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LOI NOI PAU

Hoa hoc phan tich chuyén nghién ctru 1y thuyét cac phuong phap phan tich dinh
tinh, phan tich dinh luong va str dung cac phuong phap do dé xac dinh thanh phan
dinh tinh, thanh phan dinh luong cac nguyén tb, cac ion, cac hop. chét hoa hoc trong
mAau nghién ctru. Pong thoi hoa hoc phén tich con 13 khoa hoc vé cac phuong phap
kiém tra bang phan tich hoa hoc nhitng qua trinh hoa 1y va k¥ thuat hoa hoc.

Déi trong nghién ctru cua hoa hoc phan tich cuc ky phong phu va da dang. Cac
mau nghién ctru co thé 1a hon hop, hop kim, hop chét, chit vo co, chit hitu co, chét tu
nhién, chat nhan tao,... va c6 thé ¢ trang thai ran, hay trang thai 1ong, trang thai khi.
Riéng chi trong mot l1nh vuc ciing rat da dang: Vi du phan tich nudce thi co: nudce an,
nuée st dung cong nghiép, nudce t nhién, nude bé mit, nudc ngam

Ho4a hoc phan tich khong nhitng dong vai tro quan trong d01 VO’i su phat trién
ctia nhiéu nganh khoa hoc ty nhién nhu dia hoa, dia chét, khoang vat hoc, vat ly, sinh
hoc, nong hoa, luyén kim, tuyén khoang, khoa hoc vil tru, phap y,... ma con c6 ¥ nghia
dac biét to 16n trong su phat trién ctia chinh ban than khoa hoc hoa hoc. Su phat trién
ctia hoa hoc phan tich c¢6 tac dung thuc day su phat trién cia cac nganh coéng nghiép va
khoa hoc k¥ thuat khac.

Pé dap ung nhu cﬁu hoc tap cua sinh vién khéi nganh ky thuat, dac biét sinh
vién nganh k¥ thuat tuyén khoang thudc truong Pai hoc Cong nghiép Quang Ninh,
sach tham khao cho gido vién va ban doc mudn hiéu biét sau hon vé Hoa hoc phan
tich, chiing t61 bién soan gido trinh “Hoéa hoc Phan tich”.

Giéo trinh Héa hoc phan tich dugc bién soan vdi ba phﬁn: Phan tich dinh tinh,
phan tich dinh luong va phan thuc hanh. O cudi mdi chuong déu bién soan cic cau hoi
Iy thuyét va bai tap.

- Phan 1: Phan tich dinh tinh gi6i thiéu cho sinh vién dai cwong vé phén tich dinh tinh
va huéng dan phan tich mot s6 nhoém céc cation (I, I1, I, IV) va anion (I, II).

- Phan 2: Phan tich dinh lugng gidi thiéu hai phuong phap phén tich: Phan tich héa
hoc va phan tich hoa ly.

+ Cac phuong phap phén tich héa hoc: Gidi thiéu hai phuong phap: Phan tich thé tich
va phan tich dinh lugng.

+ Céc phuong phap phan tich hoéa 1y: Gidi thi¢u hai phuong phap: Phan tich dién hoa
va phan tich tric quang.

- Phan 3: Thuc hanh: Huong dan 1am thi nghi¢m phan tich dinh tinh va dinh lugng 1
s mau dung dich.

Viéc lya chon nhiing kién thic 1y thuyet va bai tap véi sd luong va mirc do
thich hop, phu hop voi d6i twong ngudi hoc dong thoi dap tmg duoc nhimg yéu cau vé
tinh co ban va nhat quan ciia Hoa hoc Phan tich ciing ¢6 kho khan nhat dinh. Ching toi
rat mong nhén duogc nhiéu ¥ kién dong gbp cua ban doc vé ndi dung cia gido trinh dé
giao trinh dugc hoan thién va phuc vu ban doc duoc tdt hon.

Quang Ninh, ngay thing nam 2014
Nhom Tac gia
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PHAN A: PHAN TiCH PINH TiCH
) ~ Chuong 1
MO PAU VE PHAN TiCH PINH TiNH

1.1. Thudc thir héa hoc
1.1.1. Khai niém — Phan loai thudc thir

Thudc thir hoa hoc 13 nhitng chat khi twong tic véi chat nghién ctru s& tao nén chat
moi c6 cac tinh chit dic trung.

Vi du: Pimétyglyoxim 13 thudc thir diic trung nhat dbi v6i ion Ni?* trong méi truong
amoni, né tao véi ion nay két taa tinh thé dimétyl-glyoximat niken c6 mau hong do.

Céc thudc thir ding trong phong thi nghiém phan tich dugc chia thanh thudc thir
dic trung, thude thir chon loc va thude thir nhom. Cac thude thir dic trung dung dé phat
hién ion phai tim khi c¢6 cac ion khac. Céac thudc thir chon loc phan g voi mot s6 c6 han
cac ion riéng biét, con thudc thir nhém phan tng véi tit ca cac ion trong nhom.

Céc thudc thir dung trong phong phan tich phai dat dugc cac yéu cau chi yéu sau:
do tinh khiét cao, do nhay cao va c6 tinh dic trung.

1.1.2. Mt s6 lwu y Kkhi sit dung thudc thir

Trong phan tich dinh tinh cac chit vo co, ta ¢ thé sir dung nhiing thudc thir v co
va hitu co.

Céc thudc thtr vo co thudng dugc pha trong nuoc cat c6 nong do phu hop véi cac
yéu cau phan tich. Khi sir dung cac thudc thir vo co can cha y:

1. M6t sb thude thir bj anh sang phan tich nhu: AgNO3z, H202, KMnOsa... thi phai
dung trong cac lo thuy tinh mau nau, den va pha voi nong do loang.

