc mite do chinh xdc cua cdan ky thudt, can phdan tich
2. Su dung duoc can ky thudt, can phéan 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, thudéng dung can kj thuat va
can phan tich.

Can ky thuat c6 d6 chinh x4c phd bién 1a + 0,01 g, thudng dude diung
dé xac dinh khoi lugng ctia chat khi khong can that chinh xac hodc c6 khéi
luong tuong déi 16n.

Can phan tich ¢6 do chinh xac phd bién 1a + 0,0001 g, duge dung dé
xac dinh khoi lugng ctia mau thi hodc chat can xac dinh c6 do chinh xac
cao hay khéi lugng nho.

Trong thuc té thuong c6 hai loai can:

— Céan cd hoc hoat dong dua trén nguyén tic don bay.

— Cén dién ti hoat dong dua trén luc dién ti d€ giit cAn & vi tri cAn bing.

1.2. M4t s6 nguyén 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 truéec khi can, dung vai mém lau
sach bui 6 dia can. Néu phat hién sai léch, khong tu y sta chiia, phai
bao c4o can bo huéng dan.

— V6i can phan tich, khong duge can vat qua nang (thuong khong qua
200 g) vi nhu vay sé lam hong ¢an.
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— Khoéng dit truc tiép vat can 1én dia can, phai 16t gidy can, dung trong
chén can,... Khong can vat qua néng hoac qua lanh trén can phan tich
(phai dé vao binh hiut 4m trong khoang 20 phut), v6i cAn phén tich chi
dudc md hai ctia bén canh, khéng duge mé ctia gitia dé tranh nhiét, hoi
nuée, khi ctia ngudi tho ra.

— Tuyét d61 khong dung cham vao cin khi can dang chay. Véi can co hoc
chi dat vao hodc 14y qua cin hay vat can ra khi da ham can. Khong
dudc dung tay béc qua can hodc héa chat ma phai dung kep, thia,...

— Cac chat hat nude, chat long, dic biét 1a cac chit ¢6 hoi thoat ra lam
héng can, bat budc phai dung trong chén can c6 nap.

— Khi can, ddng tac phai nhe nhang, giti sach sé trong va ngoai can.

2. THUC HANH SU DUNG CAN PHAN TiCH
Kiém tra, chuéin bi cAn: Hop qua can, cat sach, gidy cin, chén cin, héa
chat can can.
2.1. S dung can co hoc theo phuong phap can don
— D4t gidy can 1én hai dia can phan tich, diéu chinh vé vi tri cAn bang.

— Dit vao dia can bén trai mot hodc mot s6 qua can cb khéi lugng bang
m gam héa chat can can (gia st 0,8652 g).

— Thém tu tit héa chat cAn can vao dia cAn bén phai dén khi can thing
bing. Khéi lugng héa chat can duge 1a m = 0,8652 g.

o
T

Qlacan Hbéa chat

e >

Hinh 1.1. Cach can trén can co hoc theo phudng phap can don

Ghi chi: C6 thé thuc hién theo k§ thuit ngudge lai, nhu sau: cho héa
chat vao mot bén dia can, thém qua can vao dia can con lai dén khi can
thang bang.

2.2. S dung can co hoc theo phuwong phap can kép Borda
— D4t gidy can 1én hai dia cAn phan tich, diéu chinh vé vi tri cAn bang.
— Dat vao dia can bén phai mot, hodc mot s6 qua can c6 khéi lugng bang

m g lugng héa chat can ean (gid 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 khoi dia cAn bén phai, sau d6 cho héa chat cAn can
lén dia can bén phai cho t6i khi thiang bang. Ta dudc khéi lugng hoéa
ch4t can duge 1a m = 0,8652 g.

0 Qo
__...-'—1"--.._‘_ e W

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 can kép Lomonoxép

— Can trudc vat hay héa chat can can trén can ky thuat dé biét khéi
lugng tuong déi (gia st la a gam).

— Dat gidy can 1én hai dia can phan tich, diéu chinh vé vi tri can bang.

— Dat 1én 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 k§ thuat).

— Cho cat ti tit vao dia can bén trai cho t6i khi can thang bing.

— Cho vat hodc chat can can (da can thi trén can k§ thuat) vao dia can
bén phai. Rit b6t mot s6 qua can ra cho t6i khi caAn thang bang (gia st
rat ra m, gam). Ta dudc khéi lugng cta vat hoéc héa chat can can 1a m

= (P - m,) gam.
. 0
ﬁ ‘-._..-_"-q.‘-.'
Bi o oA . Qua can +
SHECEl Bi Hoéa chat

. . e

Hinh 1.3. C4ch can trén can co hoc theo phuang phap can kép Momonoxdp

2.4. St dung can dién t
Tuan tht theo huéng dan st dung can tai phong thi nghiém.
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BAI TAP (BAI 1)
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1.1.
1.2.
1.3.
14.
1.5.
1.6.

Néu dic tinh co ban ctua can kj thuat va can phan tich.

Néu mot s6 nguyén téc khi can.

Céach st dung can co hoc theo phuong phap can don.

Cach st dung can co hoc theo phuong phap cian kép Borda.
Cach st dung can co hoc theo phuong phap can kép Lomonoxop.
Cach st dung can dién tu hién c6 cua phong thuc hanh.



Bai 2

XAC DINH DO AM CUA NATRI CLORID VA
DINH LUGNG NATRI SULFAT

1. DUNG CU - HOA CHAT
— Can phén tich
— Chén can c6 nap mai
— Binh hut 4m c6 silicagel khé
— Tu say
— Thia xtdc héa chat
— Chén nung
— Lo nung va kep 10 nung
— Pén con hoéc bép dién
— Néi cach thuay
— Céc ¢6 mo, pipet
— Phéu loc
— Daa thuy tinh
— MAu tht natri clorid.
— Dung dich HCI dac
— Dung dich BaCl, 0,

THU VIEN
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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

P4y 1a phuong phap bay hdi gian tiép. Trong Dudc dién goi 1a "Giam
khéi lugng do sy khd". Trong d6, ta xac dinh khéi lugng natri clorid truée
khi s&y va khéi lugng natri clorid sau khi sdy dé suy ra khoi lugng nuée da
bay hoi khi sdy. Tt d6 tinh dude d6 &m (phan tram nuéc) trong mau natri
clorid dem xac dinh.

2.2. Cac budc tién hanh

— Bat tu sy, dé nhiét do 100 — 105 °C. Dgi t6i khi nhiét do trong tu sy
dat nhiét do da dat.

~ X4 1y bi:

+

+

Rua sach chén can.

v 2 A N A L, - g N A g A
Dit chén cin sach vao ta say, (chd y: md nap va dé nip & bén canh
chén can).

S4y 6 nhiét d6 100 — 105 °C trong 30 phiit.

L4y chén can va ndp ra, cho ngay vao binh hut 4m va dé t6i khi
chén ciAn ngudi t6i nhiét d6 phong (khoang 20 phiit).

Can dé xac dinh khoi lugng chén cAn va ndp trén cAn phan tich.
Thu duge khéi 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 cta hai gia tri m, va m, (m, - m,):
Néu gia tri chénh léch khéng 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
tiép tuc qua trinh sdy chén cin va nip giéng nhu trén cho téi khi
khéi lugng chénh léch gifia hai 1an lién tiép khong qua 0,0005 g.

Gia tri khéi lugng ctia chén cdn va nip dude 14y vao lan can cudi
cung, dugc gia tri m.

— Can trén can phan tich chinh xac khoang 1,00 gam natri clorid (dudc
M gam) vao chén can da dudgce xt 1y 6 trén.

— Dit chén can cé-chitanatri-clorid-vaotirsfy, md nip va dé ndp & bén
canh chén can. Say ¢ nhiét d6400 +'165°C trong 120 phuit.
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P4y nip vao chén can va cho ngay vao binh hit 4m.
DPé khoang 20 phuit.

Can chén can chiia natri clorid da day nap trén can phan tich. Lip lai
thao tac sy dén khéi lugng khong d6i. Pugc gia tri P gam.

2.3. Tinh két qua

Ludgng natri clorid truée khi sdy: M gam
Luogng nuéc c6é 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 LUONG

3.1. Nguyén tac

Khi cho dung dich BaCl, du vao dung dich sulfat can dinh lugng sé c6

tua BaSO, theo phan ting :

Na,SO, + BaCl, = BaSO, { + 2 NaCl

Loc 18y két taa, rda ta, sdy va nung tia dén khéi lugng khong ddi

(cAn trén can phan tich), tir khoi lugng tua thu duge tinh ra ham lugng
sulfat c6 trong mau.

3.2. Cach tién hanh

Lay chinh x4c 10,00 mL dung dich bai tap Na,SO, (V mL) cho vao céc
c6 mo dung tich 250 mL, thém khoang 100 mL nudc cit va 0,5 mL
HCI dac.

Dat coc c6 mo dung dung dich trén 1én dén cén hay bép dién (c6 16t
lu6i amian). Pun s6i.

Khi dung dich sé6i, vita khudy viia cho ti tit khoang 10 mL dung dich
BaCl, 0,5 N.

Dun hoén hgp sbi thém vai phiit.

Dé 14ng.

Kiém tra xem téa 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
thdy xudt hién tta tring 6 phan tiép giap gitia hai dung dich thi cho
thém dung dich Ba€Cl; 0,5 N.dén, khitua hoan toan. Néu khong thay
xudt hién tua trang tiie la da k&t tia hodn toan sulfat.
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— Dun cach thuy khoang 1 gid (thinh thodng khuay déu).

- Pé ling.
— Xt 1y bi:

+ Rua sach chén nung.

+ Dat chén nung sach vao tu siy, sdy 6 nhiét d6 100 — 105 °C t6i kho
(khoang 10 phut).

+ Dung kep 10 nung dat chén nung kho vao 10 nung, nung 6 nhiét do
600 — 700 °C trong 25- 30 phit.

+ Dung kep 10 nung 18y chén nung ra dé ngudi trong binh hut 4m téi
nhiét d6 phong (khoang 20 phut).

+ Can dé xac dinh khéi lugng chén nung trén can phéan tich. Thu dudc
khoi lugng chén nung.

+ Lap lai thao tac nung dén khi khéi lugng khéng déi.

+ Gia tri khéi luong cua chén nung dude 14y vao 1an can cudi cung,
dugc gia tri m.

Ghi chii: Thuc hién viéc xt 1y bi song song véi viéc két ta sulfat.

Gap 1 to giay loc khong tro (bing xanh) lam bon phan va dét 1én phéu loc.
Gan nudc trong & trén tlia qua phéu loc c¢6 gidy loc da chuén bi & trén.
Rua tta 3 - 4 1an, méi 1an 15 mL nudc cat va gan nuée ria qua phéu trén.
Chuyén hoan toan tia sang phéu.

Rta tiép tua trén phéu bang dung dich NH,NO, 1% hai lan, mdi 1an
10 mL.

Dé gidy loc c6 tia chay hét nude, dem ca phéu va gidy loc cb tua siy &
100°C dén khi gidy con hoi &m (khoang 15 - 20 phiit ).

Nhakc gidy loc c6 tia ra khdi phéu, gap lai theo hinh chép va dit vao chén
nung d& nung dén khaéi 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 lta).

Dem nung chén nung c6 gidy loc chita tia ¢ khoang 700 °C téi khi gidy

loc dugc tro héa hoan toan (tua trong chén khong con mau den) trong
khoang 25- 30 phit.

