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PHAN THU NHAT
CO SO LY THUY ET CHUNG CUA HOA HQC PHAN TIiCH
Chwong 1. MOT SO KHAI NI EM VA PINH LUAT CO BAN
1.1. CAN BANG HOA HQC. PHAN UNG PHAN TiCH
1.1.1. Hing $ can bing

Cac plan tng hoa loc dung trong phan ticthegc goi la phan tng phan
tich, tuy theo mc dich phan tichiinh tinh haydinh krong ma pln ttng phan
tich phii théa man nitng yéu au khac nhau. Khi pin ¢tng dat dén trang thai
can king, dugc dic trung i hing $ can king K, 1a hing $ dbi véi mdi phan
ung va ch phy thuoc vao nhét do.

mA+nB s pC+qD (1.1)
_ [c[[p]"
K =
[A]"[B]"

[Al[B][c].[D] 1a ong d6 can ting aia céac cht A, B, C, D.

Khi A, B, C, D la nhirng ion thi trong dungidh c6é & tuong tac gira
chang i nhau, khidé gia ti ndbng do dugc thay ing hait d¢, la ng do thuc
cua ion tham gia pin irng.

Céc hing $ can ling dic trung cho cac pin ung khac nhau, con c6 cac
tén @i riéng, vi di: hing $ axit Kx va hing $ baay Kg cho phin tng axit-
baa; tich $ tan T cho phn tng tao thanh cac c¢h kho tan; Bing $ bén haic
hing $ khéng &n cho plin tng tio thanh céc ép chit phac.

Néu trong can ing (1.1) cac cit A, B, C, D con tham gia @ ung ph
khac thi Bng do caa ching tham gia vao cadny (1.1) § giam di va dé dac
trung chinh xac cho pin wng, ngroi ta throng ding Bng $ can king diéu
kién, duoc tinh @ thé cho trng phin tng.

1.1.2. PHn &ng phéan tich

Cé&c plin ing hbéa bc dung trong phén tichogla phan tng phan tich.
Tuy theo mac dich phan tichdinh tinh haydinh krong ma pln ttng phan tich
phai théa man nking yéu du khac nhau. ¥i cac phrong phap phan tich hoa
hoc, phan ttng phan tich pdi théa man cac yéuia sau:

Phin tng dé phan tichdinh tinh pli c6 hiéu ung rd &t, thuong 1a ko ra
san pham c6 mau; Fo két taa; Tao chit khi cé mui ...dé ngroi phan tich da
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vaodé ma Kt luan. Phin (thg dé phan tichdinh tinh cang ndy va cang cbn loc
thi cang ét.

Phin tng d&é phan tichdinh lrong phii thoa man 3 yéuau oo ban sau:
Phai xay ra hoan toan theodhchiéu nhit dinh va khéng co phim phu dé co
thé tinh toan Kt qua dwa vao plrong trinh pln ang; Phin ang »ay ra nhanh,
can king thiét 1ap ngaydé co thé chuan do bang tay; PRi co chit chi thi thich
hop dé xacdinh diém trong duong.

No6i chung khi & dung cac phn ng héa bc vao phan tich, ching taghh
dura vao cac ing $ can king dé xem xét xem cac ph tng cé thha man cac
yéu éu aia phan tich hay khong.
1.2.PINH LUAT BAO TOAN NONG PQ. PINH LUAT BAO TOAN PIEN
TiCcH
1.2.1.Pinh luit bao toan rng do

Trong dung ith, cac cht bi dién li it nhiéu thanh cac ion, ngoai ra ching
c6 ar trong tac Wi dung moi, Wi cac ion khac.

Dinh luit bao toan vng do6 phat béu nhr sau: Nng d6 bandiu cia cac
ion bing ng mng d6 cac ang Hn tai caa ching trong dungich & trang thai
can kang.
1.2.2.Pinh luat bao toandién tich

Dinh Iuat bao toandién tich phat u nhr sau: Trong dungidh ¢ trang
thai can Bng, bng dién tich drong aia cac ion dong c6 gia tr tuyét ddi bang
tong dién tich am éa cac ion am.

1.3. NONG PQ. HOAT PO
1.3.1. Nbong dé

Nong d6 1a dai lwgng dungdé chi lugng cHit tan ¢ trong @it lwong dung
dich nhit dinh.

Tuy theo mc dich ma ngoi ta phan lai hoic c6 cach gi khac nhau khi
s dung nhr: ndng d6 gdc; ndng do bandau; ndng d6 can king haic: ndng do
thé tich; rong o khdi luong; rong do6 khéng cédon vi. Sauday ching ta xét
mot sd loai nong do hay sr dung trong phan tich.

e Nong d6 phan trim, ky hiéu C% : la 8 gam clit tan c6 trong 100g
dung dch.
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Vi du: Dung dch NaOH 25% ngia la: trong 100g dungich NaOH nay
c6 25g NaOH nguyén éh

e Nong do mol, ky héu bing chir Cy: 1a $ mol chit tan c6 trong @it lit
dung dch.Pon vi caa mng doé mol dugc ky hiéu bing chi M

Vi du: Dung dch H,SQ, 0,1M la dung é&h cé clira 0,1mol HSO, trong
mot lit dung dch do.

e Nong do dwong hrong, ky héu bing chir Cy haic N: 1a $ duong lrong
cua cHit tan co trong @t lit dung dch. Bon vi caa rong d6 duong hrong duoc
ky hiéu bing chr N

Vi du: Dung dch NaOH 1N la dungidh cé clira 1duong krong NaOH
trong ndt lit dung dch do.

e Ndng do thé tich: Nbng do thé tich dia nbt chit long la § sd thé tich
cua chit 1ong do va tré tich @ia dung méi ( thong 1a nréc ).

Vi du: Dung dch HCI 1: 4 14 dungidh ¢pm 1 thé tich HCldic va 4 ti
tich nréc.

e Do chuan T: 1a $ gam cht tan c6 trong 1ml dungich. Néu i a 1a $
gam chit tan c6 trong Vml dungidh thidé chuan T = a/V.

Vi du T,,, = 0,0036 ngta la 1ml dung ith chra 0,0036g AgN®
nguyén cht.

e Do chuin theo cht dinh phan ki : 1a $ gam clat dinh phan X phn
rng vradua véi 1ml dung dch chiin R.

Vidu T, 0o = 0,0028 ngta la 0,0028 gam CaO fing ddng Wi
1ml dung dch chén H,SO,.
1.3.2.Hoat d¢

Hoat d6 1& ndng do thuc caa ion trong dungidh tham gia pin tng, dugc
ky hiéu bing chr a, lién I véi ndngdé mol qua béu thic:

a=f1C

Trongdé f goi l1a hé 5 hoat db.

Hé sd haat d6 f phu thudc vaodién tich @ia ion Z vairc ion p cua dung
dich. Lurc ionp biéu dién trong tac inhdién giira cac ion trong dungich.
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Néu 7, Z,,... Z 1a cacdién tich va G, C, ... Gla ndng do céac ion trong
dung dch thi krc ionp duoc xacdinh king h thuc.

M= 05> 2:C (1.2)
Néu p = 0 tirc 14 dung éth rt lodng, trong tac Inh dién gitta cac ion
khéngdang I thi f = 1 hac hat do bang rong do.
Khi < 0,02 Itc nay &uoc tinh theo céng tit
lgf = - 05.22.Ju (1.3)
Khi 0,02 qu < 0,2 thi fdugc tinh king cong tc.

2
lgf = - 05,2 VA (1.4)
1+.u
Khi p > 0,2 thi fduoc tinh Bing cdng tlic
z? \/_
lgf = - 05. (1.5)
ey

trongdoé A thayddi cung \6i ion vadugc xacdinh king thrc nghém.

N6i chung, trongihh wc phan tich ching tating st dung cac dung igh
lo&ng, nén coi ninf = 1, hat d6 bang rong d6 va throng chH dé cap dén nong
do.
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Chwong 2. CAN BANG AXIT- BAZ O TRONG DUNG DICH NUOC

2.1. LY THUYET BRONSTED VA LOWRY V E PHAN UNG AXIT-BAZ O
2.1.1. Caadinh nghia
1. Axit: axit 1a cHit c6 khi nang nhrong proton H.
Vay axit c6 ti¢ 1a cac phanittrung hoa hay cac ion madign tich.
Vi dy: HCI, NH,"
2. Baw: baay la chit c6 khi nang ntin proton H.
Vay baa c6 the 1a cac phanittrung hoa hay cac ion madign tich.
Vi du: NaOH, CHCOO
3. Chit lwgng tinh: 1a nHing cHit vira cé kt ning nhrong proton Hvira c6
kha ning nhin proton H.
Vi du: HCOy
4. Gip axit-bawz lién hep: 14 cip chit axit-bazy khac nhaw lion H'. Mdi
mot axit sau khi cho @t proton tty thanh baa goi la baz lién hop Véi axit do.
M&i mot baz sau khi nin mjt proton to thanh axit @i 1a axit lién top véi
bazy d6
Vi du: CH;COOH/CHCOO ; NH; /NH,"

5. Phin #ng axit-baz : 1a phin tng trongdd cé s cho va nhn proton H.
Vay dé coé phin tng axit-baw thi i thiéu phii c6 2 @p axit-bao lién hop.

Mot cip axit baw lién hop c6 thé biéu dién bing ¢ thic sau:
Axit 5 Ban +H

Proton khéng c6 khnang Hn tai ¢ trang thai tr do, vi \ay mot chit chi
thé hién rd tinh axit hay barztrong dung méi c6 khning cho hay nin proton.

Khi hoa tan rit axit hay baa vao nréc thi € c6 cac phn tng:
Axit + HO & Ban + H,O"
Baz + HO S  Axit + HO

Thi du:
CH;COOH + HO S  CHCOO + H,O"
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NH,” + HO S NH, +  HO'
HPQ> + HO s  PQ¥ +  HO'
NH; + HO S NH/ +  HO"
CH,COO + HO S CHCOOH +  HO'
CN + H,0 S HCN + OH

Theo quan @im & dién thi NH," khdng phi & axit va CN khdng pli &
bazy ma |a cation va aniormia cac mdi thuy nhan. Nieng theodinh ngha aia
Bronsted thi NH 1a axit va CNla baz va phin tng thuy phan chinh la pim
ng aia axit NH" hay baz CN véi nuéc.

Tuy theo Bn chit caa dung méi, dt chat co the thé hién tinh axit hay
baz.

Trong chrong nay chdng taé cap chi yéu dén cac pln tng axit hay
baz trong dung moéi lawdc.

2.1.2. Hing 9 axit K,. Hing s bazo K,
a. Cwong dd axit. Hang s axit K,

Nuégc 1a dung mditdng tinh c6 th cho hdc nhan proton. Mt axit khi
dugc hoa tan trongutc £ nhueong proton cho méc theo pnung:

A+ HOS B + HO (a)

Trong dé A la axit, B la baz lién hop voi A, axit cang mnh trc la
nheong proton cho wéc cang nhiu, can Bng (a) chugn dich sang bén i
cang nhéu nén ling $ can ing aia can Bng cangén.

_[e]H.0°)
[AlH.0]

Trong 1 lit nréc c6 1000/18 = 55,5 mol/l, khi dundcth lodng c6 té coi
nong do caa HO khdngddi va bing 55,5 mol, ta c6 thviét:

[B]H,0"

= = 2.1

K[H,0] T Ka (2.1)
Trong dé K, duoc i 1a hing € axit va béu thi cuong do caa axit, K,

cang bn axit cang rnh. Ngroi ta xacdinh cac Bing $ axit cho moi axit roi

liét ké trong cac dng tra hay trong cadgay hoa hc.
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C6 nhing axit ma phanitchra hai hay niéu hon hai proton cé thtach
ra trong mrdéc. Nhitng axitdé dugc goi la cacda axit. Trong dung idh nréc,
phan tr cacda axit phan lidn lrot theo nhéu ric va trong mi mot nic cho nét
proton.Ung V6i mdi nic cé ndt hing $ axit. Thi di: axit HLCO; phan li theo
hai ric va c6 hai ing $ axit 1a K,; va Ka.

H,CO; s HCGO; + H*
HCOy S COf +  H

« Hlrco |
& H,CO,

« _[Hleo

Y —10%03
HCO,

Déi véi da axit sau khi fic mpt phan li thi phanit tré thanh anion mang
mot dién tich &m va aniodé giir H' con ki cang clit ché hon, vi thé can king
phan li ic mdt bao gb ciing »ay ra manh hon réc hai, ric hai minh bon réc
ba,...dod6 dbi véi cacda axit Ky >> Kap >> Kaa...

b. Cwong dp bazo. Hing 9 bazo K,

Mot bazy cang manh khi hoa tan trongudc £ nhin proton da nréc
cang nhéu, hing $ can king aia can Bng cang én, duoc biéu dién:

B + HO S A + OH (a)

K = [A]‘OH"
BJH,0
Trong céc dungidh lodng, Bng do caa HO coi nhr khéngddi nén co

thé viét:

K[HZO]:M][%]:Kb (2.2)

Ky dugc goi la hing $ baa va béu thi crong d6 bawd, K, cang bn thi
tinh bao cang mnh. Ngroi ta xacdinh cac Bing $ baa cho myi baz rdi i ét
ké trong céc ing tra, $ tay hoa hc.

Trong thrc #, dé tién cho viéc tinh toan va Bu dién bing do thi nguoi ta
hay ding cédai luong thay t, chuyén déi nhu sau:

PKa = -lgKa
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pKp = -IgKp

PKihzo0= - 19Kn20
pH = -Ig[H]
pOH = -Ig[OH]

c. Quan h¢ giira hing $ K, va hing 9 K, cia mjt ciip axit baz lién
hop

Tu hai k¢ thirc (2.1) va (2.2) ta co plong trinh.
Ka Kb = [B].[H3O" 1.[A].[OH J/[A].[B]
KaKp = [HsO" 1.[OH ] = Ko (2.3)

hoic pKa+pKy, = pKipo = 14 ¢ 25°C)

Nhu vay tich $ cua hing $ axit va ling $ baa cua mt cip axit ban
lién hop bing tich $ ion cia nrge. Vi tich $ ion aia nrdc 1a mdt hing $ nén:
néu hing $ axit K, cang bn, ngha 1a axit A canh mnh thi hHing $ K, caa bao
cang nid ngha Ia baz d6 cang gu.

Vi du: - HCI 1& mdt b axit manh K, = + o thi baz lién hyp caa n6 Cl la
baa v6 cung yu cé K,= 0, throng duoc coi nhr trung tinh.

- HCN la it axit yéu c6 K= 10*° thi baz lién hyp CN da thé
hién tinh baw, dic treng king hing $ bax: K, = 10*/K, = 10*Y10*® = 10°*

2.2. TINH pH CUA CAC DUNG DICH AXIT, BAZ O, MUOI

2.2.1. Cong thic tdng quét dé tinh nong dé ion H* cho dung dch hdn hep
axit va bazo lién hep

Gia sir hoa tan vaowsc mot axit HA c6 rong d6 bandau 1a G, va bao
lién hop v6i né (A) 1a mwi NaA c6 rong do Cs. Trong dung ith € ¢6 hai can
bang:

HA S H+A
HO S H" + OH
Va phrong trinh phan li hoan toama mwi NaA
NaA - Na + A
tir hai phrong trinh trén ta c6 thviét :
[H'LAV[HA] = K, (a)
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[H'].[OH] = Kno (b)
Ap dung dinh Iuat bao toan kidi lwgng déi vai ion A~ ¢6 K thac:
[HA] + [AT] = G+G (c)
Ap dungdinh Iuit bao toandién tich trong dungidh nén ta co:
[AT +[OH] = [H] + [N&] (d)
Muoi NaA phan li hoan toan nén:
[Na] = G (€)

tu 5 phrong trinh a, b, c, d, e ta co:

C,—|H*|+|oH]
*Cy +|H*|+|OH"]

[He]=k (2.4)

Céng thirc (2.4) c6 th dugc thiét 1ap nhr sau:
tir pheong trinh (a) ta co: [H ] = Ka.%i—'_a‘]‘ @)

Trongdo [HA] la ndong do can king aia HA. Nong dé d6 kang rong do
bandau cia HA(C,) trir di ndng do [H'] do HA phan li ra, Ang do nay hi bing
nong d6 H* chung trong dungidh [H'] trir di ndng dé6 H* do nxdc phan li ra,
mit khac dngdé H* do nrge phan li ra Bng rong do OH, vay:

[HA] = Ca = ([H]- [OH]) =Ca—[HT+[OH] ()

Con rong d6 can king [A] bang mng do caa A do NaA phan li ra (§)
cong wi ndng do caa A do HA phan li ra, rit khac @ng dé nay king rong do
H* do HA phan li ra, madng d6 H* do HA phan li ra bng rong do H* chung
trong dung ith trr di ndng do OH,, vay:

[A"] =Cs +[H"]- [OH] (9)
Thay [HA] va [A ] vao (a’) taduoc cong thic (2.4):

o]

Céng thirc tong quéat nay cé thsr dung d&é tinh pH @a mpi dung dch
axit, bao hay mwi. Tuy nhién trongitng trong hop cu thé ta ki cé thé don
gian bt cac thanh pdn dé tinh din ding chodon gian hon nhing Vi do chinh
xac chip nhan dugc. Dudi day ta xem xét cach tinh pH cho caedxng hop theo
viéc ar dung cong tkxc nay.
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2.2.2.pH cia dung dch don axit rdat mgnh HA c6 nong dé Ca
HA 1a nt axit it manh nén trong méc coi nhr phan li hoan toan:
HA - H" + A
Ka = 00
tir cbng thirc (2.4) ta co:

e, Jlow - bl o)

Vi Ky=o;va[H ]. (Cg+[H']-[OH 120
Nén G- [H']-[OH]=0 ratra [H]=Ca +[OH ] (2.5)

cong thic (2.5) ding co tte suy ra tr cong thirc (f), do HA phan li hoan toan nén
[HA] = 0, tir cong thirc () tacd G - [H']-[OH ]=0=>[H ]=Ca + [OH ].
Céng thirc (2.5) bao §m ca H* do axit HA phan li ra va Hdo nréc phan li ra.

[H"]=Ca + I'T_"*_OI — [H*]Z -CA-[H+]-KHZO -0 2.5)

Khi ndng do axit HA I6n hon 10’M thi H* do nréc phan li ra khéngang
ké, trc & co tié bo qua & phan li @a nrée, ngha la H trong dung ith 1a do
H* caa HA phan li. Khidé

Ca = [HTva pH = -Ig[H] = - IgCa

Vi dy: Tinh pH @a dung ich HCI 1M va 5.16M.

- Péi véi dung dch HCI rong do 1M thita c6 pH =-1g1 =0

- Béi véi dung dch HCI5.10°M thi pH = - Ig(5.10) = 2,3.

Khi ndng d6 axit Gy < 10’M thi phai tinh pH ir pheong trinh (2.5) hay
(2.5'). Giai phuong trinh ¢ hai nayduoc 2 nghém, ta § 1ay nghiém drong.

Vi du: Tinh pH @a dung dch HCI 10°M.

Néu bo qua H do nréc phan li ra thi pHa dung dch 1a 8.biéu nay
khéngdung, ta phi ding cong thic (2.5) dé tinh pH, khidé pH aia dung dch
s la:

[H']-10° [H"]-10"=0
Giai phuong trinh nay &tinhduoc [H"] = 10%° suy ra pH = 6,9.

10
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Néu Cy << 107 c6 the bd qua G, canh [OH] trong cdng tirc (2.5) va khi
d6: [OH]=[H" 1= /K, , moi tnrong khi nay coi nfr 1a trung tinh.
2.2.3. pH @a dung dch don baa rat mgnh c6 rong dé Cs

Céacdon bazy manh throng |a hifroxit caa cac kim lai kiém, trong nréc
chang phéan li coi ninhoan toan theo piong trinh:

BOH -~ B* + OH
Lap luan twong tr nhr d6i véi dung dch axit mnh ta co:
[OH ]=GCs + [H'] (2.6)

. . o K
Cg la mngdo bandau cia baz . Thay gia tr caa [OH] = IHLO] taduoc:

[H+] + CB [H+] - KHZO: 0 (26’)
Phrong trinh nay dungé tinh chinh xac pHi@ dung dch don baz
rat manh c6 ®ngdo Cg vahing $ baa Ky, = o

Néu ndng do Cs ciia baz 16n hon 10°M thi lwong OH do nrdc phan
li ra khdngdang I va co ti bo quaduoc. Dodd [OH ] = Cs

K K
V\ H+ - H,0 - H,0 => H — 14 _ H — 14 + |
a [H'] Wl e p pO ac

Vi du: Tinh pH d@ia dung éch NaOH 0,1M
[OH] = 10% => pOH = -Ig[OH] = 1 => pH = 14 — pOH = 14 -1 =13.
Néu G < 10’ thi phii tinh pH theo cong it (2.6").
Néu G; << 107 c6 the bo qua G canh [H] trong cong tirc (2.6) va khi
d6: [OH]=[H"]= /K, . . mdi tuong khi ndy coi nhr la trung tinh.
2.2.4.pH cia dung dch don axit yéu HA c6 hang 9 axit K, va nong dé ban
dtll“u Ca
Trong dung ith ch c6 axit ¥u HA nén ing do baay lién hop cia né G
trong cong tic (2.4) &t nho, co tré coi bing khdng va cong it tinh pH @a
dung dch axit Vu la:
Cy = |H"|+|oH"]

[H]=k,. 7+ ]=lon ] (2.7)

11
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Tuy tirng tnrong hop au thé lai c6 the don gian hoa cdng tic (2.7) nhr
sau:

- Néu [OHT] << [H*] ngtiia 1a c6 th bo qua & phan li @a nroc, tirc 1a b
qua rong do ion H do nréc phan li ra, khiié ta cé tié bo qua [OH ] bén anh
[H*]. Cong thirc (2.7) € duoc don gian con:

C.—|H"| H[?