2. Mot s0 chat kiém nhu: NaOH, KOH, NH4OH... d& hap thu COz2 trong khdng khi
tao thanh mudi cacbonat. Bé han ché qué trinh nay cac dung dich kiém dyng trong binh
kin, tt nhét 1 c6 bd phan loc khi CO2.

3. Céc thudc thir c6 tinh khir manh nhu Fe?*, SnCly,... trong khong khi d& bi oxy
hoa 1én trang thai hod tri cao hon 1am mAt tinh khir. Vi vy trude khi st dung phai kiém
tra lai.

4. Dung dich (NH4)2S 14 dung dich khéng mau dé lau s& chuyén thanh mau vang do
tao thanh polysunfua dong thoi nod ciing c6 kha ning hip thu CO2. Vi vay phai dung
(NH4)2S méi diéu ché.

5. Khong dé cho chat nay 1dn véi chat kia, s& gay kho khin cho qua trinh phén tich.

Trude kia, khi phén tich cac chat vo co ngudi ta dung chu yéu cac thude thir vo co,
vé sau viéc dung céac thudc thtr hitu co duge mé rong rat nhanh va dugc dung rong rai. Pac
diém co ban cua thudc thtr hiru co 1a c6 do nhay cao va c6 tac dung chon loc, dac diém do6
cho phép dung chiing dé phat hién mot s6 ion khi c6 mit cac ion khac. C6 nhing hon hop
khéng thé phén tich dugc bang thudc thir vo co, nhung bang thudc thir hitu co lai c6 thé
phan tich dugc.

1.1.3. Mt s6 thudc thir hiru co' thong dung

Ngay nay nguoi ta da tong hop dugc nhiéu thudce thir hitu co, dudi ddy gidi thiéu

mot s6 thude thir thong dung nhat.

1. a - nitrozo - - naphtol lam thudc thir dbi véi Co?”.

1



NO

o
2+

2. Pimétylglyoxim thudc thir dé phat hién Ni%*,
H,C — C = NOH

I
H,C — C = NOH

3. Alizarin (1,2 - dioxiantraquinon): Thubc thir voi AIRY,

O NO
4088
O
4. Pithizon (diphenylthiocacbazon): Thudc thir dbi voi Cu?*, Co?*, Ni2*, Zn?*,
Cd?...

N=N—C—N-—N—H

SRl

S Diphenylcacbazit:  Thudc
thir doi voi Hg?!, Cr3*,

O
|
-
|| |
H H H H
6. Biphenylcacbazon: Thudc thir dbi voi Hg?*, Ag®.
O
|
N—N—C—N=N @
|

H H
7. Rodamin B: Thudc thir phat hién Sb°*.

(C2oHs)2N UO:@/ N*(C2Hs).Cl-
7

COOH



8. Axit rubeanic: Thudc thtr ddi véi Cu?*, Ni2*, Co?*.
HN—=—C— C=NH

SH SH

9. Nitron : Thudc thir d6i véi NOs3 va ClOs
H E-C 6 N—— ﬁH - M

HC f"'dN_‘“““-x

|
CgHs

10. EDTA (mubi dinatri cua axit étylendiamin tetraaxétic complexon III).
Thudc thir ndy tao phirc bén cho da s6 céac ion kim loai & pH xac dinh cua dung
dich.

HOOC-CHy, __CH,-COOH
N— Cl,— CH,—N

HOOC—CHz/ \CHz—COOH

11. Fluoretxein: Thudc thir phat hién Br-
O

‘anJ

-

8

7 \

kh“‘“’ﬁ\xc/

1.2. Cac phan @ng dung trong phéan tich dinh tinh
1.2.1. Phan &ng phan tich chung va riéng
1.2.1.1. Phan itng chung: ding d¢ dy doan nhém ion can xac dinh.

Vi du: céac cation Ba?*, Ca?*, Sr%* déu tac dung voi ion CO3? tao thanh cac két tua
BaCOs, CaCO;3 va SrCO3 c6 mau trang.
1.2.1.2. Phan irng riéng: 1 phan ung dic trung cho ion can xac dinh.

Vi du: Trong méi trudng amoni, ion Ni%* tic dung voi dimetyl glyoxim tao thanh
két tia tinh thé dimétylglyoximat c6 mau d6 hong.
1.2.2. Phan &ng phat hién va phan @ng tach cac ion
1.2.2.1. Phan ieng phdt hi¢n: (phan tng nhan biét) 1a phan ng dic trung cho ion can xac
dinh. Nhitng phan tng nay thudng kém theo bién doi bé ngoai nhu tao thanh chat két tua,
hoa tan két tia, thoat khi, d6i mau dung dich, c6 mui ... ma ta c6 thé quan sat duoc dé dang.

Vi du:
Fe3* + 3SCN- = Fe(SCN); tan, c6 mau dé méau
tO



NHs*+ OH — NHz [+ H20
(mui khai)
Ba?* + SO, — BaSO4[ | mau trang

Phan tmg dic trung c6 ¥ nghia thuc tién d6i voi phan tich dinh tinh, phan tng dic
trung c6 d0 nhay va tinh chon lgc cang cao thi cang c6 loi cho thuc hanh phan tich. B9
nhay cua phan ung phu thudgc vao diéu kién tién hanh phan img nhu: moi truong, nhiét dg,
cac ion can tro...
1.2.2.2. Phdn irng tich: dung dé tach ion, nhom ion nay ra khoi ion, nhom ion khac bang
thudc thir dic trung hay thudc thir nhom.

