Kyseliny

Gerber (~1300) pfiprava H,SO,, HNO,

Libavius ptiprava HCI a aqua regia
(rozpousti Au)

Chemicka latka produkovana na svété v
nejvetSim mnoZstvi za rok:

H,S0,

Andreas Libau (Libavius)
(1540-1616)




Kyseliny

L. Lavoisier (1743-1794) : Oxygenium = kyselinotvorny
Oxidy nekovi reaguji s vodou na kyseliny

H. Davy (1779-1829)
J. Liebig (1803-1873)

P11 reakci kyselin s kovy se uvolnuje vodik = H urCuje kyselé
vlastnosti




Arrheniova teorie kyselin a zasad

Kyseliny:
Chutnaji kysele
Uvolnuji H" ve vodném roztoku

Reguji s kovy (neuslechtilymi) za vyvoje H, Svante Arrhenius

K, Ca, Na, Mg, Al, Zn, Fe, Ni, Sn, Pb (1859-1927)

Barvi lakmus Cervené (R. Boyle)

Neutralizuji baze

Baze:

Chutnaji hotce

Uvolnuji OH™ ve vodném roztoku
Barvi lakmus modfe

Neutralizuji kyseliny




Cervené zeli - zména barvy

Kysel¢ prostredi Alkalické prostiedi




Silné a slabé Kyseliny podle Arrhenia

Siln¢ kyseliny: zcela 1onizovane ve vodé (disociace 100%)

HCl, HNO,, H,SO,, HCIO,, HI, HBr, HCIO;, HBrO;,
Slabe kyseliny : CasteCné 1onizovane ve vodé

(0% < disoc. stupen <100%)

CH;CO,H S H" ) T CH;COy

Organické kyseliny, H,CO,, H;BO,, H;PO,, H,S, H,SO;, ...




Silné baze podle Arrhenia

Silné baze: zcela ionizované ve vodée (disociace 100%) :

KOH, — K*,,+ OH

(aq)

Hydroxidy alkalickych kovu, kovu alkalickych zemin,
dalsi rozpustne hydroxidy

Slab¢ baze: slabé Arrheniovske baze neexistuji




Bronsted - Lowryho kyseliny a zasady

Sirsi definice, neni omezena na vodné prostiedi

Kyselina = donor protonu = Arrheniova kyselina

Baze = akceptor protonu




Proton H*
H" hydronium H,O" oxonium

Grotthustiv mechanismus
— extrémné rychly pohyb H* ve srovnani s jinymi kationty

H,O," = [H,0(H,0);]" M. Eigen
doba zivota H;O" 1 - 4 ps

[H;0(H,0)5]"

Protonace rozpoustédla exothermni
H"+ nS — H(S)" AH<O0




Vysoka mobilita protonu H*

Grotthusuv mechanismus

Proton




Bronsted - Lowryho silné a slabé Kyseliny

HSO, (aq) + H,O0 S H;O%(aq) + SO,*(aq)
Rovnovazna konstanta disociace protonu

= 10n1zacni (disociacni) konstanta kyseliny
= konstanta kyselosti

K. = [H,;0%] [SO,2]/ [HSO,] [H,O] [H,0] ~ 55.6 M

K, =[H;0"][SO,*]/[HSO,]

pKa — —lOg Ka




Sila Kyselin
HA (aq) + H,O 5 H;0"(aq) + A<(aq)

Kyselina pK,
NH, 35 NH;+H,0 S H;0%(aq) +NH, (aq)

Sila
ROH 15— 18

seliny Slabé

r
ofsits CF,CH,OH 12.4

PhOH 10.0
NH,* 9.2

HCN 9.1
CH,COOH 4.75 pK, =-log K,

HF 3.2

H,0" ~1.75 Siln¢

HCI -7 kyseliny
HCIO, 10 pK, zaporné

kyseliny
pK, kladné




Sila kyselin a AG

HA (aq) + H,O 5 H;0"(aq) + A<(aq)
K, = [H,0] [A] / [HA]
pKa - —lOg Ka

AG =-RT In K, =2.3 RT pK,

Slaba kyselina

Silna kyselina




Bronsted - Lowryho silné baze

NH,+H,0 S H,0* +NH,

pK, > pK,(H,0)