NE K g 6K = e 2.7)

bay la phrong trinh lc hai Wi [H']

- Néu coi [H'] << C, (tuc la axit phan li §u, nhingdo ion H' do axit phan
li ra nhd hon Ndng d6 bandau aia axit ) thi plxong trinh (2.7) &1a:

K, :%]—hay{Hﬂ:q/Ka.CA (2.7
pH = -Ig[H" ] = 0,5pK.— 0,5.1gG. (2.7
Vi du: - Tinh pH @a dung dch axit CHCOOH 0,1M. Bét Kcuscoon =

10—4,75
S dung cbng tlic (2.7™) thi
pH =-0,5.1g1d"°-0,5.1g0,1 = 2,375 + 0,5 = 2,875

- Tinh pH @éa dung dch NH,CI 0,1M, bét NH; 1a baa yéu co pk,
= 4,75

S dung cong thc (2.7°)

NH,CI ~ NH; +CrI

NH," + HbO S NH; + H;O" suy ra NH' 1a mot axit yéu.
PK nHa+ = 14 - pKiz = 9,25
nén pH=0,5.9,25+0,5=5,13

- Néu ndng d6 bandau aia axit G, nho, hay axit c6 Bng $ K, tuong ddi
lén (ngha la axit khdng du 1im) thi khéng th bo qua H canh G, dugc. Khidé
mubn tinh pH chinh x&c ta phdung céng thc (2.7°). Ngroi ta throng quyudse
ngudng dé tinh 1a: u axit c6 K< 10” haic ti sb (Ca / Ky > 400 thi & dung
cbng thrc (2.77)
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Vi du: Tinh pH @a dung dch CHCOOH 10" M, biét Kcpscoon= 10*7
Nong do Ca nhd néndé tinh pH chinh xac ta khéngétbo qua [H] canh G,
duoc ma phi 4p ding céng tirc (2.77), trc la phii giai pheong trinh:

[H*]? = 10*°10* — 10*™ [H]
[H]? + 10*™ [H"] - 10%"=0

Gii ra taduoc [H'] = 0,81. 10"*®va pH = -Ig[H] = 4,470. Ntwng réu bo
qua [H] canh G thi pH = 0,5 . 4.75 — 0,5.1gTC= 2, 375 + 2 = 4,375.

Néu G, khé nlo dé [A"] << [OH ] tuc 1a H do axit HA phan li ra khéng
dang K so i H* do nrdc phan li ra thi M trong dung éth hu hét do nréc
phan li ra. Dad6: [H" ] = [OH ] = /K, , , m6i tnrong khi nay coi nh la trung
tinh.

2.2.5. pH @a dung dch don baw yéu c6 hing 9 baa K,va nong dé bandau
Cs

Lap luan twong tr nhr dung dch don axit yéu ¢ trén, trong dungidh cH
c6 baz yéu nén G trong cong thic (2.4) At nhod, coi nhr bing khéng, 4y céng
thire tinh pH @a mdt dung dch baz yéu 1a:

Jow _Jon|-|H7]
[H ]_Ka'CB_OH_ +|H* (28)
Néu [H'] << [OH]thi [H']= K. c‘l?l[%] 2.8)
hoic K,,, [JoH ] =Kk, 20 L
: C. - |oH
ol Sl o )= e Tor )

Néu [OH'] << Cg ¢ th bo qua gia tr Cz canh [OH'], khi ndy hi c6:
[OH]=JK.C, — pOH = 0,5pK— 0,5IgG va pH = 14—-pOH (2.8")
Néu nong d6 bandau caa baz Cs nhd, hay baa c6 hing $ K, twong dbi
lén (ngha 1a baz khéng ¥u lim) thi khdng th bo qua OHcanh G dugc. Khi
d6 mudn tinh pH chinh xac ta phding cong thic (2.8). Ngroi ta throng quy
wdc ngrdng dé tinh 1a: ru bazy c6 K< 10* hoic ti sb (Cs / Ky,) > 400 thi &
dung cong tlc (2.8").
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Néu Gs kha nlb, Cg << 10" M, thi lai coi nhr [H"] = [OH ] = /K, , hay
moi truong khi nay la trung tinh.
Vi du: - Tinh pH @a dung dch NH; 0,1M, bét K, = 1,75.1F
NH; + H,O S NH,” + OH
pOH =0,5.4,75-0,5.1g0,1 = 2,38 + 0,5 = 2,88 k14 — 2,88 = 11,12

- Tinh pH#a dung dch KCN 0,1 M, bét day 1a méi cua axit y¥u
HCN cé pk, = 9,21.

Trong dung ¢th nrgc KCN phéan li hoan toan:
KCN - K" + CN™
CN +HOS HCN + OH
CN' la bawz lién hyp cia axit HCN nén pKy = 14 — pKien = 14 — 9,21 = 4,79.
Vay:
pOH =0,5.4,79-0,5.1g0,1=2,4 +0,5=2.09.
pH =14-2,9 =111
2.2.6. pH @a dung dch hén hep don axit yéu va baz lién hep véi n6
Thiét 1ap cong thkc tinh pH @a dung dch chra axit y¥u HA véi ndng do
bandau 1a G, va baw lién hop v6i nd 1a A ( trong mwi NaA c6 rong dé ban
dau 1a G).
Pé tinh chinh xac pHi@ dung dch chra HA va NaA i nong do ban
dau 1a G, va G, sr dung cong titc sau:
[+ Ka_cA—[H+]+[0H:J
C, +|H*|-|oH"]
Nhung throng [H] va [OH] khéngdang K so Wi Ca va G vi HA va A
ngin can 1an nhau lam cho chiing ion hoa theagig trinh sau:
HA+HO S A +H0O
A +HO S  HA+HO
Nén HO va HO sinh ra khéngtugc nhiéu, dodd pH aia dung dch thre
té dugc tinh theo cong tic:

Jow Ca
xS
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tuc la pH = pk- 1gG./Cs (2.9)
néuCy=GCsthi  pH=pK (2.9)

Vi du: - Tinh pH @&a dung dch chra Fn hop CH;COOHO0,2M va
CH;COONa 0,1M. Bt pKcpscoon= 4,75.

Theodau baithi G = 0,2 va G = 0,1.
Vay: pH = 4,75 —1g0,2 + 1g0,1 = 4,45

- Tinh pHi@ dung dch chra Bn hop NH,OH 0,2M va NHCI
0,1M. Biét pKnus = 4,75.

Nhu vay axit yéu trong Bn hop 1a NH," va bao lién hop véi n6d 1a NH;.
pPKa=14 - pk, =14 — 4,75 = 9,25.
pH = 9,25 —1g(0,1/0,2) = 9,25 + 0,3 = 9,25,
2.2.7. pH @a dung dch hén hep axit yéu va baz khong lién hpp véi n6

Gia sir c6 mdt hdn hop axit HA, c6 mng do Ca cia ke HAJ/A", va bap
A", ndng dd Cs cua ke HAL/A,, cac fing $ axit aia hai ¢ 1a K, va K.

Pé tinh pH @a dung dch nay tadp phrong trinh o toan proton xt
phét tr HA", A5, H.0O.

[HA;] + [H'] = [OH] + [A4].
Néu [H'] va [OH] khéngdang K, thi [HA] = [A™]

ColH'] _ Cuky
Ko +[H] Ko+ [R]

HO{lC
Vi véi axit HA; thi HA; 5 H + A, nén[HA]+[A]=Cs (a)

va K, = % (b)

Al _ A

Tir (b): Ki' va nhrva =
S AT R Y ralHa] T F Tk

Can ar vao (a):

: 1=
[A]—- e , tr d6 suy ra '_é LK]

SRS ol St
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Néu G =Gt L ] e HT = KK
1

K, +|H
Va pH=0,5.(pK+ pK). (2.10)
Néu cac 1vng d6 Ca va G khdng ling nhau, G = m G thi phii giai
phuong trinh:

ColH*|_ mCyK, H] mK,

Kz.[H*}: K, +|H"] hoac K2+|H+|: K, +[H]
Vi du: Tinh pH &a dung dch mwbi NH,CN 0,1M. Biét HCN ¢6 pKicn =
9,21 va NH c0 pKyns = 4,76.
PH - = PKy o = PKy,, =14-476 = 924
PH = 05.(pK,cy + PK . = 05.(921+ 924) = 923
2.2.8. pH d@a cac dung dch hén hep cacdon axit
2.2.8.1. pH da cac dung gch hén hep axit mgnh HA,, va axit y¥u HA,

Trong dung ith c6 cac canimg sau:

HAp,— H +Ap Wi Ko= oo @)
HA, 5 H +A, Wi Ka (b)
H,O S H + OH véi Ku20 (C)

Pé tinh chinh xac éng do H* caa dung dch, phii tinh krong H do @& 3
phrong trinh trén sinh ra. Nimg trong tugt dai s6 cac tirong hyp c6 tté bo qua
H* do redc phan li vi méc phan li ¥u, ion H do hai axit phan li rda ngin
chin cin sr phan li @ia nréc cho nén H trong dung éth coi nhr chi do hai axit
phan li.

Phin ung (a) chugn dich hoan toan&phia bén p#i va [H'] do phin tng
nay sinh ra lam cho gh ung & can king (b) chugn dich & phia bén traitc Ia
lam kim hdm s phan li ¢ia axit dodd. Khi nay cé th chia lam céc trong hop:

Truong hop 1: Néu ndng d6 bandau cia axit ¥u nhd hon, king haic
khéng bn hon nhiéu so \6i ndng d6 cua axit minh, thi pH clhdo axit nanh nhit
quyét dinh.

Vi du: Tinh pH @a tn hop chra hai axit HCl va CHCOOH rbng d6
mdi axit tuongtrng 1a 0,1M.
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Khi nay cé tié bo qua & phan li sa CHLCOOH, rong do cia ion H <3 14
10" ion g/l, vi HCI phan li hoan toan, nén pH = 1.

Truong hop 2: Nbu rong do caa axit W¥u lon hon rit nhiéu ndng do caa
axit manh thi phii ké d¢én ar phan li @a axit yu.

Vi du: Tinh pH &a dung dch ¢om hai axit HCI vng d6 10° M va axit
CH;COOH rong do 1M.

Goi néng d6 caa CHCOO trong dung ith 1a x thi [CHCOOH] = 1-x,
[H'] = x + 0,01. & dung dinh luat bao toan kidi luong cho can ing (b) thi:

CH,COOH
H' =K, b2 hay 10° +x = 10" (1-x)/
(] = Ka .CH3COO" i X (1-x)/x

Va giai phuong trinh trong dwong Wi x? + (10% + 10*™). x = 0, b 10
“™pén anh 10? thi phrong trinh t& thanh X + 10%.x — 10*"° = 0. Ghi phuong
trinh nay nghim x nhan dugc 1a x = 1,3.10 tir d6 suy ra gia ir pH = 1,64.

2.2.8.2.pH ciia cac dung gch han hep axit yeu HA,; va HA,

Trong dung éth aia Bn nay cé cac canihg sau:

HA; S H +Ay,
HA, S H +Ay,
HO S H +OH

Co 3 trong hop theong gap:

Truong bop 1 Hai axit c6 Bing $ axit va ong do gan bing nhau. Khi
d6 goi ndng do moi axit 1a C, wng do H* do axit HA, phan li ra 1a (x), éng do
H* do axit HA, phan li ra la (y), éu bd qua @ phan li ¢a nroc thi: HA, S

H + Ay

C-x X+y X
HA,, S H + Ay
C-y X+y y

Khayr = X. (X + Y)/(C-X);  Kiayz = Y.(X-y)/(C-y)
Théng throng thi x va y nb hon C fét nhiéu nén cé th bo qua ching bénaah
C, khido:

Khayr = X. X+ Y)/IC; Kiayz = Y.(X-y)/C
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KHayl + KHAy2 = (X + y) (X + y)/C = (X+WC .
[H] = C.(Khayr + Kuay2 ) — [H'] = \/C.(KH,Ayl +KH,3V2} (2.11)

Vi du: Tinh pH @a dung dch gdm axit meta asenHAsO, c6 K, = 6.10"°
va axit xianhiric HCN c6 K, = 7.10%, biét nong do caa nbi axit trong ttng déu
bang 0,2M.

[H']=02(610+710%) = 10*® — pH=4;8.

Truong top 2: Nong do cac axit ¥p xi bang nhau nhng hing $ axit
khac nhau niu.

Vi ndng do cac axit ¥p xi nhau nén éngds [H'] do axit cé fing $ phan
li 16n hon phan li ra & I6n hon nhéu ndng d6 [H*] do axit c6 Bing $ phan li
nho phan li ra, vi 9y pH trong dung ith Fn hop nay trén tirc ¢ s3 bang pH
cua dung dch c6 fing £ phan li bn hon.

Vi du: Tinh pH d@a n hop axit CHCOOHO,1M ¢6 pleuscoon = 4,75 va

HCNO,1M c6 pKicn=9,21.

Trong dung éth € c6 cac caning sau:

CH:COOH &  H'+ CH,COO (@)
HCN S H'+CN (b)
HO S H+OH ©)

Vi néng do caa hai axit Bng nhau va ing $ axit cia CHCOOH 16n
hon hing $ axit cia HCN #t nhiéu (10" 1an), nén c6 th bo qua ong do H'
do can Bng (b) sinh ra sodi ndngdd H* do can Bng (a) sinh ra. Ninvay, trén
thuc t& pH aia tbn hop chinh 1a pH ¢a dung dch CH;COOH.

Trong trrdng hop nay c6 th tinh pH @a dung dch theo cong tirc (2.77):
pH =0,5. p|@H3COOH_ O,5|gCa\ =0,5.4,75 - O,5|gO,1 = 2,86

Truong hop 3: Hing $ axit aia hai axit ¥p xi nhau, nieng mng do
khac nhau nidu.

pH aia dung dch tBn hop trong terong hyp nay cé th duge xem nhr pH
cua dung dch axit c6 Angdo 16n hon.

2.2.9. pH d@a céac dung ¢ch da axit vada baa

Khi hoa tan mt da axit vao réc thi nd phan li theo néu ric va mdi nac
cho ndt proton,dic treng i mot hing $ axit trong ung. Béi véi cac axit
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thuong gip thi hing £ axit ting rﬁ'c khac nha,uért nhiéu, hing $ axit aia ric
thar nhat thuong lon hon rat nhicu hang $ axit rac saudo.
Vi du: - Phrong trinh phan li¢a H,CO; < la:
H,CO; 5 H' + HCQy véi hing $ axit K, = 1054
HCO; S H' + CQ¥ i hing $ axit K, = 103
Ta thiy: Ki/K, = 10°910%%° = 10
- HPO, phan li theo bajt c6 3 Bing $ axit trongthg c6 cac gia
tri 1a pKy = 2,12; pk = 7,21; pk = 12,36. NIx vay d6i véi axit nay, cac iing $

phan li tede bao g ciing I6n hon hing $ phan li ngay sau n6 khog 100
nghin An.

Déi véi cacda axit cd cac ing $ axit khac nhauat nhiéu, do \ay khi
tinh pH @a dung dch thi cé th bo quadugc ar phan li @a cac Ac sau, chké
t6i su phan li @a cac Ac the nhit, tec 1a pH @a bt don axit, hdic 1a pH @a
hon hop don axit c6 Bng do bang nhau nhing c6 king $ phan li khac nhau.

Vi du: Tinh pH @a dung déch HS 0,025M. Bét K; = 5,7.10° va K, =
1,2. 10%.

Nhu vay K; >> K, hang tréu lan, nén khi tinh pH1ia dung dch ta c6 th
bo qua & phan li dia cac Ac hai va gu bo qua & phan li ga nrac thi co the
tinh pH theo céng tt tinh pH @adon axit yeu.

H,S S H' +HS

JKC =/K,C =+/5710° 25102 =10"*** => pH = 443

[H1=

Ngudi ta ding xét trong tr v6i cadcda bao. Anion aia cacda axit c ti
coi nhr cacda bawo. Thi duion S (N&S) ¢ tk¢ coi nhr mot da baz bsi vi n6
c6 thé nhan lan luot tirng protondé tao thanh axit theo ptong trinh sau:

S +H S HA
HS + HS H.S

Néu biét duoc cac ling $ cia caada axit thi ¢ th tinh duoc cac ing $
cua caada baw lién hop voi chang.

Cu thé: Hing 9 K, cia & = 10"/K/HS = 10'Y1,2.10°
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Néu nhr da axit c6 ling $ axit khac nhau nBi thi cacda baz twong
rng ding c6 ting $ baay khac nhau nu va vic tinh toan pH ¢a cac dung
dich da baz ciing cH tinh ©i sy phan li @a ric the nhat ma thdi, nlx vay viéc
tinh pH ding tién hanh tong tr nhr tinh pH @a ndt don baa yéu, khi nay
dung cong thc: [OH] = /K,.C va pH =14 - pOH
2.3. DUNG DICH PEM

Trong thrc tién phan tich, nu phin tng phan tich chxay ra 6i vu &
nhitng méi teong pH nhit dinh. Khi naydé tao méi teong pH xaadinh, ngroi
ta gr dung mdt loai dung dch dugc goi la dung dch @ém.

2.3.1. Khai niém

Dung dch dém la dung ith Hn hop axit yeu va baw lién hop cia néd
hoic dung dch Hn hop bazy yéu va axit lién kp caa né. Niieng dung dch nay
giit dugc pH6n dinh hdic hau nhr khéngdéi khi thém ndt luong nho axit manh
hoac baz hoac khi pha loang.

Gia ti pH aia dung dchdém duoc tinh theo céng tit (2.9):

[He]=k. 22 hay pH = pK—Ig(GV/Cs)

B
Trongdé: K, 1a hing $ axit, Gy va G la mong do caa cac dng axit va baa cua
dung dch Hn hop dém.

T cdng thic trén ta ang thiy rang pH @a cac dung idh bn hop dém
phu thuoc vao kin chit caa ton hop ( théng qua dng $ K, ) va rong do cia 2
dang (théng quaité CA/Cg).
2.3.2.Dém nang (kha nang dém cia dung dich dém)

Pém ning la khai ném dugc ar dung dé biéu thi kha ning aia dung dch
dém chdng lai sy thayddi pH khi thém axit mnh haic bazy manh vao, ky héu
bang chi p.

C6 th dinh ngha dém ning nhr sau:Pém ning aia Mot dung dch dém
bang $ mol cia mbt bazy manh ( hdic mbt axit manh ) thém vao 1 lit dungich
dém do6 dé pH aia né ing 1én ( héc giamdi ) 1 don vi.

Ciing co t¢ dinh nghiadém ning aia mdt dung dch dém mot cach chinh
Xac dréi dang phrong trinh vi phan nin sau:

B = d(b)/d(pH) = - d(a)/ d(pH)
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trongdé d(a) , d(b)dn lugt 14 $ mol bazy manh hdic mjt axit manh thém vao 1
lit dung dch dém d6 d¢é pH aia né &ing 1én ( hdc giam di ) mot lugng kbing
d(pH).

Ciing tr cong thirc dinh ngha, ngroi ta thét 1ap dugc cdng thirc tinhdém
nang cho nét dung dch dém c6 ngdo C, va G 1a:

p=2303. G.Cs/(Ca+G)

Déi vai mot dung deh dém xéacdinh, réu tong G, + Gs = C & khongioi

thi kha ningdém lén nhit 1a khi G, = G = C/2. Hay:
Brax = 0,576.C

2.3.3. Céch pha ch chuin bi dung dich dém

Trong phan tickiinh tinh éing nhr phan tichdinh lrong, nkHit 1a trong
cac phrong phap chin d6 complexon ( chin d6 tao phic ), throng xuyén phi
st dung dung dch Hn hop dém dé tao méi trdong pH xaadinh. Khi nay ta phi
pha cl¢ cac dung th dém c6 pH theo yéuan, theo nguyénit sau:

- Lya chon céc 16n hop co pK, gan Vi gia tri pH yéu du.

- Tinh 1 sd ndng do Ca, Cs ciia 2 ding @én ¢ trong dung idh dém yéu
cau theo béu thac:

19(Ca/Cg) = pKa— pH

Véi 1 gia ti nhit dinh aia Gy (haic Gs ) tur lva chon, tinh ng d6 cia G
(haic Ca ) con hi. Saudd dra vao ti tich aia dung dch dém cin pha ma ta
tinh toan trgng can nguyén éh hay tf¢ tich dung éth dau cia cac thanh gim
can lay cho tté tich aia dung dch dém cin pha ch.
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Chwong 3. CAN BANG OXYHOA-KH U

3.1. CACPINH NGHIA
Phin tng oxyho6a-kk la phin ing trongdd cé & cho hac nhan electron.
Chit oxyhoa la cht c6 khi ning nHin electron.
Chat khir 1a chit cé khi ning cho electron.