1.3. Phuong phap tang d¢ nhay cua phan ing

Pbi v6i nhitng mau nghién ciru ¢6 ham luong can xac dinh 10° - 10 % khong phai
luc nao cling xac dinh dugc ngay ca khi dung cac phuong phap c6 do nhay cao. Vi vay
cach lam ting do nhay cta phan tng c6 ¥ nghia rat 16n d6i v6i hoa hoc phan tich. Co nhiéu
phuong phap lan tang d nhay cua phan ung nhung ¢ déy chi trinh bay phuong phap lam
tang nong do cua chat da cho trong dung dich bang mot sé phuong phap don gian.

1.3.1. Phwong phap cong két

Cong két 1a phuong phap 1am giau don gian va c6 hiéu qua. Ngudi ta thém mot
lwong nho chét la (cation hodc anion) vao dung dich phan tich va két tia n6 dudi dang hop
chat khé tan trong bing thudc thir thich hop. Luong rat nho cua ion can xac dinh trong
dung dich s& bi cong két 1én két tua do.

Céc chit cong két co thé 13 cac chat vo co nhu Fe(OH)s, AI(OH)s, ...Hay cac chat
hiru co nhu: métyl tim, métyl da cam, cac rédamin, ....

Céc chét cong két hitu co c6 nhiéu wu diém hon so v6i cac chat cong két v co:

- Chting dé bi tro ho4, nén c6 thé nhin duogc cac nguyén té cong két dudi dang tinh
khiét.

- C¢ tinh chon lgc cao.

1.3.2. Phwong phap chiét

C6 nhiéu chat tan it trong nudc, nhung tan nhiéu trong chit hiru co, nén ngudi ta
chon dung méi hiru co thich hop dé rat chat can thiét khoi nude. Qua trinh nay goi la chiét.
Chat hoa tan trong nudc va trong dung moi hitu co, dugc phan b giira hai 10p chit long
khong tron 1an nhau d6. Tai mot nhiét do, ty sé ndng do (C) trong hai chat 1ong, bang mot
hang sd.

Sk
G,

O day K duogc goi la hé ) phan b6 va biéu thirc nay la biéu thirc toan hoc cua dinh
luat phan bd Nernst va 1 co so clia phuong phap chiét.

Khi chon dung méi hiru co can dam bao sao cho chat can xac dinh tan nhiéu trong
no, con cac hop phan khac cua san pham phan tich hoa tan it hodc hoan toan khong bi hoa
tan. Mudn chiét dugc hét chat can xac dinh ta c6 thé lap lai qué trinh chiét vai 1an véi luong
dung méi hitu co giam dan.

Pé tach chat dudi dang tinh khiét, nguoi ta 1am bay hoi dung méi hitu co, siy kho,
cat hodc két tinh phan chiét.

Phuong phap chiét c6 mot sO vu diém sau:

- C6 thé chiét rat chat can xac dinh tir nhitng dung dich loang, tirc 14 lam tang do
nhay ctua phuong phép.

- Su cong két khong xay ra, chat bj chiét dugc tach dudi dang tinh khiét.

- Hau nhu c6 thé tach hodc phan chia cic chat kho hodc khong thé tach bang cac
phuong phép khac.



Phuong phép chiét khong nhiing ting dung trong hoa hoc phéan tich ma con mg
dung trong nhiéu linh vuc khéc.
1.4. Che va giadi che cac ion
1.4.1. Che cac ion ngan can

Trong qua trinh thyc hién phan tich, thu:ong gdp phai nhitng phan 1 Ung phu lam phurc
tap qué trinh phan tich. Nguyén nhan 1 do thudc thtr vira tic dung v6i chit can xac dinh
vura tdc dung véi ion la c6 trong dung dich phan tich. Hién tugng nay khong nhitng lam
giam d6 nhay cua phan tng ma con anh hudng téi két qua phan tich.

Dé khic phuc duogc tac hai nay, ta phai loai trir anh hudng cta ion la bang cach ding
chat tao phiic, cic chat oxy hoa, khur, ... Phuong phap nay goi 1a che cac ion ngan can.

Céc chat dung dé che co thé 1a chat v0 co tiéu biéu nhu cac mubi xianua, thioxianat,
florua, phdtphat,... ciia kim loai kiém hay amoni; cac chat hitu co tiéu biéu nhu cic axit
tactric, xitric, oxalic, salisilic, cac complexon.

Vi du vé che ion ngin can bang cach tao phirc:

- Che Ge**, AP**, Be?* ...

AR+ 6F [ [AlFs]*
- Che Ag*, Co?*, Co®*", Hg?,
Ag"+ 2CN- [1[Ag(CN)2]

- Che céc kim loai kiém thé:

Mg?* + HoY% [ 2HY + MgY?

O day HoY? 13 ky hiéu cta ion EDTA.

Vi du che bang cach dung chat khur.

Khi cho Co?* tac dung véi NH4SCN, chit mau xanh sang xuét hién:

Co?*+ 4SCN- = [Co(SCN)4]*

Nhung néu c6 mit Fe3* thi tao thanh Fe(SCN)z mau dé6 mau do dé phirc mau xanh
cia Co?* khong rd rang. Dé che Fe? bing cich khir né xudng Fe?* bang chat khir nhu
SnCly:

Sn?* + Fe3* (] Sn** + Fe?*

lon Fe?* khong gy cén trd t6i viéc xac dinh Co?*.
1.4.2. Giai che cac ion bi che

Mudn chuyén ion d3 bi che thanh ion tu do phuong phap hay dugc dung la cho ion
bi che tac dung véi thude thir, thude thir nay tao voi phéi tir cta ion phitc mot phirc chit
bén hon, hodc mot két tia, mot chét dién ly yeu v.v... Nhu vay qué trinh nguoc véi su che
1a phan huy ion phirc goi 14 su giai che. Dudi day 1a mot sd vi du:

- Giai che Ni?*

2Ag+ + [Ni(CN)4]* 1 2[Ag(CN)2] + Ni?*
- Giai che Fe?”
3Hg"* + [Fe(CN)e]* [1 3Hg(CN), + Fe?*

- Giai che Zn?"

