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FHE MER K
Chapter 5 The Precipitation Reactions

s RN R R, W I UOTE IROBR 25 — S B T B R AR B 1, X K B —
LR FLL PR (1 T 8 R 170

5 AT T8 A 10 X 5 FL R R PR B, A A3 T AU L R i 5 i R AT B 5 T
[B] F) 22 FH -7 o

§5-1 BEM
Solubility Product

v STUEFAREFE (The Equilibrium of Precipitation and Dissolution)
1. fE—EREM—E&/KF, AgCIs) Ag'(aq) + Cl (aq)
Ve = Vo B, DUERE MR B4, FROARAHTH (heterogeneous equilibrium) .
Ag'][Cl
2. Pagiss: k=2l

[AgCl]
" [Ag'][Cl 1=K - [AgCl], K - [AgCIiEAE Ksp, Ksp MRNTEFERUH HL
3. #: AB () === nA""(aq)+mB" (aq) , [A"]:[B"]" =K

4. EEA:
(1) Ko SEA R, HRWAAK. ESLERS, #HT 25 CHEH Kop;
(2) FE bR Fab =y, R B0 20 FH AR AR o 1) VR
(3) 1E Ko RIAA A, NOZAE 75 A B TR I o F R T X i A It T
BTWEARDN, BTINEEREy =1, FUTUHBEFREREE IS,
. BEMEREERXZR (TheRelationship of Solubility Product and Solubility)
1. R so (mol-dm™) 5 K, 5
(1) H T 8 #R 3 7S e — W 50 By ML R VA VT 25 Ve B P = AR ), B0 2 s A0 e 1
VEMERES), WEATZ A A
(2) BB OREE P T VA AR R VAR BEAR /N, BT L SRR MRV, (EL R R R
W, W op, =p, =1, FTCA, WATCLHEBE R VAR EEH B ¢ / 100 HoO-
(3) 505 Ky MK F:

AgCl(s) === Ag'(aq) + Cl (aq) Mg(OH)x(s) === Mg?'(aq) + 20H (aq)
S, S, S, 25,
K= s¢ Kop=s," (25,2 = 4s,
—fX: A B (s) === nA""(aq)+mB" (aq)

Ksp: (nso)n . (mso)m — nn . mm . (So)m+n
Sample Exercise 1: Solid silver chromate is added to pure water at 25 C , some of the solid
remains undissolved at the bottom of the flask.The mixture is stirred for several days to ensure that

equilibrium is achieved between the undissolved Ag>CrOs4(s) and solution. Analysis of the
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equilibrated solution shows that its silver-ion concentration is 1.3x107* mol-dm~3. Calculate Ky,
for Ag>CrOs.

1
Solution: '’ [Ag']=1.3x10"* mol-dm™ .. [CrOj*]:E[Ag*]=6.5x10*5 mol-dm3

K, =[Ag'T-[CrO}]=(1.3x107")"-(6.5x107") =1.1x10™"

Sample Exercise 2: VA1 25°CHF, AgCl HIEME N 1.92x107% g-dm™3, RRiZIEE T AgCl
(A BEAR o

1.92x107°
Solution: [Ag']=[Cl']= ﬁ mol-dm= = 1.34x 10~ mol-dm-3

K, =[Ag 1[CI']=(1.34x10")" =1.80x10™"

2. [E—REWIMEE BRI, Ko K, HEMREHRR, AEER RS BFER, BRE
FIRINABER Ko MERTRELE, REEEIE T8 so KU M _ETHI AgCl 5 Ag,CrO4
1 Ksp 5 S B9 F 1T LAFE 43 Ui B IX — A

3. MEE AR ) 1R ERK A S T B S BRI A R E R . XEH TR 7K
W Z A, @FISFAE - SHEMEZERER: K@, i, FET
RN . Bl AgsPOL B IRTE RN s, HAFEIE Ag' BT /KM, W[AgT=3s,: &HF
& PO, BT KM, WIPO, J#s,, T