Bronsted - Lowryho slabé baze

NH;(aq) + H,OS NH,"(aq) + OH- (aq)

Rovnovazna konstanta protonace baze vodou
= 1onizacni (disociacni) konstanta baze
= konstanta bazicity

K =[NH,"] [OH" ]/ [NH;] [H,0]
K, =[NH,"] [OH ]/ [NH;] konstanta bazicity

pK, = —log K,




Bronsted - Lowryho slabé baze

Methylamin

CH,NH, + H,0 <= CH,NH,"+ OH-

CH,NH, |[OH ]
[CH,NH, |

= 4.4x10*

Kb:[




Lewisovy Kyseliny a zasady

Lewisova kyselina — akceptor elektronoveho paru

Lewisova baze — donor elektronoveho paru

N
R R

Lewisova baze  Lewisova kyselina




Konjugované pary kyselin a bazi

Silna baze

Baze
H,0() + HSO,aq) S  H;0'(aq) + HSO,(aq)

Konjugovana baze

Slaba baze




Konjugované pary kyselin a bazi

Silna baze

Konjugovana baze
CN-(aq) + H,O HCN(aq) + OH+(aq)

Baze
| |
Slaba baze




Acidobazicke vlastnosti vody
Autoionizace vody H,0() S H(aq)+ OH(aq)

2H,0(1) S H,0'(aq) + OH(aq)

Voda je amfoterni — chova

K¢ =[H'][OH]/[H,0]* se jako kyselina i baze

K, =[H"][OH"] K, = 1ontovy soucin vody

K, =110 M2 [H]=[OH-] =1 10"M
v &isté vodé pti 25 °C a 101.325 kPa




Stupnice pH a pOH

pH=—log [H"] 1909
S. P. L. Serensen
V &isté voda VLS P
[H']=110"M [OH]=110"M
pH=—-log[1 107 ] pOH =—1log[1 107 ]
pH =7 pOH =7

Konstanta pro vodné roztoky

pH + pOH = —log K, = 14.00 (Iontovy soucin vody)

pH <7 Roztok je kysely

pH="7 Roztok je neutralni
pH>"7 Roztok je bazicky




pH a pOH stupnice

pOH

[H'] M

[OH| M

14

1.0

10-14

12

0.01

10712

10

0.0001

10-10

10

10-8

108

10-¢

10-10

0.0001

1012

0.01

IoRS

1.0
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Neutralizace

H,0*(aq) + OH'(aq) > 2 H,0() k=14 10!

2 H,0(l) - H,0"(aq) + OH(aq) k=2.510"
H*+OH - H,0 AH=-56.9 kJ mol™!

H,SO, + 2 KOH — 2 H,0 + K,SO,
H,PO, + 3 NaOH — 3 H,O + Na,PO,
2 HCI + Mg(OH), — 2 H,0 + MgCl,
HCI + NaHCO, — H,0 + NaCl + CO,




K, a K, konjugovan¢ho paru

NH,*(aq) + H,0 S H;0" (aq) + NH;(aq)
K,=[H;O"] [NH;]/[NH,"] konstanta kyselosti NH,"

NH;(aq) + HLOS NH,"(aq) + OH (aq)
K, =[NH,"] [OH" ]/ [NH;] konstanta bazicity NH,

K, =[H'[OH] lontovy soucin vody
K, xK, = [H;0"] [NH;] / [NH,"] x [NH,"] [OH"] /[NH;] =K

Ka Kb = KW




K, a K, konjugovan¢ho paru

Vztah mezi K, a K

CH,NH," CH,NH, + H*

CH,NH, + H,O CH,NH,* + OH-

H,0 H* + OH

Ka Kb = KW

pKa + pr =14

« _ [H'1[CH,NH,]
“ [CH,NH:]

_[CH,NH; |[OH"]
- [CH,NH,]

b

K. =[OH J[H*]




K,aK, vody

Autoionizace vody 2 H,O(l) S H,0"(aq) + OH(aq)