MJdi chat oxyhda sau khi rim electron & bién thanh cht khe, goi la chat
khir lién hop Vv6i nd; Mdi chat khir, sau khi nixdng electron & bién thanh cht
oxyhoa @i 1a chit oxi héa lién kp voi nd; chang ta ¢i 1a cip oxyhda-kl lién
hop Ox/Kh. Trong mt cip oxyhoa-kl¥ lién hop, néu chit oxyhoa cang anh
thi chit khir cang $u va ngroc lai.

Vi du: lon Cé* sau khi nn mot electron & bién thanh ion C¥ goi la
chét khir lién hop aia ion C&*. Cip Cé*/Ce* goi la cip oxyhoa-kli lién hop.

cé€'+e — Cé&°

Mai cap oxyhoa ki lién hop c6 the biéu dién bing ke thuc:

Ox + ne —» Kh (2.1)

Electron khdngdn tai ¢ trang thai tr do, nén it chit chi thé hién tinh
oxyhoa hay tinh kinkhi cé nét chit cé khi ning cho hay nén electron @a chit
ay. Phan tng oxyhda-kix 1a phin tng co & trao doi electron gira cac cht
oxyhoa va cht khi.

Qua trinh nhn electron aa cHit oxyhda @i la qua trinh kir; Qué trinh
nheong electron @a cHit khir goi 1& qué trinh oxyhéa. & phan tng oxyhoda-
khir bao @m 2 qua trinh hay haii@ phin @ng va ngeoi ta quyudc khi viét nira
phan &ng thi vt cho qua trinh kin ( theo plrong trinh 2.1).

3.2.PIEN THE OXYHOA-KH U

3.2.1.Pién thé oxyhda-khir. Cong thirc Nernst
Mot chit nhan electron cangd&thi tinh oxyhoda cang anh va ngroc lai,

moét chit nhudng electron cangédthi tinh khir cdng manh. Pai lvong dic trung
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cho khi nang nhin haic nhrong electron latién thé oxyhda-khir Eoyxn duoc
tinh theo céng tinc Nernst:

RT, %ox
E = P +——1In
Ox/Kh Ox/Kh Y= akh

(2.2)

E°owkn duoc goi la dién thé oxyhda-khir chuén, ladai lwong dic treng ban
chit caa cac cht oxyhoa-khir . Vi vay cé thé dua vaodién thé oxyhoa - ki
chuan cia cac &p oxyhoa-kli lién hop dé so sanhweong do cua cHit oxyhod va
chat khir cia cip.

Nhu vay kha ning ntin haic nhrong electron ga cac cht phy thujc vao
ban chit caa cHit d6 va phi thuoc vao @ng dé caa cac dng oxyhda va ki
trong phin tng.

Pién thé oxyhda-khir cua cip cang én thi cac cht oxyhod éa cip cang
manh va clt khir cia cip cang {u.

Céng thirc 2.2 chi biéu dién cho rira phin tng oxyhoda-kir hay cho qua
trinh khr, néu biéu dién cho plan tng oxyhoéa-kir tong quat 8 cé cing:

_ RT, “AA..
Ene = E? +—In——1 2~ 2.3
h_ h + nF n ant Bl.anz Bz ( )
Cho phan tng nA1+ mA+ ... = npB;+ B, +... (2.4)

Néu thay cac iing £ R = 8,314J.K mol'"; F = 96.500C.mal; T = 298K va
chuyén sang logarit thp phan thi cong ttc Nernst c6 ang :

E. = g +o,059|g TATA,.L
v h nl n2
n @B B,..

Trong hai &p oxyhoa kit lién hop, réu dién thé caa cip thir nhat 16n hon
dién thé cap the hai thi clit oxi ho& @a cip thr nhat manh hon chit oxy hoa éa
cap thir hai va ngoc lai, chit khir cua cip thir hai manh hon chit khir caa cip
thi nhat. Phin ang khidy s3 xay ra theo chiu chit oxyhod @a cip thir nhit tac
dung i chat khtr cua cip the hai.
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3.2.2.Pién thé oxyhda-khir chuin

E°wkn duoc goi 1a dién thé oxyhoa-khir chuin, 1a dai lwgng dic trung
ban chit cia cac cht. Tuy nhién ngoi ta khdng té xacdinh tc tiép gia ti caa
nd ma ch co tré xacdinh gian tép bing cach so sanhéimot dién arc khac.
Khi nay sr dung dién arc so sanh Idién arc tiéu chdn hidro cédién thé dugc
quy uéc bang 0,0V. Sauiay la gia tr dién thé oxyhoa-khir chiin cia mt
chéat hay st dung trong phan tich:

Dang oxyhoéa ng khr S5 e traodoi E°(V)
MnO, + 8H' Mn®" + 4H,0 5 1,51

PbGl + 4H" P + 2H,0 2 1,46
ce* ce” 1 1,44
Cr,0;” + 14H' 2Cr" + TH,0 6 1,33
Cly1 2CI 2 1,31
0, + 4H' 2H,0 4 1,23
Br, (I6ng) 2Br 2 1,09
NOs + 4H NOt +2H,0 3 0,96
NO; + 3H' HNO; + H,0 2 0.94
NO; + 2H" NO,t + H,0 1 08

Ag’ Ag 1 0,8

Fe'r Fe' 1 0.77
cu” Cul > 0.34
cu” Cu' 1 017
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2H" Hot 2 0,00
Pb” -0,14
Fe Fel 2 0,44
Na" Nau 1 2.7
Li Lil 1 3,03

3.2.3. CAC YEU TO ANH HUONG PEN PIEN THE OXYHOA-KH U
CHUAN. PIEN THE OXYHOA-KH U CHUAN PIEU KI EN

Khi xacdinhdién thé oxyhda-khir chuin E’oykn, CAC dng oxyhod va ki
chi tham gia vao qué trinh tr@di electron va fng do ion H' trong dung ith 1a
1mol/l. Trong thrc t, dang oxyhoa va ghg khr cua cip oxy hoa-kit lién hop
thudng tham gia vao ritng phin tng khac i cac thanh pin cé tie co trong
dung dch nhr phan ang axit - baz, phan tng tio phrc, phin tng tio két taa...
Khi nay dé dic treng chinh xac chouwwng do caa ching ngoi ta dung khai
niém thé oxyhoa-klir chuén diéu kién, gia ti cua thé nayduoc tinh trong ing

diéu kién au thé.
a. Anh hrong aia phin ung o két taa.

Vi du: Tinh tH oxyhoa-ktir chuén diéu kién cia cip CU/Cu’ khi c6 dr
ion I két taa Wi Cu* thanh Cul. Bt tich $ tan T, = 10 dién thé chuin cia
cip CU¥*/Cu’ 1a +0,17V.

b. Anh hréng aia phin tng o phic.

Vi du: Tinh th oxyhoa-khir chuén diéu kién cia cip F€*/F€** trong dung
dich ¢6 dr floruadé tao phic FeR® ¢6 hing $ bén tong dng B, ¢ = vadién thé
chuin caa cip F€/Fe* 1a + 0,77V.

c. Anh hréng aia méi trong pH

25



Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com

Vi du: Tinh thé oxyhod-kfir chudn diéu kién caa cip AsQ,*/AsO;> trong
moi truong NaHCQ c6 pH = 8. Bt thé chuin B cua cip nayo pH = 0 1a +
0,57V.

3.3. PIEN THE OXI HOA-KH U CUA DUNG DICH HON HQP CHAT
OXYHOA VA CH AT KHU LIEN H QP
Thé oxyhoa-khir caa dung dch mbt cip chit oxi hoda va cht khir lién hop,
thi du Fe"'/Fe?*; CE'/CE™ ... thaydébi rét it khi thém clit oxyhoa hac chit khu.
Vi vay, dung dch laai nay duoc goi 1a dung dch dém thé, trong tr nhur goi
dung dch aia cip axit y¥u va baw lién hyp caa n6 1a dung ith dém pH.
Vi du: Thé oxyhod - ki cia dung dch Hon hop FE*/Fe* khi ndng do
mdi ion bang 1M 1a:
E =+ 0,77 + 0,059.1g(1/1) = + 0,77V
Néu thém vao i lit dung dch d6 0,1mol Ce(SQ), va SO, S xay ra
phan tng:
Ceé" + Fé" =Cée" + Fe"
Nong do ion FE€* s3 giam di va nbng do ion FE™ tang 1én
[FE*]1=1-0,1=0,9mol/l
[F€*1=1+0,1=1,1mol/l
Va thé caa dung déch < 1a
E = 0,77 + 0,059.Ig(1,1/0,9) = + 0,775V.
3.4. HANG SO CAN BANG CUA PHAN UNG OXYHOA-KH U
Khi can king aia phin ang oxi hoa - kir duoc thiép lap, ke co:
AGr =-n.FAE=0
ngha la ti¢ caa hai @p tham gia phn tng oxi héa - ki bing nhau.
Dya vao ndi lién hé:
AG°= -R.T.InNK = -n.RAE°
ta tinhdugc B dang ing $ can lBing aia cac phn ung oxi héa - kir khi biét

thé chuin cia cac ap.
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RT

—InK =AE°
nF
AE° n
ha lgK =
y 9 0,059

Véi: - AE® 1a thé oxyhod-kfir chuin cia phin ung = th oxyhoa-klir
chuan cia chit oxi héa - t oxyhoa-khir chuin caa chit khir .

- n 12 & electron traa@di trong phin tng

3.5. CAC YEU TO ANH HUONG PEN TOC PQ CUA PHAN UNG OXI
HOA-KHU

Van tbc phan tng hoa bc phy thusc vao céac §u to: ndng do chit tham
gia phin tng; nhit d6 xay ra phin tng va xic tac theo cac nguyéit oy thé.
Ngoai ra trong thc tién phan tich, cacéy t anh hrong dén toc do cac pln
rng oxyhoda-kk s dung trong phan tich étich duoc khao sat ét k§ va throng
liét ké nhr nhitng kinh nghém ou thé.

3.5.1.Anh hwéng dia nhiét d

Céc phin ting oxyhoa-kir s dung trong phép chin d6 cua phan tich th
tich throng duoc chpn dé xay ra nhanh ngay nhiét d6 thuong aia phong thi
nghiém, tuy nhién cé ning phin ang khong té thay tk duoc va hi doi hoi
nhiét d6 nhat dinh thi chang taan phai luu y dé tuan thi quy trinh phan tickié

dat d6 chinh xac cao.

Vi du: Trong phrong phép théic tim sr dung dung dch chudin KMnO,,
tuy nhién KMnQ khéng phi 1a chit chuin gbc nén khi pha c¢hdung dch
chuain KMnO, cé rong d6 gan dung theo yéuau, sau khidé mot thoi gian cho
dung dch 6n dinh, chiing ta phi chuan héadé xacdinh chinh xac éng do cua
dung dch chudin KMnO, bing dung dch chuin goc H,C,O,, phin tthg »ay ra
nhu sau:

2KMnQ, +5H,C,0, + 4H,SO, — 2MnSQ, + K,SO, +10CQ, + 4H,0
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Phan ttng nays nhiét do thuong xay ra clim nén ta throng dun néngdé
phin ang Xy ra nhanh, tuy nhién nfido khéngdugc quéa caaié tranh axit
H,C,0, bi phan fay, tot nht 14 & nhiét d6 khaang 70 + 86C. Khi chuin d6 chd
y diém cui chuan do 1a khi dung dch c6 mau pét hdng kn, hdic c6 tte kiém
tra xem pln @ng d& xay ra hoan toan eta hing cachdit binh néndang chén
d6 l1én kp dén @n, réu thly mat mau clirng © do nhét do thap, phan tng chra
kip xay ra, ta tép tuc chuin do dén khi dung dch c6 mau pét hdng kEn.
3.5.2.Anh hwéng cia méi truong pH

Trong ndt sd qué trinh chén do xay ra trong moi trong cé pH xaatinh
thi viéc tao va gir mdi treong cé pHon dinh ding At quan tong. Vi di trong
phuong phap théc tim, viéc xacdinh diém cubi chuan d6 1a dra vaodic diém
mau @a 2 dng MnQ, /Mn?*, khi phin tng xay ra hoan toan,w 1 giot dung
dich chudin KMnO; thi dung dch $ ¢6 mau pht hdng, do dng khr Mn®* khong
mau (theo pimn tng a ). Tuy nhién éu méi tirong axit khdngda manh thi
MnO, bi khir vé oxyt MnQ, c6 mau nawen, §€ anh hrong dén viéc nhin ra
diém cui chudn do (theo plan tng b)

MnO; + 5e + 88 — Mn* +4H,0 (a)
MnO; + 3e + 4H — MnO, +2H,0 (b)

Vay trong qua trinh chim d6 nay nén dung SO, vé6i luong phi lop dé

tao moi trong axit manh.
3.5.3.Anh hwéng cia phan wng cim &ng

Phin tng éim tng 1a ptn tng mag diéu kién binh throng thi »y ra fét
cham haic hiu nhr khéng »y ra, nhing tc dé cua ndduoc ting 18n At nhidu
khi co khi c6 nét phan itng nhanh khacay ra. Vi di phan tng:

2MnO; + 10Cl +8H — 2Mr** +5ChL +4H0 (@)

& diéu kien binh throng hiu nhr khéng >y ra, nhrng réu cé pln ang:
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MnO; + 5Fé" +8H — Mn?" + 5F&* + 4H,0 (b)
Thi phin tng nay (a) & xay ra manh, nén phn tng (a)duoc goi la phan tng
cam tng aia (b). Lrgng Cb sinh rag phan tng (a) ¢ing oxyhéadugc FE* theo
phan tng:
Cl, + 2Fé" — 2F€" + 2CI
Nén c6 tié din dén sai $ cho qua trinh chn db.

Oxy ¢6 trong khéng khitmg c6 kh ning tham gia @t s6 phan tng Gim
rng vaday |4 nguy&n nhan gay ra séi ki tién hanh phan tich céc ithbing
phan tng oxyhoa-ki.

Ciing cén cha y &ng chéu cia phin tng va tinh cht triét dé caa phin
rng oxyhoda-kkr phu thusc vao du va hgu s dién thé caa 2 ép, nhrng van toc
cia phin tng oxyhoa-kir khéng ph thusc vao héu s dién thé. Vi du nhe phan
rng oxy hoa khi hydréng Wi hiéu s dién thé tiéu chiin rat I6n 1a 1.23V, tuy
nhiéng nhiét d6 thuong tién hanh ¥i mot van t6c nhd, khdngdo duoc. Tréi bi
su oxy héa F& bing oxy @ia khong khi tuy c6 Bu $ dién thé nho hon 0.46V

nhung ki tién trién nhanh bin rit nhiéu.

29



Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com

CHUONG 4. CAN BANG TAO KET TUA
4.1.PIEU KIEN TAO THANH K ET TUA - TICH SO TAN
4.1.1. Tich  tan

Khi thém dung gth natri clorua NaCl vao dundath bac nitrat thi ion Ag
sé tac ding Wi CI tao thanh AgCl it tan tach ra &hdung dch.

AgNO; + NaCL — AgCl] + NaNQ

Céc ion N& va NO; khéng tham gia pim tng Kt taa nén ¥n con hi
trong dung éth. Phrong trinh vét dudi dang ion nhr sau:

Ag" + NO; + Na + CI — AgCI| + Na + NO;
Do d6 ngroi ta throng ch viét dudi dang rat gn:
Ag” + CI — AgCl,

Xét dung dch b&o hoata Kt tia AgCl nim can Bing Wi cac ion @a no,
ta co:

Tagal = [Ag'].[CI]

goi la tich $ tan @ma AgCl, ladai luong dic treng cho Kt tua AgCl, 1a tich 8

nong do cia cac ion trong dungich b&o hoaia AgClé mot nhiét @6 xacdinh

Truong hop tong quatddi vai két taa c6 cong the 1a AB, thi tich $ tan

TAmBn = [A]m[B]n
Ngudi ta xacdinh tich $ tan cho 4t ca cac Kt taa(chit dién li kho tan)o
diéu kién tiéu chidn rdi liét ké vao céc dng tra, vao & tay hda hc. Tich $ tan
cang nid thi két taa cang kho tan.
Vi du: - Tich $ tan @ia chit dién li it tan Agl l1a 8,3.18 ngha la
|Ag* |1 -|= 8310™" khi dung dch bdo hoa Agl.
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- Tich & tan @a cHit dién li it tan Ba(PQy), bing 6,3. 1G° nghia
la [Ba> ' [Po,?[" = 60310 khi dung dch bao hoa BAPO,),

Chinh x&c bin, ching ta pdi thay cac gia irnong do biang gia ti hoat do.
4.1.2. Tich $ tan. Quy tic tich % tan

Xét qua trinhdo két tia AB,: mMA + nB — A.B,

Khi [A]"[B]" < Tamen dung dch & trang thai nay gi la dung dch chra
bao hoa, & taa chra to thanh.

Khi [A]"[B]" = Tamen goi la thi dung dch b&o hoa, noi cach khabeido
hoa tan bng e do két taa.

Khi [A]"[B]" > Tamsn A va B € hoa hyp v6i nhaudé tao thanh AB, cho
dén khi dat trang thai can bng, trc |a tung thai @a dung dch bao hoalA"[B]"
= Taman . DAy ding chinh 1adiéu kién tao thanh Kt taa, con gi la quy fic tich $
tan

Quy tic tich $ tanduoc phéi béu 1a: Piéu kién tzo thanh Kt tia cia chit
dién li it tan 14 tich 8 nong dé cia cac ion &o nén clat dién i it tando ((wi s6
mii thich fvp ) lén hon tich $ tan aia chit dién li it tan do.

Qua trinh 40 thanh v&n dinh Két tua At phic tap, bao §m nhiéu giai
doan, hi anh hrong ki nhiéu yéu 6, ching ta&nghién éu ky hon ¢ phan sau.
4.1.3. QUAN HE GITUA PO TAN VA TICH S O TAN.

D6 tan @a mdt chit 1a khai ném cho ta bt kha nang tan éa cHit d6
trong dung mdi niit dinh. Throng ky hiu bing chr S

Nguoi ta throng béu dién d6 tan king $ gam clat tan c6 trong 1009
dung méi éa dung déch b&o hoa hiw 5 gam clt tan c6 trong 100g dungah

b&o hoa.
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Tich $ tan nhr d& biét, 14 tich § nong do cac ion trong dungidh bao
hoa. Tich & tan 14 ing $ phu thudc vao Bng do ion, ch phy thubc vao nhét
d6, condo tan phu thuoc vao nhéu yéu t6 khac.
Do tan va tich & tandéu 1a cacdai luong dic trung cho dung ith bao

hoa nén co thtinh tich é tan tr d6 tan hdic ngroc lai. Quan & giira do tan va

tich $ tan @a Kt taa A,B,, nhe sau:

TAm By

S=m+n —
m™.n

Vi du 1: Tinh d¢ tan dia Ca(PQy), trong nréc biét Teaspoaz= 10°%°
Ca(PO), & 3C&' + 2PQ*

T, (PO,), =[ca* [[Po.[

Goi dotan ciandlaSthi: |ca|=3s va|ro|=2.S
Vay: Te (PO, = (35)°.(29) =3 22.5°
S=s TCa3 (PG,), —s 107%°
32’ 32’
S=1310"M

Vi du 2: Tinh tich $ tan @a Mg(OH) ¢ 20°C biét ring 100ml dung ith
bao hoay nhiét d6 nay chira 0,84mg Mg(OH)

Mg(OH), S Mg* +20H"

Tugory = Mg JloH
Do tan cia Mg(OH), bang : 0,84.10/1000.58=1,4.1anol/!
Nhuthé  [Mg®|=1,4.10" mol/l.

loH"| =2.1,4.1¢ =2,8.10" mol/l.
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Vay: Tugony2 = 1,4.10°.(2,8.10" y* = 1,1.10"

4.2. CAC YEU TO HUONG PEN PQ TAN CUA KET TUA

Do tan va tich & tandéu 1a cacdai lugng dic trang cho Kt taa, do tan
cang nid thi két taa cang kho tan, ph tng phan tich & ra cang hoan toan.
Tuy nhiéndé tan ¢ia Kt taa ngoai véc phy thuoc vao lin chit caa Kt taa con
phu thupc vao céac §u t khac nlr sr c6 mit cua cac ion; mdi rong pH, do cac
ion nay c6 th tac ding Wi ion két taa dodé anh hrong i d6 tan @a két taa.
Sauday ching ta xét i1 s yéu t6 anh hrong,

4.2.1.Anh huéng aia ion chung

lon chung con @ |a ion cung tén, la ion cé #htrong thanh pin cia két
taa. Sr cO mit cua ion cung tén trong dungath bdo hoaia Kt taa lam chodd
tan giam. Boi vi theo quy ldt tich tan thi tich&ndng do cua cac ion aa kKt tua
trong dung ith bdo hoa luén ludn ladhhing $ & nhiét do nhit dinh. Néu
nong do caa bt trong cac ioning thi rong do caa cac ion kia phi giam. Ta

xem xet @ thé trong vi di sau:

Vi du: Tinhdo tan dia BaSQ trong dung ¢th NaSQ, 0,01M va so sanh

Vi do tan @a no trong néc. Biét T, =1,1.107°.