[H] [HT]  [HT |

K, K,K, KKK,

a2” a3 al”"a2” a3

s, =[PO; ]+[HPO; ]+[H,PO,]+[H,PO,]=[PO; ]{l+

=. BEFHMN (The Solubility Product Rule)

> Ksp
Ag* + CI- — AgCl

(3) M[A™] - BT < Ky RPEVTIE
2. A AT, UNEBTOERe: HTFE el

1. XfTAB, (s) == nA""(aq)+mB" (aq) >k L0 "
Ui, TEVE _ 8x10°
(1) AT - [B]" =Ky, VUE SIEMREEITH: £ .
(2) H{[A™] - [B™]" > K, P REVUE: H c
EAxlO"" Q,
§

D
‘lﬁzéj\*ﬁ, TE?E?TQEP%%_‘%‘JKE/J\?U 1075m01'dmﬁ3’ Q‘?,)(::(ﬂlO’5 4x105 6x107° 8x10°5 l)(‘lO‘A
SRR T R L P . RN oncentration of CI~(mol/L)
AL NTTE e 4 EE R, /s e et

. Fig 5.1 The solid line in this graph is called
- -6 -dm=3 N e =24 )
B IRE/NE] 10 mol-dm™,  BIAI AT e 4 the saturation curve for AgCl

Sample Exercise: What concentration of OH must be exceeded in a 0.010 mol-dm3 solution of
Ni(NOs), in order to precipitate Ni(OH)2 ? Ky, = 1.6x107 for Ni(OH)..
Solution: For a saturated solution we have
Ky =[Ni**] - [OH ]? Thus if [Ni?*] - [OH ]> >1.6x107'4, precipitation will occur.
Letting [OH ] =x mol-dm™, (0.010) -x*>=1.6x107"4 x=1.3%x10"° mol-dm™
Thus Ni(OH), will precipitate when concentration of OH ™~ in solution is 1.3x107® mol-dm~3or

higher.

76
SERERR, 155 M www.kaoyancas.net BEABIE BRI, Ly TFHER. RS



http://www.kaoyancas.net
www.kaoyancas.net

EZEMENES . &%, FKEIL. #HSYLEE, Vi www.kaoyancas.net

§5-2 WR—ERTFHEWHEY
Equilibrium Shift between Precipitation and Solution
—. MEABBEEIEREZE (The Affect Factors on Precipitation of
Undissolved Electrolytes)
1. [FEB 72 (Common —ion effect) = XV FEMRTTAOVA MRS, DRI 3L [H) 5 7 1 58
FELfAE R 171 AR 6K 11D 20K

Sample Exercise 1: Calculate the molar solubility of CaF, at 25°C in a solution containing

(a) 0.0100 mol-dm—=Ca(NOs)2(aq) : (b)0.010 mol-dm= NaF(aq). K. =3.9x107™"

sp,CaF,

Solution: 1L (a)iE ' CaFa(s)¥& % N x mol-dm™.
CaFy(s) = CaF?'(aq) + 2F (aq)
0.010 +x 2x
(0.010 +x) - (202 =3.9x10"11, ** x<<l, ..0010+x<2 0.010
15 x=3.1x10"(mol-dm™)
(b) WAE(b)IA W CaFa(s) AR E N y mol-dm™
CaFay(s) = CaF%*'(aq) + 2F (aq)

y (0.010 + 2y)

¥ (0.010+ 292 =39x1071, 5 y<<l, 001042y 2 0010
3.9x10™"

Sy =T 23.9%107 (mol-dm™)
(0.010)

2. WM Csalteffect) = BRI & PTEFIBOININ & AR 3L F B 7o s T, e i A
DUGE AR EE RGO, R I SRR RN
B 4n: PbSO41E NazSO4 ¥ H (¥ fif B (mol - dm )

Na>SO4 0 0.001 0.01 0.02 0.04 0.10 0.20

PbSO4 1.5x107* | 2.4x1075 | 1.6x107 | 1.4x107° | 1.3x107 | 1.6x107 | 2.3x107°

FFEREE, R T RN E SER, PbSO4 & M MK 5 24 NaxSOu(aq) K i i 1L
0.04 mol-dm™ I, PbSO4 17 fift £ X B NaxSOu4(aq) ik FE i 3G hnii 36 K, X i #h 2w 7t
N JERIEE T, U EITIE sE 4, INYTie s i & — B AT & 20%—50% A H .