— Dung kep 160 nung 18y chén nung cé tta ra dé ngudi trong binh hit 4m

(khoang 20 phut)-

— Sau d6, dem can xéc dinh khoi 1wong trén can phan tich.
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— Lap lai thao tac nung dén khi khéi lugng khong ddi thi dude. Ghi khéi
lugng chén nung c6 tua : M gam.
3.3. Tinh két qua
— Khéi lugng tta BaSO, thu duge : (M —m) gam
— Thita s6 chuyén F 1a:
Myaso, 142

F= -
Moo, 2333

Néng d6 Na,SO, trong mau thi tinh theo phan tram (kl/tt) 1a:

(M-m)

%Na,S0, (kl/tt) = x Fx100

BAI TAP (BAI 2)
2.1. Néu nguyén téc xac dinh d6 4m cta natri clorid.
2.2. Néu cac buéc chinh khi tién hanh x4c dinh d6 4m cta natri clorid.
2.3. Thiét lap cong thic tinh % nudc (ham 4m) ctia natri clorid.
2.4. Néu nguyeén 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 thic tinh ham luong % (kl/ tt) ctia Na,SO,.
2.7. Hay giai thich khai niém “Nung hoéic sdy dén khéi lugng khong déi”.
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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 duoc dé chinh xdc cua ba loai dung cu chinh xdc hay diung: Buret,
pipet, binh dinh mic.

2. Nhdn biét va thao tdc st 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 phén tich
— Buret
— Pipet chinh xac dung tich 10 ml
— Binh dinh mitc dung tich 100 ml
— Binh nén
- Coc c6 mo
— Phéu thuy 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 cua chét 16ng. N6
thuong 1a nhiing 6ng thiy tinh hinh'tru (& dudi ¢6 khoa dé diéu chinh cho
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dung dich chay ra) chia do chinh xac t6i 1/10, 1/20, 1/50, 1/100 mL tuy theo
yéu ciu st dung.

Sai s6 tuyét ddi cua cac buret thuong 1a + (0,01 - 0,05) mL.

Khoa buret phai kin va tron, néu hé va xit phai béi mot 16p mong
vaselin (tranh boi vao 16 khoa).

Khi dung, buret phai sach va khd, néu buret con uét muén dung ngay,
phai trang buret hai 1an béng mot it dung dich can do.

10
ml —

LI U= T VI (=] [ I CN O () -

=

Hinh 3.1. Buret Hinh 3.2. Pipet Hinh 3.3. Binh dinh mdc
Céc ¢ (dung tich) buret hay st dung: buret 50 mL; 25 mL; 10 mL; 5
mL; 2 mL; ...
Cdch sv dung:
— Truée 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 diy dung
dich, néu con bot khi thi nhing ngap dau duéi cua buret vao dung
dich va hit ngudgc 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 chta
dung dich can chuén d5.

2.1.2. Pipet chinh xdc (hinh 3.2)

La dung cu dung délay mot.thé, tich chinh xac cia dung dich can 14y.
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Cé6 nhiéu loai pipet chinh x4c:
— Loai la éng thuy tinh c6 bau (c6 1 vach hoéc 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 doi 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 1an bang mdt it dung dich can 14y.

Céc ¢ (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 st dung: Khi can 14y dung dich nao d6 bing pipet, c6 thé diung
qua bép hoidc hit bing mém. PE ngap dau pipiet trong dung dich can 14y,
hit dung dich 1én tu tu, qua vach trén (d6i véi pipet cé bau) hodc qua dung
tich can 14y (dd1 véi pipet chia vach). Sau dé, dung ngén tay tré kho bit kin
dau phia trén cta pipet, hoi nghiéng ngén tay tré tao mot khe hé nho dé
dung dich c6 thé chay dugc 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
noén, coc, ...), cing dung ngoén trd diéu chinh dé dung dich chay ra tu ti.
Néu st dung pipet c6 bau, mét vach thi khong duge théi giot cudi cing 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 xéac
nao do.

D6 14 nhiing binh cdu day bang, ¢6 dai hep, c6 vach ngdn véi cac thé
tich chinh xac.

Sai s6 tuyét dé1 cua cic binh nay dat tit + (0,01 - 1) mL tuy theo céc
loai khac nhau.

Binh dinh mtc phai dugc rita sach trudc khi ding bang nudc cat,
khoéng dudc ria trang bang dung dich nhu truong hdp ctua pipet va buret.

Cac c¢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 rdn: chuyén héa chit vao binh
qua mot phéu, sau d6 dung nudc cit trang sach phéu. Bé phéu ra. Thém
nuée vao binh dinh mtc dén khoang nta binh. Lic manh dé&n khi héa chat
tan hét. Thém nudc via du téi vach. Lic déu.

Khi dung dé pha lodng dung dich: chuyén dung dich vao binh. Thém
nuée vao binh dinh mie dén khoang, 2/.3 binh. Léc k§. Thém nudc vita du
t6i vach. Lac déu.
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Chu y:
— Khoéng duge rét thdng dung dich néng hoic lanh vao binh dinh mic.
— Khong dung binh dinh mtc dé dung 1au cac dung dich tht (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 da trinh bay & trén, con cé cac
dung cu dong do thé tich khong chinh xac nhu: céc c6 md, binh nén, dng
dong, pipet khéng chinh xéc, ... Cac dung cu nay dung dé dung hoic 14y cac
thé tich dung dich khéng can d6 chinh xac cao.

Nhiing dung cu nay cdn phai dugc rua sach truéc khi st dung. Tuy
muc dich st dung ma cac dung cu nay cé thé chi rita bang nuée cat, dé kho
hoic trang rtia bang cac dung dich sé dude dung ngay truée khi dung.

Khi chuéin d9, cAm binh nén bang 3 ngén tay (ngén cai, ngén tré va
ngoén gita).

2.3. Thyc hanh nhéan biét, thao tac riéng va véi nudc cat

— Quan sat nhan biét cac loai dung cu: buret, pipet cic loai, binh dinh
mtic, binh nén, c6c c6 mod, 6ng dong...

— Rua buret, kiém tra boi tron 6 khéa buret. LAy céc d6 dung dich vao
buret (dung nudc cit), diéu chinh dung dich dén vach 0, cho dung dich
chay xuéng ting dong, tling giot, ntia giot. Chud y khéng dudc cho
dung dich chay hét xuéng qua phan khong chia vach.

— Tap st dung pipet (dung nudc cat).

— Téap cam va lac binh nén (dung nuée cAt).

— Tap d6éng tac chudn dd: phoi hop lc binh nén va cho dung dich ti
buret xudéng. Yéu cau, lic binh nén xoay tron, nghiéng 10 - 15°, khong
c6 tiéng kéu réc 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 chuén do nay la dinh luong 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 hoéng.

Phuong trinh phan ing dinh lugng:
CH,C00H+ N4OH ¥ 0HCOONa + H,0
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3.2. Tién hanh

— Dung phéu rét dung dich (tu céc ¢c6 md) khoang 10 - 15 mL dung dich
NaOH 0,1N lén trén buret dé trang buret (lam 2 14n). Cho diy dung
dich NaOH 0,1N 1én trén buret va diéu chinh khéa buret dudc dung
dich dén vach 0.

— Dung pipet chinh xéc (c6 bau) dung tich 10 mL 1ay 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.

B0 tri thi nghiém dudc 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. B6 tri thi nghiém chudn d6 dung dich CH,COOH bang dung dich NaOH 0,1N

Tién hanh chudn dé: Mot tay diéu chinh khéa buret cho dung dich
NaOH 0,1N tit buret xudng binh nén (Iic ddu nhanh, gan diém tuong
duong cho ti tir tiing giot, ntia giot), tay kia lac binh nén chia dung dich
CH,COOH. Chuén db téi khi dung dich & binh nén chuyén sang mau héng
thi ding lai, ghi thé tich dung dich NaOH 0,1N da dung.

3.3. Tinh két qua

Néng d6 duong luong (N,) cua dung dich CH,COOH dudc tinh theo
cong thtc sau:
N - Vg xNg
A VA
Trong do:
— Vj; 14 thé tich dung dich NaOH 0,1N, tinh bang mL d& dung chuén do
— Nj 14 nong d6 duong lugng ctia dung dich NaOH (Ny=0,1)

— V, la thé tich dung dich CH,COOH, tinh bing mL cin xac dinh nong
d6 (V, = 10,00 mli

238



BAI TAP (BAI 3)

3.1. Trinh bay dic diém, tng dung cta ba dung cu dong do thé tich
chinh xac (buret, pipet, binh dinh mic).

3.2. Trong ba dung cu: buret, pipet chinh xac, binh dinh mtc, loai dung
cu nao dude hoéc khong dude trang bang dung dich can 14y hoic
can pha.

3.3. St dung thanh thao dung cu dong do thé tich, dung nudc cAt.

3.4. Trinh bay nguyén tic dinh lugng dung dich CH,COOH bang dung
dich NaOH.

3.5. Trinh bay cach tién hanh dinh luong dung dich CH,COOH 0,1N
bang dung dich NaOH 0,1N. Thiét lap cong thic tinh nong d6
duong lugng (N) cia dung dich CH,COOH.

3.6. Chon cach tra loi dung A/ B/ C/ D

Khi chuén d¢ dung dich CH,COOH bang dung dich NaOH véi chi
thi phenolphthalein, mau ctia dung dich chuyén tit mau:

A. Hong sang khéng mau  B. Khéng mau sang mau hong
C. Hong sang tim D. Khéng chuyén mau

3.7. Tinh néng dd 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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Bai4

PHA VA XAC DINH NONG PO DUNG DICH
ACID HYDROCHLORIC 0,1N

1. DUNG CU - HOA CHAT
— Can phén tich
— Buret
— Pipet chinh xac dung tich 10 mL
— Binh nén dung tich 100 mL
— Céc c6 mo
— Phéu thuy tinh
— Dia thuy tinh
— Céc chan dung tich 100 mL
— Dén con hoéc bép dién
— Chat goc natri carbonat
— Dung dich acid hydrochloric dac
— Dung dich chi thi da cam methyl.

2. PHA DUNG DICH ACID HYDROCHLORIC 0,1N

— Acid hydrochlor |ii| 0 a M = 36,46.
cid hydrochlo 1(:ﬁ % k,}fﬁﬂ;q\l}fghantu 36,46

HUBT
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Tién

Acid hydrochloric dic 1a chat 1dng trong, khong mau, boc khéi, cé ty
trong ¢ 20 °C khoang 1,18, nong do HCI tu 35 dén 38% (kl/ kl) ting véi
nong do duong lugng khoang 10 — 12 N.

Acid hydrochloric déc dé bay hoi, thuong khong dat tiéu chuén chat
gdc, bbi vay khi pha dung dich HC1 0,1 N tit dung dich HCI dic ta chi
c6 thé pha gan ding. Nong d¢ dung dich HCI 0,1 N sau khi pha dugc
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 néng do xap xi 0,1N ta tinh nhu sau:

Biét duong luong gam E ctia HCI bang khéi lugng phan ti cia né va
bang 36,46.

S6 gam HCI1 nguyén chat ¢6 trong 100 mL dung dich HCI 0,1N la:

m— NxExV _ 0,1x36,46x100
1000 1000
Do d6, thé tich dung dich HC1 d3c cin 14y la:
Vioge = %x 100 = 1(,)12—65;
hanh pha dung dich HCI 0,1N:
Cho vao coc chan khoang 30 - 50 mL nuéc cat.

Dung pipet chia vach cho khoang 0,8 mL dung dich HCl d#ic (dung
qua bép hoidc dé dung dich tu mao dan, tuyét déi khong dude hit) vao
coc chan trén. Thao tac nay dugc thuc hién trong tu hot.

=0,3646 (g)

x100~0,81 (ml)

Dung diia thuy tinh khudy déu.
Thém nuéc cat viia da 100 mL. Khudy déu.

3. NGUYEN TAC DINH LUQNG ACID HYDROCHLORIC

Acid hydrochloric 12 mot acid manh, c¢6 thé dung chat géc 1a natri

carbonat dé xac dinh nong d¢ ctua né. Piém tuong duong dude xac dinh dua
vao su chuyén mau ctia dung dich c¢6 cho thém chi thi mau thich hgp do ¢é
su thay d6i dot ngot pH caa dung dich.