K. =[H,0"] [OH"]/ [H,O]?

K, =[H;0"] [OH"] 1ontovy soucin vody
pK, = 14

K,=[H;0"] [OH"]/ [H,0] =K, / [H,O] konstanta kyselosti
pK,=15.74




K, oxonioveho kationtu

H.O"(aq) + H,O(1) S H,O(l) + H;O0"(aq)

K. = [H,0*] [H,0] / [H,0*] [H,O]

K,=[H;0"] [H,0] / [H,0"] = [H,0]
pK,=-1.75




PK, kyselin

HA (aq) S H(aq) + A(aq)
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Ka I<b — KW

pKa + pr =14

Kyselina

Konjugovana pK
baze

a

HCIO,

ClO,- ~10

HCl
HF

Cl- =

F-

CH,COOH

CH,COO-

HCN

CN-

NH,*

NH,

PhOH

CF,CH,OH
ROH

NH,




Table 24.1 The pK, of Metal-Bound Water




Reakéni rovnovaha

Reakce je posunuta na stranu slabe¢ kyseliny a baze

Silnéjsi Kyseliny vytésnuji slabsi
Silnéjsi baze vytésnuji slabsi

PhOH + F- S PhO + HF
Slaba kys. Slaba baze  Silna baze Silna kyselina

Rovnovaha posunuta doleva
CH;COOH +NH; S CH;COO~ + NH,"

Rovnovaha posunuta doprava




Nivelizujici ucinek vody

Kyselina

Konjugova
na baze

pK

a

HCIO,

ClO,-

-10

HCI
HF

Cl-
H,O
=

—7

3.2

CH,COOH

CH,COO-

HCN

CN-

9.1

9.2

PhOH

CF,CH,OH
H,O
:00)

Kyseliny silné€;jsi nez
jsou ve vode
zcela disociovany

Baze s1In€jsi nez
jsou ve vode
zcela protonovany
32




Table 15.3 Acidity and basicity constants at 25°C*"

Acid K pK, Base

16~ 1 3.90
19~ 937
10" 8.75
10" 7.97
10" 5.98
10" 579
10" 5.77
175 475
Lime 4.19
10" 3,44
10~ 3.27
10" .19
10~ 2.99

trichloroacenc acid, COLCOOH
benzene sulfonic aad, C.H.50.H

iodic acid, HIO,

sulfurous acid, H,50

chlorous acid, HCIO,

phosphornic acad, H.PO,

chloroacetic acid, {::H_-{::H:I;]'[:]H

lactic aad, CH,CH{OH»yCOOH

nitrous acid, HNO,

hydroftuoric acid, HF

formic acid, HCOOH

benzoic acid, C.H.COOH

acetic acid, CH,COOH

carbonic aad, H,CO,

hypochlorous acid, HCIO

hypobromous acid, HBr(O

boric acid, B(OH),"

hydrocyanic acid, HCM

phenol, CH.OH 1.3
hvpoiodous acd, HIO 2.3

107" 0.52 | urea, CO{NH,).

10" 0.70 | aniline, C.H.NH,

10 0.77 | pvridine, C:H-N

10~* .81 | hydroxylamine, MH,OH
1= 200 | nicotine, CH, N,

10— 2.12 | morphine, C;H,,;O,N
[/ 285 | hydrazine, NH,NH,

10~ 3.08 | ammonia, NH,

10~ 3.37 | trimethylamine, (CH.).N
19~ 345 | methylamine, CH,NH,
10~ 3.75 | dimethylamine, {CH,),NH
10~ 4.19 | ethylamine, C,H.NH,
10~ 4.75 | triethylamine, (C H. )N
1077 6.37

10~ 7.3

16~ B.69

1~ 9.14

107" 93]

1= 089

107 10.64
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Koncentrace hydroxidovych iontti je 6.1 10> M. Jaka je koncentrace
[H;07]?

[H,0*] [OH] = 1 1014 M?