Sample Exercise 2: % AgNO; VAUZ M I &4 Cl 8 7/ CrO; B FHEwih, [C1]=
[CrO; ]=0.1 mol-dm>. [: (a) AgCl 5 AgoCrO4Mi—FSETTIE? (b) 24 AgaCrOs FFHAYTIE
B, W CL B TIRENZ D2
Solution: (a) AgCl WIUTIER, [Ag]=Ks/[Cl ]1=1.8x10" (mol-dm™)
Ag:CrOs NITTHERT, [Agh] =, /Ksp /[CrO;"] =3.32x107 (mol-dm?)
JiTLA AgCl 15 JaiiieE ik
(b) MIEHHNIAE AgCrOsJTUER, HHHHI[Agh =3.32x107° (mol-dm™)
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1.8x107"°
3.32x10°
.\ SLEAREM LA (The Methods of Precipitation Dissolution)
L. A 5 Ho Al o A UE v
BaCO,(s)+2H "(aq) =Ba*"(aq) + H CO | (aq)
L—— €0, (g) + H0(1)

Sample Exercise: UWAl: K pco =8.1x 107, HaCOs ) Ka =4.2x107. Ky =4.8x10711, i
T _FaA s 7 1 i K
_[Ba’"]:[H,CO,] [Ba’]-[COI] . HCO,]

[H'] 1

S[Cl 1=Ky /[AgT] = =5.42x107 (mol-dm™)

[H2C03]
[COY][H'] [HCO;][H']
1 1

~11 X -7
4.8%10 4.2x10

Solution: K

=K, (K, (K,) =81x10"x — 4x10°

KRR ITIERR N 2 TR
2. RN —I8 5 I AR e i
Bltn: 3PbS (s) + 8HNO3( =3S | +2NO 1 + 3Pb(NOs)x(aq) + 4H,0(1)
3CuS(s)+ 8HNO3( =3S | +2NO t + 3Cu(NOs)x(aq) + 4H0(1)
3. ARG G DTVE R
Billnn: AgCl(s) + 2NHs(aq) = Ag(NH,); (aq) + Cl (aq)
AgBr(s) + 25,05 (aq)= Ag(S,0,); (aq) + Br (aq)

§5-3 ZMIRZHWFH

The Simultaneous Equilibria between Precipitations

—. DEIUE (Steps of Precipitation)
Lo 0T R — 2R M B AR o, 75 & IR FEAR R BT S L R, YA AR B T8/ IR M v P A
JoR S B FE AR AT e
B0, 7€ 0.010mol-dm™ 1y I" 571 0.010mol-dm™ ) CI” & &+, ZFi A
AgNO: ¥, B\ OIE, 5A B AEDTE.
2. [R]—SS Y [R) HME VA HL AR BT OV BE AR 2 RO, R R G A5 DU ) TV 0 8 M VA L o
Uf. DL&Jmimisn .

MnS(RIf) | ZnS(Hf) | CdS(EEfA) | CuS(¥Eft) | HgS(Et)
K 1.4x10715 2.5%10722 1.0x107% 8.0x10736 4.0x10753
{EPTIES " " . R,
- Eﬁ: 2 FRTR 3 %ﬁ A 3 TR £7

MS (s)+2H"(aq) £ M?**(aq) + H_S(aq)

K

CIMTIHS] MTISTT

(H,S]

[H'T

1

[H ] [S7]

_Ksp .(I(a1)71 .(]<a2)71
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S [M¥] =K [H"[H2S]