Phuong trinh phan ng dinh luong:
Na,CO, + HCl = NaHCO, + NaCl (1)
NaHCO, + HCt=H,0,+ CQ, .+ NaCl (2)
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Phan tng 1, pH & diém tuong duong 1a 8,4 ndm & vang base do d6 cé
thé dung chi thi 14 phenolphthalein mau chuyén tit dé 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 khong 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 ti vang sang hong do.

Néu dung chi thi phenolphthalein thi méi chuén do hét 1/2 lugng
Na,CO, con néu dung chi thi da cam methyl sé chuin d6 dugc toan bo
lugng Na,CO,.

4. PINH LU(jNG DUNG DICH ACID HYDROCHLORIC 0,1N

Dung chét goc 1a Na,CO, dé dinh luong dung dich HCI ndng 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 gi¢ dé dudi hét nude 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 caa 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 chat chuén géc Na,CO, trén can phéan
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). Bo phéu ra.
— L&c nhe dé hoa tan hoan toan Na,CO,.
— Thém nuéc vita du dén vach. Lic déu.

Tinh nong do thuc (N,;) cia dung dich Na,CO, pha duodc:

My

N, = x0,1

Myp

Trong do6:
- My 12 khéi lugng, tinh bang g, cia:Na,CO, can dude
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- m,; 14 khéi lugng, tinh bing g, ctia Na,CO, vita da dé pha dudge 100,0
mL dung dich Na,CO, néng d6 chinh xac 0,1N (m;, = 0,52997 g).

4.2, Ti€n hanh dinh lugng

— Dung pipet chinh xac (c6 bau) dung tich 10 mL lay 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 (1am 2 14n). Cho day dung dich
HCI 0,1N 1én trén buret va diéu chinh khéa buret duge dung dich dén
vach 0.

B6 tri thi nghiém dugc trinh bay 6 hinh 4.1.

Error!

A

Dung dich HCI 0,1N

- . 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 d¢: Mét tay diéu chinh khéa buret cho dung dich
HC1 0,1N tit buret xudng binh nén (ldc dau nhanh, gan diém tuong duong
cho tu tit tiing giot, ntta giot), tay kia lic binh nén chiia dung dich Na,CO,.
Chuén 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

Néng d6 duong lugng (N,) ctia dung dich HCI dugc tinh theo cong thiic sau:
N = Vg xNg
n=—2—F8
Trong do: Va

-V; 1a thé tich dung dich Na,CO, 0,1N, tinh bing mlL, da dung
(V =10,00 mL)

- N 1a noéng do dtong lirong ctia 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 HCI dic cAn dé pha va pha ddng ky thuat
100ml dung dich HC1 0,1N.

Pha 100,0 mL dung dich géc Na,CO, 0,1N. Tinh nong d6 dung
dich Na,CO,pha dugc.

Trinh bay nguyén téc dinh lugng dung dich HCI 0,1N bang dung
dich Na,CO, 0,1N.

Trinh bay cach tién hanh dinh lugng dung dich HCl 0,1N bang
dung dich Na,CO, 0,1N. Thiét lap cong thiic tinh nong d6 duong
lugng (N) cta dung dich HCI.

Chon céach tra 16i ding A/ B/ C/ D

Khi chuin d6 Na,CO, bing dung dich HCI vé6i chi thi da cam
methyl, mau cta dung dich chuyén tit mau:

A. Vang sang d6 cam B. D6 cam sang khéng mau
C. D6 cam sang vang D. Khéng chuyén mau

Tinh néng do 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 5

PHA VA XAC DINH NONG PO
DUNG DICH NATRI HYDROXYD 0,1N

1. DUNG CU - HOA CHAT
— Can phén tich
— Can ky thuat
— Buret
— Pipet chinh xac dung tich 10 mL
— Binh nén dung tich 100 mL
— Céc c6 mo
— Phéu thuy tinh
— Dia thuy tinh
— Céc chan dung tich 100 mL
— Chat goc acid oxalic ngdm 2 phan tt nuéc (C,H,0,.2H,0)
— Natri hydroxyd
— Dung dich chi thi phenolphthalein.

2. PHA DUNG DICH NATRI HYDROXYD 0,1N
— Natri hydroxyd (NaOH) c6 khéi lugng phan tii M = 40.

— Natri hydroxyd thueng ¢ d ; thoi hinh tru mau trang, dé
ht dm. THEUIEN
2> HUBT
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Natri hydroxyd dé hit nude va bi carbonat héa do khi CO, ciia khéng
khi vi thé n6é khéng théa man yéu cau d6i véi mot chat goc. Ta chi c6
thé pha dung dich NaOH néng d6 x&p xi 0,1N tit NaOH. Néng d6
dung dich NaOH 0,1N sau khi pha dudc xac dinh béang mét dung dich
chuén khac c6 tinh acid da biét néng db.

— Lugng NaOH cAn thiét d& pha 100 mL dung dich NaOH c6 néng do6
x4p x1 0,1N dudgc tinh nhu sau:

— Biét duong ludng gam E ciia NaOH biang khéi lugng phan ti ctia no
va bang 40.
NxExV 0,1x40x100

0,40
1000 1000 ©®

— S6 gam NaOH cin can la: m =

— Truée khi pha dung dich NaOH ta thuong loai phan bi carbonat héa (6
16p ngoai) cia NaOH bang cach rtta 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&, lugng cAn NaOH thuong dudgc
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 coc c6 mo kho khoang 0,45 - 0,50 g NaOH trén can ky thuat.
Thém khoang 5 mL nudc cat, lic nhe trong 5 - 10 gidy va gan bd ngay
phan nudec.

— 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 nudc. Tap trung nude trang vao coc chan.

— Thém nudc cat viia dua 100 mL. Khudy déu.

3. NGUYEN TAC DINH LUQNG NATRI HYDROXYD

Natri hydroxyd 14 mot base manh, c6 thé diung chét géc 1a acid oxalic
dé xac dinh ndng d6 ctia né. Piém tuong duong duge xac dinh dua vao su
chuyén mau caa dung dich c6 cho thém chi thi mau thich hgp do cé su thay
d6i dot ngdt pH ctaa 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 6 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 0,1N

Acid oxalic ngdm 2 phan ti nuéc (C,H,0,.2H,0) tinh khiét 14 mot chat

thda man yéu cdu ctia mot chat goc.

Duong lugng gam E caa C,H,0,.2H,0 bang 1/ 2 khéi lugng phan ti

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 mtic dung tich 100 mL qua phéu.

noéng do chinh xac 0,1N la: m =

Trang phéu nhiéu lan bang nudc cat (khoang 50 ml). Bé phéu ra.
Léc nhe dé hoa tan hoan toan C,H,0,.

Thém nuée vita du dén vach. Lic déu.

Tinh nong doé thuc (N,;) cua dung dich C,H,0, pha dugc:

m
N, =—"x0,1
mLT

Trong dob:
- mqy 12 khéi luong, tinh bang g, cua C,H,0,.2H,0 can dugc
- my; 14 khéi luong, tinh bing g, cia C,H,0,.2H,0 vita 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 lugng

Dung phéu rét dung dich (ti céc ¢c6 md) khoang 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.

B0 tri thi nghiém dudc trinh bay 6 hinh 5.1.

Tién hanh chu@n do-Not tay didu chinh khoa buret cho dung dich
NaOH 0,1N tit buret xudng binh nér(lic ddu nhanh, gdn diém tuong
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duong cho tit tir tiing giot, ntia giot), tay kia ldc binh nén chita dung
dich H,C,0,. Chuén d6 t6i khi dung dich & binh nén chuyén tit khoéng
mau sang mau hong.

Ghi thé tich dung dich NaOH 0,1N d4 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

Nong dd duong luong (Ny) cua dung dich NaOH dugc tinh theo céng
thic sau:
~ VaxNy,

V

B

N B
Trong do:
- Vg 14 thé tich dung dich NaOH, tinh bing mL, d& dung chuin do
- N, 1a néng d6 duong lugng cia 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 gé6c H,C,0,0,1 N tu H,C,0,. H,O. Tinh
noéng do dung dich H,C,0,0,1 N pha dugc.

5.3. Trinh bay nguyén tic dinh luong dung dich NaOH 0,1 N bing
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 bang
dung dich H,C,0, 0,1 N. Thiét 1ap cong thtic tinh néng d6 duong
lugng (N) cta dung dich NaOH.

5.5. Chon cach tra 16i dung A/ B/ C/ D

Khi chuidn d6 H,C,0, bing dung dich NaOH véi chi thi
phenolphthalein, mau cta dung dich chuyén ti mau:

A. Héng sang khong mau B. Khong chuyén mau
C. Khong mau sang vang D. Khong mau sang héng

5.6. Tinh nong do duong lugng cta dung dich NaOH, biét khi dinh
luong 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 LUGNG NATRI HYDROCARBONAT

MUC TIEU
1. Pha va xdc dinh dudc nong do dung dich acid hydrochloric 1 N.

2. Dinh luong va tinh dwoc ham luong phan tram (kl/Rl) cua natri
hydrocarbonat carbonat.

1. DUNG CU - HOA CHAT
— Can phéan tich
— Buret
— Pipet chinh xac dung tich 10 mL
— Binh nén dung tich 100 mL
— Céc c6 md
— Chén can
— Phéu thuy tinh
— Daia thuy 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 HCI 1N nhu sau:
— Cho vao coc chan khoang 30 - 50 mL nuéc cat.

— Dung pipet chia vach 148y khoang 8 mL dung dich HCI d#c (dung qua
bép hodc dé dung dich tu mao dan, tuyét déi khong duge hit) va cho
vao coc chan trén. Thao tac nay dudc thuc hién trong tu hét.

— Dung diia thuy tinh khuay déi
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— Thém nudc cat vira dia 100 ml. Khuay déu.

2.2. Xac dinh néng dé dung dich acid hydrochloric 1 N

— CAan (trén can phan tich) chinh xac khoang 0,50g chit 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 céc ¢c6 md) khoang 10 - 15 mL dung dich
HC1 1 N lén trén buret dé trang buret (lam 2 14n). Cho diy dung dich
HC1 1 N 1én trén buret va diéu chinh khéa buret dudc dung dich dén
vach 0.

Tién hanh chudn d¢: Mét tay diéu chinh khéa buret cho dung dich
HC1 1N t& buret xuéng binh nén (lic dau nhanh, gdn diém tuong ducng
cho tu ti tiing giot, nta giot), tay kia Iic binh nén chiia dung dich Na,COs.
Chuén d6 t6i khi dung dich & binh nén chuyén sang mau héng da cam. Pun
s6i 2 phut, dé ngudi réi chuén d6 ti€p dén mau hong da cam. Ghi thé tich
dung dich HC1 1 N da dung.

2.3. Tinh két qua
Heé s6 hiéu chinh (K) cua dung dich HCI 1N dudc tinh theo cong thiic sau:

K — ax1000
Trong do: ExV

- V 1a thé tich dung dich HCI, tinh bang ml, d& ding chuén d6
- a 1a khéi lugng, tinh bang g, cia Na,CO,

- E 14 duong lugng gam cua Na,CO, (E = 52,997)
3. DINH LUQONG NATRI HYDROCARBONAT

3.1. Tié€n hanh dinh lugng

— Can chinh x4c khoang 1,50 g natri hydrocarbonat trén can phén 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 & hinh 6.1.