[H,0*] =1 104 M¥ [OH] = 1 10-4 M¥/ [6.1 105 M]
=1.64 1010 M

Koncentrace [H;0"] je 5 10-'2 M. Jaka je koncentrace [OH"]
[H,0*] [OH] = 1 1014 M2

[OH] =1 104 M2/ [H,0*] = 1 104 M?/ [5 10-'2]
=2103M




pH silnych kyselin a bazi

0.001 M Kyselina dusicna HNO; - H" + NOy
[H] = 0.001 pH=-—10g[0.001] = 3
0.1 M Hydroxid draselny KOH — K* + OH-

[OH]=0.1 pOH=—1log[0.1] =1 pH=14—pOH=13

1 10°M Kyselina chlorovodikova HCl1 — H* + CI-

= 1x10" pH="-log(1x10") =9

H,0 - H* + OH  [H7]=1 107




HASH + A-

Roztok 0.1 M kyseliny mravenci, K, =1.74 10-*. Jaké je pH ?

HCOOH S H* + HCOO-
HCOOH H*
Pocatedni 0.1 0 0

/Zmena X X

Rovnovaha X X

4.12 1073 4.12 107

Ka:%ﬂmo-‘* (RIS H — — log(4.12 103) = 2.39
A—X

x> =1.7x10"
2412510 x velmi malé
pak [HA] =[HA],

pH="pK,— 2 1og cya
3

6




Roztok 0.01 M kyseliny mravenci

HCOOH

Pocatecni 0.01

/Zmeéna —X

Rovnovaha 0.01 —x
0.1

_ LT g0
“ [0.01-x]

x> +1.7x10*x=1.76x10"°

__bi[f ~dac  —1.7x107" £/1.7x107" —4(—1.76x10™°)
- 2a 2
x=1.22x10""

X

pH =—1og(1.22 10°)=2.9




Faktory urcujici silu kyseliny

Disociacni energie vazby, D(HA)
H-A —->H- + ‘A

Elektronova afinita, EA(A)
A+te > A

Ionizacni energie H, IE(H)
H- > H" +e

Protonova afinita AP(A)

H'(aq) +A(aq)

HydrataCni (solvataCni) enthalpie




Kyselost roste v periodé doprava

Hydridy = slouceniny prvku s vodikem
S rostouci elektronegativitou prvku roste kyselost, lepsi
stabilizace zaporneho naboje

Hydrid | H-CH; | H-NH, | H-OH H-F

pK 55 35 15.7 )

a

Kyselost roste
NaH = bazicky hydrid:

Na® (aq) +H (aq) + H,O0 () — H,(g)+ Na" (aq) + OH" (aq)
HCI = kysely hydrid:
H' (aq) +Cl"(aq) + H,O (1) — H;0"(aq) +Cl (aq) |,




Kyselost roste ve skupiné dolu

pK

a

pK

a

NIERZVA0Y

Kyselost

roste

roste




Kyslikaté kyseliny

Kyslikaté nebo oxokyseliny = OH skupiny vazany k
elektronegativnimu centralnimu atomu

(0), Y (OH),,

Sila
Velmi slabé
Slabé

Silné

Velmi silné




Kyslikaté kyseliny

(0), Y (OH),,

Stabilizace anionti mezomernim efektem (rezonanc¢ni struktury)
*Rostouci ndbojna Y
oxidacni c¢islo centralniho atomu
*SniZeni nabojové hustoty na O
elektronegativita centralniho atomu
*Odsavani e. hustoty dalsSimi O atomy (-I)

usnadnuji disociaci H" = zvysSuji silu kyseliny




Kyslikaté kyseliny

NaOH Mg(OH), Al(OH), Si(OH), OP(OH), O,S(OH), O,CIOH

Roste sila kyseliny

M™ - O* - H

M-O 1ontova

— slabé kyseliny (= hydroxidy) M-O kovalentni = siln€ kyseliny




Kyslikaté kyseliny

L

\.ﬂ

The electrons are unevenly shared Electron density is shifted towards
between the O and H atoms, forming the highly electronegative element, Y,
a polar covalent bond. facilitating the release of the H* ion.
Faktory urcujici silu oxokyselin
1. elektronegativita centralniho atomu