50,
Do tan @ia BaSQ trong nréc nguyén cht la: S =J1,1.10™ =1,05.10°M
Trong dung éth NaSO, 0,01M: rng do ion B&" bing d6 tan S éa

BaSQ con rong do cia ion SQ* bang tHng mng dé cia SQ* do BaSQ va

Na,SQ, phan ly ra.

[SO%]1=S +1,01
Vi do tan @a BaSQ rat bé, khi c6 NgSO, lai cang bé bn nén S do
BaSQ phan ly ra khéngang K, vay co tté coi [SQ] = 0,01.
VAY: Tousq = S(S+00) = 001S= 1110 ; S =1,1.18mol/lit.
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Nhue vay do tan @ia BaSQ trong NaSQO, 0,01M ni® hon trong mréc
nguyén cht:

1,05.107
L1.107°

=950 lan

Tir do ta thiy do tan dia chit it tan b giam di khi thém vao dungidh aia
no cHit dién ly ndodé co ion cuing tén (ion chungivehit it tan.Diéu nayduoc
ng ding trong thrc tién phan tich nix sau:

- Trong plrong phap phan tich Khluong, khi thrc hién phan tng o két
taa chit cin phan tich ing mbt thuc thir két tua nHit dinh, ngroi ta phii thém
du lwong thibe thir két tua.

- Khi loc, nra dé thu Kt taa, ta nénira bing nréc cit cé thém mit luong
ion cung lai dé 1am giam d6 tan @a két taa, tranh cho & tua tan trong aoc

rita & dan dén sai $.
4.2.2.Anh huéng aia ion la

lon la con @i la ion la 1& ion khdng cé @t trong thanh pin aia két taa.
Sy c6 mit caa ion cung tén tronguthg dch bdo hoai@ kKt taa lam chodo tan
cua kKt taa ting 18n. CAc ional lam ting do tan cu két tua vi € lam &ing lyc ion
cia dung dch, nghia 1a 1am gim hé sb hoat @6 f trong béu thic tich $ tan, do
d6 ndbng do ion aia ket taa € tang, anh hrang nay con gi 1a hiéutng mwi. Ta
xem xet @ thé trong vi di sau:

Vi du: Tinhdo tan @ia Kt taa AgCl trong dung ith KNO; 0,1M

Néu tinhdén he s5 hoat d9: Tage = S~

T 1
S=.— =-—(0,1+0,1)=-0,1

1gf =29V0L _ 688 . £=076

1+4/0,1

Vay d6 tan @ia AgCl trong méc nguyén cht 1a: 1,05.10 vado tan aa

1,4.107

AgCI trong KNQ; 0,1M Ién hon trong nréc nguyén cht: 105.10°

1,33 1an.
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Tir d6 ta thy do tan @a chit dién |i it tan ting 1én khi thém vao dungch
cia no clat dién ly naodo co ion cung tén (ion cungaio) véi chat it tan.biéu
nay ding duoc tng ding trong plrong phap phan tich Khluong nhr sau: Sau
khi thuc hién phan ung o két taa chit can phan tich ing mdt thubc thir két taa
nht dinh, ngroi ta khéng bc ngay maié mot thoi gian nhit dinh dé 1am “mubi”
két taa, ngha la ar && nguyén Kt tua trong dung ith, ddng thyi cé thé thém
chét dién li chira ion khac lai, khi nay céc kt taa tinh tté hat nho c6 th tan ra,
nheng doda thha man quyic tich $ tan nén & lai tao thanh Kt taa, cac Kt taa
tao thanh & co hat to hon, $ &€ loc, nra va it nhdm ban hon. Ging én chd y

rang sr lam muwi két taa cH &ap ding cho lai két taa tinh tte.
4.2.3Anh hwéng ciaa ion H

D6 tan d¢ia két taa to thanh Bi cac ion kim lai véi anion @a ¢ic axit
manh nhr AgCl, Agl, BaSQ ... ndi chung it thagéi khi pH caa dung dch thay
d6i. Nhung ddi véi cac Kt taa 1a mwbi cua axit ¥u nhr BaCQ, NiS, FeS... thi
tan trong dungigh axit.

Néu cé Kt tia MA, ma A la gdc aia axit y¥u thi trong dung igh c6 can
bang:

MA, = M™ +nA (@)
Va nA" +nH* = nHA (b)

Néu goi d6 tan aia két tia MA, 1a S thi:

s=|m™] nS=|A |+[HA]
Tu (b) ta co: K, :UL]A_ ja
[HA|
7K [HA] K, (ns-|A)
=T
[A‘]- K,nS

35



Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com

S TR Pt

Kyt+|H”

Rut ra S=ns T (1+Mj

an
n K,

Vi du : Tinhdé tan @ia Cak; trong HCI 0,01M Au Kye = 6.10° va Tearo=
4.10™

Vi |H*|=10" nén S:31/% 10™ = 2910M, 8 rang trong HCI 0,01 M thi

Cak tan dip 10 bn trong nréc cit. néu anion éa két tua 1a dic caa mbt da axit
thi:

Khi A™: Szn\%l{1+[H+]+[H+]2+ [H+]3 ]n Vav.v...
n" K, K.K, K.K,K,

4.2.4.Cacanh hwong khac

Ngoai rado tan dia mdt chit con phu thusc vao nhét do, kich thrée aia
hat két taa... NHing Kt taa cé ht nho thi tan nhéu hon nhiing Két taa co6 fat
lon.

Thuong Kt taa khdng th tach ra¢ dang tinh khét ma throng cé kém
theo tp chit c6 Bn trong dung @th. Khi tap chit két tua ddng thoi véi két tua
chinh thi @i 1& hién twrong @ng Két, tap chit két tua trén bén it két taa chinh
goi 1a hién trong @ng kKt ngoai hdc nim trong long Kt taa goi 1a hién trong
cong Kt trong. Khi nay phi c6 bién phap thich ép dé loai bo haic 1am gim
dén mac thap nhit luong tap chit.

4.3. Két tia phandoan

Néu trong dung tth c6 clira hai hay nkéiu ion c6 ki ning to thanh Kt
ta V5i mot ion thr ba, nleng cac Kt taa dé cddd tan khac nhau néi, thi khi
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thém ion tir ba vao dung idh, cac Kt taa ln lrot tao thanh. Hén twong d6

duoc goi 1a ar két taa phandoan, c6 y ngite quan tsng trong héa phan tich.
Vi du: Néu thém dung th AgNGQ; vao dung éth chra hai mii clorua
Cl' va iadua I, khi codu Ag® thi dau tién trén Agl Kt taa, Kt taa nay c6 tich&
tan Ty = 10" khi Agl két tia hoan toan thi AgClab dau két taa, Kt tua nay
c6 tich $ tan Taye = 10™° . DAy chinh 1a Hin trong két tia phandoan. Ta co
thé giai thich hén twong dé nhr sau:
Khi ca hai mwi AgCl va Agl ciing Kt taa trong dung gth thi ta co:
|Ag*|lci|= T,y =107 (1)
[Ag* || 7]=T,, =107 2)
Chia @& hai \é cia (1), (2) cho nhau ta co:
[ci]/[i-]=10% 107 =10°

C6 ngha la khi ion Clcon hi trong dung éch tham giado két taa AgCl
thi nbng do ion I trong dung ith cH con Bing mbt phan triéu nbng do caa ion
CI. Nhu thé khi AgCl bit dau két taa thi iatua thrc € d& Két taa hoan toan.
4.4, Két tia keo

C6 nhéu tredng hop mic du tich 8 ion d8 wrot qué tich & tan nhing két
taa khong 4o thanh vaing xubng ma #o thanh mt dung dch gom nhing hat
nho lo lrng trong dung th, dung ich dé goi la dung dch keo. Dung ith keo
khac i dung dch thrc 1a ndduc duedi &nh sdng pin chiéu. Cac lat keo c6
kich thréc lon hon cac phanit dung méi it nhiéu va ching cé khning khiéch
tan anh sang (phéan tan cac tia sang). Tayy kich theéc aia cac hat keo kha
nho nén né tieang lot qua giy loc.

Nguyén nhan & tua ¢ trang thai keo thong duoc giai thich 1a do cac 4t
két taa tichdién. Thi di, néu thém dr AgNO; vao NaCl thi cac ¢t két taa AgCl
& hdp thu cac ion Ag nén céc fit két tia tichdién drong ([Agcl] Ag,) },
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chingday nhau va cacdt két taa khong th két hop véi nhaudé I6n 1én va fing
xubng dugc. Mudn cho AgCl bn 1én va fing xubng thi phii trung hoa bt dién
tich drong king ion NQ dé cac ft tré nén trung hodién va co th két hop Voi
nhau trc 1a c6 tit déng 1 lai va ling xwdng, dung ith to nén trong sb.

Ciing c6 tié lamdéng u keo king cach 8 dung keo khac L, ching han
nhe @& 1am déng 1 keo am HSIO; nguoi ta thém va keowbng galatin.

Khi rira Két tua keo, cht dién phan dung landéng u keo b loat bot mot
phan, Kkét taa co tie tro lai trang thai keo, Hin trong nay @i la sr tai keo.Dé
tranh hén trong do khi nra két taa keo throng chlon dung deh cHit dién li thich
hop dé rira Két tua.
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Chwong 5. CAN BANG TAO HQP CHAT PHUC

5.1. Khai niém vé hep chat phirc

Phrc chit 1& nhing hpp chit phan & xac dinh, khi cac bp phin aia
chang Kt hop véi nhau § tao ra ion plicc, cé ki nang ©n tai trong dung dth
ciing nhr trong tinh tié. Chinh vi vy khi n6i dén phic chit, ngroi ta theong dé
cap dén ion phirc, diu tao caa mot ion phrc bao gm:

- Nhan trung tam, thong la ion kim lai mangdién tich drong, con @i la
ion trung tdm hay 4t tao phrc.

- Xung quanh ion trung tdm cé cac ion hay phatrang hoa &p xép mot
cach co quy lit, goi 1a cac pbi tu ( hay ligand )

- bién tich @ia ion phirc bing Hng dai sb dién tich drong aia ion trung tam
vadién tich a@ia cac phi tu.

lon phirc conduoc goi la ciu moi, sb phdi tir co trong &u ndi goi 1a 5 phdi
tri cia phirc chit, 5 16n nhit cac pldi tir goi 1a & phdi tri cuc dai, phu thupc vao
ban chit caa ion trung tam. Liénd trong roi cau theong 1a lién Kt cong hoa
tri, phbi tri hay lién Kt hidré.

lon bén ngoai lién  véi ion phic goi 1a ciu ngai, lién két gitta cGiu i
va cu ngai la lién Kt ion. Do \ay, trong dung ith, hop chit phirc coi nhr
phan ly hoan toan thanfwc ngai va ciu moi ( ion phic ), con & phan ly ¢a
ion phic tao ra ion trung tdm va phtu rat yéu, ar phan ly naydic treng chodo
bén aia phrc chit vadugc do bang hing $ bén cia phic chit.

Vi du: - Hop chit phac [Ag(NH3),]Cl tao bsi ion phic [Ag(NHs),]* va
ngaai cau la cac ion C) nhidu khi ta chi biéu dién la phirc chit [Ag(NHa3)2]" goi
tén la plirc diamino fac.

[Ag(NHa);]Cl — [Ag(NHa);]" + CI
[Ag(NH3)l|* S Ag™ + 2NH
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- Hop chit phrc (NH.)3Fe(SCN)] tao hsi ion phic
[Fe(SCN)]* va ngai ciu 1a cac ion NH', nhiéu khi ta ch biéu dién 1a phic
chéit [Fe(SCN}Y]* goi tén Ia plirc hexathioxyanuaig(l1l).
(NH,)s[Fe(SCN)] — [Fe(SCN)]* + 3NH,"
[Fe(SCN)]* S Fé' +6SCN

Can phan bit phic chit véi mudi kép. Khac vi phec chat, mubi kép
ciing ¢6 thanh pin phic tap, nhing trong dung @h chang phan ly du nhr
hoan toan thanh cac ialn gian.

Vi du: - Mudi Morh ~ (NH)Fe(SQ), — 2NH," + Fé* + 2SQ*

- Phén nhém  KAISH, — K' + AP + 2SQ*

Nhiing ion nlr SO, ClO;, NO; Cr,0;% tuy c6 thanh pin phic tap gin
gidng phrc chit nhung do phan ly qua bé nén khéngida ion phrc ma coi nix
cac iondon gian.

5.2. Phan lai cac phirc chit

Dya vao @u tao ta co tik chia phirc chit ra lam 2 lai: phac chit cong va
noi phc.

5.2.1. Phirc chat cong

Phic chit cong la nhirng hyp chit phic ma trong dung igh chdng phan ly
thanh céc ionfon gian va ion plic, trc 1& ngai cau va i cau coédién tich
nguoc diu nhau, Bi cau theong duoc viét trong ngéc vuong [ 1.

[CU(NH;),]CI — [Cu(NHg),]*" + 2Cl
i ciu ngei cau

Trong rdi cau (ion phirc) ion kim laai 1am nhan trung tamék hop Véi cac
phdi tir theo lién Kt phdi tri khéng to vong, cac pbi tir cé thé 1a phan & hay
anion vo o.

Phi tir 1a phan &, theong hay ¢p |1a hydrat hay améid haic phdi tu 1a
anion vé o nhu CI, F, SQ7, SO, CN, ...

[Cu(NHs),]*";  [AI(H0)]* ; [Fe(SCNY*
5.2.2. Noi phirc
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Noi phtc 1a nHrng phirc chit ma nhan trung tam Ia fthg ion kim lai két
hop VGi cac phdi tr 1a nhiing phan chit hitu co bing lién Kt phdi tri hay wra
bang lién Kt phi tri vira bing lién Kt hoa ti dé tao thanh Mt hay nhéu vong.

Céc bp chit noi phic cé ndt b dic tinhdic biét nhu: rat bén, c6 mau
sic dic treng khac i mau dia ion trung tam khi dang tr do it tan trong aéc
nheng tan nhdu trong dung mdi#u co. Chinh vi iy cac lp chit nayduoc sr
dung it rong rai trong phan tictiinh tinh ¢ing nhr phan tichdinh rong, vi di
nhe thubc thr Alizarin; Rodamin; Dimetylglyoxim... trong pharchi dinh tinh
hoic cac lyp chit Complexonduoc S dung lam clit chuén dé xacdinh cac ion
kim loai trong phrong phéap chin 6 complexon, cac d chi th...
5.3.P¢ bén cia phirc cht
5.3.1. Hing $ khong bén Ky, va hing $ bén K, caa phirc chét

Khi hoa tan vao dungich, phant caa phrc chit phan ly coi nir hoan
todn thanh ngo cau va roi cau. Sr phan ly nay con @ la sr phan ly & cp,
chang ta khongé cap dén.

Noi cau hay ion plic trong dung ith trong dbi bén, tuy nhién chingan
phan ly nét phan thanh céac ion trung tam vaditir. Sr phan ly y¥u nay con gi
|a ar phan ly thir cAp, danh giado bén aia phic.

Vidu: [Cu(NH)J]* S CuU*+4NH,
Ap dungdinh luat tac ding khbi lwgng vao can ing ta co:

[CUIINKL" = 9,5.10°
[Cu(NH,),]

Hing $ can king Ky, thuong gi 1a hing $ khdng Bn cia phrc chit.
K«p cang nb thi ion phirc cang it phan ly déé phic chit cang Bn.
Phrc chit thuong phan ly dn lugt nhiéu ric va ndi nic c6 ndt hang $
khéng k&n riéng trong tng.
Vi du: hop chit phirc amino cadimi cé canihg phan li éng @ng la:
[CA(NH)]** S Cd' +4NH,
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Céc ric phan ly c6 cacimg $ khong n trongung lan luot Ia:
(1):  [CANH)J* S [CA(NH)J]™ +NH; Ki=0,15
(2): [CA(NH)3** S [CA(NH)]* +NH; K, =3,6.10
(3): [CA(NH)J]* &S [CA(NH)]* +NH; K;=8,0.10°
(4): [CA(NH)]* S Cd"+NH; K,=2,2.10°
Hing $ can king Ky, tong dng aia phan tnhg phan ly éng dng la:
Kb = Ki.K2.K3.K4=9,5.10°
Néu chiing ta xét qué trinh nec lai, chinh 1& qué trinhab ion phic, thi
s& duoc dic treng i hang £ bén Ky, ¢6 khi con ky Hu 1ap. Hang $ bén cang
lén thi phirc cang Bn va gia tf cua né ting nghich dao gia ti cua hing $
khong Bn Kyp.
Cd* + 4NH — [Cd(NH)]* B=1,05.10
Dva vao ling $ khong Bn haic hing $ bén va rong dé6 bandau cia ion
phic ta cé ti tinh rong dé can kng aia ion hac phji tir do phirc chit phan ly
radé tim cach ing hay gim cac ®ngdo dén mic can thiét cho vic phan tich.
Vi du: Tinh rong d6 can king aia cac ion trong dungich diamino kc
(1) nitrat [AgNH5),]NO5 0,01M c6 K, = 6,8.2C°
Giai: Trong dung ith, phic chit nay phan ly hoan toan theoaphing:
[Ag(NHs)2INO3 — [Ag(NH3),]" + NO3

Nongdo luc bandau:  0,01M 0,01M 0,01M
Nhung: [AgINH:),]" S  Ag +2NH; (1) c6 Ko =6,8.10
[Ag']INH,]* _

Vay khi can ling ta c6: K, =6810" (2

[Ag(NH,),]"
Theo plwrong trinh phan ly (1) ta c6: [NgH= 2[Ag]
Theodinh luit bao toan kidi lwong ta co:
[Ag(NH3)]" + [Ag] = 0,01 3)
Giai cac phrong trinh ta & tinh duoc gia ti cua [Ag], [NH],
[Ag(NH3)2]".
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4[Ag"T
0,01-[Ag"]
vi ion phrc phan ly $u (Kg, = 6,8.10°) nén: [Ad] << 0,01M.
Do dé: 0,01 - [Ad] = 0,01.
Vay rat raduge:  [Ag] = 5,5.10'M
[NHg] = 1,1.10°M
[Ag(NHs),]* = 9,45.10M
5.3.2. Cac $u tdé anh hwéng dén do bén ciaa phirc chat. S phan hiy phirc
chat.

=6,3.107°

NGi chung ion ptic rit bén, néi cach khac né 1a fthg chit dién ly yéu,
tuy nhién trong dungidh né \in phan ly ndt phan thanh nhan trung tam (ion
kim loai) va cac pli tir ( phan & hay ion ).

Vidu [AGINHa))© S Ag +2NH

Mubdn phrc chit bén ngha 1a it phan ly thi caniabg phii chuyén dich tr
phai sang trai co th bing cach cho N hay néi cach khac o chit trén k&n
trong moi teong NH.

Nguoc lai néu ta ghm nong do cia cu tir tao ra i cau nhr NH;, Ag”
cua phirc chit [Ag(NH3),]* thi phirc chit s3 kém kn va c6 th bi phan tiy hoan
toan.

Sauday chang ta xét tt sd yéu td ¢ th 1am cho plc chit bi phan hiy.

1. anh heong aia pH

lon kim lcai trung tam tlrong la nhliing nguyén & kim loai nang, theo
thuyét Bronsted chinh 1a riimg axit c6 ki nang nhrong H', ngha 1a co tik két
hop V6i OH™ cia nrdc dé tao thanh céc bazlién hop trong tng, Yu va it tan.

Néng méi trong pH cao phic chit ¢ th bi phan liy do ion trung tam & hop

voi OH .
Vidu:  Na[Co(NOy)e] — 3N& + [Co(NQy)g]™ (@)
[Co(NO)g* S 6NQ + Co* (b)
Co"+30H - Co(OH)! (c)
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Do can ling (c) chugn dich tr trdi sang phi kéo theo can ing (b)
chuyén dich tr trai sang phi va ion phirc bi phan fiy.

Mit khac cac pbi tir & phan & hay anion, theo théy Bronsted c6 thla
nhitng baz c6 khi nang nkin H" dé tao thanh axit lién bp twong tng, Yeu. Boi
vay trong méi terong axit phirc chit co the bi phan hiy.

Vi du:[Ag(NHa),]" 5 Ag +2NH; (d)

ONH+2H —  2NH' (€)

Do can ing (e) chugn dich tr trai sang phi kéo theo chu§n dich can
bang (d) ding tr trai sang phi 1am cho plkc chit bi phan liy .

Quadé ding cho thy rd ring mdi phirc chit chi ton tai va bén trong dung
dich & mot khaang gia ti pH xacdinh.

2. Cau tr cia ngi cau két hop wi mét chat khac to thanh kp chit it tan.

Trong trong hop ndy u mjt chat c6 khi ning két hop véi ion trung tam
hay Wi cac pldi tir tao thanh mit chit it tan, thi plc chit cé th bi phan tiy
hoan toan éu cho tac dng vsi chat nay i luongdu 16n. Vi du:

- Phic chit [Ag(NHs),]" s3 bi phan liy néu cho nét lwong KI du 16n vi:

[Ag(NH3)l]" S 2NH; + Ag’ (a)
Adg+1I - Agl (b)

Vi I két hop Ag' tao thanh Agl it tan lam caning (b) chugn dich sang
phai kéo theo candng (a) chugn dich tr trai sang phi.

