Analuutiline keemia tlesanded
1. Tugeva hape vesilahuse pH leidmine

Solution 1. IChO 2003 — Ateena, Kreeka — Teooriavoor Kisimus 2
[H'1=[CI"]+[OH]
K, =[H"][OH"]

[H*]1=[CI"]+ [OKFVIV_] L HT[CFIH - K, =0 = [H] = &% \/[(;I‘]ZTKW

2. NOorkade hapete vesilahuse pH leidmine

Solution 2. IChO 1993 — Perugia, Itaalia — Ettevalmistustlesanne 36
¢(H,C,0,) =[H,C,0,]1+[HC,0,]+[C,0; ]
K]_ — [HCZOA][H ] = [HCZOZ] — Kl[H2?204]

[H,C,0,] [H7]
< [COTMHT 1 gz KiHC,0L] | KiK,[H,C,0,]

[HC,0;] [H] [HT

K K,K H P + K [H ]+ KK

c(H,C,0,) :[H2C204](1+ [Hi]+[|—i*]§):[H2CZO4]([ ] [|1_=:+]2] 1 2]
[H'PP+K,[H"]+K,K, =5.92.10°

+72 —4.25 2
&y (H,C,0,) = 12C0%] ____ A ) NP
¢(H,C,0,) [H'P+K[H]+KK, 5.92.10
_ + -2 —4.25
o, (HC,0;) = [HC9.] _ 2 KH ] _>3010 1_2 =5.08-10"
c(HC,0;) [HP+K[H]+KK, 5.92-10
2- -2 -5
,(C,0%) = [62042_] I KK, _5.36-10 5.4{5 10° _ 4 59.10%
c(C,0%) [H'P+K[HT+KK, 5.92-10

Solution 3. IChO 1993 — Perugia, Itaalia — Ettevalmistusiilesanne 52

« _['H:NCHRCOOJ[H'] | _[H,NCHRCOOTJ[H] | _[H,NCHRCOO][H'J’
' ['H,NCHRCOOH] ' % ['H,NCHRCOO] ' *?%  ["H,NCHRCOOH]
¢, =["H,NCHRCOOH]+[*H,NCHRCOO ]+ [H,NCHRCOO ] ~[*H,NCHRCOO ]

["H,NCHRCOOH]+[H"]=[H,NCHRCOO ]+[OH]

(Ml NCHRCOO T4+ [H'] = Kf ['H,NCHRCOO ]+ KV;
K, [H'] [H']

G %K Ky \is0
K, [H] [H]

-9.866 -14
[H+]2 C_0+1 —GK, =K, = 0=[H"]= KlM - \/10_2'348 e —:_31-80 = pH=6.11
K, ¢, +K, 0.200+10°2




Solution 4. IChO 1994 — Oslo, Norra — Ettevalmistusitlesanne 5

e H*]—3¢, JH']
2. [H']~[H,PO +CI,K:([ oA 3 [HP + (K, -3¢, JH ] 4c,K, =0
[HT=[HPOI[CH ] K, = i s g = [T 4,30 I 1 4ok,
(K1—360)+\/(K1—300)2+1600K1 ~
> -
03-1.6-102+4/(1.6-10% ~0.3f +16-0.1-1.6-10°
2

3. n,(NaOH) =0.45mol, n,(HCI) =0.30 mol, n,(H,PO;) =0.10 mol

n(Na,HPO,) = 0.05 mol, n(NaH,PO,) = 0.05 mol

[H']=—

=0.305M = pH =0.516

2— + -
, = PO T ey POy 7007 = pH =615
[H,PO;] [HPO;']
Solution 5. IChO 1994 — Oslo, Norra — Ettevalmistusulesanne 4
3.24.10" + [1.05-10 " +4 —3'55 3.24.10™
1. K = [H+]2 :[H+]__K1+\/K12+4C0K1 __ o T " ‘180‘ e
. 1 -_— - -