[ZN(CN)4J? + 4HCO D Zn?* + HC <
and€hitfomic CN

- Giai che Be?”

[BeFs]? + 2Ba?* [1 Be?* + 2BaF; [

Phuong phap che va giai che cac ion dé bi che duge ing dung rong rai trong hoa
hoc phan tich va co ¥ nghia thyc té; song khi thyc hién cac phuong phap nay phai cha y
t6i cac yéu to anh hudng, quan trong nhét 1a pH ctia mdi trudng.

1.5. Phén tich riéng 1é va phan tich h¢ thong
1.5.1. Phan tich riéng 1é



Phuong phap phan tich da trén viéc dung nhirng phan ng dac trung nho do co thé
phat hién cac ion can tim trong nhing phan riéng ciia dung dich dau, khong can dung hé
thong phan tich goi la phan tich riéng le.

Dbi v6i nhitng mau | phan tich phtre tap viéc phan tich riéng I¢ gap rat nhiéu kho
khan, con dbi voi nhimg mau nghién ctru ¢6 thanh phan khong phirc tap hoic d biét so bo
thanh phan cta hdn hop, hodc chi can phat hién mét ion da cho trong hdn hop thi c6 thé
phan tich riéng 1é. Trong phuong phap phén tich riéng 1€ nguoi ta thuong dung nhiing
thude thir dic trung co tinh chon loc va d nhay cao dé nhan biét ion da cho khi c6 mit céc
ion khac. Nhung trong nhiéu trudng hop su c6 mit cia cac ion khac s& can tré phép phan
tich riéng 1, vi vay phai tach trudc ion can xéac dinh hodc tach cac ion can trd.

1.5.2. Phén tich hé thong

C6 thé tién hanh phan tich toan dién di tuong nghién ctru bang cach thyc hién theo
mot trat ty xac dinh viéc phat hién céc ion riéng biét.

Phu’orng phap nay goi la phuong phap phan tich h¢ théng.

Khi tién hanh phan tich hé théng, ngudi ta tich cac nhom ion riéng biét ra khoi hon
hop phan tich.

Dua vio tinh chit hoa hoc hay hoa 1y ctia cac chit ma xay dung nén cac hé thong
phan tich khac nhau. Vi du:

a) Hé thong phan tich dinh tinh “axit-bazo”

Véc phan chia cac cation thanh nhém trong phuong phap axit-bazo dya vao tinh
chat ctia san pham do chung tac dung véi axit va bazo sinh ra.

T4t cé cac cation dugc chia thanh 6 nhom.

Cation nhom axit:

I. Nhom két tua v6i HCI lodng, gdm céc cation bac, thity ngan (I) va chi.

1. Nhom két tiia véi HoSO4 loding gdm cac cation bari, canxi, stronti (va ¢ ca Pb?*)

Cation nhom bazo:

111 Nhom tao hydroxyt ludng tinh tan trong kiém, gdm céc cation nhom, crom, thiéc,
kém.

IV. Nhom tao hydroxyt khong tan trong kiém, gdm céc cation magie, mangan, sit,
bismut va angtimon.

V. Nhom tao phirc véi NHsOH gom cac cation ddng, coban, niken, cadimi va thay
ngan (I1).

Cation khéong c6 thudc thir nh6m

VI. Nhém nay gom céc cation Kali, natri, va amoni vi da s6 mubi ciia ching déu
tan trong nudc.

b) Hé théng phdn tich dinh hinh H2S

Viéc phan tich cation ciia cic nguyén té thanh nhom trong phuong phap HzS chu
yéu dua vao kha ning tao thanh cac mudi sunfua c6 do tan thay doi tuy theo do axit cua
dung dich. Tét ca cac ion dugc chia thanh 6 nhom.

1. Nhom I két tua véi HCI lodng, gdm cation bac, chi, thuy ngan (I).

2. Nhém II két tha v6i HeS tir dung dich c6 do axit rat cao (pH & 0,5) gom cation
asen (IIT) va (V), angtimon (IIT) va (V) thiéc (I) va (IV), bismut, cadimi, déng (II), thuy
ngan (IT). Ngoai ra chi ciing tim dugc nhém nay, vi clorua chi tan nhiéu nén khong tach
hét dugc & nhom trén.

Nhoém nay lai dugce chia thanh hai phan nhém:

- Phan nhom IIA, gém cac sunfua axit ctia asen, antimon, thiéc. Cac sunfua nay tan
trong amonisunfua hay polysunfua tao thanh cac mudi thio.



- Phan nhom IIB, gém cac sunfua bazo cua bitmut, cadimi, chi, d@)ng (I1), thuy ngan
(11). Cac sunfua nay khéng tan trong amoni sunfua hay Polysunfua.

3. Nhém 111 két tiia voi NH4OH (c6 1dn NH4C1) gdm cation nhom, crom, sit.

4. Nhom IV két tua v6i (NHa)2S gdm cation k&m, mangan, coban, niken...

5. Nhom V két qua voi (NHa), COs, gdm cation bari, canxi, stronti.

6. Nhom VI khong cé thudc thir nhom, gém cation kali, natri, amoni, magie. R4t
nhiéu mudi cta cation nhom nay dé& tan trong nude. Vi vay khi tach 5 nhom trén, cation
nhém VI van con trong dung dich.