JIT VA5 M 3 V8 < SR AR A I KA i RV P T T B —, H S ER TR R
JERRR/N: BB, BURTRIE.
Sample Exercise: fER—¥WH, &A Zn*'. PO> & T B EE 73 5108 0.2mol-dm™3, 7% i
NI HoS A, E2 MM, SRIEIMANRER, =68k, 19 pH WBTER, A4 fe
PbS YLVE M Zn* B T A2 BN ZnS YTHE? Keppos = 4.0x10720, Kgpzns = 1.0x1072°
Solution: =41[Zn?'] = [Pb**] = 0.2mol-dm™

ELAH PbS YLiE, NI[S* =K/ [Pb*] S [S7]=2.0x1072° mol-dm™

Bf ZnS AYLHE, M[S¥ <Ky /[Zn*] . [ST]<5.0x102 mol-dm™

PA[S*]=5.0x<102 mol-dm™> fRANK, K, = % =X,

2

. 1.1x107 x1.0x107* x 0.1 ~
[H] = S ox10™ =0.0469 (mol-dm™)
0x

M pH<1.33 i}, Zn* ALK ZnS | .

1.1x107

LAS™ ] = 2.0x1025 mol-dm™ feA Ku-Ko i, [H'] <20 Z23 45 mol-dm®,
2.0x107%
UX

Wi ar, R EREWR T pH R <1.33, #thE R 4R PbS YIIET L ZnS VT
Vo IXJE RN IR A A 23.45mol-dm™3. 52, VMR PbS YTIE L A& AL
PEIER, 12 AL AR

3. BUEIRT A GEERE K, ISP N BS 1 I E A 5% Bl i v
AR, BRI AgNOs ¥, = RIVeH QETTE, AtAalg?
TR R H I AgCLAT Agl PTUERS, W II[Ag] [CLTFI[L ] 2003 2 A1
1l :

[Ag']=

Korg  Kopagar IO Kpeer 1.8x10°°
] ey Il Ky, 83x107
RIS RI[CL TR T 2.2x100 - [T 18, B SEUiiE H AgCl, WARTEHRK[CI /1]
S . XY, R B OB DTE BT RIIREE, Rl DU 23 DUvE 1
KA
.\ JUREHIEE{L (The Transfer of Precipitation)
1. VAR FE R DTUE AT DU A i it B /N I U e

WK paco, = 8:0x107%, K g0, = 24 x10710, fEEEAT BaCOs H EH1 A K E . I

=22x10°

AN KoCrOa VW, P E I E T, JTIE R i .
BaCO,(s) == Ba’(aq)+CO; (aq)
+

K,CrO, (aq) == CrO; (aq) +2K " (aq)

H

79
SERERR, 155 M www.kaoyancas.net BEABIE BRI, Ly TFHER. RS



http://www.kaoyancas.net
www.kaoyancas.net

EZEMENES . &%, FKEIL. #HSYLEE, Vi www.kaoyancas.net

BaCrO4 | (35 th)
2. PP IR S HE VA 5 FR TR 1) Koo AHZEAS KR, I8 ) B PR, Ko ZNIIUTIE AT LATA]

Ko KIPTIERAL . Blan: FEEwh, BB BaCOs UliE, XA BaCrOsPtiEnf, N
(Ba™]= Ksp,Bazc_oz _ Ksp,Ba(;r04 . [CI‘O24 ] _ K, pacro, _ 2.4><10_;0
[COT]  [CrOl] [COTT  Kypco, 80x107
HI[COI > 33.33[Cr02'] i, BaCrO4 TVE il LU AL BaCO3 ITIE -
R, YUE PHTR R AR, BB, DUTE AT fRIX R

7 J& AT LAAH EL AL
Sample Exercise 1: fE pH = 1.0 i, CaF, FI¥ #2108 5.4x103mol-dm =3, CaF [ FE 1

=0.03

=3.4x107", RiT5 HF(aq) 1= il 5 £

sp CaF,
Solution: L%l CaF, 7 pH = 1.0 B VAR £ 204 5.4x103mol-dm,
S [Ca?"] = 5.4x10mol-dm™
AR EAT AT 40 [F ] + [HF] = 2[Ca®"] = 1.08x102 mol-dm™ @

o.Ca 3.4x10™"
i [Ca® 1-[F T = Ky ca, » - [F ]—\/[Cpif] =\/541103 ~7.9%10° (mol-dm)