¢, —[H'] 2 2

[H*]=0.00237 M = pH = 2.63

2. . (aspiriin) = 0.100.180 =18.0 g, n(C,H,0,Na) = % — 0.0803 mol

K, = [CHOMHTT_ peq_ ¢ [GHO] 554 404,335 _796.10°Mm
[C,H,0,] [C,H,0;] 18.0-3.55
= pH = 4.10

Solution 6. IChO 1995 — Peking, Hiina — Ettevalmistusiulesanne 10

([' H;NCHRCOO ] +[H,NCHRCOOH]H'] _ K+ K, 21025 41077 21025
['H,NCHRCOOH]

1. K, =

Kll — 10—2.35
Ky _ K, 1077

K11K22 = K12K21 = K = K = 10°2%
21 1

K2 — n [HZNCH_RCOO ][H ] — 1 1 1 :10—9.78 = K22 :1079.78
(["H;NCHRCOO ]+[H,NCHRCOOH]) 1 1

K22 KZl

=10"°* (KZl > Kzz)

K22 — 1079.78
K _ 1079.78+5.35 _ 1074.43
21 — -

2. pH=PKtPK, > PK2 _6.06



Solution 7. IChO 2001 — Mumbai, India — Ettevalmistusilesanne 12
_[AcOT][H"] . DK = pH + log [AcOIrl] N [AcOIrl]
[ACOH] [AcO] = [AcOT]
[ACOH] +[AcO ] =0.500 M = [AcO ]=0.3182 M, [AcOH] = 0.1818 M
n(AcO) =0.3182-0.300+4-0.0100-0.300 = 0.1075 mol
n(AcOH) =0.1818-0.300—-4-0.0100-0.300 = 0.0425 mol
[AcO][H] [AcOH] 0.0425

K=*———==pH=pK -log =4.76 - log
[AcOH] [A cO] 0.1075

=0.5715

=5.16

3. Kahe hapete vesilahuse pH leidmine

Solution 8. IChO 1993 — Perugia, Itaalia — Ettevalmistusiilesanne 33.1
_[CHCH,COOTH]  _ [CH3CH2COO‘]([CH CH,CO0 ]+[CH,C00])

P~ [CH,CH,COOH] ' ™ Cyrop —[CH,CH,COO"]
_[CH,COOIHT  _ [CH,C00"]([CH,CO0 ]+[CH,CH,C00])
®  [CH,COOH] " * ¢, —[CH,CO0]

[CH,CO0 T Ku _4313-[CH,C00]=1.28-10", [CH,CH,CO0 ]=7.8-10"
[CH,CH,CO0 ] K,

[H*]=[CH,COO ]+ [CH.CH,CO0 ] =2.06-10° = pH = 2.686

4. NOrkade aluste vesilahuse pH leidmine

Solution 9. IChO 1994 — Oslo, Norra — Ettevalmistusitlesanne 3

Solution 10. IChO 2000 — Kopenhage, Taani — Ettevalmistustilesanne 5
1. n,(Ba(OH),)=3.17 mmol, n,(NH,CI) =18.7 mmol
n(NH,) = 2-3.17 = 6.34 mmol, n(NH;) =18.7—-2-3.17 =12.4 mmol

CINBITHTT g 2 [N g0z 124305 0670 Mo pH 28,95
[NH;] [NH,] 6.34
2. ¢(Ba*)=0.0317 M, c¢(NH})=0.124 M, ¢(H")=1.13-10° M, c(OH") =8.85-10° M,
¢(CI") =0.187 M
3. o(Hy=100-6.34)mmol _ o oas i pH =148
110 mL
+ ~9.24
4. o(NH:)=287MmOl_ 120w, N, = KINHL] 10770170 5 4 450y
110 mL [H] 0.0333

Solution 11. IChO 2000 — Kopenhage, Taani — Ettevalmistustlesanne 6
1. pOH=140-105=35=[0H]=10°"=32-10*M=5=16-10*M=9.2-10" 2
2. K,=[Mg*][OH [ =16-10"
1.6-10™"