- Phirc chit [Fe(SCN)]* 3 bi phan fay néu cho ndt lvgng AgNQ; du [on:
[Fe(SCN)]* S Fé'+6SCN ©)
2AG +6SCN - BAgSCN (d)

Vi Ag® két hop v6i CNS dé tao thanh AgSCN it tan 1am cho cainiy (d)
chuyén sang phi kéo theo caning (a) chugn dich tr trai sang phi.

3. C4u tr cua ngi cau két hop wi mét chit khac to thanh mit phic chit khac
bén hon
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Néu cho ndt chat véi mét luong da [on ¢ tié két hop vai ion trung tam
hay Wi cac plbi tir dé tao thanh mt phac chit khac I&n hon thi phirc chit trudc
c6 thé bi phan fiy.

Vi du:

- Néu cho ndt lvgng da 16n KCN vao dung tth [Cu(NH)4]?* thi phic d6
s3 bi phan iy hoan toan daab ra phirc chit méi [Cu(CN),]* bén hon.
[Cu(NH)]?** + 4CN -  [Cu(CN)* + 4NH
Ko = 4,6.10" Ko = 5.10°°

- Néu cho ndt lvgng CuSQ du Ién vao dung ith phrc chit [Cd(NHs)4]?*

thi phrc chit s3 bi phan fiy dé tao thanh plic chit [Cu(NHs)4]?* bén hon.
[CA(NH)™" + Cd" -  [Cu(NH)J* + Cd’
Ko = 8,96.10 o = 4,6.10"
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PHAN THU HAI
PHAN TiCH PINH TiNH
Chwong 1. MQT SO VAN PE CO BAN
1.1. MOT SO KHAI NI EM

Hda hpc phan tichdinh tinh la ndt b phan aia phan tich hdade, bao
gém oo s i thuyét va cac ptrong phapdé xacdinh thanh phn dinh tinh @a
dbi twong phan tich.

Nhiém wvu cia phan tictiinh tinh 1adé ra cac ptrong phap xadinh thanh
phan dinh tinh @a ddi tuong phan tichic 1a té 161 cac cau bi dbi tuong phan
tich 1a chit gi, ¢om nhing cHit gi haic gdm nhing nguyén & haic nhém
nguyén &, ion ndo. Hén nay ching ta cé cac wimg phap phan tichibg cong
cu va cac phong phap phan tich héatt Sauday ching taié cip dén cac
pheong phap phan tich héah
1.1.1. Phn &ng phéan tich

Phan &ng phan tich 1a pim @ng gita chit can phan tich va thic thir nao
d6 dungdé xacdinh dinh tinh clit ¢6. Yéu @u ddi véi phan ang phan ticktinh
tinh 14 phi c6 hiéu ttng nHit dinh nhr: tao thanh cac & phim dic treng co

mau, muidic biét hay to cac clt khi, chit két taa, dic biét 1a két taa c6 mawu.
Vi du: Fe€*+3SCN — Fe(SCN) dé mau
PE*+2I —  Pb} vanguoi

la nhitng phin ung dé nhan biét Fe*, PF*. Cac dung ith chra SCN, | goi 1a
thudc thir phan tich.

1.1.2. Phan tich theo ptrong phap khé va phrong phap wot

C6 hai plrong phapdé phan tichdinh tinh @i 1a phan tich theo ptong
phap kho va phan tich theouyaing phapurot.
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Phan tich theo plreng phap khoé:Phrong phdp phan tich khétbng
tién hanh theo hai cach: pbng phap mau nm lira va plrong phap 40 ngc
mau.

Trong phrong phap mau nan lira, chit phan tich thong ¢ dang cac mai
dé bay i nhu cac mwi clorua i dugc chuyn Ién trén mt vong nfb lam
bang Platin Pt vaiét no trén not ngon hira dén khi khéng mau. Bt s nguyén
t6 & nhiét 46 cao ko nén niing ngn lra c6 maudic treng gilp ta nhn ra

nguyén 6 dd, vi du: Na“ cho ngn lra mau vang; Kcho ngn lra mau tim.

Trong ptiong phap 40 nghc mau, ngoi ta ton chit phan tich i nhitng
chét chay thich hyp rdi dem nungd nhiét do cao, khidé mot sd kim loai tao voi
chat chay nhirng ngc maudic treng, gidp ta nbn ra nguyénd dé. Vi du: véi
chit chay 1a Borax NaB,O; ion CP* cho ng@c mau tim, C8 cho n@c mau

xanh.

Céc plrong phrong phéap phan tich khi# c6 fr rt 1au, ngay nay iuoc
sir dung vi khdng th dungdé phan tich caddi tuong phrc tap haic phan tich vi

lrong.
Phan tich theo plrong phapudt:

Trong phrong phap naytéi teong phan tichiuoc hoa tan trong cac dung
moi thich yp nhr H,0, dung dch axit hay baz dé chuyén chit phan tich sang
trang thai dung ith, khi nay cac nguy@m tin nhin biét chi yéu & dudi dang
cac ion.

Pé phan tich theo ptong phapuét, yéu é@u cia phin tng phan tich 1a
phai rat dic treng va ét chon loc, tuy nhién & cac plin tng dic trang va clon
loc 1a rt it @& phan tich rat nguyén 6 naodo, vi iy ngudi ta phai sir dung bt
hé théng phan tich nim tach céac ionuong tr nhe nhau, cé it 5 tinh chit
gidng nhau ra thanhrhg nhém, sado trong ndi nhom hi tim cach cddp tirng

ion mbt va dung cac pin ung dic treng aia ndédé nhan biét.
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1.1.3. Phan tich k& théng

Trong phan tich &ithdng, nagroi ta ding niing thubc thir nhémdé tach

nhitng nhém nguyénétmang tinh cht gidng nhau ra kéi nhau. Khidé, miu
phan tichduoc phan chia thanh ihg Bn hop ion don gian hon. Tir nhing
nhém nln dugc ching ta ip tuc tach va nén biét tirng ion cé trong nhom.

Hién nay,ddi véi cac cation, ngoi ta da tim ra nhu hé théng phan tich,

mdi hé théng cé nling wu diém va nhroc diém riéng. Hai & théng throng duoc
dung 1a & thdng axit - baa va k¢ théng H,S. V&i cac anion thi khdng cédhhé
théng phan tich cit ch& ndo ma chcd cac phrong phap phan tich riéng tho

tirng anion Mt hoac trng nhdm nld ma théi.

Hé thong céac cation theo plang phap HS: Viéc phan chia cac cation

thanh ttng nhom theo plong phap HS dugc trinh bay trong éng sau:

So' d6 phan nhom céc cation theo ptrong phap HS

Nhé Thuéc thir C4c cation thupc | San pham tao thanh sau khi tac
om .
nhom nhom dung véi thuoc thir
1 HCI lo&ng Ad, Hg?", PE* AgCl, HgCl,, PbC}

H,S trong moi

Srf* s, Sb”,
Sk*, As*, As™,

Két taa cac sunfua. Nhém nay ch
thanh hai pan nhém:

+ Phan nhém N: Gom cac sunfua
tan trong (NH),S, va ki oxi hoa

I truong axit
Hg*, Cu*, Cd™, AsS?, SbS®, Shs*
(pH =0,5) .3+ ‘
Bi*", (P + Phan nhém #: gdm céac sunfua
khong tan trong (NS, nhae HgS,
CusS, CdS, BiS;, (PbS)
]l (NH,),S trong | AP, CP*, F€*, | Két taa AI(OH), Cr(OH), Fe(OH-

a
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moi treong NHs | Mn?*, Co*, Ni*¥, | )s, MnS, CoS, NiS, ZnS. Nhém né
+ NH,CI zZn?* ciing chia thanh hai nhém:

+ Phan nhém I): gdm céac Kt taa
tan trong HCI nix Al(OH)3,
Cr(OH), Fe(OH), MnS, ZnS.

+ Phan nhom 1Y: gdbm céac Kt tua
khéng tan trong HCI nhCoS, NiS.

(NH,),CO; B&", SF¥, c&* BaCQ, SrCQ, CaCQ

IV NaH,PQO, trong

moi treong NH; Mg?* NH,MgPO,
+ NH,CI
Khoéng c6 thide . .
\Y; ) Na', K*, NH,
tho nhdm

Phrong phap phan tich thebrong I6i H,S couu diém la cach phan chia cac
nhom va cach &h hanh phan tichit chit chg, phu kyp Véi viéc trinh bay caces
s i thuyét, dic biét 1a visc phan chia cdc nhém phan tich cééohiiém pho
hop V6i viéc phan nhém trongdng ke théng tiin hoan Mendeléep, dio lién
hé dé dang gira cac phn ung da hpc trong giéo trinh hoade vo @ véi phan
tng phan tich. Tuy nhién, phng phap nay cé nivc diém 1a H,S doc, nén tn
hanh phan tichamg phrong phap nayan phii c6 trang thét bi bao hiém tt.

Hé thong cac cation theo plyng phap axit - baz Dé tranh plai tiép xtc
vé6i chit doc H,S, ngroi ta dd dua ra plvong phap khéng dung A3, phrong
phap nay da trén tac dng aia cac cation & cac théc thir nhom 1a cac axit va
cac baz nhr HCI, H,SQ,, NaOH, NHOH. Viéc phan chia cac cation thanh
tirng nhom theo pkong phap naguoc trinh bay trong dng sau:
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San pham tao thanh sau

thr nhdm

] Thuéc thir CA4c cation o S,
Nhom ] ] khi tac dung véi thuoc
nhom thugc nhom ]
thée nhom
Ag* P,
I HCl lodng o AgCl, PbC}, Hg.Cl,
A Hg.
Nhém
axit | SO 1oz B&Z", S, | BaSQ, SrSQ, CasqQ,
oan
208 2 Py | PbsQ
A%, cr,
Zn?*, Sit*, | AlO,Y, Cro7, ZnOy,
1 NaOHyg, + H,O, 4 n 34 2 3
Sn”, As™, SnG”~ AsO,™
As™*
Fe", Fe Fe(OH), Fe(OH)
e , Fe :
Sb*, sk, _
Nh6m \Y NaOH 5% M Sb(OHY), Bi(OH)s,
Bazo Mo Mn(OH),, Mg(OH),
g
Ccu* cd™, . .
’ Cac plirc amoniacat
Vv NH,OH dic dr | Hg*, Cd”, .
ot [Me(NH,), ]
Ni
Khong c6 théc | . |
\ Na’, K*, NH,4

Trong phrong phap nay cac cati@wgc phan thanh 6 nhongn:

- Nhém | dm Ag', Hg?*, P, thubc thir nhém 1a dung ith HCI lodng

va ngui.
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- Nhém Il pm B&*, C&*, SF*, ca P lot xudng tir nhom |, thibe thir
nhom 1a HSO, lodng va wou GHsOH, thudc thir tao voi cac cation naydt taa
mau téng.

- Nhém Il gm CrF*, AI**, Sif*, s, zn?*, As™, thubc thir nhém a
NaOH dr va HO,. Trong mdi teong nay AP, Srf*, S, tao thanh hiroxit
ludng tinh tan trong kim du: CrO, s bi oxi hod thanh CrQmau vang .

- Nhém IV ¢pm F€*, Bi**, Mn*, Mg®*, SB* , thuic the nhém 1a NaOH
du va HO,. Trong mdi tedng nay cac catiorésy dang cac hiroxit khéng tan.

- Nhém V ¢m CU*, C&, Ni#*, Cf*, Hg", thusc thir nhom 1a NHOH
dic. Cac cation&tao voi thubc thir nhém cac piic amoniacat tan c6 mau.

- Nhém VI ¢pm K*, Na’, NH,*, nhitng ion nay khéng c6 tlde thi nhom
boi vi chiing khdngdo thanh kt taa khé tan 4 mot thubc thir ndo.

1.2. Mt sb ky thuat phan tich dinh tinh
1.2.1. Lam ach dung cu thi nghiém

Nhitng ding a: thay tinh nhr chai, b, 6ng nh giot, ng nghém...trudc
khi ding phan tich i duoc nra it sach. Binhdugc xem nhr d& saich réu ngin
nugc trong binhdéu dian va trén thanh binh khéng coniimy giot nuéc.

No6i chung, cac whg ai thay tinh da& sach, tirde khi sr dung duoc rnra
bing nréc may va trang 2, Jih bing nrée cit. Sau khi & dung dé phan tich
ciing phii dugc rra ft sach, treo ngoc trén gia (day 1én trén, néing xung
dudi ) cho i kho.

Dé 1am sich cac dng ax thay tinh, cé ndt sd dung dch rra sau:

- Dung dch xa phong néng: hoa tardhit xa phong tronguwsc néng.

- Dung dch kiém pemanganat: hoa tan 5g KMnttong 100ml dung idh

kiém kali 10% néng.
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- Dung dch Mn hop sunfécromic: hoa tan 15g,&r,0; 8 duoc nghén
nho trong 100ml méc néng, lamdnh dung dch ©Bi vira khidy lién tuc, wra
thém At cham 100ml axit KSO, dic. Dung dch nayduoc dé trong b thay tinh
c6 nat nham, co thsir dung trong thi gian dai nén sau khirsdung nén g lai.

Pé rira cac dng a1 thay tinh tt nhat 14 s dung dung dch xa phong néng
vi dung dch kiém pemanganat c6 taamly pha hai thuy tinh, con Bn hop
sunfécrdmic thi khi® dung phii can than hon.

1.2.2.Pun

Trong phan tichiinh tinh Bing phrong phap hoa ¢t, throng phii dun
dung dch trong cadng nghém tréndén @n. Khi dun, phia ngodbng phii kho
dé tranh b nut hoic v, moi dau nén kv ndng nkk 6ng nghém bing céach di
chuyén trén ngn lra, saudé msi dun néng nanh. Néu dun chit long c6 clira
két tua thi phai khudy déu. Thong tlrong khidun chit long c6 clira két taa nén
dun trén Bp cac thiy, khéng néntun turc tiép trén ngn lra vi sr sdi & 1am

nay sinh nhitng va clam va clit long co ti¢ bin ra ngoai.

Can chu y khidun khéngdé miéng 6ng nghém hueéng v phia cé ngoi,

vi chit l6ng s6i throng 1a axit héc kiém co té bi bin manh ra ngoai.

Trong qua trinh phan tichubng cn phii ¢6 dic dung dch haic phii
lam bay ki dén kho, khi nay co6 thsr dung bat & dit trén kéi amiang hdic
trén Ep cach thy.

1.2.3. Két thaa

Trong phan tichiinh tinh ng phrong phap hoa dt, ta throng két taa
cac cht tr dung dch phan tichié tach va phat Bh cac ion. Vi @y cin chia y
dén mau va dng bén ngoaiia Kt taa. Co tié phan bt két tua tinh the va Kt
taa vOdinh hinh: Kt tua tinh tk thuong c6 dng hat to haic hat nho, thuong
khéng ko thanh ngay maaa mot thoi gian dé hinh thanh tinh ty lic manh va
dungdia thiy tinh @ vao thanhbng nghém |a nhing dong tac giup cho qué
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trinh hinh thanh tinh thnhanh lon. Két taa tinh tké thuong nhanh chongihg

xubng day dng nghém, nén véc ly tam tach &t taa ding thuin loi hon. Két tua

vo dinh hinh throng xuit hién ngay sau khi thém tha thr vao, nleng lking

xubng day 6ng nghém mot cach chm chap nén kho quay ly tam#é tach, ching
ciing throng & dang 4o thanh dung idh keo. Véc dun néng va thém dhdién

li 1a d@é tao diéu kién d6ng © chang.

Nén Kt tua khi dun néng dung idh, vi khi ting nhét d6 nhirng hat két
tua € I6n hon, thuan loi cho viéc nra va quay li tdm, ning khéng nértun i
s6i vi khi thém théc thir vao cé th 1am kin dung dch ra ngoai. Bu két tua
dang tinh i€ thi thém & tir thudc thir két taa va khidy déu, con u két tua cing
keo thi thém toandluong thibc thir két taa cn thiét.

Qua trinh Kt taa thrc hién nhr sau: liy vaobng nghém dé quay li tam
khoang 2-3ml dung @th nghién au ( réu 6ng nghém dé quay li tam lai nho
thi ldy khaang 0,5ml ). Bo mdi trong pH phu bp theo léng din va ting
nhiét d6. Kiém tra mdi trong phan tng bing giy chi thi bing cach:dat gidy
chi thi 1&n rip kinhdong h sach, dungdiia thiy tinh khifly déu dung dch i
dat dau dda thay tinh 1&n gy chi thi. Sau khi 40 méi trong pH phi bp, dun
nong @n than rdi vira khily vira thém théc thr két taa vao chaién dr dé két

tua hoan toan.
1.2.4. Ly tam, tach Kt taa, rira két tua

Trong phan tichtinh tinh ban vitong, dé tach Kt taa khdi dung dch
chang ta tong dung plrong phap quay li tamadmg may quay li tam. Rhluu
y tuan thi cach & dung may quay li tam nhhuéng din. Thoi gian li tam ph
thuoc vao dic tinh @a Kt taa, nhing Kt tia cang tinh tié ling xwng day
nhanh nén dhcin quay 0,5¢én 1,5 phits téc d6 khaang 1000 vong/phut; &
taa chng vodinh hinh fing chim nén phi quay tr 2 dén 3 phits toc d6 khaoang
2000 vong/phut.
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Sau khi quay i tam, toandhkét taa ling xubng day, nréc caio trén to
thanh trong sbt goi 1& nuéc li tam. Ging c6 khi nt s5 két taa khi quay li tam
lai ndi I&n trén nat chit long haic ling xuwdng At chim. Gip nhitng Kt tua nay,
mubn tach Kt taa phii loc qua gy loc.

Dé kiém tra xem qué trinhét tia d& hoan toan ata, ta thir & 5ng nghém
vira quay li tam bng cach nb vai giot thujc thir két tua theo thankbng ngém
va quan séb vi tri giot thudc thi roi xudng neée li tam, réu khong thy duc ¢

cac \i tri d6 1a qué trinh & tuada hoan toan.

Sau khi quay li tam, & tua king chit xudng day dén mic co tte rot &
dang mréc li tamo trén, qua trinh rétuwde li tam ra ki két taa nhr vay goi la
qua trinh gn. Mot cach khaaié tach mréc li tam ra kioi két tua la: gir 6ng
nghiém bing tay traio vi tri nghiéng, tay pdi dungéng nh giot c66ng bop cao
su hat mée li tam, chi y khidua 6ng nho giot tranh clam vao Kt taa, lamduc
dung dch.

Tuy thubc vao lrong ket taa va tinh cht caa né ma § dung nhirng dung
dich rira khac nhau, néi chung taar két tua king nréc cit, véi nhitng kKt taa co
kha nang chuyn thanh ting thai keo thi thém vaartic rira cac cht dién li, vi
du khi nra Két taa sit hidroxyt, ngroi ta dung dung igh amoni nitrat loAngDé
raa két taa, ta thém vai mlwsc cit haic haic dung deh nra trong ang, day ong
nghiém lai réi l1ic haic dat nghiéngdng nghém dé két taa duoc phan b trén
dién rong ©i khudy, saudo quay li tm va b di phan neée rra. Rra Kt taa
khoang 3,4 in ladu.
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Chwong 2. PHAN TICH PINH TINH CAC CATION NHOM |
Ag’, Hg,”, Pb™*
2.1.Dic tinh chung

Céc cation nhém | baodm Ag', Hg?*, P, ching 4o vi anion CI
thanh cac mdi clorua AgCl, HgCl,, PbC} it tan. Vi \dy, ngroi ta dung HCI
lodng, ngdi lam thubc thir nhdomdé tach céac cation Ag Hg', P ra khoi cac
cation khac c6 trong dungath phan tich.

Khéng dung HCHic boi cac Kt tua clorua @a cac cation nay tan trong
HCI dic va dung éth c6 clira CI véi ndng do [on vi tao phic, ding khéng dung
thudc thir néng vié nhiét d6 caodo tan @a PbC) taing manh, anh hrong dén

qua trinh phan tich.
AgCl, HgCl,, PbC} c6 nhing tinh clat chung va riéng nhsau:
- Péu 1a Kt tha mawu ting.
- AgCl va HgCl, c6d6 tan ntd hon PbC}).
- PbC} tan nhéu trong nréc néng, dodd dung cachiun néngdé tach
PE* ra khvi Ag* va Hg™".
- AgCl tan trong NH lodng to thanh plic [Ag(NHs),]*. Loi dung tinh
chit naydé tach Ad ra khvi PB** va Hg?".

Khi tac ding wi NH; thi Hg.Cl, tir mau téing bién thanh mawen vi ptin
trng sinh ra Hg kim lgi, phan tng nay dungté nhan biét Hg,?".

2.2. Mt sb phan &ng diic trung caa ion Ag
Phdn #ng wi HCI va KCI

HCI lodng va & nhitng clorua tan tacuhg Wi cac dung ith mui bac
déu tao ra Kt tna AgCI téng :

Ag" +CI — AgCl|
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AgCl bi &nh sang phan kngiai phong ra e kim loai, két tia c6 mau tim,
saudo s hoaden. Két taa AgCl khodng tan trong HNgnheng & tan trong HCI

dic va trong cac dungich KCI, NaCldic do to thanh niing phic [AgCl]*
va [AgCL]® tan.