2. oxidacni c¢islo centralniho atomu




Elektronegativita centralniho atomu

Kyselina Vzorec Elnegativita
E-O-H E
Chlorna Cl-O-H 3.2

Bromna Br-O-H 3.0
Jodna [-O-H 2.7




Oxidacni ¢islo centralniho atomu

Kyselina Vzorec

Chlorista 0,;Cl-O-H

Chlorecna 0,Cl-O-H

Chlorita O CIl-O-H

Chlorna Cl-O-H




Kyselost hydratovanych kationtu

Kation M-O, A pK

a

[AI(H,0)]** 1.89 4.9

[Ga(H,0),]** 1.90 2.6

[In(H,0)J3* 2.16 3.9

[TI(H,0),]** 2.23 0.6




Reakce roztoku soli

Sol1 siln€ kyseliny — siln¢ baze

HCl + KOH S H,O + KCI Bez efektu na pH

Neutralni

H+ Cl- + K"+ OHHSH,O + K" +CI

Silna kyselina — slaba baze - hydrolyza

HNO, + NH, $ NH," + NOj

NH,+ H,O S NH; + H° Kysel4 reakce roztoku

pH=7-"%pK,—-"2logc 48




Reakce roztoku soli

Silna baze — slaba kyselina - hydrolyza
NaOH + HF S H,O + Na® + F-

Z.asadita reakce roztoku

F- + HHO 5 HF + OH-

pH=7+"%pK,+21logc
Slaba baze — slaba kyselina - hydrolyza

NH,*+ H,O+ F + H,0 & HF+OH + NH,+H"

pH =7+ (pK, — pKy)




Pufry = tlumivé roztoky

Modelovy pufr: 1 M kyseliny octové (HAc) a 1 M octanu
sodného (NaAc) v 1 1 roztoku. Pfidavek NaAc snizi kyselost
roztoku HAc.

HAc + HLO S Ac +H;0°
Acc+ HLO S5 HAc +HO-
Funkce pufru
1. Pfidavkem H' se vytvori nové molekuly HAc
2. Pridavkem OH~ se vytvofi nové molekuly Ac~

3. pH je konstantni




Table 16.4 Typical
buffer systems

Composition

Acid buffers
CH.,COOH/CH,CO,
HNO,/NO,™
HCIO,/CIO,™

Base buffers

NHs /NH 3

(CH 3 ) sNH "{{CH A
H,PO4 /HPO v

Pufry

Henderson-Hasselbalchova rovnie
Slaba kyselina a jeji stl

pH =pK, + log ([A7] / [HA])

Slaba baze a jeji sul

pH =pK, + log ([B] / [BH])
= 14 — pK, + log ([B] / [BH'])




Vypocty acidobazickych rovnovah

. Iontovy souCin K = [H"][OH]
. Disociacni konstanta K, = [H;0™] [A7] / [HA]
. Podminka elektroneutrality [H,O™] = [A"] + [OH]

. Latkova bilance [HA], =[A"] + [HA]




Titrace — rizena acidobazicka reakce
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— |
Strong 25
acid volume of alkali added @©m3)

l | i
0 10 20 30
Volume of base added (mlL.)




Titrace slabé Kyseliny silnou bazi

pH of titrant {strong base) -

pH of salt solution
7

)
e

4 Haltway to stoichiometric point

pK, of weak acid

pH of solution of weak acid ———

Stoichiometric point

Volume of base added




Titrace slabé Kyseliny silnou bazi

HAc +OH 5 Ac +H,0

Na pocatku titrace :  pH =12 pK,— 2 log [HA]

V bod¢ [A~] = [HA], tj. 50% zneutralizovano (slaba kys. + stil):
pH = pK, + log ([A7]/ [HA])

pH = pK,

V bod¢ ekvivalence, kde [A~] = 100 [HA]
NIKDY [HA] =0

pH=pK, +1log (100/1)=pK, +2




Indikatory

Latky, jejichz kyselina a konjugovana baze maji rozdilnou
barvu

Fenolftalein




Fenolftalein

Bezbarvy




Table 16.3 Indicator color changes

Indicator

thymol blue

methyl orange
bromophenol blue
bromocresol green
methyl red
bromothymaol blue
litmus

phenol red
thymol blue
phenolphthalein
alizarin yellow R
alizarin

Color of
acid form

red
yellow
red
yvellow
vellow
red
vellow
red

¥e How
vellow
colorless
yellow
red

pH range of
color change

1.2t0 2.8
8.0 1o 9.6
3.2 to 4.4
3.0t0 4.6
3.8t054
4.8 to 6.0
6.0 to 7.6
5.0 1o 8.0
6.6 to 8.0
8.0 to 9.6
8.2 to 10.0
10.1 to 12.0
11.0to 12.4