Tién hanh chudn dé: Mot tay diéu chinh khéa buret cho dung dich
HCI 1N t& buret xuéng binh nén (ldc ddu nhanh, gan diém tuong duong
cho tu tir tiing giot, ntia giot), tay kia lac binh nén chtta dung dich natri
hydrocarbonat. Chuéin @6 tdi khi dung dich ¢ binh nén chuyén sang mau
héng da cam. Ghi thé tich dung dich HCl 1N'd¢a dung.
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A

Dung dich HCI 1N

Natri hydrocarbonat 1,50 g
<+—i 50 mL nuéc 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 phan tram (k1/ kl) cia natri hydrocarbonat dugc tinh theo
cong thtc sau:
VxKx0,084x100

m

C% =

Trong do6:

-V 1a thé tich dung dich HCI 1 N, tinh bang mL, d& dung chuén d¢
- K12 hé s6 hiéu chinh ctia dung dich HC1 1 N

- m 14 khéi lugng, tinh bang g, ctia natri hydrocarbonat cAn dinh lugng

BAI TAP (BAI 6)

6.1. Pha ding ky thuat 100 mL dung dich géc HC1 1N ti dung dich
HCI dic.

6.2. Trinh bay cach tién hanh dinh lugng natri hydrocarbonat bang
dung dich HCI 1N.

6.3. Thiét 1ap cong thic tinh ham lugng phan tram (kI/kl) ctia natri
hydrocarbonat.

6.4. Tinh hé s6 hiéu chinh K ctia dung dich HCI 1N, biét chuén do
0,5012 g chat goc Na,CO, hét 9,60 mL dung dich HC1 1N da pha.

6.5. Tinh ham lugng % (kl/ k1) ctia natri hydrocarbonat, biét khi dinh
lugng 1,4975 g natri hydrocarbonat vdi chi thi da cam methyl hét
17,60 mL dung dich-HCF 1N cé hé s6 hidu chinh K= 1,0012.
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Bai7

DINH LUGNG NATRI CLORID
BANG PHUGNG PHAP MOHR

. DUNG CU - HOA CHAT

— Can phén tich

— Buret

— Pipet chinh xac dung tich 10 mL

— Binh dinh mitc dung tich 100 mL
— Binh nén dung tich 100 mL

— Céc c6 mo

— Phéu thuy tinh

— Dia thuy tinh

— Chat goc bac nitrat

— Natri clorid can dinh lugng

— Dung dich chi thi kali cromat 5%.

. PHA DUNG DICH BAC NITRAT 0,1 N
— Bac nitrat (AgNO,) c6 trong lugng phan ti M = 169,9.
— Bac nitrat ¢ dang bot két tinh hodc tinh thé khéng mau, dé tan trong

nudc. Bac nitra t]ﬁ‘?l?%ﬂ Eéﬁ cau cua mot chat goc.
é.!ﬁ HUBT

TAI LIEU PHUC VU THAM KHAO NOI B8O
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— Duong lugng gam E ctia AgNO, bang khéi lugng phéan ti ciia né va
bang 169,9.

— Lugng AgNO, cin thiét dé pha 100 mL dung dich AgNO, ¢6 ndng d6
chinh xac 0,1N la:

m= NXExV _01x1699x100 ) co0q ()
1000 1000

Tién hanh pha 100 mL dung dich AgNO, 0,1N nhu sau:

— Can chinh xac khoang 1,70 g chat chudn géc AgNO, trén can phén
tich cho vao binh dinh mic dung tich 100 mL qua phéu.

— Trang phéu nhiéu lan bang nuéc cat (khoang 50 mL). Bo phéu ra.
— L&c nhe dé hoa tan hoan toan AgNO,,.
— Thém nuéc vita du dén vach. Lic déu.
Tinh hé s6 hiéu chinh (K) cua dung dich AgNO,; pha duoc:
- M
m
Trong do:
— mqy 14 khéi lugng, tinh bang g, cia AgNO, can dudc
— 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 ti€p Cl bang Ag® véi chi thi 1la kali
cromat (K,CrO,). Mot giot Ag* du sé két hgp véi chi thi cho tiia nau do
Ag,CrO, 6 1an can diém tuong duong.

Phan tng chuén d:
AgNO, + NaCl ==  AgCl{ +NaNO,

tréng
Nhan ra diém tuong duong:
AgNO; + K,CrO, — Ag,CrO, { + 2KNO,

niu do
4. DINH LUQONG DUNG DICH NATRI CLORID BAN G PHUONG PHAP MOHR
4.1. Ti€n hanh dinh lwong
Lam phan ing:
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— Dung phéu rét dung dich (tu céc c6 md) khoang 10 - 15 mL dung dich
AgNO, 0,1N lén trén buret dé trang buret (lam 2 1an). 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 nuéde c4t. Lic dé hoa tan hoan toan NaCl.
Thém 5 giot dung dich chi thi kali cromat 5%.

B6 tri thi nghiém dugc trinh bay 6 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 dé: Mot tay diéu chinh khéa buret cho dung dich
AgNO, 0,1N tit buret xuéng binh nén (Iic ddu nhanh, gin diém tuong
duong cho tir tir tiing giot, ntia giot), tay kia lac binh nén chiia dung dich
NaCl. Chuén d6 t6i khi dung dich & binh nén xuét hién két tia mau nau
do. Ghi thé tich dung dich AgNO, 0,1N da dung.

4.2. Tinh két qua
Ham lugng phan tram (kl/ k1) ciia NaCl dudc tinh theo cong thiic sau:

V x K x0,005844 x100
m

Ch =

Trong do:

- V 1a thé tich dung dich AgNO, 0,1N , tinh bang mL, d& ding chuén do
- K12 hé s6 hiéu chinh ctia dung dich AgNO, 0,1N

- m 14 khoi lugng, tinh bing g, ctia NaCl can dinh lugng
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BAI TAP (BAI 7)
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7.1. Pha didng ky thuat 100ml dung dich géc AgNO,0,1N.
7.2. Trinh bay nguyén téc dinh lugng natri clorid theo phuong phap Mohr.
7.3. Trinh bay cach tién hanh dinh lugng natri clorid theo phuong

phap Mohr.
7.4. Thiét 1ap cong thic tinh ham lugng phan tram (kI/kl) ctia natri
clorid.

7.5. Tinh hé s6 hiéu chinh K cta 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) ctia NaCl, biét khi dinh lugng 0,1056 g

NaCl theo phuong phap Mohr hét 17,20 mL dung dich AgNO,
0,1N c¢6 hé s6 hiéu chinh K = 1,0320.



Bai 8

PINH LUONG NATRI CLORID BANG
PHUONG PHAP FONHARD

MUC TIEU

1.

2.

Trinh bay dwoc nguyén tdic va phdn wng dinh luong natri clorid theo phuong
phadp Fonhard.

Dinh luong duoc dung dich natri clorid 0,9% theo phuong phdp Fonhard va
tinh duoc ham luong phan tram (kl/ tt) cia dung dich natri clorid .

. 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 (hoac 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, thita chinh xac da biét néng d6 dé két tiia hét NaCl, sau
d6 dinh lugng AgNOy thiua 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 x4c¢) (Chinh x4c) Tring
AgNO, + KCNS  =——= AgCNS ! +KNO,
(Du) Tring

Nhan ra diém tuong duong khi ¢6 mau dé:

Fe?* + CNS™ <—= FeCNS*
Do
Chu y:

— MBbi trudng nén dung mdi trudng acid manh (thudng dung HNO,) dé
tranh {Fe(OH),, {Ag,0 va lam giam hién tugng hap phu.

— Khi dinh lugng Clorid bang phuong phap Mohr cé hién tugng mau
chuyén khéng ré rang diat khoat, khéng bén, khi mau bén viing thi
qua diém tuong duong nhiéu giy sai s6 16n. Pé khéc phuc sai s6 nay
ta phai loai bo két tiia AgCl, rdi sau d6 méi dinh luong Ag* du ¢ phan
nudéc loc.

3. PINH LUQONG DUNG DICH NATRI CLORID BANG PHUONG PHAP
FONHARD

3.1. Xac dinh néng doé dung dich kali sulfocyanid

— Dung phéu rét dung dich (tit cc ¢6 mo) 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 dugdc dung
dich dén vach 0.

— Dung pipet chinh xac 14y 10,00 mL dung dich AgNO, 0,05N cho vao
binh nén sach. Thém vao d6 2 mL dung dich HNO, dac va 2 mL dung
dich phén st amoni 10%

— Chuén d¢ t6i khi dung dich & binh nén xudt hién mau d6. Ghi thé tich
dung dich KSCN 0,05N da dung.

Néng d6 duong lugng (Ng) ctia dung dich KSCN dugc tinh theo céng

thic sau:
B V, xN,

N
B Vv,

Trong do6:

- Vi 1a thé tich dung dich KSCN, tinh bing mL, da dung

- N, 1a néng do duong lugng cua dung dich AgNO,, (N, = 0,0500 N)
-V, 1a thé tich dung dich-AgNO:y tink béing ml, (V, = 10,00 mL)
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3.2. Tién hanh dinh lugng natri clorid
Lam phan tng:
— Dung pipet chinh xac 14y 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 viia 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 nude cit dén vach, 1ic déu. Dé 1ing,
loc qua 2 l1an gidy loc, nuéc loc phai trong. Bé 10 mL dich loc dau.

— L&y chinh xac 50,00 mL dich loc (bing pipet chinh xac) thém 5ml
dung dich HNO, déc va 5 mL chi thi phén sit amoni 10%.

— Cho day dung dich KCNS 0,05 N 1én trén buret va diéu chinh khéa
buret dugc dung dich dén vach 0.

B6 tri thi nghiém dugc trinh bay 6 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 dé: Mot tay diéu chinh khéa buret cho dung dich
KCNS 0,05N tit buret xuéng binh nén (Iic ddu nhanh, gin diém tuong
duong cho ti tit tiing giot, ntia giot), tay kia lic binh nén. Chuan d¢ t6i khi
dung dich & binh nén xuét hién mau héng. Ghi thé tich KCNS 0,05N da
dung.

Ghi chi: Nong d6 cua KCNS, AgNO,, NaCl x4p xi bang nhau.

3.3. Tinh két qua

Ham lugng phan tram (kl/tt) cia NaCltrong dung dich cin dinh lugng
dudgc tinh theo cong thic sau:

(VAg* x NAg‘ _ZXVSCN’ x NSCN’) »158,44 %100
C %= x f
1000 x Vcr
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Trong do6:
1a thé tich dung dich AgNO, 0,05N, tinh bing mL, da dung

Ag*
(V. = 25,00mL)
ag? 12 néng d6 duong lugng dung dich AgNO, 0,05N, (N gt = 0,0500)

12 thé tich dung dich KSCN, tinh bing mL, da dung chuin do6

SCN™

- N_.  la néng do duong luong dung dich KSCN, da xac dinh muc 3.1.

SCN

- V_ la thé tich dung dich NaCl, tinh bang mL, da 14y dinh lugng

CI-

(V. =10,00mL)

- f 14 hé s6 pha loang cta dung dich NaCl 0,9% [f - 1200J
5

BAI TAP (BAI 8)

8.1. Tinh nong 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 téc 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 thiic tinh ham lugng phan tram
(kl/k]) cua natri clorid.

8.4. Chon cach tra loi dung A/ B/ C/ D

Khi chuéin d6 Ag* du bang dung dich NH,SCN véi chi thi phén sét
amoni, mau cua dung dich chuyén tit mau:

A. Hong sang khéng mau B. Khong mau sang vang
C. Khéng mau sang hong D. Khéng chuyén mau

8.5. Hay cho biét c¢6 thé thay chi thi phén sit amoni bing dung dich
mudi sat II trong phép dinh luong natri clorid theo phuong phap
Fonhard duge khéng? Tai sao?

8.6. Tinh ham lugng % (k1/kl) ctia NaCl, biét khi dinh lugng 10,00 mL
dung dich NaCl theo phuong phap Fonhard (theo muc 3.2 & trén)
hét 8,25 mlr-dung-dich-NH;SEN~Trong d6, néng dd dung dich
NH,SCN 1a 0,0485N va AgNOy1a-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 thuy tinh
— Céc chan dung tich 100 mL
- 6ng dong dung tich 10 mL
— Dén con
— Dung dich géc acid oxalic 0,1000 N
— Dung dich acid sulfuric 50%

2. PHA DUNG DICH KALI PERMANGANAT 0,1 N

— Kali permangana
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— Kali permanganat ¢ dang tinh thé hinh ling tru hodc bét mau tim
sAm hoic gan nhu den, c6 4nh kim, khéng mui. Tan trong nudc lanh,
dé tan trong nuéc soi.