Trong hai hé théng phan tich trén, mdi hé théng déu c¢6 nhimng wu nhuoce diém nhét
dinh. Vi vay nguoi ta c6 thé két hop hai hé thong phan tich trén thanh nhitng hé thong phén
tich m&i. Pdi voi cac truong Pai hoc ky thuat s6 gio hoc phan tich dinh tinh khong nhiéu
nén khong hy vong phan tich dugc nhiéu cation ma chi gidi han trong sb cac cation quan
trong, pho bién. O day chung t6i chi giéi thiéu hé thong phan tich ma di duoc giang day &
truong Pai hoc Cong nghi€ép Quang Ninh.

1.6. Su phan chia cac cation va anion thanh nhém phén tich.

Trong phan tich dinh tinh cac chit vo co, ngudi ta chii yéu nghién ciu cac dung
dich mudi axit, bazo trong nudc. Do d6 gidi han phan tich 13 tim cic jon ma khong tim
nguyén td hay cac hop chat cia chung.

Dua vao tinh tan khac nhau ctia cac cation va anion véi cac thude thir ma phan chia
thanh cac nhom cation va amion.

1.6.1. Phan nhom cation

Céc cation dugc phan [am nam nhém:

1. Nhom phan tich I: Gdm cac cation Ag*, Hg,?*, Pb?*

Céc cation nay tao két tia clorua khi tic dung voi dung dich HCI lodng, va thubce
thir nhém 1a HCL

2. Nhém phén tich II: Gdm cac cation Fe3*, Bi®*, Sh3, Sh%*, Sn?*, Sn**, Al¥*, Cr¥*...
Céc cation nhém nay déu tao két tia hoan toan dudi dang hydroxyt khi cho tac dung véi
hdn hop thudc thir NHsOH + NH4CL Vi véy thudc thir nhom 14 hdn hop NH4OH + NH4CI.

3. Nhom phan tich III: Gém cac cation Cu?*, Cd%*, Ni%*, Co%*, Zn%", Mn2*... C4c
cation ndy c6 kha ning tao thanh phirc chit anoniacat tan.

Nhung céc cation nay tao két tiia hoan toan khi tac dung véi thudc thir (NH4),S
trong méi trudng NH4OH. Thude thir nhom 1a (NH4)zS.

4. Nhom phan tich IV: Gom céc cation Ba?*, Ca?*, Sr2*... c6 kha ning tao thanh két
tua cacbonat hay sunfat nén thuoc thir nhém 1a (NH4)2C03 hay H2SOa.

5. Nhom phan tich V: gom K*, Na*, NH4*, Mg?*. Pa s6 cac mudi cia chung 1a dé
tan nén khong cé thude thir nhom. Riéng Mg?* cin ctr vao tinh chat chung ¢ thé xép vao
nhém 1V hay V.

1.6.2. Phan chia nhém anion

Su phan chia cac anion thanh cic nhém dya trén mbi quan hé ciia chiing voi cac
thudc thtr khac nhau nhu: Dung dich cac mudi bari, bac, chi va cac mudi khac, cac axit,
céc chat oxy hoa, cac cht kh,... Vi cac thude thir 6 cac anion tao thanh két tua it tan,
cac chat khi, va cac hop chit c6 mau dic trung.

bén nay co nhiéu hé théng phan loai anion khac nhau, nhin chung chua dugc chat
ché va chua c6 sy phén loai anion nao dugc moi ngudi thura nhan.

De tim anion nguoi ta thuong tién hanh phan tich rleng hon 13 phan tich hé théng,
trir mot s6 anion can phai phan tich theo h¢ thong vi bi c4c anion khéc can tré:

Trong tai liéu nay chi gigi thiéu mdt s6 anion: CI,, Br, I, SCN, SO4%, CO3%, NOs,
NOy, PO, SiO3%, SO3%, S,03%.



V61 nhiing anion trén dugc chia lam hai nhoém:

Nhom I: Gém cac anion CI°, Br-, I, SCN, NOgz", NO2™ cac anion ndy khong tao két
tua véi Ba?*,

Nhom 11: Gom céc anion SO4%, COs%, PO4*, SiOs%, SO3%, S;03% céc anion nay tao
két tia v6i Ba?",



CAU HOI VA BAI TAP

1. Thube thir hoa hoc 14 gi? C6 miy loai thude thir? Cho vi du minh hoa?

2. Cac yéu cau ddi voi thude thir 1a gi? Khi st dung thude thir héa hoc vo co va hitu co
phai chll y nhiing gi?

3. Trong phan tich dinh tinh c6 miy loai phan timg? Cho vi dy minh hoa?

4. Thé nao 1a phan tmg chung? Phan tng riéng? Cho vi du minh hoa?

5. Thé nao la phan ung tach? Phan img nhan biét? Cho vi du minh hoa?

6. Bé tang d6 nhay cua phan Gng ngudi ta sir dung nhitng bién phap pho bién nao? Cho vi
du minh hoa?

7. Thé nao 13 phuong phap cong két? Uu, nhuge diém va nhitng luu ¥ ciia phuong phap
nay?

8. Thé nao 13 phuong phap chiét? Uu, nhuoc diém va nhimg luu y ctia phwong phéap nay?
Va lam thé ndo dé chiét tot nhat chat can xac dinh ra khoi dung dich phan tich?

9. Che va gidi che ion nghia la gi? Cho vi dy minh hoa?

10. Phan tich riéng 1¢ 1a gi? Phén tich hé thong 13 gi? Cho vi du minh hoa?

11. Cac cation dugc phén chia thanh miy nhom? Thudc thir cia mdi nhom 1a gi?

12. C4c anion dugc phan chia thanh miy nhom? Thubc thir dic trung cho mdi nhom?

13. Hay néu mot s6 diém chu ¥ khi st dung thudc thir vo co? Néu nhitng vu diém coa
thude thtr hitu co so véi thude thir vo co?

14. Nguoi ta chia thanh hé thdng phén tich dinh tinh axit — bazo va phwong phap dinh tinh
H.S duya trén nhimg dic diém gi?