AgCl + 2HCI — H,[AgCl;]
AgCl + 3HCI — H3[AgCly]

Céac plicc nay khoéng &n nén khi pha loangdv nudc, két taa AgCl € lai
duoc tao thanh va tach ra khdung dch.

H,[AgCls] — AgCl + 2HCI

AgCl tan trong amoniac, trong cac émmmoni, xianua va trong natri
thiosunfat 40 thanh cac ion pic.

AgCl + 2NH,OH — [Ag(NH2),]Cl + 2H,0
AgCl + 2KCl — K[Ag(CN),] + KCI

Khi thém HNQ vao dung ith [Ag(NHs),]JCI dén phan tng axit thi dung
dich € hoaduc r6i tiép do két taa tring AgCl ki dugc tach ra:

[Ag(NH3),]Cl + 2HNO; — AgCl + 2NHNO;

Nguoi ta gr dung tinh tan @a AgCl trong NHOH dé tach Ad ra khoi

2+

ng .
Phdn #ng wi KBr va K

Céac bromua va iuadéu day dugc Ag' ra khvi cac dung ith mubi bac
tao ra cac Kt taa khé tan AgBr mau vang aty Agl mau vang.

Ag" +Br — AgBr|
Ag +1 — Agl|

két tua AgBr tanduoc trong KCN, NaS,0; va NH,OH; két taa Agl tan
trong KCN va NaS,0;, nheng khéng tan trong NJOH.
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Phdn g Wi kiém va amoniac

NaOH va KOHdéu day bac ra kioi dung dch mubi bac dréi dang Két tua

bac oxit mauden:
AgNO; + NaOH —  AgOH + NaNQ
2AgOH —  Ag,0O| + H,O

Ag,0 khong tan trong thic thr du nhung tan trong HN@lo&ng va trong
NH,OH.

Téac ding v6i NH,OH: khi thém én thin NH,OH vao cac dungidh mubi
bac khéng lodng qua ta thiturge két taa ac oxit &€ tan trong théc thir du:

2Ag" + 2NHOH — Ag,O| +2NH," + HO
Ag,O + 4ANHOH — 2[Ag(NH3),JOH + 3HO

Phdn irng wi kali cromat K,CrO,

K,CrO, tAc ding Wi ion Ag" cho ta Kt tia ac cromat mau nado.
2Ag" + K,CrOy — AgoCrOs| + 2K

két tna AgCrO, tan trong amoniac, tan trong HN®@heng khéng tan

trong axit axetic.
Phdn i#ng wi Na,HPO,

Natri hidrophotphat tac whg Wi Ag* c6 trong dung gh cho Kt taa
AgsPO, mau vang, taduoc trong NHOH, trong cac dungidh mubi amoni va

trong axit:
3Ag° + HPQ* — AgsPO +H'
AgsPO,] + 6NHOH —  [Ag(NH3),]sPO, + 6H0
Phdn #rng wi K [Fe(CN)g] va K3[Fe(CN)g]
Kali feroxianua tacehg Wi Ag* trong dung ith chokt tia Ag[Fe(CN)-

¢] mau téng.
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4Ag" + [Fe(CN)}]* — AgiFe(CNY]|
Két taa nay th pha hy khi dun séi trong NHOH:
Ag[Fe(CN)] + 3NH,OH — 3AgCN + 3NHCN + Ag + Fe(OH)

Kali ferixianua tac dng Wi Ag* trong dung ith cho Kt tua Ag[Fe(CN)-

6] maudo gach.
3Ag" + [Fe(CN)* —  AgsFe(CN)]|
Phdn i#ng wi KSCN

Céc thioxianat kim Igi kiém déu day bac ra kki mudi cho ra Kt tua
AgSCN mau ting, tan trong thic thir du:

Ag' + SCN — AgSCN
AgSCN| +SCN — [Ag(SCNY]

Vi HSCN la gt axit manh nén AgSCN khéng tan trong HN@ang
nhung ¢ tan trong NHOH do #o phic.

AgSCN, + 2NH,OH — [Ag(NH5);JSCN + 2HO
Phdn #ng wi CH,O + NH,OH
Nhé CH,O vao dung th amoniac @a mwi bac [Ag(NH;),]NO; rdi dun
nong,d thanhéng nghém s c6 not [op bac kim loai sdng nix gwong, phin tng
nay con @i la phan tng trang gong
2[Ag(NH),]* + CH,0 + 2H0 — 2Ag + HCOONH + NH,OH + 2NH,"
Phdn #ng wi H,S

Khi cho HS tac dng wi cac dung ith mui bac ta § thu duoc bac

sunfua Kt thia mauden.
2Ag + HS — AgS| + 2H
két tha nay khéng tan trong HCI va NBH lodng nleng tan trong HN@
2N va trong KCN 1N nong soi:
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3AgS| + 8HNGQ — 6AgNG; + 3§ + 2NO + 4HO

Ag,S| + 4CN — 2[Ag(CN)] + &

2.3. Mot sb phan &ng dic trung caa ion Hg”*
Phdn #ng wi HCI

HCI lodng lam Kt taa tr cac dung tth mwi caa ion Hg®" két taa bt
Hg,Cl, mau téng, khdng tan trong tide thir dr nhung tan trong HN@(day la
diém khac i két taa AgCl).

Hg:(NO;3), + 2HCI — Hg.Cl,| + 2HNG;

3HgCl,| + 8HNO; — 3HgCh + 3Hg(NQ), + 2NO + 4HO
Hg,Cl, bi phan hy mot phan theo:

HgCl,] — HgCh + Hg

Vi axit HNO; hoa tarduoc Hg kim lcai nénda 1am can bng chuygn dich

hoan toan sang ph dodo hoa taniuoc két taa Hg.Cl..

Khi cho NH,OH tac ding wi két taa HgCl, ta $ dugc NH,HgCl mau

tring va Hg kim lai mauden tach ra @si dang bot:
HgCl,] + 2Ny —  NH,HgCI| + Hg + NH,CI
két tua tanduogc trong HNQ dic, ndng va & trong nréc arong thuy:
3NH,HgCl + 3Hg + 14 HN@— 6Hg(NOs), + 2NO + 3NHCI + 4H,0
Phdn #ng wi Ki

Hgyl, rat khé tandugc diéu ché bang cach cho Kl tacuhg wi dung dch
mudi Hg(1).

Hg?* + 21 — Hgl,| (Mau vangic)
Néu du nhiéu thudc thir, Hal, S5 bi phan hy.
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Hgl2l — Hgl: + Hg
Phdn aeng wi H,S

H,S day duoc tir cac dung tth mui thuy ngan (1) ra rat két taaden HgS
1an Hg kim laai:

Hg® + H,S — HgS + Hg + 2H
O day khong cé & tia HgS vi thy ngan (1) sunfua HgS kho tarvih
nhiéu.
Phdn #ng wi NaOH va KOH

Kiém day duoc tir cac dung gth mui thuy ngan (1) ra mt két taa den
Hg,O theo plnung:

Hg?* + 20H — Hg0 + K0

Hg,O tandugc trong HNQ va CHCOOH dic tao thanh nitng mubi
tuongung.

Phdn #ng wi NH,OH

Amoniac lam Kt taa Hg”" tir dung dch dréi dang mubi mercuramoni va

Hg kim loai mauden: [ PLN

o NH>
2HgNQ; + 4NH; + HLO — | Hg/ NGO; + 3NH;,NO; + 3Hg

Phdn irng wi K,CrO4

Kali cromat lam kt taa Hg”* tir dung dch dréi dang HgCrO, maudo,
kho tan trong HN@

Hg?* + CrO> —  HgCro,

Phdn irng wi K [Fe(CN)g] va Ks[Fe(CN)g
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Hg,** tao vai kali feroxianua Kt tua keo Hg[Fe(CN)] mau vang nit,

con Wi kali ferixianua 40 két taa Hg[Fe(CN)] mau vangic.
Sw khie Hg,™* dén thuy ngan kim lai
Nhitng kim loai hoat dong manh hon day thuy ngan ra ki hop chit cia
no:
Cu + Hg(NOz), — 2Hg + Cu(NQ);

lon Hg?" ciing dugc khir dén thuy ngan kim lai khi cho mi thuy ngan
(1) tac ding wi thiéc (1) clorua:

SnCh + H(NO3), — HCly] + SNn(NQ),
Saudo:

HgCl,] + SnC} — 2Hg + SnCj

2.4. Mdt sb phan &ng dic trung caa ion PK*
Phdn i#ng wi HCI
HCI loAngday duoc tir cac dung tth mui chi ra ndt két tua tring.
PE* + 2CI — PbC}|

két tua nay khéng hoan toan vi Pb@b do tan bn nén khidun soi \bi
nudc, két taa € tan Kt, sau khidé ngwi s3 thiy c6 tinh tté PbCh hinh kim xuit
hién. Chi clorua tan trong H@c tao thanh plxc H[PbClL].

PbCh| + 2 HCl — H,[PbCL]
Phdn ing wi Ki
KI tdc dung wi dung dch mubi P** cho Kt tia Pbj vang, Kt taa nay
tan trong théc thir du:

PE*+2I — Pbb|
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Pbb| + 21 — [Pbl]*

Két taa Pb} tan hoan toanéu dun séi trong méc, sau khidé ngwi s&
thiy c6 tinh tit PbCl hinh \dy 6ng anh 4t dic trang. Két taa Pb} ciing & tan
trong axit CHCOOH nong.

Phdn #ng wi NaOH va KOH

Kiém day tir dung dch mubi chi két taa hidroxit tring, tan trong thac thir
du:

PG" + 20H — Pb(OH)|
Pb(OH)| + 20H — PbQ* + 2HO
Phdn #ng wi K,CrO,4 va KCr,0O;

Kali cromat va kali dicromat tacudg Wi dung dch mubi chi cho ta kt

tua PbCrQ mau vang.
PG* + CrO” — PbCrQ|
2PB* + CrO;” + H,O — PbQ* + CrQ” + 2H,0
Phdn irng wi (NH4)>,M0O,

Amoni molipdat tac dng wi dung dch mwi chi cho Kt taa tinh tte
tring PbMoQ kho tan on PbSQ

Pb(NQ), + (NH;),M00O, — PbMoQ] + 2NH;NO;
Phdn aeng woi H,S

Cho dung ith mwi PE** (¢4 axit hoa, trung tinh o kiém) tac ding wi
H,S thuduoc két tia PbS maden.

PE" + HS — PbS + 2H

v6i dung dch chra HCI dr, $5 dugc két taa PBSCL mauds da cam (Vic

két taa nay khdng hoan toan)

2PbC} + LS — PBSCL| + 2HCI
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Tuy nhién, &u tiép tuc cho HS tac ding thi Kt tuia $ hoaden vi bén

thanh chi sunfuadt tia hoan toan:
PSChL + H,S — 2PbS + 2HCI

PbS khéng tan trong HCI lodng vas®, lodng nlwng tanduoc & dang
trong HNG; lodng khidun séi:

3PbS + 8HNGQ, — 3Pb(NQ), + 2NO + 3S + 4}0

Trong HSO, dic, PbS dng tan, nieng S bi oxyhoda thanh S§ do dé
tao thanh Kt tia PbSQ

3PbS + 8HNGQ — 3PbSQ + 8NO + 4HO
Chi sunfua@ing h 6xi hoa i FeCk, tao nén PbGlva S
PbS + 2FeC} — PbC}L + 2FeC} + S
Phdn ing wi H,SO,

Khi cho dung ith mwi PE** tdc ding Wi axit sunfuric héc cac sunfat
tan, ta thutuoc PbSQ két tua tinh thé tring.

PEF*+ SQ* — PbSQ|

két tua tan trong KSO, dic, trong cac dungich kiém va trong cac dung
dich axetat, tactrat Bio xitrat amoni .

PbSQ| + H,SO, — Pb(HSQ),
PbSQ| + 4HCI — H,[PbCL] + H,SO,

Két tia PbSQ s5 hoaden khi cho tac ehg Wi H,S vi sunfaidd chuygn
thanh sunfua it tanoim.

PbSQ| + H,S — PbY + H,SO, Vi: Tepsos= 2.10% Tpps= 1.10%

2.5. Phan tich i théng cation nhém | ( xem trong gido trinh thrc hanh)
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Chwong 3. PHAN TICH DPINH TINH CAC CATION NHOM 1
Ba**, sr*, ca”™
3.1.Pac tinh chung

Céc cation nhom I, c6 ébao gm ci ion PE* tr nhém | bt xubng, @o
vé6i ion SQ?* trong rou thanh cac mii BaSQ, SrSQ, PbSQ CaSQ khong
tan. Vi vy, ngroi ta dung HSQ, loding va GHsOH lam théc thr nhomdé tach
cac cation BE, SF*, C&*, PI* ra khvi cac cation khac c6 trong dunigct phan
tich.

Khéng dung HSQO, dic vi £ tao thanh céc sunfat axit Me(HRtan.

Trong cac méi sunfat thi BaS@va CaSQdé két tua nHit, SrSQ kho Kt

taa hon cn dun néng nh.

CaSQ c6 do tan bn nhit, rat kho Kt taa, vi \iy nguoi ta theong thém
rugu vaodé giam bt do tan @a no, khidé CaSQ dé két tua hon.

Trong it ca 4 két taa sunfat chcé PbSQ hoa tan trong NaOH thanh
phic PbQ? haic tan trong CHCOONH,, vi tao phrc Pb(CHCOOY, ta bi
dung tinh clat nay dé tach chi ra kéi hdn hop cation nhém Il. Cacé tua
sunfat aa B&", SF*, C&* khdng tan trong cac axit vy ¢odng,dé tach ching
ra khdi nhau, chiing taal phai chuyén cac sunfat thanhop chit tan, mén vay
dun Két tua sunfat 4i dung dch NaCO; b&o hoa nku lan dé chuyén két taa
sunfat thanh & taa cacbonnatdi hoa tan cac & tua cAcbonafi6 bing axit CH-

sCOOH, céac cationt@ nhom 1 4i trg vé trang thai ion trong dungidh.

Trong méi trong CHCOOH, khi thém cromat lae dicromat vao thi dh
c6 B&* két tua drgi dang BaCrQ mau vang, taol dung tinh clit naydé tach
Ba™ ra khvi hdn hop SF* va C&", saudé dung dung @th naydé tim C&* va
Sr,

3.2. Mgt sb phan #ng diic trueng aia ion B&”
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Phdn Ij’ng V7§ HzSO4 va (NH4)2804

Axit sunfuric lodng va cac ndiisunfat tardéu lam Kt taa B&* dudi dang

tinh thé tring BaSQ, khéng tan trong cac axit véyc
B&* + SQ° — BaSQ
Phdn irng wi (NH,4),CO;, K,CO5, NaCO;s
Céc thwc thr naydéu tao véi Ba®* két tua tinh tfe tring, tan trong axit:
B + (NH,),CO; — BaCQ] + 2NH,
BaCQ| + 2H — B&" + HO + CQ1t
Phdn g wi K,;Cr,07; Ko,CrOy

Kali cromat tac dng wi dung dch chra ion B&" cho Kt tua vang
BaCrQ, tan trong HCI va khéng tan trong gEOOH

B + CrQ” — BaCrQ|
Khi dung K.Cr,O; ching ta @ng thuduoc két taa BaCrQ mau vang.
Phdn Ij’ng /i (NH4)2CZO4

Amoni oxalat tac dng wi dung dch B&* cho Kt tia BaGO, mau téng,

tan trong cac axit vboclodng va tan&£trong axit axetic:
Ba&* + (NH,),C;0, — BaGO,| + 2NH,’
Phdn #rng wi Na,HPO,
Thudc thr Na;HPO, tao voi ion B mot két taa vodinh hinh BaHPQ
B&" + HPQ* — BaHPQ|
Két taa tan trong axit HCl, HN@va CHCOOH
Phdn #ng wi natri rodisonat NaCgOg

Natri rodisonat tacwhg Wi ion B&* trong mdi trrong trung tinh cho &
tua bari rodisonat mado tuoi:
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CO-CO-CON:  CO-CO-CONe
BaCh + | [ I /Bal + 2NaC

CO-CO-CONe  CO-CO- CONz
lon SF* ciing tao két tia mau nadé con C&' thi khong.

Tuy nhién, Stronti rodisonat tan trong HCI lo&ngidigconé diéu kién

nay bari rodisonat chég thanh hirorodisonat mado twoi kho tan.
3.3.M{t sb phan ng dic trung cia ion C&*

Céc ptin ung dic treng aia ion C&' ciing trong tr nhr cia ion B&”
Phdn g wi H,SO, va cac dung gth mudi sunfat

Axit sunfuric lodng va cac dungah sunfat tac whg wi dung dch cé
chra ion C&" tao ra Kt taa tinh te CaSQ mau téng, c6do tan trong ddi 16n
so Wi cac sunfat nhom Il khac, 1a 2g/l €Eos= 2.10%).

ca' + SQ* — CaSqQ

Khéc \6i cac Kt tia SrSQ va BaSQ, két taa CaSQtanduoc trong dung
dich amoni sunfat dat thanh plrc tan theo pin rng sau:

CaSQ| + 2(NH4)2S0O; — (NH,)[Ca(SQ),]
Vi vay, ta ding c6 ti¢ dung (NH),SO, dé két tna B&™ va Sf*, tach ra
khoi Cat™".
Phdn Ij’ng o1 (NH4)2CZO4

Amoni oxalat tac dng wi dung dch C&* cho Kt taa tinh ti¢ CaGO,
mau téing, tan trong cac axit vévdodng nleng khdng tan trong axit axetitay
la diém khac so ¥i cac oxalat nhém 1l khac, nénghang nayduoc dungdé
nhan biét ion C&* :

C&" + GO, — CaGOyl

3.4. Mgt sb phan ng dic treng cia ion S©**
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Phdn Ij’ng V7§ H2$O4 va (NH4)2804

Axit sunfuric lodng va amoni sunfat tagrdy wyi dung dch c6 chira ion
Sr** néng to ra Kt tua tinh ti SrSQ mau téng:

S + SQ* — BaSQ]
S + (NH,),S0O, — SrsQ| + 2NH,"
Phdn g wi (NH,4),COs

Khi cho (NH,),CO; tac ding Wi dung dch trung tinh cha ion Sf* roi

dun néng, tatugc két tia SrQ mau téing tan trong axit voava axit axetic:
S + (NH), CO; — SrCQ| + 2NH,'
SICQ + 2H — SF* + HO + CQ

Phdn ieng woi (NH 4)>C,04

Amoni oxalat tac dng Vi dung dch SF* cho Kt tia SrGO, mau téng,

tan trong cac axit vboclodng va tan&£trong axit axetic:
S|2++ (NH4)2CZO4 — Src:204l + Z\IH4+
Mau ngen lua:

Pay |a ptin tng khadic treng dé nhan biét cac cation nhém |1, cac rbu
dé bay hvi cua bari trong ngn hra khi khdng mauwab thanh ngn kra mau vang

luc; mubi canxi c6 mawto gach, mui stronti coa mado cacmin.

3.5. Phan tich i théng cation nhom Il ( xem trong giéo trinh thec hanh)
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Chwong 4. PHAN TiCH PINH TiNH CAC CATION NHOM lII
AI**, si™, Sitt, zn**, As™, Cr®*
4.1.Pac tinh chung

Hidroxit cia cac ion AY", Cr*, S, Zr*... c6 tinh clit ludng tinh, Kt
taa hidroxit @a ching tan trong axiting nhr trong kEm manh nhr KOH,
NaOH, vi \ay khi thém dung th NaOH ar vao on hop cac hidroxit thi cé th

tachduoc céc cation nay ldi cac cation nhém sau:
Al(OH)3| + NaOH,, — AlO, (aluminat)
Cr(OH)| + NaOH;, — CrO, (cromit)
Sn(OH), + NaOH,, — SnG? (stanit)
Zn(OH)| + NaOH,, — ZnO,* (Zincat)

Can cha y #&ng ion cromit Cr@ thuong két hop voi mot sb cation nhr
Mn?*, Fe", Mg®, Zrf*... tao thanh niing két tia MnCrQ, MgCrO,, ZnCrO...
khé tantrong méi torong kiém du. Vi vay néu chi dung riéng NaOH @ lam
thudc thir thi mot phan CF* cé thé van cona lai trong Kt taa V6i hidroxit caa
nhom sau. D@6, hbn hop NaOH,, + H,O, dugc dung lam théc thir nhém, khi
d6 CP* s3 bj oxi hoa thanh Crgd theo plan tng:

2CP* + 3H0, + 100H — 2 CrQ* + 8HO

Ngoai ra @ng cn luu y ring, cac ion PH ( nhém I1), SB* ( nhém 1IV),
CU* (nhém V) éing to thanh mdi tan trong kém or:

Pb(OH}| + 2 NaOH— NaPbG + 2HO0 ( natri plombit)
Cu(OH); + 2 NaOH— N&CuG, + 2H0 ( natri cuprit)
Sb(OH)}, + 2 NaOH— NaSbQ, + 2H0 ( natri stibit )

Céc cation nhém Il sau khi tach dihcac cation khéac dmg thibc thir
nhémdéu nim & dang mwi tan AlG,, CrOy, SnQ? ( anion stanit Sng bi
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oxihoa thanh stanat Sgb), ZnQ,* . Ta c6 thh dung NH' 1a mot axit yeu, ldy
bot OH di thi Al(OH); va Sn(OH), s5 két tua trd lai, con km 5 & dang cation
phic tan amoniacat [Zn(NH,?*] va crom \in ¢ dang anion cromit Cr@, nhu
vay s8 tdchdugc nhom 11l thanh 2 pin:

AlO, + NH," — AI(OH);, + NH,OH
SnQ* +2 NH" — Sn(OH)| + 2NH,OH
ZnO, + 4NH — Zn(NH)," + NH,OH
4.2. Mt sb phan ng diic treng aia ion AP
Phdn g Wi thuéc thi nhom

Thém fr tir trng giot dung dch kiém lodng vao dungidh chra ion AF,
két taa vodinh hinh dng keo hidroxit AI(OH) mau téng duoc hinh thanh:

Al* + 30H — AI(OH)3|

Tinh axit va tinh baz cua hidroxit nhdmdéu yéu, Al(OH); = H5AIO; =
HAIO,. H,O, trong mdi tirong axit:

Al(OH); + H" — AI** + 3HO
Con trong mdi trong kiém:
Al(OH); + OH — AIO; + 2H0

Muén cho Kt taa Al(OH); tan hoan toamb thanh AIQ thi phai thém
du OH , & méi trwong pH = 11, qud trinh chéy 1& hoan toan, ngyc lai mudn
chuyén AlO, thanh Kt taa Al(OH); thi phii 1dy b6t OH trong dung ith,
mudn vay ta thém mt axit yéu 1a NH," va dun néng dung i¢h dé NH; baydi,
cho can Bng chug¢n manh \é phia to két tua.