— Kali permanganat khéng thoa man tiéu chudn chéit goc vi KMnO, la
ch&t oxy héa manh, dé bi khii tao thanh MnO,. Ta chi c6 thé pha dung
dich KMnO, néng d6 xap xi 0,IN ti KMnO,. Néng d6 dung dich
KMnO, 0,1N sau khi pha, dudc xac dinh bing mot dung dich chuin
khac c6 tinh khii da biét nong 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 ludng gam E cia KMnO, bang 1/5 khéi lugng phan ta
cta né va bang 31,61.

NxExV 01x3161x100
1000 1000

+ S6 gam KMnO, can can la: m= =0,3161 (g)

Tién hanh pha dung dich KMnO, 0,1N:
— Can vao coc ¢6 md kho khoang 0,32 g KMnO, trén can ky thuat.
— Thém khoang 20 mL nuéc cat vao c6c KMnO,.

— Vita dun néng vira khudy trong khoang 5 phut. Pé nguéi. Gan phan
dung dich phia trén vao céc 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. Khuay déu.

3. NGUYEN TAC PINH LUGNG BANG PERMANGANAT

La phuong phap dinh lugng dya vao kha ning oxy héa cua
permanganat.

Permanganat thé hién kha ning oxy héa ca trong méi trudng acid,
trung tinh va kiém, nhung manh nh4t 14 trong méi truong acid. Mat khac,
san phdm oxy héa trong moéi trudng acid 14 Mn?** khong mau, trong moi
truong trung tinh, kiém 1a ttia MnO, c6 mau nau. Vi vay, nguoi ta thuong
xac dinh néng d6 KMnO, trong méi trudng acid.

Phuong trinh phan tng dinh lugng permanganat bing chat khi la
acid oxalic trong méi truong acid manh nhu sau:

2KMnO, + 5H,C,0 4+ 8 H,80, =2 MuSO,+ 10CO,T + K,SO, + 8 H,0
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Phan ting trao d6i dién tu:

5 C,0.> - 2e = 2CO0,
2 MnO, + 5e + 8H* = Mn* + 4 H,0
(Mau héng) (Khéng 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) khoang 10 - 15 mL dung dich
KMnO, 0,1N 1én trén buret dé trang (Iam 2 14n). Cho diy dung dich
KMnO, 0,1N lén trén buret va diéu chinh khéa buret dude dung dich
dén vach 0.

Dung pipet chinh x4c 14y 10,00 mL dung dich C,H,0, cho vao binh
nén 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 cén va tién hanh chuin d6 ngay (Nho
ting giot KMnO, xuéng) cho t6i khi c6 mau héng nhat. Ghi thé tich
KMnO, da dung.

B6 tri thi nghiém dugc trinh bay 6 hinh 9.1.

A

Dung dich KMnO, 0,1N

Dung dich H,C,0, 10,00 mL
¢— Dung dich H2SO, 50% 5 mL
Nuéc cat 50 mL

Hinh 9.1. B6 tri thi nghiém chudn d6 dung dich KMnO, 0,1N
Ghi chi: Pun néng téi khi dung dich sui lin tdn. Chudn d6 khi dung

dich néng nham tang téc d6 phan tng (Mn?* 1a chat xdc tac cho phan tng,
do d6 lic dau khi chuén d6 phan tng xay ra cham, sau khi ¢6 Mn?* tao
thanh, téc d6 phan tng tang lén lam KMnO, mat mau nhanh hon lic ban

dau).
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4.2. Tinh két qua

Noéng d6 duong lugng (Ng) cua dung dich KMnO, dugc tinh theo céng
thic sau:
_ VuxN,

Ng v

Trong do: B
- Vi 1 thé tich dung dich KMnO,, tinh bang mL, d& dung
- N, 1a néng d6 duong lugng ctia 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 dang ky thuat 100mL dung dich KMnO, 0,1N.

9.2. Trinh bay nguyén tic dinh lugng dung dich KMnO, 0,1N bang
chat goc 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 coéng thiic tinh nong d6 duong lugng (N) caa dung dich
KMnO, da pha.

9.4. Hay cho biét chi thi cia phuong phap do kali permanganat. Cach
phat hién diém tuong duong.

9.5. Tinh néng d6 duong lugng cua 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

DINH LUONG DUNG DICH NUGC OXY GIA 3%

MUC TIEU
1. Trinh bay dugc nguyén tdac va phdn wng dinh luong dung dich nudc oxy gia.

2. Dinh luong duoc dung dich nudc oxy gia va tinh duoc ham luong phdan 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 mod
— Phéu thuy tinh
— Daia thuy 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 bot

2. XAC PINH NONG DO CUA DUNG DICH KALI PERMANGANAT 0,1 N

O bai 9 da trinh bay cach xac dinh néng do cua dung dich KMnO,
dung chat kht 1a acid oxalic. Ngoai ra, con c¢6 thé xac dinh néng d6 cua
KMnO, bang phuong phap do iod. Cho chinh x4c mét lugng KMnO, phan
ting v6i mot lugng du Kl treng maoi trucng acid (H,SO,) sé tao thanh mot
lugng tuong duong i0d:
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2KMnO, + 10KI + 8H,SO, = 2 MnSO, + 51, + 6K,SO, + 8 H,0O
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¢ dudc tién hanh cu thé nhu sau:

Dung phéu rét dung dich (tu céc ¢c6 md) khoang 10 - 15 mL dung dich
Na,S,0, 0,1N 1én trén buret dé trang buret (lam 2 1an). Cho day dung
dich Na,S,0; 0,1N 1én trén buret va diéu chinh khéa buret dugc dung
dich dén vach 0.

Dung pipet chinh xéc 14y 10,00 mL dung dich KMnO, cho vao binh
nén sach. Thém vao dé6 10 mL dung dich KI 10% va 10 mL dung dich
H,SO, loang. Dung dich sé& ¢6 mau nau do.

Tién hanh chudn d6: Mot tay diéu chinh khéa buret cho dung dich
Na,S,0; 0,1N tit buret xuéng binh nén, tay kia lac 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
xudng 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 mot mau tridng: Tién hanh nhu trén nhung thay
10,00 mL dung dich KMnO, trong binh nén bing 10,00 mL nuéc cat.
Thé tich dung dich Na,S,0, 0,1N da dung (V,).

Tinh hé s6 hiéu chinh (K) ciia dung dich KMnO, 0,1N theo céng thiic sau:

K = (Va = Vo) x N,
V; x0,1

Trong doé:

- V; 1a thé tich dung dich KMnO,, tinh bing ml, da dang (V= 10,00 mL)

- N, 1a néng do duong lugng cua dung dich Na,S,0,, (N, = 0,1000 N)

-V, 1a thé tich dung dich Na,S,0,, tinh bing mL, d4 dung dé chuén
do dung dich KMnO,

- V, 1a thé tich dung dich Na,S,0,, tinh bang mL, da dung dé chudn do
mau tring.

3. NGUYEN TAC PINH LUGNG NUGC OXY GIA

Dinh lugng nuéc oxy gia bing permanganat la dua vao phan Gng oxy

hoa khu gitia permanganat va nuéc oxy gia, trong d6 permanganat déng
val tro chat oxy hoéa,eonnudeoxygid-déngvaitrg 1a chat khi.
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Phuong trinh phan ting dinh lugng:
2KMnO, + 5H,0, + 3H,SO, = 2MnSO, + 50, + K,SO, + 8H,0
Phan tng trao d6i dién tu:

5 022- - 26 - 02
2 MnO, +5e+8H" = Mn* +4H,0
(Mau héng) (Khong mau)

4. PINH LUGNG DUNG DICH NUGC OXY GIA 3%

4.1. Ti€n hanh dinh lugng

— Dung phéu rét dung dich (tu céc ¢c6 md) khoang 10 - 15 mL dung dich
KMnO, 0,1N 1én trén buret dé trang buret (1am 2 1an). Cho ddy dung
dich KMnO, 0,1N lén trén buret va diéu chinh khéa buret dugc dung
dich dén vach 0.

— Dung 6ng dong 14y 20 mL nudc c4t cho vao binh nén sach.

— Dung pipet chinh xac (c6 bau) lay 1,00 mL dung dich H,0, cho vao
binh nén trén. Thém vao d6 20 mL dung dich H,SO, 10% (1ay bang
ong dong).

B6 tri thi nghiém dugc trinh bay 6 hinh 10.1.

A

Dung dich KMnO, 0,1N

Nudc cat 20 mL
<«— | Dung dich H,0, 1,00 mL
Dung dich H,SO, 10% 20 mL

Hinh 10.1. B& tri thi nghiém chudn dé dung dich nudc oxy gia 3%

Tién hanh chudn dé: Mét tay diéu chinh khoéa buret cho dung dich
KMnO, 0,1N tit buret xuéng binh nén, tay kia lic binh nén. Chuén do téi
khi dung dich & 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 bang mL, d4 dung chuédn do
- K 12 hé s6 hiéu chinh ctia dung dich KMnO, (d4 x4c dinh 6 muc 2)
- V 1a thé tich dung dich H,0.,, tinh bing 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 cich tién hanh dinh lugng dung dich nuéc oxy gia 3%
bang dung dich KMnO, 0,1N. Thiét lap céng thiic tinh ham luong
phan tram (kl/tt) cia dung dich H,0,.

10.3. M6 ta su chuyén mau cta dung dich trong dinh lugng (binh nén)
trong qua trinh chudn d6 dung dich KMnO, bing phuong phap
do iod é muc 2.

10.4. Tinh hé s6 hiéu chinh K cta 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 diing cho mau tréng la 0,05 mL.

10.5. Trinh bay cach tinh nong d6 dung dich H,O, theo thé tich oxy.

10.6. Tinh ham lugng % (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 so hiéu chinh K = 0,9872.



Baill

PHA VA XAC DINH NONG PO DUNG DICH
NATRI THIOSULFAT 0,1N

. DUNG CU - HOA CHAT

— Can phén tich

— Can ky thuat

— Buret

— Pipet chinh xac dung tich 10 mL
— Binh nén dung tich 100 mL

— Céc c6 mo

— Phéu thuy tinh

— Dia thuy tinh

— Céc chan dung tich 100 mL

- 6ng dong dung tich 10 mL

— Chat géc kali dicromat (K,Cr,0.,)
— Dung dich acid hydrochloric dac 50 %
— Natri thiosulfat (Na,S,0.,)

— Natri carbonat (Na,CO,)

THU VIEN
2’ HUBT

TAI LIEU PHUC VU THAM KHAO NOI B8O
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2. PHA DUNG DICH NATRI THIOSULFAT 0,1N

Tién

Natri thiosulfat (Na,S,0,) thuong 6 dang ngam nudc (Na,S,0,.5H,0)
c6 khoi lugng phan ti M = 248,2.

Natri thiosulfat 6 dang tinh thé khéng mau, d& tan trong nudc.

Natri thiosulfat khong thoa man tiéu chuén chat géc vi Na,S,0,.5H,0
dé mat nudc két tinh nén thanh phan khong tng dung véi cong thiec.
Ta chi c6 thé pha dung dich Na,S,0, néng d6 x4p xi 0,1N tir Na,S,0..
5H,0. Nong d6 dung dich Na,S,0, 0,1N sau khi pha, dugc xac dinh
bing mét dung dich chuén khac da biét néng dé.

Lugng Na,S,0,. 5H,0 can thiét dé pha 100 mL dung dich KMnO, ¢6
nong do xap xi 0,1N dude tinh nhu sau:
+ Biét duong lugng gam E ctua Na,S,0,. 5H,0 bang khoi lugng phan
td cua né va bang 248,2.