15. Tai sao phai ting d6 nhay cta phan tmg? Néu cac phuong phap ting ndng do cia chit
da cho trong dung dich?



A i ) Chwong 2
PHAN TICH CAC CATION NHOM I (Ag*, Pb*, Hg,?")
Thuo6c thir nhém: Dung dich HCI 6N

2.1. Piac tinh chung
Céc cation nhom I tao két tha v4i da sd axit vO co va bazo. Nhung chi co axit
clohydric lodng tao duoc v6i cac cation nay nhimg két tia it tan trong nudc, trong axit
lodng ma khong phan (mg véi cation ctia cac nguyén td khac. Vi vy axit clohydric duoc
ding 1am thudc thir nhém dé tach cac cation nhom nay ra khoi cac cation nhém khac.
Phan biét cac két tia clorua cua cac cation nhém I:
- Két tua PbCl; tan trong nudc nong, con AgCl, HgCl thi khong tan.
- Két tia Hg,Cl, khong tan trong amoniac, con AgCl tan trong amoniac do tao phirc
amoniacat (Ag(NHs)2]*.
2.2. Phan trng cua cac cation nhom I
2.2.1. Tac dung véi axit HCI va mudi clorua tan
Déu tao két tua clorua c6 mau tring:
Ag" + Cl- = AgClI
Pb?* + 2CI- = PDbCl;
Hg.?* + 2CI- = Hg.Cl,
- AgCl va PbCl; khong tan trong HNO3 nhung tan mét it trong HC1 dac do tao thanh
phirc chét:
AgCl + 2CI- = [AgCls]*
AgCl + 3CI- = [AgCl4*
PbCl, + 2CI- = [PbCL]*
- HgzCl; tan dugc trong HNO;z va trong HCI dic hay dung dich mubi clorua dic thi
cling tan mot phan do tao thanh phirc chét:
Hg.Cl, + 2CI- = [HgCls]* + Hg
Hg2Cl, phan hiy theo phan tng: HgoCl, = HgCl. + Hg
3Hg + 8HNOs; — 3Hg(NOs)2 + 2NO + 4H,0
- AgCl tao phtrc tan trong dung dich amoniac, khi axit hoa dung dich thu duoc bang
HNOs thi két tua tring lai xuat hién, tinh chat nay dung dé tach Ag* ra khoi catin nhom I:
AgCl + 2NHs = [Ag(NHz)2]* + CI
[Ag(NH3)2]* + 3CI" + 2H™ = AgCI] + 2NH4CI
- PbCl2 ¢6 d0 tan thay ddi theo nhiét do, né tan hoan toan trong nudc néng, tinh chét
nay dung dé tach Pb?* ra khoi hon hop két tia clorua nhom 1.
- H2Cl; tao két tiia xam den v&i dung dich amoniac:
Hg2Cl2 + 2NH4OH = [NH2HQ]Cl Uiggng + HY [T den + NH4Cl + 2H,0
Pay ciing 1a tinh chat khac nhau giita AgCl va Hg>Cl, duoc dung dé tach ching ra
khoi nhau.
2.2.2. Tac dung véi dung dich NH3
- V6i Ag*, ban dau tao két tha mau tring AgOH, két tiia nay nhanh chéng chuyén
thanh Ag20 mau nau va tan trong dung dich NHs du do tao phtrc tan:
Ag" + NHz + H.O = AgOH + NH4*
2AgOH — Ag.0 + H.0
Ag20 + 4NH4OH — 2[Ag(NH3)2]OH + 3H.0
- Véi Hgo?* tao thanh hop chat amino thily ngan mau trang va thily ngan kim loai
mau den:
Hg2(NO3)2 + 2NH4OH — NH2HgNO3 [+ Hgl '+ NH4sNO3 + 2H.0
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- V6i Pb?* tao mubi bazo két tua, khong tan trong thude thir du:
PbCl2 + NHsOH — Pb(OH)CI (1 + NH4CI
2.2.3. Tac dung véi dung dich kiém
- Véi Ag* tao két tiia mau nau, khong tan trong kiém du, nhung tan trong HNO3 va
trong dung dich amoniac:
2Ag* + 20H = Ag.0 + H,O
- V&i Hgo?* tao két tha mau den, khong tan trong kiém du nhung tan trong HNO3
va CH3COOH:
Hg2?* + 20H = Hg.0 + H,0
- Vi Pb?*, ban dau tao két tia mau tring, két tia ndy tan trong kiém du tao thanh
ion plumbit PbO2%, do Pb(OH)2 c6 tinh chat ludng tinh:
Pb?* + 20H" = Pb(OH);
Pb(OH); + 20H" = PbO.* + 2H,0
Pb(OH); + 2H" = Pb?* + H,0
2.2.4. Tac dung v6i dung dich Kl
Déu tao két tha iodua c6 mau khac nhau:
Ag" + I" 7 Agl [1 mau vang nhat
Pb?* + 21" = Pbl, [] mau vang tuoi
Hg2?* + 21" = Hgzl, [1 mau xanh luc
Chi c¢6 Pbl, tan trong nudc nong, khi dé ngudi lai xuat hién két tia tinh thé 6ng anh
nhu kim nhii.
Khi du KI mét phan két tia nay sé tan dudi dang phuc chit:
Agl + 21" = [Agls]*
Pbl; + 21" = [Pbls]*
Hgzlo = Hgla+ Hg
Hglo + 21" = [Hgls)*
2.2.5. Tac dung véi dung dich K>CrO4 hay K>Cr,07
Trong dung dich bicromat c6 cin bang:
Cr,07% + H,0 = 2CrO4* + 2H*
Da cam Vang
Cation nhom I tao két tia véi ion cromat:
2Ag" + CrOs* = Ag.CrO4 [1 mau d6 gach
Pb?* + CrO4* = PbCrO4 | mau dé xam
Hg.?* + CrOs> = Hg.CrO4] mau vang
Ag>CrO4 khong tan CHsCOOH, nhung tan trong HNO3z va dung dich NHs. Hg2CrO4
khong tan trong cac dung dich kiém va céc axit vo co lodng. PbCrO4 tan trong kiém manh
va axit manh (HNOs, HCI...)
PbCrO4 + 40H" — Pb0O,* + CrO4* + 2H,0
2PbCrO4 + 2H* = 2Pb?* + Cr,07% + H,0
2.2.6. Tac dung véi mot s chat khac
a. Tac dung voi Zn, Cu kim loai, riéng Hg kim loai tao ra hoa tan ngay d@)ng, kém kim loai
du tao thanh hdn héng sang trang. Khi dot nong, thuy ngan bay ra nén phai lam thi nghiém
trong tu hot.
2AQ" +Zn = Zn** + 2Ag
2Ag" + Cu = Cu® + 2Ag
Hg.>* + Cu = Cu?* + 2Hg
Pb?" +2Zn = Zn* +Pb
b. Tac dung v6i H2SO4 va mudi sunfat:
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Pb%* + SO4% —> PbSO4[ | mau trang
Két tua tan trong H2SO4 dic, CHsCOONH; va kiém manh:
PbSO4 + H2SO4 = Pb?* + 2HSO4
PbSO, + 4CH3COO™ = [Pb(CH3COO)4]* + SO4*
PbSO4 + 40H" = Pb02* + SO4* + 2H,0
c. Tac dung v6i mudi sunfua:
Pb?* + S = PbS [ ¢c6 mau den
PbS khong tan trong HCI hay H2SO4 loang, nhung tan trong HNO3z loang va dac:
3PbS + 8HNOs lodng = 3Pb(NOz3)2 + 2NO + 3S + 4H>0
3PbS + 8HNO3 dac = 3PbSO4 + 8NO + 4H,0
2.3. Puong 16i phan tich hé thong cac cation nhém I
2.3.1. Huéng din chung
- Tach cation nhém I ra khoi cation nhom khac bang tac dung cua HCI 6N.
- Két tia PbClz duoc tach ra khoi cac mudi clorua nhém I khi dun nong véi nude.
- AgCl duoc tach bang tac dung ctia dung dich NH3 du, sau d6 axit hoa bang HNO3
lai thu duoc két tia AgCl.
- Tim két tua Hg,Cl bang tac dung cua dung dich NHs tao két tia c6 mau xam den.
2.3.2. So' dd phén tich hé thong cation nhém I