Phdn g wi Na,CO; hogc K,CO;
Phin tng aia AP* véi cac dung ith thibc thir nay cho Kt taa Al(OH)

2 AICI; + 3NaCO; + 3HO — 2AI(OH)3, + 6NaCl + 3 CQ
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Phdn ing wi Na,HPO,4
Phin tng aia A" véi cac dung ith thide thr nay cho Kt tuta mubi
phootphat dng keo, mau ting, khé tan:
AICI; + 3NgHPO, — AIPO,, + 3NaCl + NakPO,
Phdn #ng wi H,S
Phin ¢tng aia AI** trong mdi torong trung tinh hc amoniic thi ch tao
thanh AI(OH} cir khéng to thanh sunfua nhém vi sunfua nhédm ndgoytirc tac
dung Wi nudc:
OINH,OH +HS — (NH,),S + 2HO
AlLS; + 6HO — 2AI(OH)s + 3H,S
Phdn #ng Wi thudc thiz hitu co alizazindé S
Trong mdi trong NHs, ion A" tao wi thude thir hitu oo alizazin S mt
két thta maudo thim goi 1a son nhdm,day la ptin tng At dic trang va nlay dé
phat hén ion nhdm nhng khong phi 1a phan tng chon loc vi céac ion SH,
Sri**, Zn** ciing o duoc Véi alizazin cac kt thta mau xamgdo da cam va vang
nén pln tng phii thuc hién At cin than nhr sau: nb 3- 5 gbt dung dch
alizazin 0,1% pha trongrou vao dung ith thr, saudé thém dung th NH,OH
lodngdén khi c6 plin tng kiém, dun séi 2-3 phat, quay i tadé két taa ling
xubng day 6ng nghém. Nghiéngdng nghiém va nihtirng giot axit CHRCOOH
lodng theo thanibng nghém dé axit hda nk phin dung dch chodén khi mat
mau tim @a alizazin S d 3 chuyén thanh mau vang,éo c6 AP ta duoc két
taa maudé son troi rt dep, réu it AI** thi dung dch nhiwm mauds.
4.3. Mot sb phan wng dic treng aia ion Cr*

Phdn g Wi thuéc thi nhom
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Thém ¢ tir trng giot dung dch kiém lo&ng vao dungidh chia ion CF*,
két taa vodinh hinh dng keo hidroxit AI(OH) mau lic xamdugc hinh thanh:

Cr* + 30H — Cr(OH)|

Cing trong tr nhém hidroxyt, tinh axit va tinh bazaa hidroxit crém
déu yéu, Cr(OH), = HsCrO; = HCrO,. H,0, trong méi tedng axit:

Cr(OH} + H* —» Cr* + 3HO
Con trong mdi trong kiém:
Cr(OHx + OH — CrO, + 2H,0
lon crémit c6 mit s tinh cHit diac biét ma khi phan tich taéa eu y:
- ion crémit At dé phan @ng WGi nuéce, nht 1a khidun néng:
Cro; + HO 5 Cr(OH), + OH
Cr(OH) sinh ra trong pin tng nay thidi khdng tan trong Kim du duoc.

- ion crémit Kt hop véi cac ion Mit*, F€*, Mg®*, Zn”*... tao thanh nking
két taa khé tan nén khéngéhéach hoan toan nhém 1l khnhém 1V. Mt khéc,
néu c6 miit F€* khong tié dung kém du dé tdch nhém 111dé tach nhom 1 vi
trong diéu kién nay § hinh thanh Fe(OH)va Cr(OH); s8 cong két cling \6i
Fe(OH), khi d6 < khéng h tan trong kim du nita. Chinh vi gy, dé tach hoan
toan nhom 1l klbi cac nhém sau, ta ding hop NaOH va HO, dé chuyén

crdm & dang ion crémat tan.
Phdn i#ng wi Na,HPO,
Phin tng aia CP* véi cac dung ith thibc thi nay cho Kt tia mubi
phootphat dng keo, maudc, kho tan:
CrCk + 3NagHPO, — CrPQ| + 3NaCl + NakPO,

Két taa nay tan trong km dr va trong cac axit vdocva @ trong axit

axetic.
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Phdn #ng wi H,S va NaCGO;, K,CO; : ciing trong tir nhe ciia ion nhém
Phdn #ng dac trung riéng bt dé tim ion crém

Phin eng dic treng nHit dé tim crém chinh |& pin tng oxihda Ct thanh
thanh Cr@* mau vang hay GB;” mau da cam va gh tng aia CsO;* Vi

H,0O, trong mdi trrong axit ho thanh axit pecromic 4&£rOs cé mau xanh lam:
CrO/ + 4H,0, + 2H = 2H,CrOs + 3H,0

Phin tng dugc thuc hién nhr sau: Trong moi trong NaOH + HO,, Cr*
bi oxi hoa thanh Crg; saud6 dé tim ion nay, phi axit hoa dung ith bing
H,SO, haic HNO; (khi d6 CrO? s3 chuyén sang dng CrO;%); thém vaodiy
5-7 giot dietylete (hay wou amylic) va 1 git H,O, 3% i lic déu manh, trén
I6p ete (h@c l6p ruou amilic) la axit HCrOs c6 mau xanh lam.

4.4. Mt sb phan #ng diic treng cia ion Zn?*
Phdn g Wi thuéc thi nhom

Thém fr tr tirng giot dung dch kiém lodng vao dungidh chra ion Zrf*,
két taa vodinh hinh dng keo hidroxit Zn(OH) mau téng dugc hinh thanh:

Zr?* + 20H — Zn(OH)|

K&m hidroxit 1a cht dién li ludng tinh, tan trong axit va trongékn du:
Zn(OHY, + H" — zZrt* + 2HO
Zn(OH)Y| + 20H — ZnO* + 2H,0

Ta c6 th thém vao dungidh zincat mt axit thi By lai duoc két tua
Zn(OH),, nhung khac i nhém va théc, khong th dung NH* vi € tao thanh

phtc tan da kim:
Zn(OH)Y| + 20H + 4NH," — [Zn( NHy)]* + 4H0

Phdn irng wi Na,CO; hogc K,COs
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Phin ung aia Zrf* véi cac dung éth thibc thr nay to thanh mdi
cacbonat bazcé thanh pin phy thuoc ndngdé caa dung dch va nhét do:
ZnCh + 2NaCO; + HO — Zn(OH)CO; + 4NaCl + CQ
ZnCh + 3NaCO; + HO — Zn(OH)(COy), + 6NaCl + CQ
Céc Kt tua nay tan trong Bm dur, trong amonia vaactrong dung éth
mudi amoni.
Phdn #ng wi H,S
lon Zrf* trong méi trrong trung tinh, Km yéu haic c6 mit mudi axetat
natri thi tac dng v6i H,S haic (NH,),S o thanh Kt tua sunfua Em mau téng:
ZnChL + HS + 2CHCOONa— Zn§ + 2NaCl + 2CHCOOH

Két taa vodinh hinh ZnS tan trong cac axit vé oheng khéng tan trong

axit axetic va NaOH:
Zng + 2H' - zZrn** + HS

Khoang pH thich p nhit ¢é két tia ZnS 1a & 1,5dén 3 nén man két

taa hoan toan ZnS phtién hanh trong méi trong dém fomiat c6 pH = 2.
Phdn iing dac treng riéng bigt dé tim ion kém

Trong mdi twong axit lodng, ion ZH tao wi thudc thr
(NH4);[Hg(SCN)] khi c6 mit cia CF* vé6i ndng do rat nho ( khong wrot quéa
0,02% ) ndt két taa tinh te mau bc rat dic trang c6 thanh pin la
Zn[Hg(SCN)]. Co[Hg(SCN)]. Néu thay ion C&" bing ion Cd" ( ndng do
khéng wot quéa 0,1% ) thiab thanh Kt taa tinh tié mau tim Zn[Hg(SCNJ.
Cu[Hg(SCN)].

Phin tng nay b can tré bai cac ion C6°, CU*, Mn**, PF*, Ag", khi nong
d6 caa ching wot qué g do caa ion Zrt™ nén phi thuc hién phan tng dn
than nhr sau: Ay 0,5ml dung éth nghién ¢u vaobng nghém sach, thém vai
giot H,SO, lodngdé tao mdi tirong axit, thém 0,5ml dungich 0,1% Cé&" haic
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0,02% C4" va not vai giot dung dch thibe thir (NH,);[Hg(SCN)]. Néu trong
dung dch nghién 6u c6 mit ion Zrt* thi € c6 Kt taa tinh t mau tim
Zn[Hg(SCN)].Cu[Hg(SCN)] hoic két tua tinh tt¢ mau hc Zn[Hg(SCN)).
Co[Hg(SCN})].

4.5. Mt sb phan #ng diic trueng aia ion Srf*, Sri**
Phdn g Wi thuéc thir nhom

Thém tr tir tirng giot dung dch kiém lodng vao dungidh chra ion SAY,
két taa vodinh hinh dng keo hidroxit Zn(OH) mau téing dugc hinh thanh:

Srf* + 20H — Sn(OH)|

- Sn(OHY), tan trong trong Km du tao thanh anion stanit Sp®O :
Sn(OH); + 20H — SnQ* + 2H,0

Dé lau va khidun néng, Sng” phan ttng Wi nudc:
SnQ” + H,0 — HSNnQ + OH

Trong méi terong kiém lodng, HSN® bi phan fiy tao thanh Kt taa oxyt

mauden SnO:
HSNQ — SnQ + OH
Con trong mdi weong kiém dic, HSnQ bi phan iy tao thanh Sn:
2HSNQ — S + Sn@” + H,0

- Sn(OH) c6 tinh clat twong dbi dic biet, két tua keo Sn(OH), méi hinh

thanh con gi 1a axita- stanic @ tan trong axit va trong &mn du:
Sn(OH) + 4H — Si* + 4H,0
Sn(OH) +20H — SnQ? + 3H,0

Nhung réu dé 1au vadun néng thi cowstrung hop, tach It mot sb phan ¢ H,0O
dé chuyén thanh HSNQ;, goi 1a axit B- stanic, khdng tanactrong axit va trong

kiém, khi nay théc < bi 1an xubng cac nhém sau.
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- Sn(OH), thé hién c tinh baz va axit Yu nén céac ion axit Shva ion
baz SnQ” cé kha nang phin tng Wi H,0:
si* + 4HO 5 Sn(OH)| + 4H'
SnQ* + 3HO 5 Sn(OH); + 20H
Nhu vy, ciing gidbng nhr AlO,, mun chuyn SnQ? thanh Kt taia Sn(OH) ta
c6 thé dung 4NH":
SnQ% + H,0 + 2NH" S Sn(OH), + 2NH;
Dung phin tng nay c6 th tach théc va nhdm ra kéi crom va km.
Phdn i#ng wi Na,HPO,

Khac Wi cac ion @a nhom llI, pkn tng aia Srf* véi cac dung ith

thudc thir nay cho Kt taa hidroxit, tan trong Kim va axit vo o:
SnC}, + 4NgHPO, — Sny(PQy),, + 6NaCl + 2NakP(O,
Sn(PGQy),, + 6HO — Sn(OH)|, + H3PO
Phdn iing woi H,S
lon Srt* vaSr' trong méi trrong HCI thi tAc dng Wi H,S tao thanh Kt
tua sunfua khé tan SnS mau sécéla va,3n&u vangutoi:
SnCh + HS — Sng + 2H
SnCh + 2HS — SnS| + 4H

Két tua SnS va SnSan trong axit HCtic khi dun néng, trong cac dung
dich mwi sunfua va polisunfuaad thanh cac mii thid. Riéng SnS trong
polisunfua tedc tién b oxihdéadén SnS mau vang, sadé msi tan &o thanh
SnS?:

Sng + (NH),S; — Sng| + (NH,),S
SnS, + S — SnS” + S

Khi axit héa dung @th mubi thid caa thiéc thi Sn$ lai két tua tr lai:
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Sns” + 2H — SnS| + HS
SnS con tan trong &in khi cé nit chit oxihda, nhr:
Sn§ + 6NaOH + 3KD, —» NaSn§ + NaSnG, + 6H,0

Khi dun sbi trong HN@dic, SnS chugn thanh axit HSnQ, B- stanic t

kho tan:
sSnS + 4HNG, + HO — H,SnG; + 4NO + 3S
Phdn #ng ddac trung riéng bt dé tim ion thiéc
- Phan tng Wi FeCk trong moi toong axit:
2FeC} + SnC} — 2FeC} + SnCj
Nho vao dung éth nay iy giot dimétyl gliéxim thi € tao mui ndi phac mau
hong Wi ion FE*. Phan tng nay b can trd bai mot sd ion nhr Mn®, Co™*, Ni?",
Fe”, crt
Phan tng wi K3[Fe(CN)]:
2[Fe(CN)}]* + St — Si* + 2[Fe(CN)*

Saudé nh vao dung ith nay ny giot F€* < tao thanh FgFe(CN)]

c6 mau xanktac trung.

4.6. Phan tich 1§ thong cation nhom 11l ( xem giéo trinh thuc hanh )
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Chwoeng 5. PHAN TICH CATION NHOM IV

Fe™*, Fe**, Sb*, Sb*, Mn?", Bi®**, Mg**

5.1.Pac tinh chung

bic tinh chung a cac cation nhém IV 1&ad véi kiém hay amoniac cac
hidroxit khéng tan:

F&' + 20H — Fe(OH)] mau ting
Fe* + 30H — Fe(OH), mAaudé nau
Mg* + 20H — Mg(OH),| mau ting
SB* + 30H — Sb(OH)] mau ting
Sb* + 560H — Sb(OH), mau ting
Mn* + 20H — Mn(OH)%| mau ting

Trong méi toeong NaOH ar + H,O, thi Mr?* 3 bi oxi hoa thanh Mn®

mauden:
Mn(OH),, + HO, — MnO, + 2HO

Trong cac hidroxit €&a nhém 1V thi Sb(OH)tanduoc trong kém dur va
ca trong cacbonati@ kim laai kiém, néndé antimon khéngdt xubng nhém |1,
can dua SB* 1én SB*, chinh vi vy thuc thir nhém én 1a NaOH @ va HO; .

Nhu vay voi hoén hop cation sau khi tach nhom | va nhém I, ta dung
NaOH dr + H,O, dé tdch nhém lIl, khi ndy nhém IV va nhom&/dang két taa
hidroxit, riéng mangar dang MnQ, . Ta hi cho tac dang Wi NH,OH dur +
H,0O,, thi nhém IVduoc tach rag dang Kt taa, con nhém W lai trong dung
dich drdi dang phrc amoniacéat
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Sau khi tach riénduoc nhom 1V, ta dung axité hoa tan cacé tua nay,
dura vao nfing tinh clat hda lc khac nhau i@ trng iondé tdch va nhn biét

chung.

Cac cation ¢a nhém IV dic biét 14 cac cation bitmut s, antimondéu @
phan ang Wi nuéc dé tao thanh cac & taa, cho nén mbn cho cac cation nay
tén tai trong dung dth thido axit aia dung dch phii cao.

5.2.C&c phan @ng dic trung aia ion F€* va Fé*
Phdn i#ng wi thuéc thiz nhom
Céc dung ith kiém tao woi Fe** va Fé* cac Kt tua hidroxit khdng tan:
F&€* + 20H — Fe(OH); mau tiing
Fe* + 30H — Fe(OH)}, maudé nau

Thubc ther nhém 1a Bn hop NaOH dr + H,0, nén Fe(OH), mau téng
chuyén thanh Fe(OH) maudé nau:

4Fe(OH), + 2HO, — 4Fe(OH)|

Dé lau trong khdng khi Fe(OH) ciing bén doi dan tr mau téng sang
mau ém roi sang mawio nau Ga Fe(OH)|:

Fe(OH), + HO + Q — 4Fe(OH),

Hidroxit sit 1a két taa vodinh hinh, c6 kh ning hip phu rit manh céac ion

khac c6 nit trong dung ¢th.
Phdn #ng wi nuwéc ( phin @eng thiy phan)
Céc ion F& va Fé' rit dé phan ung Wi nudc, nén chtdn tai & moi
truong rfat axit:
FE'+ HLO = Fe(OH) + H
Fe(OHj* + HO = Fe(OHy" + H'
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Khi muén hoa tan méi caa sit, tredc hét phai tim uét mubi khd bing
axit dac, sauiddé msi hoa tan.
Phdn iing wi dung dich cacbonat kim lai kiém:
FE'+ NaCO; — 2Nd + FeCQ Kt tua mau ting
Fe* + 3NagCO; + H,O — 6Nd + CO, + FeOHCQ két tiadod nau
Khi d@é lau trong khong khi, & tuia FeCQ bi oxyhoa dn va bén thanh
FeOHCQ mau dé nau, nit khac khidun néng thi FeOHCi bién thanh
AFe(OH);
4FeCQ + O, + 2HO — FeOHCQ|
FeOHCQ| + H,O — Fe(OH}| + CGO
Phdn irng wi dung dich kali ferixianua Kz[Fe(CN)g]:
Kali ferixianua K[Fe(CN)] tac ding wi ion F&* tao thanh Kt taa co

mau xanhdic treng goi 1 xanh tuabin FgFe(CN)],, két tha nay khéng tan
trong axit nleng i kiém phan iy do to thanh hidroxit & ba:

3F€" + 2[Fe(CNj*> — Fe[Fe(CNyl,

Khi ndng d6 cia ion F&" qua n, 5 khong to thanh Kt tia ma 2o
thanh dung ith keo mau xanh.
Phdn #ng wi dung dich kali feroxianua KJFe(CN)g]:

Kali feroxianua K[Fe(CN)] tdc ding wi ion F€" tao thanh Kt taa vo
dinh hinh c6 mau xantic treng ooi 1& xanh plé hay xanh Prusse fEe(CN)]s
khéng tan trong axit ning b kiém phan iy do to thanh hidroxit & ba hac
bi cac clat c6 kha ning to phic bén voi Fe** phan lay

AFE" + 3[Fe(CN)*> — Fe[Fe(CN)];
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Kali feroxianua K[Fe(CNY)] ciing tAc @ing Wi ion F&*, nhung o thanh
két tia c6 mawu ting Fe[Fe(CN)] haic KFe[Fe(CNyJ:

FE" + KJ[Fe(CN)] — K,Fe[Fe(CN})] + 2K'
Hozc: 2Fé" + [Fe(CN)]* — Fe[Fe(CN)]
Dé lau trong khoéng khi, 4t tua din din € hoda xanhgdic biét khi cé mit chit

oxyhoas né &bién thanh xankiam rit nhanh vi F& bi oxyhoa thanh P& va
tao thanh Kt tia Fe[Fe(CN)].:

Fe[Fe(CN)] + 30, + 6HLO — 2Fea[Fe(CN)],| + 4Fe(OH),
Phdn #ng wi dung dich kali hay amoni thioxianat vi ion Fe**:

Pay |4 phin tng rt dic treng aia ion FE", tao thanh nitng phic chit
tan mauddé mau co thanh gim thayddi ( sb phdi tir SCN thayddi tir 1 dén 6 )
tiy thuc vao @dngdo cua ion SCNtrong dung éth.

Phin ung nay kha niy, tuy nhién &t d& bi anh hréng i cac chit tao
phic bén v6i ion FE* hay cac cht c6 khi ning to két taa hay fop chit kém
phan li wi ion SCN .