+ S6 gam Na,S,0,. 5H,0 can can la:

m— NxExV 0,1x248,2x100

1000 1000

hanh pha dung dich Na,S,0;0,1N:

Pun s6i khoang 120 mL nudc cit va dé ngudi. Nude cit nay dung dé
pha dung dich Na,S,0,

Can khoang 2,50 g Na,S,0,. 5H,0 trén can k§ thuat va chuyén vao
coc chan.

=2,482 (g)

Thém vao coc chan 0,01 g Na,CO; va khoang 50 mL nudc cdt vita dun
s61 dé ngudi 6 trén.

Dung dua thuy tinh khuéy cho cac tinh thé tan hét.

Thém nuédc cit vao coc chan vira dia 100 mL. Khuay déu.

3. NGUYEN TAC DINH LUQNG THIOSULFAT

La phuong phap dinh lugng dua vao phan ing oxy hoa khu gitia

Na,S,0; va iod, trong d6 NaQSOZO3 déng vai tro chat khu, con iod déng vai
tro 1a chat oxy héa. Iod c6 thé dugc tao thanh tit phan Ging gitia mot chat
oxy hoéa va iodid.
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Phuong trinh phan @ing dinh lugng:
92Na,S,0,+ I, = Na,S,0, + 2Nal
Phan ting trao d6i dién tu:
2| 8,07 2=950%
I, +-2e="2I



Iod dugc tao thanh tit phan ting 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 (Iam 2 1an). Cho day dung
dich Na,S,0, 0,1 N 1én trén buret va diéu chinh khéa buret dugc
dung dich dén vach 0.

— Can chinh xac khoang 0,10 g K,Cr,0, (dung can phéan tich) cho vao
binh nén nit mai. Thém vao d6 50 mL nudc cdt. 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
nuéc 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
——\ - + 10 mL dung dich Kl 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, tit buret xudng binh nén, tay kia lac binh nén. Chuén d6 téi khi
dung dich ¢ binh nén chuyén tit mau d6 ndu sang mau vang. Thém 5 giot
dung dich chi thi hé tinh boét vao binh nén va tiép tuc nhé 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 luong (Np) cua dung dich Na,S,0, dudc tinh theo céng
thic sau: - = T000
ExV
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Trong do6:

- V 1a thé tich dung dich Na,S,0,, tinh bing mL, da dung chuén d6
- a 1a khoi lugng, tinh béang g, cua K,Cr,0,

- E 12 duong lugng gam cua K,Cr,0, (E = 49,03)

BAI TAP (BAI 11)
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 néng d6 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 lap cong thiic tinh nong do duong
lugng (N) cua dung dich Na,S,0,0,1N da pha.

11.5. M6 ta su chuyén mau ctia dung dich trong dinh luong (binh nén)
trong qua trinh chuén d¢ x4c dinh néng dé dung dich Na,S,0, 6
muc 4.1.

11.6. Tinh néng d6 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,.
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Bai 12

DINH LUGNG DUNG DICH GLUCOSE 5%

. DUNG CU - HOA CHAT

— Can phéan tich

— Can ky thuat

— Buret

— Pipet chinh xac dung tich 10 mL

— Binh nén ndt mai dung tich 100 mL
— Céc c6 mo

— Phéu thuy tinh

— Daa thuy tinh

- 6ng dong dung tich 10 mL

— Chat géc 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,) thing hoati

TAI LIEU PHUC VU THAM KHAO NOI B8O
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— Puong lugng gam E cta I, bang 1/2 khéi lugng phan ti cia né va bang

126,7.
— Lugng I, can thiét dé pha 100 mL dung dich I, ¢6 néng d6 chinh xac
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 ndp mai. Thém vao d6 5 mL
nuée. Khudy cho tan. Day ndp. Can chén can trén can phan tich duge
khéi luong a, g.

— Can khoang 1,27 g ch4t chuén géc I, vao mat kinh déng hé hoéc cée c6 mo.

Chuyén I, vao chén can trén va day nép lai. Sau d6, cn chén can trén
can phan tich dugc khéi lugng a, g.

_ Khéilugng I, 1a: a, - a,

— Dung dia thuy tinh khuAy ky dé hoa tan, chuyén dan hoan toan dung
dich nay sang binh dinh mtic dung tich 100 mL qua phéu.

Trang chén can va ph&u nhiéu lan bang nuée cat (khoang 50 ml). Bo
phéu ra.

— Thém nuéc viia da dén vach. Lic déu.

Tinh néng doé thuc (N,,) ctia dung dich I, pha duoc:

Nth = Mmn x0,1
My

Trong do:

- mqy 12 khoi lugng, tinh bang g, ctia I, can duge (my = a, - a,)

- my; 12 khéi lugng, tinh bang g, cia I, vita dt dé pha duge 100,0 mL
dung dich I, néng d6 chinh xac 0,1N (m;; = 1,267 g).
3. NGUYEN TAC PINH LUGNG GLUCOSE

Glucose dude dinh lugng bing phuong phéap iod theo phucng phap
chuan d¢ ngudc (thua tri): Cho mot lugng I, du chinh x4c vao dung dich
glucose trong méi trudng kiém dé oxy hoa glucose ¢6 nhém chic —CHO
thanh acid gluconic theo phan tng sau:

I, + 2NaOH = Nal + NalO + H,0 1)
CH,OH(CHOH),CHO + Nal0 = CH,O0H(CHOH),COOH + Nal  (2)
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Sau khi hoan thanh phan tng (2), acid héa méi 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 néng d theo phuong trinh phan ting sau:

2Na,S,0, + I, = Na,S,0, + 2Nal
4. DINH LUQNG DUNG DICH GLUCOSE 5%

4.1. Tién hanh dinh lugng

— L&y chinh x4c 10,00 mL dung dich glucose can dinh luogng cho vao
binh dinh mtc 100 mL. Thém nuéc dén vach. Lic déu.

— Dung pipet chinh xéc 14y 10,00 mL dung dich glucose da pha loang
cho vao binh nén nat mai. Thém vao d6 chinh xac 10,00 mL dung dich
I,. Thém ti tit 4 mL dung dich NaOH 2N. Pay nép. Lic déu. D& vao
chd t6i 10 phiut. Sau d6, thém 5 mL dung dich H,SO, 4 N.

— 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 (lam 2 14n). Cho day dung
dich Na,S,0, 0,1 N 1én trén buret va diéu chinh khéa buret dugc
dung dich dén vach 0.

B0 tri thi nghiém dudgc trinh bay ¢ hinh 12.1.

A

Dung dich Na,S,05 0,1 N

Dung dich glucose 10,00 mL
Dung dich 1, 10,00 mL

7 7 \¢— i Dungdich NaOH 2N 4 mL
Dung dich H,SO, 4N 5 mL

Hinh 12.1. B4 tri thi nghiém chuédn d6 dung dich glucose

Tién hanh chudn dé: Mot tay diéu chinh khoéa buret cho dung dich
Na,S,0, tit buret xudng binh nén, tay kia lac binh nén. Chudn d6 téi khi
dung dich & binh nén chuyén ti mau dé ndu sang mau vang. Thém 5 giot
dung dich chi thi hé tinh bdét vao binh nén va tiép tuc nhd dung dich
Na,S,0, tit buret xuéng téi khi dung dich chuyén ti mau xanh lam sang
khéong mau. Ghi thé tich-dung dich Na;S;0; ¢4 ding.
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4.2. Tinh két qua

Ham lugng phan tram (kl/tt) cia glucose trong dung dich cdn dinh

lugng dudgce tinh theo cong thic sau:

VA><NA—VB><NB)><E><100><

cw = f
1000x V

Trong do:

-V, 14 thé tich dung dich I, 0,1 N, tinh bing mL, d& dung (V, = 10,00mL)
- N, 1a néng do duong luong dung dich I,, (N, = N,,) 6 muc 2.

- Vi 14 thé tich dung dich Na,S,0,0,1 N, tinh bang mL, da diung chuén do
- N; 1a néng d6 duong lugng dung dich Na,S,0,, (N; = 0,1000)

- E 14 duong lugng gam cua glucose (E = 90,08)

-V 14 thé tich dung dich glucose 18y dinh lugng (V = 10,00 mL)

- f 12 hé s6 pha lodng ctia dung dich glucose 5% (f 211000)

BAI TAP (BAI 12)
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12.1. Pha ding k§ thuat 100ml dung dich géc I, 0,1N.

12.2. Trinh bay nguyén tic dinh lugng dung dich glucose bing phuong
phap do iod.

12.3. Trinh bay cach tién hanh dinh lugng dung dich glucose 5% bang
phuong phéap do iod.

12.4. Thiét 1ap coéng thiic tinh ham lugng phan tram (kl/tt) cta glucose.

12.5. M6 ta su chuyén mau cta dung dich trong dinh lugng (binh nén)
trong qué trinh chuén d6 xac dinh ham lugng dung dich glucose
¢ muc 4.1.

12.6. Tinh nong d6 duong lugng ctua dung dich I,, biét da dung 1,2635 g
Iod dé pha thanh vita da 100,0 mL dung dich.



Bai 13

PHA VA XAC DINH NONG PO DUNG DICH EDTA 0,05M

1. DUNG CU - HOA CHAT
— Can phéan tich
— Buret
— Pipet chinh xac dung tich 10 mL
— Binh nén dung tich 100 mL
— Céc c6 md
— Phéu thuy tinh
— Daia thuy tinh
— Céc chan
- 6ng dong dung tich 10 mL
— Chat goc kém (Zn)
— Dung dich acid sufuric 10%
— Dung dich dém amoniac

— Hén hgp 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 thudong 6 dang ngam nudc va c6 cong thic
hoéa hoc la C, H, N,O0.Na, 2H,0 vié a EDTA. Complexon III c6

8 ta
khéi lugng pha gy THU VIEN
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— Complexon III & dang tinh thé khéng mau, dé tan trong nudec.

— Complexon III khéng thdéa man tiéu chudn chidt goc Vi
C,,H,,N,0.Na,.2H,0 dé mat nuéc két tinh nén thanh phan khéng ting
dung véi cong thic. Ta chi c¢6 thé pha dung dich EDTA nong d6 x4p xi
0,05M tu C,,H,,N,04Na,.2H,0. Nong do dung dich EDTA sau khi pha,
duge xac dinh bing mét dung dich chudn khac da biét nong dé.

Luong C,,H,,N,0.Na,.2H,0 can thiét dé pha 100 mL dung dich EDTA
c6 nong do xap xi 0,06M 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,0,Na,.2H,0 trén can k§ thuat va chuyén
vao coc chan.

=1,861 (g)

— Thém vao cdc chan khoang 50 mL nudc cidt va dung diia thuy tinh
khudy cho cac tinh thé tan hét.

— Thém nudc cat vao coc chan vira da 100 mL. Khudy déu.

3. NGUYEN TAC PINH LUGNG COMPLEXON

Duya vao phan tng tao phitc gittia EDTA va kim loai trong moi truong
dém pH 9. Lic dau dung dich ¢6 mau d6 vang do phan ting cua Mg** véi chi
thi (Hind* ):

Zn** + Hind>* =— Znlnd +H"
(Do vang)
Khi nhé EDTA (HY? ) xudng, Mg®* tu do sé phan ting trudc:
Zn** + HY* =— ZnY* +H'

Lic 4y mau cta dung dich vAn khong bi bién d6i. GAn diém tuong
duong, ta c6 su canh tranh tao phic:

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 théa man yéu cau cia mdt chat goc.
— Khéi lugng phan ti lugng cta Zn bang 65,37.
— Lugng Zn can thiét dé pha 100 mL dung dich ZnSO, ¢6 néng d6 chinh

Cy xMxV
xéc 0,05M la: m = M =XV _0,05x65,37x100 _ 5 59005 oy
1000 1000

Tién hanh pha 100 mL dung dich ZnSO, 0,05 M nhu sau:
— Can chinh x4c 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 c6 md sang binh dinh mtc dung tich 100 mL
qua phéu.

— Trang coc va phéu nhiéu lan bing nuéce cit (khoang 50 mL). B phéu ra.
— Thém nuéc vita da dén vach. Lic déu.