Mau phan tich +
l HCI 6N
2%, dun nong nhom khéc
Y
pb2+ . AgCI, H92C|2
+ NH4OH du
+KI1 +K2CrOy X
\ 4
. - Ag(NHz)2" + CI
Pbl> \{ang PbCrO4 vang + Hg+ HgNH,CI + HNO3
+OH" du Ol_ll- dur Xam den
Y
PbO2% + I PbO,% +CrO4* AgCl van dyc
Dung dich khong Dung dich mau
mau vang

Hinh 2-1. So' do phan tich hé théng cation nhém I
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CAU HOI VA BAI TAP

1. Néu dac tinh chung cua cation nhém 1?
2. Néu duong 16i phan tich hé théng cation nhom I?
3. Cho dung dich (NH4)2S tac dung v6i dung dich Pb(NOs)z. Loc lay két tiia chia lam hai
phan:

- Phan 1 cho tac dung v6i dung dich HNOs lodng.

- Phan 2 cho tac dung v6i dung dich HNO3 déc, nong.

Em hay trinh bay hién tuong xay ra va viét phwong trinh phan ing minh hoa?
4. Viét cac phuong trinh phan tmg khi cho tir tir dung dich NaOH tac dung voi dung dich
Pb(NO3), dén du?
5. Trinh bay hién tuong khi cho 1 thanh kim loai dong cim vao trong dung dich AgNOs.
Viét phuong trinh phan tng giai thich?
6. Trinh bay hién tugng khi cho 1 giot dung dich HC1 2M vao dung dich chira ion Ag*, sau
d6 thém tir tir cho dén du dung dich NHs. Hon hop sau phan tmg dugc axit hda bing dung
dich axit HNO3? Giai thich va viét phuong trinh minh hoa?
7.a. Cho dung dich (Ag(NHs)." 0,01 M, CI"0,01 M va NH3z 1 M). Xac dinh xem c6 két
tia AgCl hay khong? Biét hing s can bang tao phuc cuia Ag(NHa)z* 13 K = 10724, Tagal
=10 10
b. Khi a xit héa dung dich thu dugc ¢ cau (a) bang dung dich axit HNO3z dén néng d6 NHs
=103 M thi ¢6 xuét hién két tia tré lai hay khong?
8. Giai thich tai sao thudc thir nhém ctia cac cation nhém I (Ag*,Pb?* va Hg?) 1a dung dich
HCl loang, ngu¢i ma khong phai la HCI loang nong, dung dich NaCl hodac HCI déac?
9. Cho biét nhitng thudc thtr gi c6 thé dung dé hoa tan Ag,CrO4? Viét cac phuong trinh
phan ing ion?
10. Nho dan dung dich NaOH 2N vao dung dich Pb(CH3COO); cho dén du. C6 hién tugng
gi xay ra? Viét phuong trinh phan tmg dang ion?
11. Cho dung dich Pb(NO3),. Tim ba phan tmg dic trung dé nhén ra chi?
12. Cho dung dich HCI vao dung dich Pb(CHsCOO),. Lay két tua thu duoc cho tan trong
nudc noéng. Thém dung dich KI vao dung dich thu dugc. Co gi xay ra va giai thich?
13. Cho dung dich NaOH vao dung dich Hg2(NO3z)2. C6 hién tuong gi xay ra?
14. Cho tir tir dung dich NH3 vao dung dich Hgz(NO3)2 cho dén du. C6 hién twong gi xay
ra? Viét phuong trinh phan tmg?
15. Lap so do phan tich cac hdn hop cation sau:
a, Ag*, Pb?*, NO3 ¢, Hg.?*, Ag*, NO3°
b, Hg2%*, Pb?*, NOs" d, Ag*, Pb?*, Hg.?*, NO3°
16. Tim cach nhén biét bac trong dung dich AgNOs ¢6 1an NH3 du?
17. Tim cach nhan biét chi trong hdn hop PbSO4 va BaSO,?
18. Thém dan dung dich K2Cr,07 vao dung dich chira Pb(CH3COO), va Ba(CH3COO)s.
C6 hién tugng gi xay ra? Viét phuong trinh phan tmg? Thém dung dich NaOH du vao hon
hop thu dugce? Co hién tugng gi xay ra?
19. Hay tim cach nhan biét cac cation kim loai ¢ trong hdn hop sau: Ag*, H*, Pb%*, Ba?*,
NOs". Puoc phép dung cac thude thir: CHsCOONa, KoCr207, HCI, NaOH.
20. C6 thé chi ding mot thude thir duy nhat dé phan biét cac dung dich: Pb(CH3COO);,
AgNOs3, Ba(NOa)..