K
3. [Mg¥]=—® 1 ~16-107 M
Ma™ 1= 1o T (0.010)




K \/1.6-10“

* [OH_]z\/ 1 (0.050)

Tak —1.8-10° M = pOH = —log(1.8-10°)= 4.7 = pH = 9.3
g

5. Puhverlahuse pH leidmine

Solution 12. IChO 1994 — Oslo, Norra — Ettevalmistusilesanne 6

Solution 13. IChO 1998 — Melbourne, Austraalia — Ettevalmistusilesanne 15
1. CO,y > COyyyr COyagy +H,0, > HCO,,, +H", HCO,, <> CO%,, +H"

2. b)>a)>c)
3. ¢)>a)>h)
4. [CO,puq]=P(CO,)K, =3.39-107-3.50-10* =1.19-10° M

s Ku E 7 g
[H]~ /K,[CO )] = K_b[COZ‘a‘”] =+/4.46-107-1.19-10° =2.30-10° M = pH =5.64

5. [CO,uq]= P(CO,)K, =3.39-107-1=3.39-10% M

. K, - - :
[H]~ JK,[CO,p] = i[OOz = V4.46-107-3.39-102 =1.23.10* M = pH =3.91

Solution 14. IChO 2003 — Ateena, Kreeka — Ettevalmistusiilesanne 22

K= w = pH=pK + |OQM =3.68+ |og@ =3.55
[HCOOH] [ACOH] 0.200

2. ApH =3.68+10g 2 20+00100 400 45

0.200-0.0100
15.00-0.200-V 0.200-V

, [CH,CO00 = ——"
100.0+V 100.0+V
[CH,COO 1[H*] _ 0.200-V -[H']

[CH,COOH]  15.00-0.200-V

3. [CH,COOH]=

=V =48.21mL

a
a)c,b)b
a)b,b)d
a)c,b)c
a)b,b)c

N G

6. Kompleksimoodustumise reaktsioonid ja Tasakaaluliste
kontsentratsioonid arvutamine

Solution 15. IChO 2000 — Kopenhage, Taani — Ettevalmistustilesanne 9
1. K, =[Cd*][OH T =5(25)* =45° =5.9-10 ° = 5=1.14-10° M
2. K, =[Cd*][OHJ* =5(25+0.010)* ~ 5(0.010)* =5.9-10 " =5 =5.9-10™" M
3. s=0.5[0H ]=c(Cd) =[Cd?*]+[Cd(CN)*]+[Cd(CN),]+[Cd(CN);]+[Cd(CN)?]
0.5[0H ] =[Cd?J1+ K,[CN "]+ B,[CN T + B[CN T + Z[CNT*)



0.5[OH ] = [;_SIP] (L+ K [CN1+ Z[CNT + B[CN T+ BICNT*)
[OH ] =3/2K, {1+ K,[CN"]+ B,[CN"T* + B[CN T + B,[CNT)
[OH ] =3/2K, {1+ K,[CN"]+ K, K,[CNT + K, K, K, [CNF + K K, K K, [CNT)

[OH]=%/2-5.9-10%(1+3.02-10* +3.99-10* +1.70-10° + 7.59-10° ) = 4.79-10° M
s=24.10° M

4. [OH]=5/2K,, L+ K,K,K,K,[CN]*)
[OH]=3/2-5.9-10%(1+7.59-10°) = 4.47-10° M

$s=224-10° M
—_— . _3
0  (2:40 2.242310 .100% = 6.7%
2.40-10

Solution 16. IChO 1993 — Perugia, Itaalia — Ettevalmistustlesanne 33.3
[Pb*][SO%]=1.1-10"
[SO*]/[I' =4.6-10"
[1I"1?/[CrO?%] = 4.3-10"
[S*1/[CrO2]1=75-10"
1re2- . . [I'P? [CrO*] [S* 1.1.10° 7.5.10°®