Phdn i#ng wi dung dich axit salixilic GH4(OH)COOH i ion Fe**:

Axit salixilic viét tit la H,Sal, trong mdi trong axit mnh pH ~ 1 40 V6i
ion FE" mot ion phic c6 mau tim nit, thanh phn cia phic [a 1:1, [Fe(Sal)]
khi ting pH @ia dung dch, thanh pan va mau ¢a phic $ thaydéi: trong moi
truong axit ¥u pH ~ 4 1a plic [Fe(Sal)] ¢6 mau da cam, trong moirtmg

kiém yéu pH ~ 9 |a plic [Fe(Salj]* c6 mau vang.

Khi thay axit salixilic Bing mbt ddn xuit dé tan n cia né la axit
sunfosalixilic thi pln ¢ng ding xay ra trong tr nheng nhay hon rat nhiéu. Phan
rng duoc ar dung dé xacdinh sit bing phrong phapdo quang, thong dugc
thuc hién & moi trong kiém pH trong khang 9 — 11 cho ¢p chit phirc ¢

mau vang.
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5.3.C&c phan #ng aia ion Mn?*

Mangan c6 th ton tai trong cac kyp chit véi nhiéu hoa ti khac nhau nin
2,3, 4,6, 7, trong6 ion Mrf* tuong dbi bén, dung dch nréc cia ion Mrf* c6

mau fong nhat, c6 ptin tng axit yu.
Phdn #ng wi thuéc thiz nhom:

Khi kiém hoéa dung @h Mrf* thi c6 Kt taa téing tach rad pH > 8,8 (
dung dch Mrf* 0,01M), Kt taa nay & tan trong axit lodng va niiamoni, tan
moét it trong kEm du do to thanh plic hidroxo:

Mn(OH)| + 2NH," S Mn®*"+ 2NH; + 2HO
Mn(OH)| + OH- S Mn(OH)s

Két tha Mn(OH)| d& bi oxyhda trong khéng khi 1am cho mawmbidoi
dan do gach va céi cung la nauten dia oxit mangan, hi@ néu cO mit chit
oxyhoda thi Mn(OH)| £ bi oxyhda nhanhdn.

Phdn g wi dung dich cacbonat kim lai kiém:
Mn?* + NaCO; — 2Nd& + MnCQ] két taa mau ting
Phdn #ng wi dung dich amoni pesunfat ( NB),S,0g trong méi tneong axit

pay |a plin (ng ft dic trung dé tim M?*, phan tng xay ra trong moi
truong axit vadugc xdc tac bi ion Ag', tao ra ion MnQ c6 mau tim 4t dac

trung:
Mn?* + 5SSO~ + 8HO — 2MnO; + 10SQ* + 16H

co ché caa phin tnhg nay chatén nay \in c¢6 nhéu gia thiét khac nhau, phbién

nht 1a theo o ché sau:
Ag' + SO — 2Ag™ + 2SQ”
2Mr* + 10Ad + 8HO — 2MnO; + Ag + 16H

Phdn #ng wi dioxit chi PbGQ trong moi tieong axit:
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Pay ding |a phin tng it dic treng throng dingdé nhan biét mangan |
ion Mn®* khdng mau boxyhéa thanh ion Mn©cé mau tim. Khi thc hién phin
rng phii tién hanh én than, ng do ion M®* phai nho, Néu dung dch chra
lwong I6n ion Mrf* thi MnOy méi sinh $ tac ding Wi Mn?* du tao thanh MnQ
két taa lAn véi PbQ, mauden nén khéng rim dugc:

2Mr™* + 5PbQ + 4H — 2MnQ; + 5PB" + 2HO
5.4.C&c phan #ng aia ion Mg®*

Dung dch nréc cia ion M¢f* khéng mau, cé pim tng ¢in nhr trung
tinh, pH @a dung dch Mg®* 0,01M vao khang 7
Phdn g Wi thuéc thiz nhém:

Khi kiém héa dung ith Mg thi c6 Kt taa tréing tach ray pH = 10 ( dung
dich Mg™ 0,01M) va Kt tua hoan toaw pH = 12,5; kt tua nay @ tan trong axit
lodng va méi amoni

Mg(OH),l + 2NH," S Mg* + 2NH; + 2HO
Phdan #ng wi Na,HPO,:

Dung dch ion Md¢"* khi tac ding wi HPO,® <5 tao thanh Kt taia mau

trang:

Mg® + HPQ* — MgHPQ, két taa mau téing
Két taa nay khdng hoan toanéunco mit NH,CI va NH,OH trong dung ith thi
s3 tao thanh Kt tata MgNH,PO, mau téng hoan toan dn, day la ptan ung rat
dic treng, duoc ar dung dé nhan biét ion Mg?* khi khéng cé céac thie thir hitu
co Vang titan GgH;0OsNsNa hay Magneson | ( p-nitrobensolazoresocsin ) va
Magneson Il ( p-nitrobenzolazasnaphtol)dé tim ion Md¢* bing cac phn ng
dac trung.

5.5. Phan tich 1§ théng cation nhom 1V: xem gido trinh thwc hanh
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Chwong 6. PHAN TICH CATION NHOM V

Cu®*, Co™*, Ni**, Cd**, Hg*™*

6.1.Dic tinh chung

Céc cation nhom nay la cac ion kinailehuyén tiép, vi Ay tinh chit dién
hinh @ia nhom 1a kh ning tio phrc kha manh, hidroxit caa ching tan trongdm
hop NH," va NH; dé tao thanh plirc tan amoniacat c@%hji tir NH; tir 4 dén 6.
Phrc ciadong cé mau xanh dadir caa coban va niken c6 mau xanbi hxam,
cua calimi va thy ngan khéng cé mau. Vidy, thujc thir nhom 1a Bn hop
NH;Cl + NHa.

Céc cation ¢a nhom V 40 duoc cac Kt taa sunfua khé tandi H,S hay
(NHy),S, do tan @ia cac sunfua phthuoc vaodo axit aaa moi trong, vi \ay
tinh cHit nayduoc sr dung dé tach riéng, coab tirng cation trong nhom, said

sir dung cac phn ang dic treng dé nhan biét.
6.2.Cac phan ng diic treng cia ion CU*”
Phdn g Wi thuéc thiz nhém:

Amoéniac to dugc Véi dung dch ion CE* két tia mbi bazy mau xanh
luc nhat, & tan trong théc thir du. LGc ndy dung @h cé mau xanh la@ém do
tao thanh ion phic [Cu(NHs).]*":

2CuSQ + 2NHOH — Cw(OHLSO, + NH,'

Cw(OH),S0O, + NH," + 6NH; — 2[Cu(NH),]*" + SQ* + 2H0
Phdn g wi kiem:

Céc dung @th kiém tac ding wi ion CU* khi ngwi cho Kt taa xanh iic,

dé tan trong axit lodng, trong NHa tan not phan trong cac dungidh kiém dic

tao thanh cuprit mau xanh xant bdi pha hiy khi pha loang:
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Cu#* + 20H — Cu(OH)|
Cu(OH)| + 20H S CuQ® + 2HO

Khi dun néng lau, hidroxitdng rit nuéc, tao thanh oxitddng CuO mau
den:

Cu(OH) — CuO + HO
Phdn ing wi H,S hay (NH,),S:

H,S tac aing Wi Cu* tao thanh Kt taa dong sunfua CuS maden ir cac
dung dch axit @ia muwi déng. CuS khéng tan trong,B0, , HCI dic nhrng tan
trong HNQG;:

3CuS + 8HN@ — Cu(NGy), + 3S + 2NO + 440
Phdn irng wi dung dich kali feroxianua KJFe(CN)g):

Kali feroxianua 4o dugc két tia Cuy[Fe(CN)] maudé gach tr cac dung
dich trung tinh hac axit yéu. Bay 1a ptin tng khadic treng dé nhan biét ¢éng,
mubi nay khong tan trong axit lodng whg b kiém phan ky thanh dong
hidroxit mau xanh hix tan trong améniac dad phrc améniacat:

Cw[Fe(CN)] + 20H — Cu(OH)| + [Fe(CN)}*
Cw[Fe(CN)] + 8NH; — 2[Cu(NH)]*" + [Fe(CNy*
Phdn g wi thiosunfat:

Trong mdi trrong axit, khidun sdi, thiosunfat tacuthg Wi Cu?* tao thanh

két thaddng sunfua Cs6 mauden:
2CH#" + 2805 + 2HO — CuS| + § + 2SQ* + 4H
Phdn #ng wi iodua kali:
KI tac ding Wi CU?* tao thanh Kt tua ddng(l) iodua mau ting:

2CU*Y + 41 — 2Cull + |
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Phin tng nay tlrong duoc st dung dé dinh hrong dong theo plrong
phé&p chén d¢ iod-thiosunfat.

6.3.Cac phan ing aia ion Cd**
Phdn g Wi thuéc thiz nhém:

Mbt lwong nkd amodniac Et tia dugc Cd* tao thanh hidroxit cadimi,at
dé tan trong théc thr du do fao thanh ion pc khdng mau [Cd(NE)4]*":

Cd(OH)}| + 4NH; — [CA(NHg)]** + 20H

Dudi tAc ding aia H,S hdic kiém, phrc nay b pha hiy va to thanh Kt
tua vang troi CdS hac Cd(OH):

[CA(NHy)4]*" + 2HS — CdS +(NH,),S + 2NH,"
[CA(NHy),]* + 20H — Cd(OH)| + 4NH;
Phdn g wi kiem:
Céc dung ith kiém tac ding wi ion Cf* cho Kt taia mau ting, khong

tan trong théc thr du nheng & tan trong cac dungich axit vd o lodng, trong

NHj; du va tan trong cac dundgah xyanua ga céac kim lai kiém:
cd* + 20H — Cd(OH})|
Cd(OH)] + 4NH; — [CA(NH),]*" + 20H
Cd(OH), + 4CN — [Cd(CN)]* + 20H

Phdn #ng wi H,S:

H,S tac dng wi Cd** trong mdi tedng axit ko thanh Kt taa cadimi
sunfua CuS mau vangdi. bay |a ptin ung ft dic treng dé nhan biét ion Cd™,
Mau aia Kt taa phu thusc méi tirong, trong mdi trong trung tinhdén axit y¥u
( d@n pH = 0,5 ), cadimi sunfua c6 mau vangif néu méi trdng axit manh
hon (dén pH < 0,5 ) vatun néng, cadimi sunfua c6 mau thiy tir da camién

nau.
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Phdn irng i KCN:
Khi thém fr tr dung dch KCN vao dung ih ion Cd*, truge tién thy
xuat hién két tha Cd(CN) nheng saudé két taa tan ngay trong tiee thr du tao
thanh ion plc:

Cd* + 2CN — Cd(CNY|
Cd(CN}p, + 2CN — [CA(CN),?*

Phirc xyanua @a cadimi |a kém &n nHit trong cac phc xyanua ¢a cac
ion kim loai nhém V, vi \y c6 th dung HS dé phat hén ion Cd* trongdiéu
kién co cac cation nhdm nagundung KCNdé can:

[CA(CN)]* + 2HS — CdS + 2HCN +2CN
6.4.Céac phan ing aia ion Ni#*
Phdn #ng wi thuéc thiz nhom:

Ciing gidng nhr ddng va cadimi, kgng Nk amodniac Et tiaduoc Ni?* tao
thanh hidroxit cadimi shg keo, c6 mau xankd nhat, rit & tan trong théc thir
du do ©o thanh ion phic [Ni(NH3)]?":

Ni(OH),, + 4NH; — [Ni(NH3), > + 20H
Phdn #ng Vi kiém:
Céc dung ith kiém tac ding Wi ion Ni** cho Kt taa cang keo maudc

nhat, khdng tan trong thic thir du nhung & tan trong cac dungich axit vd ©

lodng, mwbi améni va trong Niidu :
Ni** + 20H — Ni(OH),|

Khi c6 mit kiém, neéc brém hdc nege clo oxyhoéa hidroxit niken(ll)

thanh hidroxit niken(lll) cé maden:
Nl(OH)zl + Br, + 20H — Nl(OH)gl + 2Br

Phdn irng wi dung dich kali feroxianua KJFe(CN)g):
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Kali feroxianua 40 dugc két taa Ni[Fe(CN)] mau vang nau & dung
dich ion NF*,
Phdn ing wi dimetylglyoxim- thuéc thiz Sugaeep:

Trong dung ith améniac, dimetylglyoximab voi Ni** mudi noi phuc
mau fong troi dimetylglyoximat niken, 4t it tan trong néc:

Pay |a ptin ung rt dic treng dé nhan biét niken. Cac catiorab hidroxit

khong tan trongdc can tré phan tng.

6.5.Phan tich hé théng cation nhém V: xem gido trinh thrc hanh
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Chwong 7. PHAN TiCH PINH TiNH CAC ANION

Ddi véi viéc phan tich, xadinh cac anion, ngi ta ding tim cach chia
ching thanhing nhém éi méi nhan biét ting ion ndt. Viéc phan chia da trén
tinh oxyhoa-kix; tinh axit-baz haic tinh ko cac lyp chit it tan, tuy nhién wic
phan chia nayimg chraduoc hoan cinh.

Thuc t& nguoi ta hay dung bari clorua Baghaic canxi clorua CaGlva

bac nitrat AgNQ 1am thiéc tht nhdmdé phan céac anion thanh 3 nhémunh

trong king dréi day.

Nhém Céc anion Pic tinh aia thuéc thir
phan tich nhom nhom
lon sunfat SG Muébi bari aia cac| BaCl, trong
lon sunfit S anion nay it tan | moi treong

lon thi fat SO7 trong reéc nhung | trung tinh hay
on thiosunfat 05

tan trong axit kiém yéu
I lon cac bonat C& lodng (ter
lon phot phat PG BaSQ)
lon silicat SIQ”
lon borat BQ hay B0/
lon clorua CI mubi bac aia cac | AgNOs khi c6

lon bromua Br anion nay it tan | mat HNOs

I trong nréc va

lon iodua I
trong HNG;
lon sunfua $
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lon nitrat NQ Mubi bari va Khoéng c6
" lon nitrit NO, muoi bac aia cac | thuoc thir nhom
anion nay tan

trong nréce

Viéc tim ndt sd lon cac anion da trén & st dung cac phn ung gidng
nhr da sr dung dé phat hén cac cation. Nin khi phat hén cation B&" c6 th
dung ion SG, vi thé dé tim SQ? ¢ thé sir dung ion B&".

Phan tich cac anion c6 intg dic diém riéng khac §i cac cation, do cac
anion throng khéng én tré nhau. Chinh vi ay, d6i véi nhiéu anion, ta cé th
st dung cac phn ung dic treng d&é tim ching ngay trong cac fhriéng da
dung dch nghién ¢u. Viéc sr dung phan tich &1thong cH thuc hién trong céac
truong hop phic tap khi trong dung ith c6 nit cac anion ga céac cht khir hay
cua cac cht oxi hoa.

7.1. Phan tich anion nhom |

Nhém | bao §m céc anion S§, CO%, PQ*, SiO%, hay BO;*, SQO7,
S,047... Cac anion nhém nay cé céac diém la wo véi Ba?* cac mui it tan
trong nréc, nhung & bi hoa tan trong cac axit vy dodng (tir BaSQ), vi vay,
thudc thir nhdm bari clorua Bagkthi két tua cAc anion néi trén trong méirémg
trung tinh héc yéu. Cac phn tng quan tsng aia cac anion nhémduoc trinh

bayd bang 7.1

Bang 7.1. Mpt s phan tng dic treng aia cac anion nhém |

Thudc thir SO% | SO% | S05 | CO, PO, SiOs” BO,

BaCh trong mdi| Két | Két |Kéttaa| Két Kéttaa | Kéttua | Kéttua

truong trung tinh  taa taa mau tha | mauténg | mau mau

89



Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com

haykémyéu | mau | mau | traing | mau | BaHPQ | tring | trang
tring | tring | BaS0;| tring BaSiO, | Ba(BO,),
BaSQ | BaSQ BaCQ
) Tan . Tan va
Tac ding aia R o | Tanva ]
.. . _ | Khong| vaco | Tan va ] co
HCI doi véi cac ] ] co Tan _ Tan
. _ tan khi | c6 CG H,SiO;
muoi bari CO, ]
SO, tach ra
. , Két taa
Hon hop MgCl, Két tia .
mau
+ NH4OH - - - - MgNH4PO4 , -
o, trang
+NH,CI mau téng _
MgSiO;
Dung dch
molipdat Két taa
(NH4),MO, - mau vang
HNO;
C6 SQ
] . Khi . Khi
Cac axit - va S - - -
SO, ] CG,
tach ra
Céac muwi NH,",
NH,4CI, (NH,)- - - - - - -
2SO,
Dung
Natrinitropruxua dich
Na[Fe(CNENO] mau
hong
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Lam
_ mat
Fucxin - . - - - -
mau
hong
Mau ngn hra - - - - - - Xanhic

Bari clorua BaGl két tia ¢ cAc anion ¢a nhdm nay déi dang két taa
tinh thé mau téng. Trong cac & taa nay ch co Kt tia BaSQ khong tan trong
axit HCI, nhr thé c6 tré dung plan ttng naydé tim ion SQ?.

Két taa bari cacbonat BaGQan trong axit HCI, c6 khi CQthoét ra con
véi két taa sunfit va thiosunfat BaS®a BaS0; thi ¢6 khi SQthoat ra. Cacé
taa bari metaborat va baridnophotphat khi tan trong HCI khéng c6 khi thoat
ra. Axit HCI phan hgi bari silicat vado thanh Kt taa aia vodinh hinh @a axit
silicic.

Vé6i dung dch molipiat cH cé ion P@* cho Kt tia mau vang amoni
photphomoliat.

T dung dch silicat, cAc mdi amoni lam tach radt tua vodinh H,SiO;
7.2. Phan tich anion nhém I

Céc anion nhém l@n CI, Br, I, § va not sb ion khac. Mii cua céc
anion nay ¥i Ag® khong tan trong wsc va trong NH khi c6 miit axit HNO;

lo&ng.

Pa $ cac anion nhom limg to vsi AgNO; nhitng mubi khéng tan trong
nugc. Tuy nhién, 4 ca cdc mwi nay déu tan trong HN@ vi thé chiing khong
can tré viéc tim cac anion nhém Il.

Mot sb phan tng dic trung quan tsng nhit d6i véi cac anion nhom |l
dugc trinh bayy bang 7.2.
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Bang 7.2. Mbt sb phan eng dic treng aia cac anion nhom |

Thubc thir Cr Br I s
.y , . : .| Kéttaa | | )
AgNOs; khico | ketttamau | Kéttua mau| | Kéttaa mauden
, . mau vang
mat HNOs trang AgCl vang AgBr Adl AQ,S
g
Tac ding aia cac| Tan, to Tan rd Bt, tao | Thuc t
mudi bac Vi thanh thanh khéng b Khong tan
dung dch NH; | [Ag(NH»),]Cl | [Ag(NH5),]Br | hoa tan
Céc clat oxihoa
Thoat ra
manh (KMnGQ,, | ThoatraCl | Thoat ra By I Thoatra S
chr207) ?
Nudc clo (khi co o Mau tim
- Mau nau By -
mat cua benzen) I,
NaNG, ha
_ d Thoéat ra
KNO, khi cé nat - - I -
cua HSO, ’
H,SO, - - - Thoat ra khi KB
Tinh thé
Pb(CHCOO), - - mau vang -
Pbb
CbhCG - - - Két taa vang
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CbS
Mau tbng | Maudo
Fluorecxon - _ _ -
eosin eosin
Axit
_ - Mau timdo - -
fucxinsunfua
Na[Fe(CNENO] Mau tim
ap|Fe - - -
Nag[Fe(CN)NO]

7.3. Phéan tich anion nhém 1l

lon NOy, NO, va mdt s cac anion khéac tlie nhém 1. MWi cia cac
anion nay trongl6é c6 & mudi cua ac va a@a baridéu tan 6t trong nréc. Anion
nhom 11l khéng c6 théc thr nhom. Mot s6 phan tng dia anion nhém llidugc

trinh bay trong ing 7.3.

Bang 7.3. Mbt sb phan eng dic treng aia cac anion nhém lil

Thudc thi NO; NO,

FeSQ trong moi trong | Vong mau nauti@ phrc | Vong mau nauwa phrc
axit [Fe(NO)SQ] [Fe(NO)SQ]

biphenylamin R0 dung dch mau xanh Tao dung dch mau xanh
o Maudo rd aia nitro- Mau xanhlic rd aia
Antipyrin S _ o
antipyrin nitrozo — antipyrin
Cu + HSO, Tach khi NQ -
Axit loang HCI, HSO, - Tach khi NQ
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Kl khi co mat H,SO, - Tach b

KMnO, khi c6 mit

- Lam mit mau tim
H,SOy

Thudc thr Grigg - Tao dung dch maudo

bun néng wi NH,CI

- Tach N
hay (NH;),SO,

NGi chung, véc phan tich tim cac anionubng thrc hién trong frng pHan
dung dch riéng, khéng ndt thiét phai theo nét quy trinh nghiém nig. Nguoi ta
chi sir dung cac phn tng tach trong @t s truong hop phic tap, vi da nhue khi
ddng thyi cé mit cac anion C] Br, I, hay $, SO, S;05 va SQ”.

Thuong tién hanh th trudc cac dung @h phan tichié xac dinh trong
dung dch ving mit cac anion ndo. Satd, tién hanh tim cac anion riéngébicd
mat trong dung ¢th.
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