Hay ké tén cac thudc thir d6 va viét phuong trinh phan tng dé giai thich?
21. Cho dung dich K2CrO4 du vao dung dich A chira: Ag*, Pb?*, Ba**, NO3". Loc lay két
tia 1 va cho tac dung v6i dung dich NaOH du duoc dung dich 1 va két tia 2. Cho dung
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dich HNOj3 tac dung voi dung dich 1 va két tiia 2. Trinh bay cac hién tuong xay ra va viét
cac phuong trinh phan tng ion?
22. Cho dung dich B gom: Ca(NOs)2 va Pb(CH3COO),

Cho dung dich Na,SO4 du vao dung dich B. Loc 13y két tia dem cho tac dung voi
dung dich NaOH du. Trinh bay hién tugng xay ra va lam thé nao dé xac dinh sy c6 mat
clia cac sam pham phan tng cudi cing?
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A i ) Chuwong 3
PHAN TICH CAC CA:I'ION NHOM I1 (Fe®*, Fe**, AP**, Cr¥*, Sn?*, Sn*")
Thuoc thir nhém: NH,OH + NH4CI

3.1 Pic diém chung
- Cac cation nhom II déu cho hydroxyt thudc loai kho tan nhat trong day hydroxyt
cua cac nguyén to vi tich s6 hoa tan cia ching rat bé.

Céac hydroxyt Tich s6 hoa tan
Fe(OH)3 3,2.10%8
Fe(OH) 1051
AlI(OH)3 1.10%
Sn(OH)s 1.10%
Sn(OH); 6,3.10%
Cr(OH)s 6,3.103!

V6i dung dich dém NH4OH + NH.CI (pH = 9) thi tat ca cac hydroxyt déu két tua
hoan toan. Cac hydroxyt nhom II c6 tich s6 hoa tan nho nén ching thuong két tia vo dinh
hinh, déi khi bi keo rat kho ling xudng khi li tam. Thém NH4Cl khong nhimg c6 tac dung
dém tao pH = 9 1am két tiia hoan toan cac hydroxyt ma con ngin can khuynh huéng tao
keo. Do d6 ta c6 thé dung dung dich NHsOH + NH4ClI lam thudc thir nhom.

M™ + nOH"~ — M(OH)n

Céc hydroxyt nay c6 mot s tinh chét dic trung sau:

+ Mau sic: Cr(OH)s mau xanh nhat, d6i khi tim xanh; Fe(OH)s mau dé nau;
Fe(OH), mau tring xanh, cac hydroxyt con lai déu c6 mau tring.

+ Céc hydroxyt nhom II déu tan trong axit vé co nhu HCI:

Al(OH)3 + 3HC1 — AICl3z + 3H.0
Sn(OH)s + 4HC1 — SnCls + 4H,0

Riéng hydroxyt thiéc thi khong tan trong HNOs.

+ Trong cac hydroxyt trén thi Al(OH)s, Cr(OH)s, Sn(OH)2, SN(OH)a, la ludng tinh
nhung tinh axit trdi hon tinh bazo. Cudng d6 axit, bazo cia ching duogc sip xép theo thi
tu nhu sau:

Tinh axit tang:

y

CrO2” AlO2* SnO? SnO3*

€ —
<

Tinh bazo tang
Vi vay ching tac dung dugc voi dung dich kiém tao thanh cac mudi aluminat,
Cromit, stanit, stanat.
HAIO; .H20 + NaOH — NaAlO> + 2H,0 (Al(OH)3 = HAIO: .H20)
H2Sn03 .H20 + 2NaOH — Na>SnOs + 3H20 (Sn(OH)s = H2Sn0Os .H20)
Do d6 c6 thé chia nhom II thanh hai phan nhom:
Phan nhém hydroxit ludng tinh: A1, Cr3*, Sn?*, Sn**,
Phan nhom hydroxit phi ludng tinh: Fe3*, Fe?*.
Déi v6i Sn(OH)4 khi méi diéu ché ra thi & dang @ -Stanic dé 1au chuyén thanh 5~
Stanic rat kho tan trong axit v co va ngay ca NaOH.
Mot ddc diém chung quan trong ctia cac cation nhom II 13 mudi ctia chung rat dé bi
thiy phan:
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