= =4.2.107%
[SO>] [I']® [CrO*] 4.6-10" 4.3-10%
4 4

Solution 17. IChO 1993 — Perugia, Itaalia — Ettevalmistustlesanne 48
1. 2PhCOs3-Ph(OH),
2. PbCO;3; + H,S = PbS + H,0 + CO,, PbS + 4H,0, = PbSO, + 4H,0
3. s=[Pb*]=[COZ ]+[HCO;]

< =K _pgpg0+ _[HCOJIOHT [HCO’  _ [fPb™]-[cO;])

Kz [COZ] ~ [Pb¥]-[HCO;] [CO%]
2+ 2-7_ 1018 2- :1-6'10_13
[Pb*][CO¥1=1.6-10" = [CO*] [Pb™]
K,,[COZ]=[Pb*]? —2[Pb*][CO? ]+[CO? I

23210+ 1810

13 _13\2
Y~ [Po* P —2fpp RN [ 104D
[P Po*1 " [Pb*]

[Pb%]* —3.2.10 3[Pb? ] —=3.7-10 " [Pb* ]+ 2.56-10% = 0
[PbZ]* —3.7-10 7[Pb*] ~ 0 = [Pb*]=3/3.7-10" =3.33:10° M

Solution 18. IChO 1994 — Oslo, Norra — Ettevalmistusilesanne 2

K, (Ag,SO K,,(BaSO
1. [SOi_]Aw :W =02M, [Soii]saa =% :1-1'1078 M
K,,(Baso,)

2. [SO7 ], = =1.1.10°* M, [Na*]=1.1.10%.2=2.2.10° M

[Ba™']



K,,(Ag,S0,)
[Ag']?
:[SOZ‘][H+]:> [SO7] _ K, _
[HSO,] [HSO,] [H7]

K,, =[Ba*][SO; ] = s(%sj = %32 —5=1.82-10° M

3. [SOf[]Aw = =0.2M, [Na"]1=0.2-2+0.01-2=0.42 M

4. K, 0.5

Solution 19. IChO 1995 — Peking, Hiina — Ettevalmistustlesanne 31
Eer = Eng — Esce = 0.439 =0.799 +0.05910g(0.0100) — Egp = Egee =0.242V
0.0824 = 0.799+0.059l0g([Ag*]) - 0.242 = [Ag*] = 9.04-10° M

Ky, =[Ag 1[1"1=[Ag"]? =8.17 -10 '

K

0.228 = 0.242—(0.799+0.059l0g([Ag*])) = [Ag*] = 4.95-10 ™ M, [I'] = A c = 1.65-10° M
g

[Pb>]=4[1"]=4({1.65-10° ~4.95.10™)=8.25.10"* = K,, = [Pb> ][I = 2.25-10"°

Solution 20. IChO 1996 — Moskva, Venemaa — Ettevalmistusilesanne 23

o . 0059, pO
£, = E; +0.059 logl Ag '], B, =5+ > log 10
0.059,  0.2059
OH ] = /K,c(NH,) =1.32-10° M = E, = 0.401+ >°> | 0561V
[ ] b ( 3) 2 4 g (13210,3)4
log[Ag'] = S2-EL = 4,04 =[Ag']=9.12-10° M
0059 |

s =[Ag"1+[Ag(NH,) 1+[Ag(NH,);1 =[Ag I(L+ AINH,]+ A,INH. T )=
= 9.12-10°(1+10?% +10°%)=15.5 Ml

Solution 21. IChO 1997 — Montreal, Kanada — Ettevalmistusiilesanne 41
1. s=,K,=13310"M

K
2. [Pb*]= ﬁ =1.77-10% M
4

3. [Croy]= = [CrO 1 +3.0-107 -[CrOZ ]-1.77-10™ =0

sp
[Pb2+]0 +[CI’O§_]

~30107 +(30107f +4-1.77.10*
2

[CrO% ] = =5.05-10° M
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