Tinh néng doé thuc (Cy4) cua dung dich ZnSO, pha dugc:

Moy
CM,th = X0,05

Trong do:

- mqy 12 khéi lugng, tinh bang g, ctia Zn can dudc

- m;; 12 khéi lugng, tinh bing g, ctia Zn vita da dé pha duge 100,0 mL
dung dich ZnSO, néng do chinh xac 0,05M (m;, = 0,32685 g).
4.2. Tién hanh dinh lugng

— 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, khoang 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 dugec dung dich dén
vach 0.

B0 tri thi nghiém dudgc trinh bay ¢ hinh 13.1.
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A

Error! Dung dich EDTA 0,05M

10,00 mL dung dich ZnSO, ,
——-\_ | Dung dich dém amoniac 5 mL,
Hén hop chi thi den eriocrom T 0,1g Nudc cat 30 mL

Hinh 13.1. B6 tri thi nghiém chu&n d6 dung dich EDTA 0,05 M

Tién hanh chudn d¢: Mét tay diéu chinh khéa buret cho dung dich
EDTA tit buret xudng binh nén, tay kia lic binh nén. Chuén do6 téi khi
dung dich & binh nén chuyén tit mau d6 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 d6 mol/ L (Cy,) cia dung dich EDTA dugc tinh theo cong thic sau:
CugpxVg
Trong do: Vi
— V; 14 thé tich dung dich géc ZnSO,, tinh bang mL, (V; = 10,00 mL)
— Cyip 12 nong dd mol/ L cua dung dich ZnSO,, (Cy = Cy )
— V, 12 thé tich dung dich EDTA, tinh bing mL, d& dung chuén db.

CM,A =

BAI TAP (BAI 13)

13.1. Pha diung kj 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 béng phuong phap complexon.

13.3. Trinh bay cach tién hanh dinh luong dung dich EDTA 0,05 M
dung dung dich géc ZnSO, 0,05 M.

13.4. Thiét 1ap cong thic tinh nong do mol/L (Cy;,) cta dung dich EDTA.

13.5. M6 ta su chuyén mau cia dung dich trong dinh lugng (binh nén)
trong qué trinh chuan d6 xac dinh nong dé6 dung dich EDTA 6
muc 4.2.

13.6. Tinh néng do6 C, cta dung dich EDTA, biét khi chuén db
10,00 mL dung dich ZnSO, 0,0525 M trong moi trucéng dém
amoniac hét 10,565 mI dung dick KDTA.
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Hinh 8. Cac loai binh dinh méc dé pha dung dich

b
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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 rit gon.

Vi du:
Ar  Argon Cd Cadmi 1 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).
— Hoéac 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 Déng (Cuprum) Sn  Thiéc (Stanium)
Zn  Kém (Zincum) Hg Thuy ngan (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

Ludn doc phan mang dién tich dvongtiudé, phan mang dién tich Am sau.
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2.2.1. Oxyd
— Theo quy dinh: Tén nguyén td (s6 oxy héa) oxyd
Vi du:
FeO sat(Il) oxyd
Fe,O, s&at(III) oxyd
SO, luu huynh(IV) oxyd
Nguyén t6 chi c6 mdt trang thai oxy héa thi khong can ghi s6 oxy hoéa.
Vi du:
ALO, Nhom oxyd
CaO Calci oxyd
Na,O Natri oxyd

— Tén riéng:

CO,, (khi) Carbonic, Anhydrid carbonic
CaO Véi séng

SO, (khi) Sulfurg

SO, Anhydrid sulfuric

— Dung tién t8: Mono (1), di (2), tri (3), tetra (4), penta (5)... dé chi s6
nguyén ti cia mdi nguyén to.

Vi du:
CO, Carbon dioxyd
P,O, Diphosphor pentaoxyd
Chu y: F,O khong phai 1a oxyd thong thuong, viét ding la OF, va doc
14 oxygen fluorid, muéi 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 la
nguyén td ¢ mic oxy héa duong cao dé tao tinh acid.
— Doc theo hydroxyd: Tén nguyén to (s6 oxy hoa) hydroxyd
Vi du:
coH), 2% H,c0,  Carbon(IV) hydroxyd
S(OH), % H,80,  Luu huynh(VI) hydroxyd
P(OH), M H;PO; Phosphor(V) hydroxyd
(cach goi nay it/dudc st dung)
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— DPoc theo quy dinh chung:
+ Nguyén to 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 ¢6 hai mtc oxy héa (hay hai héa tri) tao acid:
Mrtic oxy héa thap: Acid Tén nguyén té + 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,SnO0O, acid stang H,SnO; acid stanic
+ Nguyén t6 ¢6 ba mtc oxy héa (hay ba hoéa tri) tao acid:
Miic oxy héa thap nhat: Acid Hypo + Tén nguyén td + o
Miic oxy hoa cao hon: Acid Tén nguyén t6 + o
Miic oxy héa cao nhAt: Acid Tén nguyeén t6 + ic
Vi du:

H,SO, acid hyposulfurc (tén riéng: acid sulfoxylic)
H,SO, acid sulfurc
H,SO, acid sulfuric

+ Nguyén td ¢6 bén miic oxy héa (hay bén héa tri) tao acid:

Miic oxy hoa thap nhAt: Acid Hypo + Tén nguyén té + o

Miic oxy hoéa cao hon: Acid Tén nguyén toé + o

Miic oxy héa cao hon ntia: Acid Tén nguyén té + ic

Miic oxy héa cao nhat: Acid Per + Tén nguyén to + ic
Vi du:

HCIO acid hypocloro
HCI10, acid clorc
HCIO, acid cloric
HCIO, acid perelorie
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Chi y:
1. Tén nguyeén t6 tao acid phai doc theo goc tén qudc té.

2. Tiép dau per con dé chi cac chit c6 lién két O-O, 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
') -
wd Oy~ OH No_0
A 4
O; O O'O'H ;

3. O cung mét hoa tri tao acid, néu:
— It nuée hon: thém tiép dau meta

— Nhiéu nuéc hon: thém tiép dau ortho

Vi du:
HPO, acid metaphosphoric; H,PO, acid orthophosphoric
HAIO, acid metaaluminic; H,AlO; acid orthoaluminic

(Theo théi quen, it st dung tiép dau ngii 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* dude thay thé béi goc acid
(c6 dién tich tuong duong) cua chinh acid do.

Poc tén ddng da acid: dung céc tién t8 di, tri, tetra, penta... &é chi s&
goc acid c6 trong phan ti acid.

Vi du:

H,SO, (acid sulfuric) - H,S0,0>* —» H,S0,.S0, —» H,S,0, (acid
disulfuric). Né&u thay 20* bang hai géc SO,”, tao H,S,0,, (acid
trisulfuric).... thay tiép cac O* dugc H,S, 0, ,, (acid polysulfuric).

Tuong tu, H,CrO, (acid cromic) - H,CrO,0* —» H,CrO,CrO, —
H,Cr,0, (acid dicromic)

Ho#c H,PO, (acid phosphoric) - H,PO,.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& bdi goc acid (co
dién tich tuong duong) ctia mot acid khac.
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Poc tén di da acid: Dung céc tién t& di, tri, tetra, penta... & chi s&
nguyén tli cua nguyén t6 (mang dudéi O) mdéi thay vao trong goc, tén cua
acid ban dau dudc giii nguyén.

Vi du:

H,CrO, (acid cromic) —» H,Cr0,.0* — H,Cr0,.S* — 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 cac hgp
chit khac.

H,CO, (acid carbonic) - H,CS; (acid trithiocarbonic).
b. Hydroxyd base: R(OH),
R 14 nguyén t6 hay mot goc c6 miic oxy héa ducng thap dé tao tinh base.
— Theo quy dinh: Tén nguyén t6 (s6 oxy héa) hydroxyd

Vi du:

Fe(OH), sat(Il) 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.
2.2.3. Muéi ctia oxoacid
— Quy dinh: Tén cation(sé6 oxy héa) tén géc acid
Acid ¢6 dubi 0 — goc acid c6 dudi it
Acid ¢6 dubi ic - gboc acid c6 dudi at

va gili nguyén cac tiép dau cua acid (néu cé) d goc acid.

Vi du:
NaClO Natri hypoclorit Co,(S0,), Cobalt(III) sulfat
Ca(ClO,), Calci clorit Na,S,0, Natri thiosulfat
KCl10, 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,0O, Kali dicromat
KMnO, Kali permanganat K,;AsO, Kali arsenit
Na,AsO, Natri arsenat
— Néu acid tao nhiéu muéi, c6 thé doc theo céc cach truyén thong.

Vi du:

NaHCO,; Natri hydrocarbonat hoédc Natri bicarbonat

KH,PO, Kali dihydrophosphat hoac Monokali phosphat

K,HPO, Kali monohydrophosphat hodc Dikali phosphat

K,PO, Kali phosphat hoac Trikali phosphat
— Mubi base: nhém OH™ doc 12 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; —3 BiONO; Bismuthyl nitrat

-H,0

Sb(OH),C1 —y SbOCI Stibyl clorid (Antimonyl clorid)

—2H,0

V(OH),NO; 3 VO,NO; Vanadyl nitrat

(VO,),S0, Vanadyl sulfat

-H,0

C(OH),Cl, —» COCI, Carbonyl clorid (Phosgen)

~H,0

N(OH),Cl —s NOCI Nitrosyl clorid

—2H,0

U(OH),(CH;CO0), — UO,(CH;CO0), Uranyl acetat
NaZn(UO,),(CH,CO0O), Kém natri uranyl acetat
2.2.4. Acid khéng cé oxy va mudi cua ching

— 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)
— Mubi: Tén cation (s6 oxy hoa) tén nguyén té hodc tén nhom goéc + id

(Chu y: Bé tiép dau hydro, chi gifi tén nguyén t6 hodc tén nhém goc
tao acid va thém duoi id).

Vi du:
FeCl, Sat(III) clorid Ca(CN), Calci cyanid
Na,S Natri sulfid (NH)),S Amoni sulfid
KSCN  Kali sulfocyanid OF, Oxygen fluorid

AIN Nhom nitrid

— Néu céc acid 6 dang khi, doc tén nhu mot muéi cua cation H'.

Vi du:
HCI Hydro clorid
H,S Hydro sulfid
HCN Hydro cyanid

Chu y: Dting nham natri clorid (NaCl) véi natri clorit (NaClO,); hoéc
Natri sulfid (Na,S) v6i Natri sulfit (Na,SO,)...

2.2.5. Phitc chdat vé co

Van theo nguyén tic ion duong doc trudc, ion Am doc sau.
a) Phize cation (cdu nai la ion duong):
Trinh tu doc: [c4u néi] cdu ngoai

[cAu ndi]: tén ion trung tdm (s6 oxy hoéa) + s6 phoi ti + tén phéi t + o
cau ngoai: Tén anion

Chii gidi:
— Cac thanh phan. trong ciu ndi dudc viét lién nhau. Chi c¢6 mot chd
trong duy nhat giia eation (eaumnoi)vaanion (cau ngoai).
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— 86 phéi ti dude chi ra nho cac tién t6: mono (1), it dung/ di (2)/tri
(3)/tetra (4)/penta (5)/hexa (6)/...

— CAc phéi ti trong cAu ndi sdp xép theo van alphabet, phéi ti trung
hoa viét trudc phéi tu anion.

— Tén cac phoi ti: néu 14 anion dudi id thi bé duéi 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 1& hodc c6 tén riéng:
NH; Amino CO  Carbonyl
OH  Hydroxo NO Nitrosyl

H,O0 Aquo (hay aqua)

— Tén ion trung tdm doc trudc phéi ti va kém theo s6 La Ma dé chi s6
oxy hoa (trong ddu ngoic don).