BL[F]=7.9x10"mol- dm3 R ANDR, 5
[HF] = 1.08x1072 = 7.9x10° = 1.07x1072 (mol-dm™>)

C[H'J[F] _10"x7.9x107

- =7.38x10"
[HF] 1.07 x107

Sample Exercise 2: AgCl. AgBr fl1 Agl ] Ky 73 528 1.7x1071%, 5.0x10"3 A1 8.0x10717, &2
0.0010mol Nal. 0.0020mol NaBr. 0.0030mol NaCl. 0.0040mol AgNOs; #l— g & I /K IR & »
WHARILR] 100 2T W RIABPE S, &5 TR .

Solution:
BT mol WRE(mol-dm™) | H—BUliE | HBUUE | BV
Ag’ 0.0040 0.040 0.030 0.010 ~0
Cl 0.0030 0.030 0.030 0.030 0.020
Br 0.0020 0.020 0.020 ~0 ~0
I 0.0010 0.010 ~0 ~0 ~0

WAE 0.02mol-dm™ CI” B FIFWE ', AgCl I M#E )Y x mol-dm™

oxe(x+0.02)=K_ o =1.7x107"°

1.7x107"
C el Sx40.022002 Sx=—T  _85x10” (mol-dm™)
0.02
" [Ag']=8.5x10"" (mol-dm™) ,  [CI ]=0.02(mol-dm™)

Kopag  8.5x107"7

[(I]= [Ag'] T 25x10" =1.0x10"* (mol-dm™3)
Koags: 5.0x107"°
[Br]=—DAr “Xm =5, 9><10 (mol-dm)
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} SOLUBILITY EQUILIBRIA

A computer search of the engineering literature produced 140 references to papers
published between 1989 and 1992 that included the key word solubility product. As
might be expected, the research reported used solubility equilibria to either prevent a
substance from dissolving or to purify a substance.

Examples of the first category were provided by research that examined the
suitability of either clay or concrete as one of the barriers for the long-term storage
of radioactive waste. One study, for example, showed that clay can be used to
protect against the leaching of '*C into groundwater if the clay contains natural
buffers that can keep the pH high enough that CaCO; does not dissolve [R. Dayal
and E. J. Reardon, Waste Management, 12, 189 (1992)]. Another found that water
that percolates through clay becomes buffered at a sufficiently high pH to ensure
that the solubility of waste materials that contain '*’Cs, *°Sr, ®Co, and *Zn is
negligibly small [U. Bartl and K. A. Czurda, Applied Clay Science, 6, 195 (1991)].
A third paper measured the data necessary to predict whether cement with the
empirical formula [(Ca0);(Al1,05)(H,0),] provides a stable environment for 'l
wastes [M. J. Atkins, D. Macphee, A. Kindness, and F. P. Glasser, Cement and
Concrete Research, 21, 991 (1991)].

Examples of the second category can be found in research in the field of biotech-
nology. As one paper noted, crystallization is one of the most frequently utilized
techniques for purification in the pharmaceutical industry [C. J. Orella and D. J.
Kirwan, Biotechnology Progress, 5, 89 (1989)]. This paper showed how amino
acids can be purified by taking advantage of differences in their solubility in pure
water versus water—alcohol mixtures. (The solubility of alanine, for example, de-
creases by a factor of 1000 as the mole fraction of alcohol in this mixture increases
from O to about 0.9.) Another paper studied the effect of adding supercritical CO,
to a solution [C. J. Chang, A. D. Randolph, and N. E. Cralt, Biotechnology Progress,
7, 275 (1991)]. When CO, at temperatures slightly above the critical temperature
and pressures well above the critical pressure was added to a solution of
B-carotene in an organic solvent, the supercritical fluid acted as an *‘antisolvent,”
quantitatively precipitating pure B-carotene from the solution.
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