Pk,
1.7

3.4
3.9
4.7
2.0

1

8.

9.4
11.2
11.7

Color of

base form

vellow
blue
yvellow
blue
blue
vellow
blue
blue
red
blue
pink
red
purple




Indikatory

Hn+HO S H,O" +In
K = [H,O] [In~] / [HIn]

Pozname barevnou zménu, je-l1 jedné formy alespon 10%

[H,O"] =K ([HIn] /[In"])  od 10:1 do 1:10

pH =pKy£ 1




Titrace silné baze silnou kyselinou

volume of add added (am?)




Titrace slabé baze silnou kyselinou

pH 14

- equivalence
point

volume of agd added (om¥)

[B] = [BH'] pH =pK, +log ([B]/[BH])
= 14 - pK, + log ([B] / [BH']) = 14 - pK,

pH = 14 — pK, + log ([1]/[100]) = 14 — pK, — 2




pH

skong aod - stong base

e —

volume of add added

weak acd - stong base

—

PH .

volume of add added

weak aod - weak base

volume of add added

volume of aod added




Solvoteorie kyselin a bazi

Lyoniovy 1on

Autoilonizace
2 NH; (kapalny) S NH,” + NH,

Autoionizacni konstanta (Jako K v vod¢€)

K = [NH,] [NH,] =2 103 (pti =50 °C)

H,S0, (100%) S H,SO,* + HSO,

K = [H,SO,*] [HSO,] =1 10° (pti 25 °C)

Lyatovy 1on




Solvoteorie kyselin a bazi

Kyselina = zvySuje konc. lyonioveéhu 1ontu, kationtu
Baze = zvysSuje konc. lyatového 1ontu, aniontu

2 NH; (kapalny) S NH,” + NH,
Titrace v kapalném NH;

NH,Cl + KNH, S 2 NH,

kyselina baze i rozpoustédlo

V NH; (kapalny) je HAc silnéjsi kyselina nez ve vodé




Aprotické solvokyseliny a baze

Vymeéna Castice rozpoustédla
2 SO, (kapalny) & SO*" + SO;*

Vymeéna O* solvokyselina SOCI, - baze MgSO,

2 BrF; (kapalny) S BrF," + BrF,

Vymeéna F- solvokyselina SbF.




Superkyseliny

2 HSO,F S H,SO,F+ + SO,F

HSO,F + SbF, S H,SOF* + [SbF(SO;F)]

Magicka kyselina

Protonace methanu

CH, + H,SO,F * 5 HSO,F + CH,*




Superkyseliny

Nejsiln€jsi znama kyselina H(CBHCl,()




Hammetova funkce

B+ H" S BH" B = slaba baze = napf. trinitroanilin

H, = pKgyy —log [BH] / [B]

Kgy = [B] [H"]/ [BH]
H,=pH

HF
H,SO,

HSO,F

HF + SbF.
HSO,F + SbF,




HSAB = teorie tvrdych a mékkych kyselin a bazi

Tvrdé Kkyseliny
Ti**, Cr3*, Fe3*, Co’" , H"

Tvrdé baze

NH,, NH,R, N,H,, H,0,
OH-, 0%, ROH, RO", OR,,
CO,>, SO, OCIOy, CI',
F-, NOy, PO,3-, OCOMe

Mékké kyseliny
Cu+, Ag*, Hg*, Hg2+, Pd2+, Pt2t

Meékké baze

H-, R-, C,H,, CH,,
CN-, CO, SCN-, PR,
P(OR),, AsR,, SR,
SHR, SR, I