Vi du:
[Cu(H,0),]SO, Déng(I)tetraaquo sulfat
[Co(NH,),Cl,]C1 Cobalt(IlI)diaminodicloro clorid
[Ag(NH,),]Br Bacdiamino bromid
[Cr(H,0)¢](NO,); Crom(IlI)hexaaquo nitrat
b. Phiic anion (cdu néi la ion am)
Trinh tu doc: Cdu ngoai [cGu néi]
Cau ngoai: Tén ion duong
[CAu ndi]: S6 phéi tiz + tén phéi tiz + tén ion trung tam + at (s6 oxy héa)

Cach doc va viét thanh phan cua ciu noi giong nhu phiic cation phia
trén; riéng ion trung tAm doc sau cung c6 thém duéi at va sé oxy héa (trong
dau ngodc don).

Vi du:
K,[Fe(CN),] Kali hexacyanoferat(Il) (tén riéng: kali ferocyanid)
K;[Fe(CN) ] Kali hexacyanoferat(ITl) (tén riéng: kali fericyanid)
K,[Hgl,] Kalitetraiodomercurat(IT)
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(NH,)),[Co(NH,),Cl,] Amoni diaminotetraclorocobaltat(II)
c. Phitc héon hop:
Doc theo cac quy dinh chung da néu trén.
Vi du:
[Co(NH,)4][FeCl,], Cobalt(Ill)hexaamino tetracloroferat(I1I)
d. Phucc khong mang dién tich:

Doc nhu phitic anion nhung ion trung tdm khong thém duéi at va sé oxy
héa. Cac thanh phan ctia phtic dugc viét lién nhau thanh mot ti khéng 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 lidu ctua Lién doan quéc t& vé héa hoc thuan tuy va ting dung
xuit 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
Bong (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 sé 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
Samari Sm 62 150,36
Sat (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 sé 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
Thay 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
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Phu luc 4. HANG SO PIEN LY CUA CAC ACID VA BASE

* ACID K, K, K,
Acetic 1,75.10°°
Arsenic 6,0. 1073 1,05. 1077 3,0.107"
Benzoic 6,14. 1075
Boric 5,83.107"
Carbonic 4,45 107 47.10"
Cloracetic 1,36. 107
Citric 7.45.10™ 1,73.107° 4,02. 107
Formic 1,77.107*
Fumaric 9,6.10™ 41.10°°
lodic 1,7. 107"
Lactic 1,37. 107
Malic 4,0.10™* 8,9.107°
Maleic 1,2.1072 5,96. 1077
Malonic 1,40.107° 2,01.10°
Oxalic 5,36. 1072 5,42.107°
Phenic 1,00. 107"
Phosphoric 7,11.1073 6,34. 1078 42107
0-Phthalic 1,12.107° 3,91.10°
Picric 5,1.10™"
Pyruvic 3,24.10°°
Salicylic 1,05. 1072
Succinic 6,21.10° 2,32.10°°
Tartric 9,2.10™* 4,31.10°
Tricloracetic 1,29. 107"

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,=8,5.10"
K,=7,1.107
Hydrazin 1,3.107°
Hydroxylamin 1,07.10°®
Methylamin 4,8.10™"
Piperidin 1,3.10°3
Pyridin 1,7.10°
Trimethylamin 6,25.107°
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Phy luc 5. THE OXY HOA KHU CHUAN (E°)

(6 25°C) (k = khi, 1 = 16ng, r = ran)

302

Nguyén t& Cap oxy héa khir E° (V)
Ag Ag’ +e = Ag (r) + 0,80
As(r) + 3H" + 3e S 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
BIO* + 2H* +3e ==  Bi(N+HO +0,320
Br, (1) +2¢6 =—=  2Br- +1,07
Br G
BrO, + 6H +6e ===  Br +3H,0 +1,44
Ce Ce* +te = Cce&* +1,71
Cl, (k) +2 == 20I +1,36
2HCIO + 2H"* + 2e S Cl, + 2H,0 +1,63
Cl
ClO, +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 1,2
cr¥ +3e == Cr* - 0,41
Cr
Cr* +3e = Cr(n —0,744
Cr,0,% + 14H" +6e == 2Cr"+7H,0 +1,36
CrO,2 + 2H,0 +3¢ == CrO, +40H" ~0,12
Cu? +2e — Cu() + 0,337
cu* +e == Cu + 0,153
Cu
2 Cu(OH), +2e == Cu,0+20H +H,0 0,09
Cu® + I~ +e = Cul(n +0,86
Fe? +2e <—= Fe(n) - 0,440
Fe3* +e = Fe* +0,771
Fe Fe (OH), () +e == Fe(OH), (r) + OH" - 0,65
FeO2 + 4H,0 +.36 S22 L Fe(OH), + 50H +0,60




Nguyén té Cap oxy héa khir E° (V)
FeO,” + 8H" +3e = Fe* + 4H,0 +1,9
Fe(CN)g* te Fe(CN)s* +0,36
2H* + 2e = H, + 0,00
H H,0, + 2H* +2¢ == 2H,0 +1,80
2H* +0, +2¢ —= H,0, +0,68
Hg,*" +2e — 2 Hg () +0,788
Hg Hg** +2¢ == Hg() + 0,854
2Hg* +2e ES Hg,*" + 0,920
1, +26 = 21 +0,536
2HIO +2H* +2e = l, +2H,0 +1,45
| HIO + H* + 2e = I +H,0 + 1,00
10, + 6H* +56 == 0,5l,+3H,0 +1,178
10, + 2CI" + 6H" +d4e = 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" +2¢ = Mn?* + 2H,0 +1,23
MnO,” + 8H* + 5e —— Mn* + 4H,0 + 1,51
MnO, + 4H" + 3e = MnO, + 2H,0 + 1,695
MnO,” +e ==  MnOZ +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* +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?* + 2e SS Pb (r) - 0,126
Pb
PbO, (r) + 4H* +2e = Pb?* + 2H,0 + 1,455
........................ PbSO4(r) THLEY o ssor Coase
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Nguyén té Cap oxy héa khir E° (V)
S(r) +2e — S - 0,55
S (r) + H,0 +2e == HS +OH - 0,51
S + 2H" +2e == H,S +0,17
S +2e === 287 0,51
S
8,0 +2e SS 25,0, +0,08
SO,> + 4H' +2¢ === H,S0,+H,0 +0,60
S,0.% +2¢ === 2807 +1,1
S,04" +2e === 2S0,% c6 matAg* +1,98
Sn* *2 T sn( - 0,136
Sn
Sn* +2e — Sn?* + 0,154
Zn® *22 T Zn() - 0,763
Zn
Zn0,> + 2H,0 +2¢e ==  Zn(n+3H,0 ~1,22

304




Phu luc 6. TECH SO TAN CUA MOT SO CHAT IT TAN (4 25°C)

Nguyén to Tén chat Tich sé 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 7,2.107™"
Bac iodat 3,0.10°8
Bac iodid 8,3.107"7
Bac oxalat 3,5.107"
Bac sulfid 6.107%
Al Nhém hydroxyd 2.107%
Ba Bari carbonat 5,1.10°
Bari cromat 1,2.107"°
Bari iodat 1,57.107°
Bari manganat 25.107"
Bari oxalat 2,3.10°®
Bari sulfat 1,3.107"°
Bi Bismuty! clorid 7.107°
Bismutyl hydroxyd 4,107
Ca Calci carbonat 4,8.10°°
Calci fluorid 4,9 107"
Calci oxalat 2,3.10°°
Calci sulfat 2,6.10°°
Fe Sat (Il sulfid 6.107°
SAt (1) hydroxyd 8.107"®
SAt (Ill) hydroxyd 4.107
Hg Thay ngan (1) bromid 5,8.107%
Thay ngén (1) clorid 1,3.107®
Ty ngan. (1) odid 45.10%
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Nguyén to Tén chat Tich sé 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 (1) sulfid 3.107"
Pb Chi carbonat 3,3.10™
Chi clorid 1,6.107°
Chi cromat 1,8.10™"
Chi hydroxyd 2,5.107
Chi iodid 7,1.10°°
Chi oxalat 4,8.107"
Chi sulfat 1,6.10°¢
Chi sulfid 7.107%
Sr Stronti oxalat 5,6.10°°
Stronti sulfat 3,2.107
Zn Kém hydroxyd 1,2.107"
Kém oxalat 7,5.107°
Kém sulfid 4,5.107*
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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 3,8
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
Ccu* 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, + Brr  — AgBr,” IgK, = 0,7

Hg* 9,0 8,3 1,4 1,3
Pb** 1,2

CI- Ag* AgCl(r) + 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 Pb2 +3CIT  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 5,1 4,6 3,6
Hg* 18,0 16,7 3,8 3,0
Ni Ni2" + 4CN~  Ni(CN), logK,K,K:K, = 22

F Al % 6,1 5,0 3,8 2,7 1,6 0,5
Fe ¥ 5,3 4,0 2,8

OH" Al 8,9 AI(OH),(r) +OH AI(OH),” logK,, = 1,0
Cd* 2,3
Cu? 6,5
Fedl 3,9




Phai t& Cation logK, logK, logK, 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
I- Cd? 2,4 1,6 1,0 1,1
Cu’ Cul (N+ I Cul, log K, = -3,1
Hg?" 12,9 11,0 3,8 2,3
Pb*" 1,3  Pbl,(r)+1”  Pbl, log K5 = - 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 07 -07 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. Phoi ti htu co

Cac complexonat (IgK,, = [MY(n_A)] )

ion IgKyy ion IgKy,y ion 1gKy
Fe® 25,1 Zn* 16,30 Ca* 10,7
Th** 23,2 Cd* 16,4 Mg* 8,7

Hg*" 21,8 Al 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-"*C/100 dv-'*C)
a)

27,7% Mg; 23,6% P; 48,7% O

a) % H =17,74%; %C = 92,26% C

b) % H = 7,74%; %C = 92,26% C

¢c) % H va %C trong 2 chat 14 nhu nhau, vi ching c6 cung
cong thic thuc nghiém CH.

d) Khoéi 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

0,5684M

a)4; b)3

a) 3,95 g KMnO,; b) 1,59¢g 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 luot-cac-6-trong tii-trai-sang-phai, ti trén xudng dudi:
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
102 : 10 2
b) Chi & dung dich 2)
a) 3 b) 11 ¢) 11,3 d 7
a) pH = 2,46 pOH =11,5
b) pH = 3,11 pOH = 10,8
¢) pH =2,05 pOH =11,95
pH = 13,00
a) [H,0"] =10" ; b) [H,0] = 10~
¢) [H,0"] =3,2.107 ; d) [H,0"] =5,5.10"
Tyo = 1,0.107
1,4.10* M
pH =10,45
5.10°

Topso, = 1,6.10°
Tag,c0, = 9,3.10

1,0.10" M
5.10"°M
Troiory, = 3.10°"

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(III)

a) C  b)A—e)B-—d)B
S B b d)sUeoBEND ¢b

c) 0,15¢g



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 do6 tan cua PbCl, ting nhiéu theo nhiét do
PbCl,, vi theo 3-3.

DPé giam su hoa tan tua clorid, d#c biét 1a taa PbhCl,

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 bang chuyén
manh sang phai.

Dung dich cudng thuy tao ra clor nguyén ti oxy héa dé dang
S* trong HgS:

3HCl + HNO, — 3Cl + NO + 2H,0
va  2Cl+ HgS — S! + HgCl,

1)
Khong c6, vi khong du dic 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 nuéc hoic trong cloroform

1) Vi giai phong khi CO, lam duc nuéc véi trong, lai khong
phan ting 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:

Bai5
5.6:
5.7:
5.8:
5.9:

5.10:
5.11:
5.12:
5.13:

Baié
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 vi 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 L



6.9: 0,1664 ¢
6.10: 4,8718 g/L,
6.11: 42,35 g/LL
Bai 7
7.7: 8,30 g/
7.8: 70,68% KBr va 29,32% KC1
7.9: pH = 2:
7.17: 0,0288 M
7.18: 4,76 d0 Duc
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 %
Bai 4 Bai9
b 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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